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Introduction
Palmoplantar	 psoriasis	 causes	 a	 remarkable	
social	 and	 functional	 disability.	 It	 presents	
as	 well‑defined	 erythematous	 silvery‑white	
scaly	 patches	 along	 with	 overhanging	 of	
scales	 peripherally	 on	 palms,	 tips	 of	 digits,	
sides	 of	 fingers,	 and	 extensor	 surfaces	 of	
joints.[1]	 The	 hyperkeratotic	 plaques	 at	
times	may	 resemble	 chronic	 hyperkeratotic	
eczema.[2]	 Involvement	 of	 knuckles,	
hypothenar	and	thenar	eminences	favors	the	
diagnosis	of	psoriasis.[3]

Hand	 eczema	 is	 a	 distressing,	 disabling	
common	 condition	 and	 has	 a	 poor	 quality	
of	 living	 due	 to	 its	 effects	 on	 dexterity,	
appearance,	 and	 social	 functioning.[4,5]	 It	
presents	as	ill	to	well‑defined	scaly	fissured,	
occasionally	 oozy	 hyperkeratotic	 patches	
and	 plaques	 proximally	 or	 over	 the	 center	
of	palms,	volar	surfaces	of	fingers.[6]
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Abstract
Background: Overlapping	clinical	 features	often	make	 the	differentiation	between	palmar	psoriasis,	
hand	 eczema,	 and	 eczema	 in	 psoriatico	 a	 difficult	 task.	 In	 such	 cases,	 history	 and	 biopsy	 often	 aid	
in	 the	 diagnosis.	 Dermoscopy	 acts	 as	 a	 link	 between	 clinical	 dermatology	 and	 dermatopathology.	
Aim: To	 study	 the	 dermoscopic	 features	 in	 biopsy‑proven	 cases	 of	 palmar	 psoriasis,	 hand	 eczema,	
and	 eczema	 in	 psoriatico.	Methods: A 1‑year	 cross‑sectional	 study	 was	 conducted	 using	 a	 video	
dermatoscope,	 Dinolite	 premier	 AM4113ZT,	 on	 60	 patients	 having	 clinical	 diagnosis	 of	 either	 of	
palmar	 psoriasis,	 hand	 eczema,	 and	 eczema	 in	 psoriatico.	 Statistical	 analysis	 was	 performed	 using	
R	 i386	 3.6.3	 software.	Results: Among	 60	 patients,	 38	were	 psoriatics	 followed	 by	 14	 of	 eczema	
and	 8	 of	 eczema	 in	 psoriatico.	 On	 dermoscopy,	 characteristic	 features	 of	 psoriasis	 lesions	 were	
diffuse	scaling	in	76.3%	(29/38),	white	scales	in	60.5%	(23/38),	and	dotted	vessels	in	76.3%	(29/38)	
along	 with	 regular	 distribution	 of	 vessels	 in	 71%	 (27/38);	 in	 hand	 eczema	 lesions,	 diffuse	 scaling	
in	 78.5%	 (11/14),	 white	 and	 yellow	 scales	 in	 57.1%	 (8/14),	 and	 dotted	 vessels	 in	 78.5%	 (11/14)	
along	with	a	patchy	distribution	of	vessels	 in	57.1%	(8/14);	 in	 eczema	 in	psoriatico,	diffuse	 scaling	
in	75%	(6/8),	white	and	yellow	scales	 in	62.5%	(5/8),	and	dotted	vessels	 in	87.5%	(7/8)	along	with	
regular	 distribution	 of	 vessels	 in	 50%	 (4/8).	 Conclusion:	 The	 various	 patterns	 and	 combinations	
reflecting	 specific	 features	 give	 an	 insight	 into	 the	 cases	 of	 palmar	 psoriasis,	 hand	 eczema,	 and	
eczema	 in	 psoriatico	 on	 dermoscopy.	 However,	 a	 study	 with	 larger	 sample	 size	 is	 required	 to	
validate	 the	findings	 of	 our	 study.	Limitations: Inability	 to	 perform	a	 patch	 test	 for	 eczema	due	 to	
unavailability.
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Eczema	 in	 psoriatico	 is	 a	 condition,	
in	 which	 patients	 with	 preexisting	
palmoplantar	 psoriasis	 present	 with	
coexistent	 allergic	 contact	 dermatitis,	 with	
history	 of/or	 without	 atopy;	 on	 household/
environmental	 and/or	 occupational	
exposure	 of	 irritants	 and	 allergens,	 they	
exhibit	 a	 type	 4	 hypersensitivity	 pattern.	
This	 acts	 as	 Koebner’s	 phenomenon,	
maintaining	 or	 triggering	 palmoplantar	
psoriasis.	 The	 diagnosis	 of	 which	 can	
be	 made	 on	 correlating	 with	 clinical,	
histological,	 and	 immunohistochemical	
examination.[7]

The	 presence	 of	 nail	 pits,	 joint	 pains,	
lesions	 elsewhere	 on	 the	 body	 provides	 a	
clinical	 clue	 when	 present	 in	 patients	 with	
palmoplantar	 psoriasis,	 whereas	 history	 of	
contact	and	precipitation	of	lesions	provides	
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a	 clue	 to	 the	diagnosis	 in	 eczema	patients.	However,	 these	
clinical	clues	may	be	absent	occasionally.

Due	 to	 overlapping	 clinical	 features,	 the	 differentiation	
between	 palmar	 psoriasis,	 hand	 eczema,	 and	 eczema	
in	 psoriatico	 becomes	 a	 difficult	 task.	 In	 such	 cases,	
histopathological	analysis	aids	in	many	cases	to	differentiate	
the	two	conditions.[6,8,9]

Dermoscopy	 is	 a	 diagnostic	 method	 that	 utilizes	 optic	
magnification	 to	 allow	 the	 visualization	 of	 patterns	 and	
structures	 that	 are	 less	 visible	 to	 the	 naked	 eye,	 thus,	
forming	a	link	between	macroscopic	dermatology	clinically	
and	microscopic	dermatopathology.[10]

Hence,	 we	 undertook	 this	 study	 to	 assess	 dermoscopic	
features	 in	 biopsy‑proven	 cases	 of	 palmoplantar	 psoriasis,	
hand	eczema,	and	eczema	in	psoriatico.

Materials and Methods
This	 was	 a	 hospital‑based	 observational	 cross‑sectional	
study	 carried	 out	 from	 1st	 January	 2019	 to	 31st	 December	
2019.	 Consenting	 patients,	 who	 on	 history	 and	 clinical	
examination	 had	 features	 of	 palmar	 psoriasis,	 hand	
eczema,	or	eczema	 in	psoriatico	attending	 the	dermatology	
outpatient	 department	 at	 our	 tertiary	 care	 hospital,	 were	
included	after	institutional	ethical	clearance.

Patients	 with	 lesions	 over	 palms	 other	 than	 psoriasis/
eczema	and	not	willing	for	skin	biopsy	were	excluded.

The	 sample	 size	 was	 calculated	 as	 per	 the	 formula	

2 ,
λ λ=n
w

is	 the	 noncentrality	 parameter	 of	 x2	 test;	 this	

can	be	obtained	 for	given	 level	of	 significance,	power,	and	
degrees	 of	 freedom.	 Whereas,	 w can	 be	 obtained	 by	 the	
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cell	 count,	eji	 is	 the	 expected	 cell	 count,	 and	 r, c represent	
the	number	of	rows	and	columns	of	contingency	table.

Considering	 the	 power	 of	 80%,	 level	 of	 significance	 as	 5%,	
degrees	of	freedom	as	1,	we	assume	w	as	0.4.	From	the	above	
formula,	 the	 sample	 size	 obtained	 is	 49.055≈	 49.	Therefore,	
the	 minimum	 sample	 size	 required	 was	 49.	 However,	 the	
total	 number	of	patients	 attending	 the	OPD	during	 the	 study	
period	was	60;	hence,	a	sample	size	of	60	was	studied.

After	detailed	clinical	history,	dermatological	 and	 systemic	
examination,	 clinical	 photographs	 of	 the	 lesions	 were	
taken.	 Dermoscopic	 examination	 of	 the	 lesions	 over	 the	
palms	 using	 both	 nonpolarized	 and	 polarized	 mode	 with	
use	 of	 ultrasound	 gel	 as	 linkage	fluid	when	 necessary	was	
performed	 using	 a	 video	 dermatoscope,	 Dinolite	 premier	
AM4113ZT	model,	and	images	were	captured	and	recorded	
for	the	study.

A	 4‑mm	 biopsy	 over	 the	 palms	 was	 done	 under	 aseptic	
conditions	 and	 sent	 for	 histopathological	 examination	 to	

confirm	 the	 diagnosis,	 which	 was	 reviewed	 by	 a	 single	
dermatopathologist.	 Final	 diagnosis	 of	 palmar	 psoriasis/
hand	 eczema/eczema	 in	 psoriatico	 was	 based	 on	 clinical	
and	 histopathological	 findings.	 Patch	 test	 for	 detecting	 the	
allergen	 could	not	 be	done	due	 to	 the	unavailability	of	 the	
patch	test	kit.

The	results	were	tabulated	and	analyzed	using	R	i386	3.6.3	
software.	 Chi‑square	 test	 for	 categorical	 variables	 and	
ANOVA/Kruskal–Wallis	 test	 for	 continuous	 variables	
were	 used.	 Fleiss’	 kappa	was	 used	 to	 check	 for	 agreement	
between	 the	 dermoscopy	 and	 histopathology.	 Sensitivity,	
specificity,	 positive	 predictive	 value,	 and	 negative	
predictive	value	of	the	data	were	calculated.

Results: Out	 of	 60	 subjects	 studied,	 38	 were	 psoriatics	
followed	by	14	of	eczema	and	8	of	eczema	in	psoriatico.

Our	 study	showed	a	male	predominance	of	63.3%	(38/60).	
The	 common	age	group	 affected	 in	palmar	psoriasis	 group	
was	 60	 years	 and	 above,	 in	 hand	 eczema	 group	 were	
between	 20–29	 years,	 and	 in	 eczema	 in	 psoriatico	 group	
were	between	40–49	years.	The	mean	duration	of	the	onset	
of	the	lesions	was	1.73	years.

In	 those	 with	 palmar	 psoriasis,	 there	 was	 a	 significant	
aggravation	of	disease	in	winters	in	89.4%	(34/38).

Predominantly	nail	changes	observed	in	patients	of	psoriasis	
were	 pitting	 in	 55.2%	 (21/38)	 followed	 by	 onycholysis	
in	 39.4%	 (15/38),	 and	 subungual	 hyperkeratosis	 in	
36.8%	 (14/38).	 There	 was	 insignificant	 nail	 involvement	
seen	in	14.2%	(2/14)	in	those	with	eczema.

The	 commonest	 allergens	 causing	 hand	 eczema,	 according	
to	 history,	were	 detergents	 and	 pesticides	 35%	 (5/14)	 each	
followed	by	cement	21.4%	(3/14).

From	 Table	 1,	 we	 observed	 that	 in	 the	 majority	 of	 cases,	
76.6%	(46/60)	had	diffuse	scaly	lesions.	The	association	of	
white	color	of	scales	[Figure	1a,1b	and	1c]	was	statistically	

Figure 1: (a) Clinical picture of palmar psoriasis showing a well-defined 
plaque with scaling. (b) Corresponding dermoscopic image on 
50× magnification on nonpolarized mode showing white scales. (c) 
Corresponding dermoscopic image on 50× magnification on polarized 
mode showing white scales
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significant	in	palmar	psoriasis,	i.e.,	60.5%	(23/38),	whereas	
the	 majority	 of	 hand	 eczema	 cases,	 i.e.,	 57.14%	 (8/14)	
had	 a	 combination	 of	 white	 and	 yellow	 scales	 [Figure	 2a,	
2b	 and	 2c],	 followed	 by	 only	 yellow	 scales	 [Figure	 3a,	
3b	 and	 3c]	 in	 28.5%	 (4/14).	 Dotted	 type	 of	 vessels	
was	 the	 commonest	 type	 in	 all	 the	 three	 diagnoses,	
i.e.,	 78.3%	 (47/60).	 Among	 distribution	 of	 vessels,	
regular	 and	 diffuse	 type	 [Figure	 4a‑c]	 was	 significantly	

associated	 with	 psoriasis	 in	 71%	 (27/38)	 and	 in	 eczema	
in	 psoriatico	 was	 seen	 in	 50%	 (4/8),	 whereas	 the	 patchy	
type	 of	 distribution	 [Figure	 5a,5b	 and	 5c]	was	 commonest	
in	 hand	 eczema,	 i.e.,	 57.1%	 (8/14).	 Glomeruloid/bushy	
type	 of	 vessels	 [Figure	 6a‑c]	was	 seen	 in	 15.7%	 (6/38)	 in	
palmar	 psoriasis	 cases.	 Looped	 (twisted	 and	 hairpin)	 type	
of	 vessels	 [Figure	 7a	 and	 b]	 was	 seen	 in	 7.14%	 (1/14)	
in	 hand	 eczema	 cases.	 Light	 red	 background	 erythema	
[Figure	 8a	 and	 b]	 was	 significantly	 associated	 with	

Table 1: Dermoscopic findings in the study patients as per diagnosis
Factor Subcategory Total (n=60) Palmar 

psoriasis (n=38)
Hand eczema 

(n=14)
Eczema in 

psoriatico (n=8)
P

Distribution	
of	scales

Diffuse 46	(76.6%) 29	(76.3%) 11	(78.5%) 6	(75%) >0.99
Focal 14	(23.3%) 9	(23.6%) 3	(21.4%) 2	(25%)

Color	of	
scales

White 27	(45%) 23	(60.53%) 2	(14.29%) 2	(25%) 0.0040*
Yellow 5	(8.33%) 0	(0%) 4	(28.57%) 1	(12.5%)
White+Yellow 28	(46.67%) 15	(39.47%) 8	(57.14%) 5	(62.5%)

Type	of	
vessels

Dotted 47	(78.33%) 29	(76.32%) 11	(78.57%) 7	(87.5%) 0.3138
Glomeruloid 6	(10%) 6	(15.79%) 0	(0%) 0	(0%)
Loops/Hair	pin 1	(1.67%) 0	(0%) 1	(7.14%) 0	(0%)
Undifferentiated 6	(10%) 3	(7.89%) 2	(14.29%) 1	(12.5%)

Array	of	
vessels

Regular 31	(51.67%) 27	(71.05%) 0	(0%) 4	(50%) 0.0005*
Patchy 10	(16.67%) 1	(2.63%) 8	(57.14%) 1	(12.5%)
Undifferentiated 17	(28.33%) 8	(21.05%) 6	(42.86%) 3	(37.5%)
Clustered 2	(3.33%) 2	(5.26%) 0	(0%) 0	(0%)

Background	
erythema

Yellowish 3	(5%) 0	(0%) 3	(21.43%) 0	(0%) 0.0005*
Bright	red 6	(10%) 5	(13.16%) 0	(0%) 1	(12.5%)
Dull	red 5	(8.33%) 3	(7.89%) 2	(14.29%) 0	(0%)
Light	red 28	(46.67%) 25	(65.79%) 0	(0%) 3	(37.5%)
Yellow	+	Bright	red 1	(1.67%) 1	(2.63%) 0	(0%) 0	(0%)
Yellow	+	Dull	red 11	(18.33%) 0	(0%) 8	(57.14%) 3	(37.5%)
Yellow	+	Light	red 5	(8.33%) 4	(10.53%) 0	(0%) 1	(12.5%)
Undifferentiated 1	(1.67%) 0	(0%) 1	(7.14%) 0	(0%)

Additional	
features

Brownish‑orange	dots 8	(13.33%) 1	(2.63%) 5	(35.71%) 2	(25%) 0.1669
Loops	of	vessels	 6	(10%) 4	(10.53%) 1	(7.14%) 1	(12.50%)
Yellow	clods 1	(1.67%) 1	(2.63%) 0	(0%) 0	(0%)
Yellow‑orangeclods 4	(6.67%) 0	(0%) 3	(21.43%) 1	(12.5%)

*P<0.05	is	considered	to	be	statistically	significant

Figure 2: (a) Clinical picture of palmar psoriasis showing a well-defined 
erythematous plaque with scaling. (b) Corresponding dermoscopic image 
on 50 × magnification on nonpolarized mode showing white scales (blue 
arrow) and yellow scales (black arrow). (c) Corresponding dermoscopic 
image on 50× magnification on polarized mode showing white scales (blue 
arrow) and yellow scales (black arrow)

c

b

a

Figure 3: (a) Clinical picture of hand eczema showing an ill-defined plaque 
with oozing. (b) Corresponding dermoscopic image on 50× magnification on 
nonpolarized mode showing yellow scales. (c) Corresponding dermoscopic 
image on 50 × magnification on polarized mode showing yellow scales

c

a

b
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palmar	 psoriasis	 in	 65.7%	 (25/38),	 yellowish	 with	 dull	
red	 background	 in	 the	 majority	 of	 hand	 eczema	 cases,	
i.e.,	 57.14%	 (8/14),	 and	 37.5%	 (3/8)	 each	 of	 light	 red	 and	
yellowish	 dull	 red	 background	 in	 eczema	 in	 psoriatico.	
Additional	 features	 of	 brownish‑orange	 dots/globules	 in	
35.7%	 (5/14)	 and	 yellow‑orange	 clods	 in	 21.4%	 (3/14)	
were	 seen	 more	 commonly	 in	 hand	 eczema	 cases	
[Figure	9a	and	b].

Histopathological	 analysis	 showed	 granular	 layer	 was	 ≤2	
cell	 thick	 in	 78.9%	 (30/38)	 of	 palmar	 psoriasis,	 ≥3	 cell	
thick	 in	 64.2%	 (9/14)	 of	 hand	 eczema,	 and	 62.5%	 (5/8)	
in	 eczema	 in	 psoriatico	 [Table	 2].	 Regular	 acanthosis	 with	
statistical	 significance	was	 seen	 in	 94.7%	 (36/38)	 of	 palmar	
psoriasis	 and	 75%	 (6/8)	 of	 eczema	 in	 psoriatico,	 and	
irregular	acanthosis	 in	78.5%	(11/14)	cases	of	hand	eczema.	
Psoriasiform	 hyperplasia	 was	 observed	 in	 81%	 (31/38)	 of	
palmar	 psoriasis,	 and	 irregular	 hyperplasia	 in	 28.5%	 (4/14)	
absent	in	64.2%	(9/14)	of	hand	eczema	cases.	Supra‑papillary	
thinning	 was	 noted	 with	 statistical	 significance	 in	 palmar	
psoriasis,	 i.e.,	 86.8%	 (33/38),	 62.5%	 (5/8)	 cases	 of	 eczema	

in	 psoriatico,	 whereas	 in	 hand	 eczema,	 there	 was	 no	
thinning	 in	 92.8%	 (13/14)	 cases.	 The	 presence	 of	 dilated	
capillaries	 was	 statistically	 significant	 in	 palmar	 psoriasis,	
i.e.,	 97.3%	 (37/38).	 It	 was	 also	 seen	 in	 87.5%	 (7/8)	 cases	
of	eczema	 in	psoriatico,	whereas	 in	hand	eczema,	 there	was	
an	 absence	 of	 dilated	 capillaries	 in	 85.7%	 (12/14)	 cases.	
In	 the	 majority,	 dermal	 infiltration	 in	 palmar	 psoriasis	 was	
of	 lymphocytes	 +	 neutrophils	 81.5%	 and	 hand	 eczema	 had	
lymphocytes	 +	 eosinophils	 42.7%	 and	 lymphocytes	 35.6%,	
whereas	 eczema	 in	 psoriatico	 showed	 the	 presence	 of	 all	
three	types	of	inflammatory	cells	in	87.5%	cases.

Both	 dermoscopic	 provisional	 diagnosis	 and	 confirmatory	
histopathological	 diagnosis	 correlated	 in	 35/38	 palmar	
psoriasis	 cases,	 whereas	 three	 cases	 who	 were	 given	 a	
provisional	 diagnosis	 of	 eczema	 on	 dermoscopy	 turned	
out	 to	be	psoriasis	 after	histopathologic	 evaluation.	All	 the	
14	 cases	 of	 hand	 eczema	 predicted	 by	 dermoscopy	 were	
confirmed	 by	 histopathological	 evaluation.	 Three	 cases	
having	a	provisional	diagnosis	of	palmar	psoriasis	and	five	

Figure 4: (a) Clinical picture of palmar psoriasis showing well-defined 
erythematous plaques with scaling. (b) Corresponding dermoscopic 
image on 50 × magnification indicated by a brace. (c) 200 × magnification 
indicated by a black arrow on polarized mode using linkage fluid showing 
diffuse regularly distributed dotted type of vessels in a beaded pattern 
along the fissure

c

b
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Figure 5: (a) Clinical picture of palmar psoriasis showing a hyperkeratotic 
plaque with fissuring. (b and c) Corresponding dermoscopic images on 
50× magnification on polarized mode using linkage fluid showing dotted 
type of vessels in a patchy distribution over two different regions of the 
hyperkeratotic scaly plaque

c

b

a

Figure 6: (a) Clinical picture of palmar psoriasis showing a well-defined 
erythematous plaque with scaling. (b) Corresponding dermoscopic image 
on 50 × magnification indicated by a brace on polarized mode with linkage 
fluid showing diffuse regularly distributed glomeruloid type of vessels (c) 
200× magnification indicated by a black arrow on polarized mode with 
linkage fluid showing diffuse regularly distributed glomeruloid type of 
vessels with bright red background erythema (blue arrow)

c

b

a

Figure 7: (a) Clinical picture of hand eczema showing ill-defined 
hyperpigmented plaque. (b) Corresponding dermoscopic image on 
50× magnification on polarized mode with linkage fluid showing twisted 
loop (black arrow), hair pin (white arrow) type of blood vessels, brown 
clods (blue arrow)

ba
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Figure 10: Histologic findings in case of psoriasis showing parakeratosis 
(blue star), hyperkeratoses (black star), absent granular layer (yellow star), 
supra-papillary thinning of the epidermis along with dilated capillaries (red 
star), acanthotic epidermis with regular psoriasiform hyperplasia (green 
star) on hematoxylin and eosin stain on 10× magnification

Figure 11: Histologic findings in case of palmar eczema showing compact 
hyperkeratoses (black star), intact granular layer (yellow star), mild 
spongiosis with acanthosis (purple star) and irregular psoriasiform 
hyperplasia (green star) on hematoxylin and eosin stain on 10× 
magnification
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cases	 of	 hand	 eczema	 by	 dermoscopy	 were	 diagnosed	 to	
be	 eczema	 in	 psoriatico	 after	 subsequent	 histopathological	
evaluation.

Figures	 10‑12	 depict	 the	 histological	 findings	 in	 cases	
of	 psoriasis,	 palmar	 eczema,	 and	 eczema	 in	 psoriatico,	
respectively.

Discussion
In	 our	 study,	 predominantly	 diffuse	 scaling	 was	 observed,	
i.e.,	 76.3%	 (29/38)	 in	 palmar	 psoriasis	 and	 78.5%	 (11/14)	
in	 hand	 eczema,	 similar	 to	 74.3%	 (26/35)	 in	 palmar	
psoriasis	 and	 56.4%	 in	 hand	 eczema	 in	 the	 study	 by	
Cetinarslan	et al.[11]	Whereas,	focal	scaling	was	observed	in	
23.6%	(9/38)	of	palmar	psoriasis	and	21.4%	(3/14)	in	hand	
eczema	in	our	study	near	similar	to	22.8%	(8/35)	in	palmar	
psoriasis	and	43.6%	in	hand	eczema	by	Cetinarslan	et al.[11]

Predominantly	white	scales	were	observed	in	palmar	psoriasis	
60.5%	 (23/38)	 followed	 by	 both	 white	 and	 yellow	 scales	 in	
39.47%	 (15/38)	 similar	 to	 the	findings	 of	 65.7%	 (23/35)	 and	
34.3%	 (12/35),	 respectively,	 by	 Cetinarslan	 et al.	 study.[11]	
Whereas	 in	 case	 of	 hand	 eczema,	 our	 study	 had	 a	 majority	

of	 both	 white	 and	 yellow	 scales	 in	 57.14%	 (8/14)	 followed	
by	 yellow	 scales	 in	 28.5%	 (4/14)	 and	 white	 scales	 in	
14.2%	(2/14),	which	varied	significantly	from	a	study	done	by	
Cetinarslan	et al.[11]	with	predominant	yellow	scales	 in	85.5%	
followed	 by	 both	 in	 12.7%	 and	 white	 scales	 in	 1.8%.	 The	
study	 by	 Errichetti	 and	 Stinco[8]	 too	 showed	 majorly	 yellow	
scales	 90.9%	 (10/11)	 in	 eczema.	 Hence,	 more	 studies	 with	
a	 larger	 sample	 size	 are	 required	 to	 verify	 the	 significance	
of	 these	 findings.	 The	 variation	 in	 observation	 is	 probably	
because	 these	 studies	 have	 not	 documented	 or	 studied	 the	
dermoscopic	features	in	context	to	eczema	in	psoriatico	which	
must	have	probably	got	categorized	under	eczema.

On	 dermoscopy,	 dotted	 type	 of	 vessels	 was	 the	 most	
common	 type	 in	 both	 palmar	 psoriasis	 and	 hand	 eczema	
with	 76.3%	 (29/38)	 and	 78.5%	 (11/14),	 respectively,	 in	
our	 study,	 but	 on	 comparison	 with	 study	 by	 Cetinarslan	
et al.,[11]	the	values	varied,	i.e.,	51.4%	(18/35)	and	58.2%	in	
palmar	psoriasis	and	hand	eczema,	respectively.

In	 our	 study,	 glomeruloid	 variant	 was	 15.7%	 (6/38)	 seen	
over	 palms	 of	 the	 psoriatic	 patients	 having	 established	

Figure 8: (a) Clinical picture of palmar psoriasis showing erythematous 
plaque with fissuring. (b) Corresponding dermoscopic image on 
50× magnification on polarized mode with linkage fluid of palmar psoriasis 
showing white scales (black arrow), diffuse regularly distributed dotted type 
of vessels (white arrow), and light red background erythema (blue arrow)

ba
Figure 9: (a) Clinical picture of hand eczema showing ill-defined 
hyperkeratotic plaques. (b) Corresponding dermoscopic image on 
50× magnification on polarized mode with linkage fluid of hand eczema 
showing yellow scales (black arrow), dotted type of vessels in patchy 
distribution (white arrow), and brownish-orange globules (green arrow)

ba
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Figure 12: Histologic findings in case of eczema in psoriatico showing 
parakeratosis (blue star), orthohyperkeratoses (black star), absent granular 
layer (yellow star), dilated capillaries (red star), moderate to severe 
spongiosis (purple star) with regular psoriasiform hyperplasia (green star) 
on hematoxylin and eosin stain on 10× magnification
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erythroderma	 or	 chronic	 plaque	 psoriasis	 which	 evolved	
into	 erythroderma	 and	 was	 absent	 in	 those	 with	 eczema.	
This	 is	 in	 contrast	 with	 the	 study	 by	 Cetinarslan	 et al.[11]	

who	 reported	 the	presence	of	glomeruloid	variant	 in	7.3%	
of	 hand	 eczema	and	 absent	 in	 palmar	psoriasis,	 thereby,	 a	
need	 of	 more	 studies	 to	 study	 this	 variation	 observed	 by	
us.

The	 hair	 pin/looped	 type	 of	 vessels	 in	 hand	 eczema	 was	
seen	 in	 7.1%	 (1/14)	 in	 our	 study	which	 varies	with	 1.8%	by	
Cetinarslan	 et al.[11]	This	 feature	was	 not	 observed	 in	 palmar	
psoriasis	 in	 both	 our	 study	 and	 the	 study	 by	 Cetinarslan	
et al.[11]

Undifferentiated	 vessels	 [Figure	 13]	 (capillaries	 not	
conforming	 to	 looped,	 lines,	 or	 glomeruloid	 morphology)	
in	our	study	were	seen	in	7.89%	(3/38)	of	palmar	psoriasis	
and	 14.2%	 (2/14)	 in	 hand	 eczema,	 which	 was	 lesser	 in	
number	compared	 to	31.4%	(11/35)	and	16%,	 respectively,	
by	Cetinarslan	et al.[11]

Regular	distribution	of	vessels	was	seen	in	71.05%	(27/38)	
cases	of	palmar	psoriasis	in	our	study	with	a	high	incidence	
compared	 to	 40%	 (14/35)	 by	Cetinarslan	et al.,[11]	whereas	

Table 2: Shows histopathologic/biopsy findings in the study subjects as per diagnosis
Factor Subcategory Total (n=60) Palmar 

psoriasis (n=38)
Hand eczema 

(n=14)
Eczema in 

psoriatico (n=8)
P

Hyperkeratosis Present 56	(93.33%) 35	(92.11%) 13	(92.86%) 8	(100%) 0.8376
Parakeratosis Present 44	(73.33%) 28	(73.68%) 11	(78.57%) 5	(62.5%) 0.8266
Fibrin	globules Absent 30	(50%) 15	(39.47%) 10	(71.43%) 5	(62.5%) 0.1139

1+ 18	(30%) 14	(36.84%) 2	(14.29%) 2	(25%) 0.9225
2+ 9	(15%) 7	(18.42%) 1	(7.14%) 1	(12.5%)
3+ 3	(5%) 2	(5.26%) 1	(7.14%) 0	(0%)

Plasma	mounds	 Absent 37	(61.67%) 25	(65.79%) 7	(50%) 5	(62.5%) 0.5747
1+ 17	(28.33%) 10	(26.32%) 4	(28.57%) 3	(37.5%) 0.5377
2+ 5	(8.33%) 3	(7.89%) 2	(14.29%) 0	(0%)
3+ 1	(1.67%) 0	(0%) 1	(7.14%) 0	(0%)

Neutrophils	in	stratum	corneum 29	(48.33%) 24	(63.16%) 2	(14.29%) 3	(37.5%) ‑
Granular	layer	cell	
thickness

Absent 12	(20%) 10	(26.32%) 1	(7.14%) 1	(12.5%) 0.2929
1 10	(16.67%) 8	(21.05%) 1	(7.14%) 1	(12.5%) 0.0265*
2 12	(20%) 9	(23.68%) 2	(14.29%) 1	(12.5%)
Absent	to	2 4	(6.67%) 3	(7.89%) 1	(7.14%) 0	(0%)
3 18	(30%) 8	(21.05%) 5	(35.71%) 5	(62.5%)
4 4	(6.67%) 0	(0%) 4	(28.57%) 0	(0%)

Acanthosis Absent 3	(5%) 1	(2.63%) 2	(14.29%) 0	(0%)
Regular 43	(71.67%) 36	(94.74%) 1	(7.14%) 6	(75%) 0.1824
Irregular 14	(23.33%) 1	(2.63%) 11	(78.57%) 2	(25%) 0.0005*

Spongiosis Absent 1	(1.67%) 0	(0%) 1	(7.14%) 0	(0%)
1+ 39	(65%) 29	(76.32%) 7	(50%) 3	(37.5%) 0.0510
2+ 16	(26.67%) 8	(21.05%) 4	(28.57%) 4	(50%) 0.1504
3+ 4	(6.67%) 1	(2.63%) 2	(14.29%) 1	(12.5%)

Psoriasiform	hyperplasia Absent 19	(31.67%) 7	(18.42%) 9	(64.29%) 3	(37.5%) 0.0059
Regular 36	(60%) 31	(81.58%) 1	(7.14%) 4	(50%) 0.0005*
Irregular 5	(8.33%) 0	(0%) 4	(28.57%) 1	(12.5%)

Supra‑papillary	thinning Present 39	(65%) 33	(86.84%) 1	(7.14%) 5	(62.5%) 0.0005*
Mitotic	figures Present 43	(71.67%) 30	(78.95%) 7	(50%) 6	(75%) 0.1359
Dilated	capillaries 46	(76.67%) 37	(97.37%) 2	(14.29%) 7	(87.5%) 0.0005*
Perivascular	infiltration 59	(98.33%) 38	(100%) 13	(92.86%) 8	(100%) 0.3758
Deep	infiltration 13	(21.67%) 6	(15.79%) 6	(42.86%) 1	(12.5%) 0.0860
*P<0.05	is	considered	to	be	statistically	significant
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Figure 13: Dermoscopic image on 50× magnification showing undifferentiated 
vessels not conforming to any particular described morphology (white and 
blue arrow)
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the	 patchy	 distribution	 of	 vessels	 in	 palmar	 psoriasis	 was	
seen	in	2.63%	(1/38)	in	our	study	similar	to	2.9%	(1/35)	by	
Cetinarslan	et al.[11]

The	 patchy	 distribution	 of	 vessels	 was	 more	 common	 in	
hand	 eczema,	 i.e.,	 57.14%	 (8/14),	 in	 our	 study	 similar	 to	
47.3%	 by	 Cetinarslan	 et al.,[11]	 while	 a	 regular	 array	 of	
vessels	is	0%	in	our	study	but	3.6%	by	Cetinarslan	et al.[11]

Light	 red	background	erythema	was	seen	 in	65.7%	(25/38)	
of	 palmar	 psoriasis,	which	was	 nearly	 similar	 to	 the	 study	
by	 Cetinarslan	 et al.,[11]	 i.e.,	 48.6%	 (17/35),	 whereas	
yellowish	 +	 dull	 red	 background	 in	 hand	 eczema	 in	 our	
study	was	57%	(8/14)	with	a	higher	incidence	compared	to	
Cetinarslan	et al.,[11]	i.e.,	36.4%	(20/55).

Additional	 features	observed	 in	 the	 form	of	brownish‑orange	
dots	 in	 those	 with	 eczema	 35.7%	 (5/14)	 in	 our	 study	 were	
identical	to	their	occurrence	in	34.5%	cases	of	eczema	in	the	
study	 by	 Cetinarslan	 et al.,[11]	 and	 they	 greatly	 varied	 with	
the	 study	 by	 Errichetti	 and	 Stinco,[8]	 i.e.,	 72%	 (8/11).	 The	
presence	 of	 yellow‑orange	 clods	 in	 our	 study	 showed	 lower	
occurrence,	 i.e.,	21%	(3/14),	 compared	 to	 the	high	 incidence	
values	of	43%	(24/55)	by	Cetinarslan	et al.[11]	and	63%	(7/11)	
by	 Errichetti	 and	 Stinco.[8]	 These	 features	 give	 a	 clue	 to	
diagnose	hand	eczema	and,	hence,	need	to	be	further	studied.

Overlapping	dermoscopic	features,	i.e.,	diffusely	distributed	
white	 and	 yellow	 scaling	 with	 the	 regular	 dotted	 type	 of	
vessels	over	background	erythema	of	light	red	to	yellowish	
dull	 red,	 was	 observed	 in	 eczema	 in	 psoriatico.	 However,	
due	 to	 the	 paucity	 of	 studies	 regarding	 dermoscopic	
findings	in	eczema	in	psoriatico,	the	features	observed	need	
to	be	further	studied	and	validated.

Table	 3	 depicts	 findings	 of	 various	 studies	 on	 histological	
features	 in	 palmar	 psoriasis	 and	 hand	 eczema	 along	 with	
those	 in	 our	 study.	 Psoriasiform	 hyperplasia	 in	 palmar	
psoriasis	showed	significant	regular	hyperplasia	with	a	high	
incidence	 in	 our	 study,	 i.e.,	 81.5%	 (31/38),	 as	 compared	
to	 50%	 (8/16)	 in	 the	 study	 by	 Park	 et al.[12]	 Irregular	

hyperplasia	was	absent	in	our	study	but	seen	in	43%	(7/16)	
by	Park	et al.[12]	Regular	 and	 irregular	 hyperplasia	 in	 hand	
eczema	were	 7.14%	 (1/14)	 and	28.5%	 (4/14)	 in	 our	 study,	
which	were	much	lesser	 than	a	study	by	Park	et al.,[12]	 i.e.,	
35%	and	50%,	respectively.

Eczema	 in	 psoriatico	 had	 62.5%	 (5/8)	 parakeratosis	 in	
our	 study,	 which	 differed	 from	 the	 study	 by 	 Kolesnik	
et al.[7]	 who	 had	 a	 high	 incidence	 of	 100%	 (33/33).	
Neutrophils	 and	 plasma	mounds	 in	 stratum	 corneum	were	
50%	(4/8)	and	37%	(3/8)	in	our	study,	whereas	in	Kolesnik	
et al.’s	 study,[7]	 they	 were	 76%	 (25/33)	 and	 21%	 (7/33)	
depicting	 a	 higher	 incidence.	 Severe	 spongiosis	 with	
spongiotic	 vesicles	 was	 seen	 in	 12.5%	 (1/8)	 in	 our	 study	
lesser	 than	 that	 by	Kolesnik	et al.[7]	 showing	36%	 (12/33).	
This	was	 probably	 due	 to	 the	 larger	 sample	 size.	 Features	
of	 regular	 and	 irregular	 acanthosis	 in	 our	 study	 were	
75%	 (6/8)	 and	 25%	 (2/8)	 but	 in	 Kolesnik	 et al.’s	 study,[7]	
they	 were	 52%	 (17/33)	 and	 0%,	 respectively.	 Incidence	
of	 hypogranulosis,	 suprapapillary	 thinning,	 and	 dilated	
capillaries	 in	 our	 study	 were	 37.5%	 (3/8),	 62.5%	 (5/8),	
and	 87.5%	 (7/8),	 respectively,	 comparable	 with	 the	 study	
by	Kolesnik	et al.[7]	where	there	were	seen	in	33%	(11/33),	
85%	(28/33),	and	99%	(33/33),	respectively.

Contact	 allergy	 in	 patients	 with	 palmar	 psoriasis	 acts	 as	
Koebner’s	phenomenon	and	exhibits	a	type	4	hypersensitivity	
pattern,[7]	 which	may	 possibly	 result	 in	moderate	 to	 severe	
spongiosis	coexisting	with	more	or	less	preserved	histologic	
features	 such	 as	 hypogranulosis,	 supra‑papillary	 thinning,	
and	 regular	 psoriasform	 hyperplasia	 in	 cases	 of	 eczema	 in	
psoriatico	on	histologic	examination.

Conclusion
On	 dermoscopy	 in	 our	 study,	 characteristic	 features	 of	
palmar	 psoriasis	were	 diffuse	white	 scaling,	 dotted	 type	of	
vessels	in	a	regular	distribution	over	a	light	red	background.	
In	 hand	 eczema,	 diffusely	 distributed	 white	 and	 yellow	
scaling	 with	 dotted	 type	 of	 vessels	 in	 a	 patchy	 vascular	
arrangement	 over	 a	 yellowish	 dull	 red	 background	 was	
noted	 along	 with	 additional	 features	 of	 brownish‑orange	
dots/globules	 and	 yellow‑orange	 clods,	whereas	 in	 eczema	
in	psoriatico,	overlapping	dermoscopic	 features	of	 the	 two,	
i.e.,	 diffusely	 distributed	 white	 and	 yellow	 scaling	 with	
regular	 dotted	 type	 of	 vessels	 over	 background	 erythema	
of	 light	 red	 to	 yellowish	 dull	 red,	 were	 noted.	 Hence,	
dermoscopy	 may	 act	 as	 a	 useful	 tool	 in	 providing	 a	 clue	
to	 the	 diagnosis	 of	 palmar	 psoriasis,	 palmar	 eczema,	 and	
eczema	in	psoriatico	as	observed	in	our	study.

However,	more	 studies	with	 a	 larger	 sample	 size	will	 help	
to	validate	the	specific	features	in	each	of	these	conditions.
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Table 3: Comparison of histopathology findings of palmar psoriasis and hand eczema in literature
Histopathology findings Our study Rao et al.[13] Caesinaro et al.[14] Hesari et al.[15] Aydin et al.[16]

Pso% 
(n=38)

Ecz% 
(n=14)

Pso% 
(n=31)

Ecz% 
(n=24)

Pso% 
(n=22)

Ecz% 
(n=20)

Pso% 
(n=36)

Ecz% 
(n=16)

Pso% 
(n=17)

Ecz% 
(n=25)

Parakeratosis 73.6 78.5 90.3 62.5 ‑ ‑	 	‑ ‑ 	‑ ‑
Fibrin	globules 60.5 28.4 38.7 33.3 81.8 95 72.2* 100* 11.8 4
Plasma	mound	 34.2 50 	‑ ‑ 	‑ ‑ 72.2 100 	‑ ‑
Neutrophils	in	Str.corneum 63.1 14.2 6.9 ‑ 45.5 35 72.2* 0* 5.9 4
Hypogranulosis 78* 35.7* 22.6 4.2 90.9 80 75* 18.8* 41.2 36
Acanthosis
Regular
Irregular

94.7* 7.14* 27.6 9.1 68.5* 35* 30.5 25 88.2 80
2.6 78.5 72.4 90.9 31.5 65 69.4 75 11.8 20

Spongiosis
Mild
Moderate
Severe	

76.3 50 35.5 29.2 ‑ ‑ 44.4 12.5
21 28.5 16.1 20.8 ‑ ‑ ‑ ‑
2.63 14.2 9.7 20.8 ‑ ‑ 44.4 75

Supra‑papillary	thinning 86.8* 7.1* 51.7* 22.7* ‑ ‑ 72.2* 25* 58.8 40
Mitotic	figures	 78.9 50 ‑ ‑	 ‑ ‑ 30.6 25 ‑ ‑
Dilated	capillaries 97.3 14.2 38.7 50 22.7 30 63.9* 6.3* 38.7 50
Dermal	infiltrate 100 92.8 84 75 ‑ ‑	 ‑ ‑	 ‑ ‑
*P<0.05	is	considered	to	be	statistically	significant	for	that	study	parameter	across	the	above‑mentioned	studies
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Introduction: Pemphigus Vulgaris is a rare, noncommunicable, non-hereditary fatal autoimmune dermatological manifes-

tation in which a painful blister initiates from the oral cavity. PRIDE complex stands for Papulopustules or paronychia,

regulatory abnormality of hair and nails, itching, and dryness due to inhibition of EGFR. Both of these mucocutaneous
manifestations are rare and are often caused by drugs. Case report: Our case reports 53-year-old patient presented mul-

tiple crusted plaques, multiple hyperpigmented macules to patches, Solitary fluid-filled lesions on several parts of the

body, and numerous erosions positive over buccal mucosa on initial follow up which was diagnosed as Pemphigus
Vulgaris with PRIDE complex induced by Gefitinib. Management and outcome: The patient was treated with almost

all possible treatment options, i.e., both steroids plus adjuvant therapy for pemphigus and antihistaminic, antibiotics,

moisturizer, and lotions for PRIDE complex. The patient was initially admitted for infusion of the first dose of rituximab
and later for management of flare-up condition andinfusion of the second dose of rituximab infusion. Discussion: The

complexity of the management of Pemphigus Vulgaris and PRIDE complex demands adequate monitoring of the patient’s

anti-cancerous therapy by clinical pharmacists, which can impact the clinical outcomes by providing pharmaceutical care
and minimize the economic burden.
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Introduction

Pemphigus is a rare (0.5–3.5/ 100,000 people/ year) auto-

immune dermatological manifestation characterized by

blisters on skin and mouth, eyes, nose, throat, and genitals,

which generally occurs between the ages of 50–60 years.1,2

Pemphigus doesn’t spread from person to person and is not

associated with heredity. Both the gender is equally affected

by Pemphigus, but specific genes can make individuals

more susceptible.2 The drug is the most common causative

agent for Pemphigus.3 Pemphigus is classified based on the

location of a blister on the body. Commonly there are five

types of Pemphigus such as pemphigus Vulgaris,

Pemphigus foliaceous, pemphigus vegetans, IgA pemphi-

gus, and paraneoplastic pemphigus.2 About 5–11% of

Pemphigus is related to malignancy.4 Pemphigus Vulgaris

is a rare mucocutaneous life-threatening disease usually

characterized by painful blisters that initially starts from

the mouth/oral cavity later involve other parts of the body

and are not associated with itching and scar recovery.1,2

Pemphigus Vulgaris hasa higher incidence rate among the

drug-induced Pemphigus, i.e., 0.1–0.5/100000 people/

year. Pemphigus Vulgaris is associated with long clinical

suffering and considerable morbidity and mortality.3 Thus

appropriate diagnosis and prompt treatment could be a life-

saving move because around 50% and 100% of patients
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lose their life mainly due to secondary infections, broncho-

pneumonia, extensive skin involvement, electrolyte imbal-

ance, and septicemia, etc. if untreated for more than 2 and

5 years respectively.5

Further PRIDE complex is the cutaneous dermatological

manifestation which stands for papulopustular or parony-

chia, regulatory abnormality of hair and nails, itching, and

dryness due to inhibition of EGFR.6 Out of all these mani-

festations, papulopustular eruptions are most common,

which develops within the 1–2 week of initiation of

EGFR inhibitor therapy.7The rateof cutaneous eruptions

due to EGFR inhibitors is about68.7 to 80%.6 Several

drugs, such as thiols, phenols, and non-thiols/phenols, can

cause pemphigus.2 Still, our case is exceptional as it

describes Pemphigus Vulgaris with PRIDE complex

induced by EGFR inhibitor, i.e., gefitinib.

Case report

A 53-year-old male patient presented in the outpatient

setting with the chief complaint of fluid-filled painful

lesions over the body for four days. The lesion was initially

developed over the abdomen then progressed to the bilateral

upper limb and lower limb. The lesion burst and open

around, which showed a tendency to heal in 3 days. The

patient was admittedto the inpatient setting for the first

dose of rituximab infusion as he is following up a case of

a pemphigus Vulgaris with PRIDE complex.The patient

was all right 14 months back when he developed erosion

in the oral cavity, insidious in onset and progressive. He

consulted a local physician, where he has prescribed a

topical cream and got relief temporarily. But one month

later, he again developed a similar lesion for which he con-

sulted a family physician from where he was referred to one

hospital where on clinical observation, they found 4× 3 cm

ulceroinfiltrative growth in the right buccal mucosa and gin-

givobuccal (GB) sulcus with Retromolar trigone (RMT)

free, neck region showed hard non-tender lymph node

mass right 1b. After performingan oral mucosal biopsy sug-

gestive of moderately differentiated squamous cell carcin-

oma, thepatient underwent right composite resection and

right pectoralis major myocutaneous (PMMC) flap under

general anesthesia. He has discharged after the surgery

with tablet amoxicillin 500 mg+ clavulanic acid 125 mg

BID for five days, tablet pantoprazole 40 mg OD for five

days, tablet diclofenac 50 mg+ paracetamol 325 mg+ ser-

ratiopeptidase 15 mg BID for five days, betadine gargles

4th hourly and feeding through Ryles tube 300 ml 2nd

hourly. After the lapse of 20 days of surgery, the histo-

pathological study of right composite resection specimen

with right type 2 modified neck dissection on microscopic

examination showed ulcerated, moderately to poorly differ-

entiated infiltrating squamous cell carcinoma of right gingi-

vobuccal sulcus.

Further, the patient has been prescribed the actual culprit

drug, tablet gefitinib 250 mg OD (Geffy 250 mg), for ten

days. After completingthe prescribed dose of gefitinib, the

patient developed red lesions over the chest, insidious in

onset, and progressed to involve scalp and back.

Thepatient consulted the local doctor and was prescribed

some topical following which he got temporary relief.

Still, the lesions later aggravated, and the patient was

referred to our hospital, where he was evaluated, and skin

biopsy & DIF were done. Skin biopsy was suggestive of

drug-induced papulopustular dermatoses, and DIF was sug-

gestive of Pemphigus Vulgaris for which patient was started

on tapering dose tablet Prednisolone 8 mg/ 16 mg/ 24 mg

OD, tablet dapsone 100 mg, vitamin E 400 mg OD,sertaco-

nazole 2% w/v plus mometasone 0.1% w/v lotion OD,

mometasone 0.1% w/w plus fusidic acid 2% w/w cream

OD, Levocetirizine 5 mg OD, antibiotics (tablet

Doxycycline 100 mg OD, cefpodoxime proxetil 200 mg+

clavulanic acid 125 mg), aloe vera plus oat milk body

wash OD, injection hydrocortisone 100 mg and injection

pheniramine 22.75 mg following which the patient got

relief. Then the patient was started with the chemo-radiation

therapy, which included four cycles of chemotherapy

(Injection cisplatin 60 mg) weekly once and 30# of

intensity-modulated radiation therapy (IMRT) at 6000 cen-

tigray (cGy) five days in a week. The patient was well tol-

erant to chemo-radiation treatment. The patient also gave a

history of tobacco chewing 2–3 times a week for six months

about two years ago and didn’t have any family history

related to cancer. The patient is a farmer by occupation

and belongs to the lower-middle socioeconomic class.

Now on general physical examination, the patient was

moderately built, conscious, co-operative, and well orientedFigure 1. Papulopustular lesion and erosion on the chest.
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with the average body temperature, blood pressure, and

pulse rate. PICCLE signs were negative. On mucocuta-

neous examination, multiple erythematous well-defined

erosion over the forehead, nose, abdomen, trunk, bilat-

eral upper and lower limb as shown in Figures 1–5.

Multiple hyper-pigmented to erythematous crusted

plaque over the scalp, trunk, abdomen, back (Figure 2),

bilateral upper and lower limb present in a symmetrical

fashion as represented in Figure 4. Papulopustular

lesions around 4–5, flaccid vesicles were present over

the abdomen, fingernails, and bilateral upper and lower

limbs. The marginal nikolsky test was positive, whereas

the direct nikolsky test was negative. Paronychia of fin-

gernails (Figure 3), greyish white slough over angles of

the mouth, erythematous-crusted plaque over the lower

lip, multiple erosion with whitish slough over buccal,

gingival mucosa and tongue, considerable erythematous

erosion with crusted plaque diffused over scalp were

observed.Nails and genitals were appeared to be

normal.The severity score using PDAI was 24 for the

total activity score, whereas 6 for the total damage score,

as depicted in Table 1. Similarly, our case was classified

as the probable case of gefitinib induced pemphigus vul-

garis and PRIDE complex with Naranjo score of 6 (supple-

ment file). The hematological, biochemistry, chest x-ray,

ECG, Montoux test, and urine routine & microscopy

observations were found to be normal.

During the hospital stay, the patient was started on treat-

ment with injection cefotaxime 1 g BID, injection metroni-

dazole 400 mg TID, tablet pantoprazole 40 mg+

domperidone 30 mg OD, triamcinolone 0.1% w/w oral

paste BID, povidone-iodine gargle 2% w/v BID, syrup mul-

tivitamin and multimineral 5 ml OD, clobetasol 0.05% w/w

+ gentamicin 0.1% w/w cream on day 1 of the admission.

On day 2, tablet methylprednisolone 32 mgOD, tablet

azathioprine 50 mg OD, tablet ranitidine 150 mg OD,

tablet calcium 500 mg+ vitamin D3 250 IU was added

tablet pantoprazole 40 mg+ domperidone 30 mg was

stopped. Further, the patient was referred to respiratory

medicine, where he was found to be fit for rituximab infu-

sion. On day 3, tablet ranitidine 150 mg was stopped, and

tablet pantoprazole 40 mg OD was started. Patient

consent for rituximab infusion was taken. On day 5, injec-

tion rituximab 1 g in 400 ml normal saline was infused over

five hourswith pre-medication (paracetamol 1 g, 1cc hydro-

cortisone, 2cc pheniramine) and continuous monitoring. On

day 6, the patient was discharged with advice to adhere to

the following discharge medication and also advised to

follow up in dermatology OPD after ten days; tablet

methylprednisolone 24 mg ODforninedays, tablet

azathioprine 50 mg OD for nine days, cefpodoximeproxetil

200 mg+ clavulanic acid 125 mg BID for seven days,

tablet pantoprazole 40 mg plus domperidone 30 mg OD

for nine days, tablet calcium 500 mg plus vitamin D3 250

IU for nine days,triamcinolone 0.1% w/w oral paste BID

for nine days, povidone-iodine gargle 2% w/v BID for

nine days, clobetasol 0.05% w/w plus gentamicin 0.1%

w/w cream for nine days, aloe vera plus oat milk body

wash OD for nine days and sucralfate 1000 mg+ oxeta-

caine 10 mg syrup TID for nine days.The patient was

advised to follow up in dermatology OPD after ten

days.Butthe patient came to OPD after five days. He was

suspected of being at risk of tuberculosis. He was referred

to the respiratory ward for Quintiferon positivity and

started on capsule rifampicin 450 mg plus isoniazid

300 mg OD.

Figure 5. Erosion on forehead, nose and face. Figure 2. Papulopustular lesion and erosion on the back.
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After fivedaysof OPD follow-up,the patient came for

the follow-up with a slightly exacerbated dermatological

condition and wasadmittedto the IPD setting for the

second dose of rituximab.On day1, the patient was

started on injection cefotaxime BID, injection pantopra-

zole 50 mg BID, injection dexamethasone 1.5 cc OD,

injection metronidazole 400 mg TID, capsule rifampicin

450 mg plus isoniazid 300 mg OD, tablet vitamin B

complex with vitamin C plus biotin, Injection multivita-

min (Vitamin A, B1, B2, B5, D3) OD, syrup sucralfate-

plus oxetacaine 5 ml TID, povidone-iodine mouth

gargle 2% w/v TID, hydroxychloroquine 200 mg OD

after ophthalmic clearance, framycetin cream 1%w/w,

intravenous ringer lactate fluid 30 ml, crusted Nasal

compression.On day 2, 1:1 ratio Pandya’s formulae

(syrup prednisolone 15 mg/5 ml, syrup almunium

hydroxide plus dimethicone plus magnesium hydroxide

5 ml and syrup ammonium hydroxide 138 mg/5 ml plus

sodium citrate 57.03 mg/5 ml plus diphenhydramine

14.08 mg/5 ml) was started which was to be squished

and swallowed. On day 3, injection vancomycin

500 mg BIDwas added to the treatment chart, whereas

injection cefotaxime and capsule rifampicin 450 mg

plus isoniazid 300 mg was stopped. On day 4, colchicine

is 0.5 mg thrice daily, clobetasol at 0.05% plus gentami-

cin 0.1% cream BID, saline nasal spray, and 0.65% w/v

three drops daily carboxymethylcellulose 0.5% w/v one

drop TID were added to therapy whereas dexamethasone

dose was doubled.

Further body wash containing aloe Vera extract plus oat

milk was added, and the dosing schedule of hydroxychlor-

oquine was increased to twice daily on day 5. Finally,

patients received rituximab 1 g in 400 ml normal saline,

which was slowly infused over 3 h on day 7 of admission

with the pre-infusion medication (injection hydrocortisone

100 mg/ml,pheniramine 4 mg, injection pantoprazole

40 mg, tablet paracetamol 1000 mg). The patient was dis-

charged after ten days of observation and treatment. On

discharge, he was prescribed with tablet prednisolone

10 mg five tablet OD for ten days, capsule doxycycline

100 mg plus lactobacillus 5 billion spore BID for one

week, tablet hydroxychloroquine 200 mg BID for ten

days, tablet colchicines 0.5 mg TID for ten days, tablet

pantoprazole 40 mg+ domperidone 30 mg OD before

food for ten days, calcium 500 mg OD for days,

povidone-iodine mouth gargle in 1:1 diluted waterfor

nine days, syrup sucralfate+ oxetacaine TID 15 min

before each meal for nine days, NS compression fol-

lowed by clobetasol+ gentamicin cream BID over the

nose and retroauricular area for nine days, saline nasal

spray three drops TID for eight days, carboxymethylcel-

lulose one drop TID for eight days and body wash for ten

days.

The patient was provided with a yellow card for the

gefitinib-induced Pemphigus Vulgaris. The patient wasin-

formedabout the consequences of long-term use of cortico-

steroid and immunosuppressant drugsand the availability of

generic medication (Jan Aushadhi) to reduce the economic

burden of the treatment.

Figure 4. Erythematous erosion with crusted plaque diffused
over scalp.

Figure 3. Paronychia of nail folds with granuloma like lesion.
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Table 1. Pemphigus disease area Index (PDAI), assessment of this severity score.

Skin
Activity Damage

Anatomical

Location Erosion / Blisters or new erythema

Post-inflammatory hyperpigmentation or erythema

from resolving lesion

0 absent

1 1-3 lesions up to one > 2 cm in any

diameter, none

> 6 cm

2 2-3 lesions, at least two > 2 cm diameter,

none > 6 cm

3 > 3 lesions, none > 6 cm diameter

5 > 3 lesions, and/or at least one > 6 cm

10 > 3 lesions, and/or at least one lesion >

16 cm diameter or entire area

Number lesions

if≤ 3

0 absent

1 present

Ears 0 0

Nose 2 0

Rest of the face 2 0

Neck 1 0

Chest 1 1

Abdomen 1 1

Back, buttocks 0 0

Arms 1 1

Hands 1 1

Legs 1 1

Feet 0 0

Genitals 0 0

Total skin 10/120 5/12

Scalp

Scalp Erosion/Blisters or new erythema Number

lesions if≤ 3

Post-inflammatory hyperpigmentation or

erythema from resolving lesion

0 absent

1 in one quadrant

2 two quadrants

3 three quadrants

4 affects whole skull

10 at least one lesion > 6 cm

0 absent

1 present

Total Scalp

(0–10)

2/10 1/1

Mucous membrane

Anatomical

location

Erosion/Blisters

0 absent

1 1 lesion

2 2-3 lesions

5 > 3 lesions or 2 lesions > 2 cm

10 entire area

Number lesions if≤ 3

Eyes 0

Nose 2

Buccal mucosa 2

Hard palate 0

Soft palate 0

Upper gingiva 2

Lower gingiva 2

Tongue 2

Floor of mouth 2

Labial bucosa 0

(continued)
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Discussion:

The biochemical and immunological mechanisms play a

crucial role in drug-induced Pemphigus. Pemphigus is the

consequence of biochemical interactions and autoantibody

development due to abnormal activation of B

cells.2Generally,cells are bonded or stick together by des-

moglein and desmocolin, which offer protection from exter-

nal environment/injury.Pemphigus involves the loss of

these cell adhesion molecules responsible for keeping the

cell intact, resulting in the formation of blisters, mostly

starts in the oral cavity and later involves other body

parts. These blisters rupture easily on the application of

minimal pressure, which leaves painful slough erosion on

the skin.6In our case, patients developed lesions first in

the abdominal region, which later progressed to involve

other body parts. Several drugs can cause pemphigus

Vulgaris, such as thiols drugs likepenicillamine, captopril,

and tiopronine; phenols drugs like aspirin, heroin, rifampin,

and levodopaand non-thiols/phenols likesteroid, anti-

inflammatory drugs, and calcium-channel blockers.

Both thiols and phenolic drugs are associated with a bio-

chemical mechanism for the induction of Pemphigus.

Thiols activate plasminogen activator, which inhibits the

enzymes responsible for keratinocyte aggregation, thus pro-

moting acantholysis. In contrast, phenolic drugs activate the

keratinocytes to release pro-inflammatory factors like

TNF-α and IL-1,stimulating protease enzymes leading to

acantholysis. But non-phenolic/thiols drugs act through

immunological mechanisms either by IgG autoantibody

formation or by altering antigen on keratinocytes.2 Mainly

the autoantibodies are developed against desmoglein1 and

3 variants of cell adhesion protein. Both variants are

found in the skin, but desmoglein 3 is only present in the

mucosa.6But in our patients, Pemphigus is due to

anti-cancerous drug, gefitinib. Gefitinib binds to the adeno-

sine triphosphate binding site at EGFR tyrosine kinase and

inhibits the anti-apoptotic RAS signal transduction leading

to apoptosis of cancer cells. It is generally usedto treat

locally advanced or metastatic non-small cell lung

cancer.8 EGFR is located in the basal epidermal basal

cell, hair follicle, sebaceous gland, hair shaft, etc. Thus

EGFR inhibitors are more likely to cause dermatological

adverse events.7Gefitinib can cause acne-like rashes, necro-

lytic migratory erythema like skin lesions, PRIDE complex,

inflammation of eyelid and conjunctiva, gastrointestinal

symptoms, abnormal rise in hepatic enzymes, etc..6,8,9In

the PRIDE complex, papulopustular eruptions are generally

confined to regions rich in sebaceous glands (face, neck,

shoulders, the upper trunk, and scalp) due to alteration in

the pilosebaceous unit, which might occur as a result of

over or under stimulation of EGFR receptors.

Similarly,paronychia and xerosis occur due to abnormal

vascular response in nail foldsand interruption in sweat

secretion, respectively.10 Abnormality in the growth and

migration of keratinocytes plays a vital role in papulopust-

ular eruptions and paronychia. Further Irregularity in the

differentiation of keratinocytes also leads to xerosis and

itching.6 The most frequent manifestation of PRIDE

complex is papulopustules followed by xerosis, hair

growth abnormality, and paronychia described a finding

in a study, but it may vary with the individual.7

Pemphigus Vulgaris can be diagnosed by histopathology

of the lesion (Biopsy), direct immunofluorescence, and

indirect immunofluorescence,confirmingacatholysis IgG

antibodies and presence of anti-intercellular substance

respectively. On the other hand, clinical observation of

skin and good drug history playsa vital role in diagno-

sis.11,12 In the case of our patient, a histopathological exam-

ination and direct immunofluorescence testwere done,

suggestive of drug-induced papulopustular dermatoses

and pemphigus Vulgaris.Our patient showed a significant

extent of severity of pemphigus (total activity score: 24)

according to the PDAI scoring pattern as total activity

score depends on the sum of total skin plus total scalp

plus total mucosa (Table 1).13 Our case was assessed as

probable case using Naranjo adverse drug reaction prob-

ability scale which classify adverse drug reaction as definite

(≥9), probable (5–8), possible (1–4) and doubtful (0)

case.14

PRIDE complex can be managed symptomatically.

Papulopustules can be treated with anti-acne lotions

Table 1. Continued.

Skin
Activity Damage

Anatomical

Location Erosion / Blisters or new erythema

Post-inflammatory hyperpigmentation or erythema

from resolving lesion

Posterior

pharynx

0

Anogenital 0

Total Mucosa 12/120

Total Activity Score (total skin+ total Scalp+ total Mucosa): Total Damage Score:.

24/250 6/1.

Extent of Severity: Moderate – 0–15 points; Significant – 15–45points; Extensive – >45 points.
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(benzoyl peroxide 2.5% wash and clindamycin 1%

lotion), in case of widespread lesions, oral tetracycline(-

doxycycline or minocycline 50–100 mg/day)can be

given,and stoppage of the drug in severe form; Steroid

and antifungal lotions, gentamycin eye drops for parony-

chia; non-sedative antihistaminic (levocetirizine 5 mg)

and moisturizer for itching and dryness; minoxidil 5%

topical for hair loss.6,10This treatment strategy correlates

with initial treatment received by our patients for PRIDE

complexes such as steroid plus antifungal cream, steroid

plus antibiotics lotion, antibiotics, anti-histaminic,body

wash,etc.

The main goal of the therapy for Pemphigus Vulgaris is to

maintain remission, prevent relapse and adverse events with

corticosteroid and adjuvant treatment. Adjuvants are the

immunosuppressants used to spare the corticosteroid dose to

avoid complications due to prolonged steroids. Several

drugs are recommended for the treatment of Pemphigus

Vulgaris by EDF and BAD. Still, the main principle

remains the same, i.e., systemic corticosteroid as mainstay

supported by immunosuppressant’s adjutants. According to

EDF and BAD, the treatment option, dose, and line of treat-

ment are depicted in Table 2.12,15,16 Our patients were

treated with steroids and adjuvants such as dapsone,

azathioprine, rituximab which comply with the standard treat-

ment options available in EDF and BAD.Rituximab infusion

has the potential to cause several adverse reactions. So pre-

medications are indicated before infusion.15 Apart from

these, hydroxychloroquine, colchicine, and metronidazole

injection were also used as an adjuvant in our patient, which

corresponds with evidence in the literature for treatment of

Pemphigus as these drug shows anti-inflammatory action.17–19

The patient was treated with oral and topical antimicro-

bial agents to prevent infection at erosion sites/blisters and

from other opportunistic infections. The patient is on ster-

oids and immunosuppressive agents fora long duration.

Pandya’s formulae and sucralfate+ oxetacainewere used

to treat gastrointestinal erosions/ ulcers.20 Our patient pre-

sented with the greyish white slough over angles of

mouth; erythematous crusted plaque over lower lip; multi-

ple erosions with whitish slough over buccal, gingival

mucosa, and tongue. He has been treated with Pandya’s for-

mulae and sucralfate+ oxetacaine. As the most reliable

treatment option is not available for the management of

Pemphigus Vulgaris to date, different approaches are

made by the researcher on the potential future treatments

such as Chimeric antigen receptor therapy, T-cell immuno-

therapy, BAFF and APRIL inhibitors, P38MAPK

Table 2. Treatment, dose and line of treatment for pemphigus vulgaris.

S. No. Name of Drug Dose in PV Line of treatment

A. Corticosteroids

1 Prednisolone/

Prednisone

0.5–1.5 mg/kg/ day (EDF)

1.0 mg/kg/day (BAD)

Max: up to 2 mg/kg

first-line treatment

B. Adjuvant Immunosuppressant

2 Azathioprine 2.0–2.5 mg/kg/day

1 mg/kg/day (Reduced TMPT activity)

first-line adjuvant immunosuppressant

3 Mycophenolate

mofetil

Start: 500 mg daily

Total: 2–3 g/day

first-line adjuvant immunosuppressant

4 Rituximab 1000 mg every 2 weeks or 375 mg/m2 each week for

4 consecutive weeks

EDF: if patient is on > 10 mg prednisolone plus

adjuvant

BAD:first-line therapy

5 Cyclophosphamide 2 mg/kg/day EDF: Second-line adjuvant agent

BAD:Third-line adjuvant agent

6 Intravenous

immunoglobulin

2 g/kg/cycle EDF: Second-line adjuvant

BAD: Third-line adjuvant

7 Plasmapheresis four or five plasma exchanges – each consisting of 1–

1.5 plasma volumes over a period of 7–10 days

rapid control of severe pemphigus

unresponsive to a combination of

prednisone and immunosuppressive agents

8 Immunoadsorption four treatments of immunoadsorption on four

consecutive days (2.5-fold plasma volume per day),

repeated after 4 weeks, if needed

EDF: second-line adjuvant agent

BAD: third-line therapy

9 Dapsone 100 mg/day(<1.5 mg/kg/day) second-line adjuvant

10 Methotrexate 10–20 mg/week EDF: Second-line adjuvant

11 Cyclosporine 3–5 mg/kg/day second-line adjuvant therapy
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signalling pathway inhibitor, Other signalling pathways

inhibitors and Bruton’s tyrosine kinase inhibitor.11

Conclusion

Almost every anti-cancerous agent tends to cause an ADR

in most patients due to its potency and poor patient physio-

logical capability to handle anti-cancerous drugs. This case

report highlights the importance of monitoring cancer

therapy by onco-clinical pharmacists and the need for spe-

cialist clinical pharmacists to manage adverse reactions

caused by anti-cancerous drugs. The management could

be complex and long term as in the case of pemphigus

and PRIDE complex. Thus, clinical pharmacists can posi-

tively impact ADR management by making the right

choice of drug, adjusting the dose, monitoring progress,

severity of ADR, and counselling patients regarding the

use of prescribed medications which indirectly reduces

financial toxicity.

Abbreviations

ADR Adverse drug reaction

BAD British Association of Dermatologists

BID Twice in a day

DIF Direct Immnunoflorecnce

EDF European Dermatology Forum

EGFR Epidermal growth factor receptor

OD Once daily

PDAI Pemphigus Disease Area Index

PRIDE Papulopustules or paronychia, regulatory

abnormality of hair and nails, itching and dryness

due to EGFR inhibitors

TID Thrice in a day
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Introduction
Viral	 warts	 are	 cutaneous	 and	 sometimes	
mucosal	 lesions	 caused	 by	 various	 strains	
of	human	papilloma	viruses.[1]	Palmoplantar	
warts	 are	 quite	 resistant	 to	 treatment	
because	 of	 their	 endophytic	 growth	 pattern	
and	very	 thick	cornified	 layer.[2]	 It	has	been	
found	 that	 cell‑mediated	 immunity	 (CMI)	
plays	 a	 major	 role	 in	 wart	 resolution,	
which	 highlights	 the	 need	 for	 immune	
protection	 against	 human	 papilloma	
virus	 (HPV)	 infection	 and	 has	 directed	
attention	 towards	 the	 stimulation	 of	 the	
patient’s	 immune	 system,	 particularly	 CMI	
to	 eradicate	 viruses.[3]	 Both	 intralesional	
mumps‑measles‑rubella	 (MMR)	 vaccine	
and	 intralesional	5‑fluorouracil	 (5‑FU)	have	
been	 used	 previously	 for	 the	 treatment	
of	 warts.	 But	 there	 is	 no	 comparative	
evaluation	 done	 so	 far	 between	 5‑FU	 and	
MMR	 in	 the	 treatment	 of	 warts.	 So,	 we	
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Abstract
Background:	 Palmoplantar	 warts	 are	 quite	 resistant	 to	 treatment,	 so	 treating	 them	 is	 a	 challenge	
as	 ablative	 modalities	 lead	 to	 pain,	 temporary	 immobility,	 secondary	 infections,	 and	 scarring.	 The	
treatment	 of	 warts	 using	 immunotherapeutic	 methods	 and	 cytotoxic	 methods	 is	 being	 increasingly	
used	 to	overcome	drawbacks	 in	 the	 treatment	of	warts.	Aim:	To	evaluate	 the	efficacy	and	 safety	of	
intralesional	mumps‑measles‑rubella	(MMR)	vaccine	versus	5‑fluorouracil	(5‑FU)	in	the	treatment	of	
palmoplantar	warts.	Materials and Methods:	A	total	of	36	patients	were	divided	into	two	groups	of	
18	 each,	MMR	and	5‑FU	groups,	 respectively.	The	patients	 in	 the	MMR	group	were	given	0.1ml	 ‑	
0.5ml	 of	 intralesional	MMR	vaccine	 in	 each	 lesion	 depending	 on	 the	 dimensions	 of	 the	 lesion	 and	
was	repeated	at	2	weekly	intervals	until	complete	clearance	or	a	maximum	of	six	doses.	The	patients	
in	 the	5‑FU	group	were	given	0.1ml	‑	0.5ml	of	 intralesional	 injection	of	a	solution	containing	4	mL	
of	250	mg/mL	of	5‑FU	and	1	mL	of	 a	mixture	of	20	mg/mL	 (2%)	 lidocaine	 and	0.0125	mg/mL	of	
epinephrine,	which	was	given	at	2	weekly	intervals	until	complete	clearance	or	maximum	six	doses.	
Results:	 In	 our	 study,	 warts	 had	 resolved	 in	 all	 18	 (100%)	 patients	 belonging	 to	 the	MMR	 group	
by	 the	12th	week,	whereas	11	 (61.11%)	patients	 still	 had	warts	 among	 the	patients	 belonging	 to	 the	
5‑FU	 group	 (i.e.,	 warts	 had	 resolved	 only	 in	 7	 (38.89%)	 patients	 at	 the	 end	 of	 12th	 week),	 which	
was	 found	 to	be	 statistically	 significant	 (P‑value	<	0.05).	Limitation:	Smaller	 sample	 size	and	 lack	
of	 follow‑up	 to	 evaluate	 for	 possible	 recurrence.	Conclusion:	MMR	vaccine	 is	 a	 safe	 and	 effective	
treatment	modality	for	palmoplantar	warts	compared	to	5‑FU.
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intended	 to	 evaluate	 which	 modality	 is	
more	 efficacious	 and	 faster	 in	 terms	 of	
resolution.

Materials and Methods
The	 present	 study	 was	 a	 prospective	
comparative	 interventional	 study	 carried	
out	 from	 January	 2020	 to	 December	 2020	
in	the	outpatient	department	of	dermatology	
in	a	 tertiary	care	center	after	approval	 from	
the	institutional	ethics	committee.	The	study	
included	36	patients	clinically	diagnosed	as	
having	 palmoplantar	 warts.	 The	 patients	
were	 assigned	 randomly	 into	 two	 groups	
of	 18	 each,	 using	 a	 randomization	 table	
derived	 from	R	software.	Exclusion	criteria	
were	 age	 less	 than	 12	 years,	 pregnant	
and	 lactating	 females,	 any	 evidence	 of	
immunosuppression,	 any	 systemic/local	
infection,	 and	 hypersensitivity	 to	 5‑FU,	
lignocaine,	or	MMR.
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Informed	 consent	 was	 obtained	 from	 each	 patient	 who	
participated	 in	 our	 study.	Age,	 sex,	 duration	 of	 warts,	 site	
of	warts,	number	of	warts,	and	prior	treatment	history	were	
recorded.	At	 each	visit,	 the	 lesions	were	photographed	and	
were	measured	using	a	Vernier	caliper.

In	 the	 MMR	 group,	 the	 patients	 were	 injected	 at	 the	
base	 of	 each	 wart	 with	 0.1ml	 ‑	 0.5ml	 of	 freeze‑dried	
MMR	 vaccine	 after	 reconstitution	 with	 0.5	 mL	 of	 the	
provided	diluent.	In	the	5‑FU	group,	the	patients	were	injected	
with	a	solution	containing	4	mL	of	250	mg/mL	of	5‑FU	and	1	mL	
of	a	mixture	of	20	mg/mL	(2%)	lidocaine	and	0.0125	mg/mL	
of	epinephrine,	0.1ml	‑	0.5ml	to	the	base	of	each	wart.[4,5]	The	
injections	were	repeated	every	2	weeks	for	a	maximum	of	six	
doses	or	until	complete	clearance,	whichever	was	earlier.[4,5]

The	 possible	 clinical	 outcomes	 were	 analyzed	 by	 taking	
photographs	 and	 measuring	 warts	 at	 each	 visit	 using	
a	 Vernier	 caliper	 and	 assigning	 a	 Visual	 Analogue	
Scale	(VAS)[6,7]	score	[Table	1].

Statistical analysis

The	 statistical	 analysis	 was	 done	 by	 R	 software	
version	 4.0.4	 and	Excel.	To	 compare	 the	 age,	 gender,	 type	
of	 warts,	 duration	 of	 warts,	 adverse	 effects,	 and	 clearance	
of	 warts	 according	 to	 VAS	 score,	 Chi‑square	 test	 was	
used.	 The	 mean	 age	 and	 mean	 duration	 of	 warts	 between	
the	 two	 groups	were	 compared	 using	 a	 t‑test.	The	 number	
of	 warts	 between	 the	 two	 groups	 was	 compared	 using	
Mann–Whitney	 test.	 The	 VAS	 score	 between	 two	 groups	
at	 different	 time	 points	 was	 compared	 using	 Friedman’s	
test.	A P value	 less	 than	 or	 equal	 to	 0.05	 was	 considered	
statistically	significant.

Results
All	 36	 patients	 completed	 the	 study.	 The	 age	 of	 the	
subjects	 ranged	 from	 14	 to	 56	 years	 with	 a	 mean	 age	 of	
26.58	±	9.47	years.	Only	patients	with	palmoplantar	warts	were	
included.	The	most	common	 type	of	wart	was	 the	endophytic	
variant,	 followed	 by	 subungual	 warts	 and	 mosaic	 warts.	 The	
mean	number	of	warts	in	the	5‑FU	group	was	2.44	±	2.55,	with	
a	minimum	of	1	wart	and	a	maximum	of	11	warts.	The	mean	
number	of	warts	 in	 the	MMR	group	was	3.17	±	2.96,	with	 a	
minimum	 of	 1	wart	 and	 a	maximum	 of	 13	warts.	 The	mean	
duration	of	warts	 in	 the	5‑FU	group	was	7.44	±	5.93	months,	
with	a	minimum	duration	of	1	month	and	a	maximum	duration	
of	24	months.	The	mean	duration	of	warts	in	the	MMR	group	
was	7.17	±	6.96	months,	with	a	minimum	duration	of	1	month	
and	a	maximum	duration	of	26	months	[Table	2].

In	 the	 MMR	 group,	 the	 complete	 clearance	 of	 warts	
was	 seen	 in	 100%	 (18)	 patients	 by	 the	 end	 of	 the	
study	 period	 (12	 weeks,	 6	 doses	 of	 injection).	 By	 the	
4th	week	(that	is,	after	evaluating	the	outcome	of	previous	2	
injections),	seven	(38.89%)	patients	had	complete	clearance	
of	warts.	By	 the	 6th	week	 (i.e.after	 evaluating	 the	 outcome	
of	 previous	 3	 injections),	 six	 more	 patients	 (7	 +	 6),	

that	 is	 a	 total	 of	 13	 (72.22%)	 patients	 had	 complete	
clearance	 of	 warts,	 and	 a	 VAS	 score	 of	 75%–99%	 was	
seen	 in	 three	 (16.67%)	 patients	 [Figure	 1a,	 1b].	 By	 the	
8th	 week	 (i.e.	 after	 evaluting	 the	 outcome	 of	 previous	 4	
injections),	 18	 (100%)	 patients	 had	 complete	 clearance	 of	
warts	[Figure	2a,	2b].	By	the	end	of	8	weeks	itself,	none	of	
the	patients	in	the	MMR	group	had	residual	warts	[Table	3].

In	 the	 5‑FU	 group,	 out	 of	 18	 patients,	 only	 7	 (38.89%)	
patients	 had	 complete	 resolution	 of	 warts	 by	 the	 end	 of	
12	 weeks	 of	 intervention	 (i.e.,	 a	 total	 of	 six	 injections).	
By	 week	 6,	 one	 (5.56%)	 patient	 had	 complete	 clearance	
of	 warts.	 By	 week	 8,	 four	 more	 patients,	 (4	 +	 1),	 that	 is	
a	 total	 of	 five	 (27.78%)	 patients	 had	 complete	 clearance	
of	 warts,	 and	 a	 VAS	 score	 of	 75%–99%	 was	 seen	 in	
one	 (5.56%)	 patient	 [Figure	 3a,	 3b].	 By	 the	 end	 of	
12	 weeks	 (ie.	 6	 injections),	 11	 (61.11%)	 patients	 had	
residual	warts	[Figure	4a,	4b].	[Table	3].

In	 our	 study,	 from	 the	 VAS	 score,	 we	 have	 observed	
that	 warts	 had	 resolved	 in	 all	 patients	 (100%)	 belonging	
to	 the	 MMR	 group	 by	 the	 12th	 week,	 whereas	 61.11%	
still	 had	 warts	 among	 the	 patients	 belonging	 to	 the	 5‑FU	
group	 (i.e.,	 warts	 had	 resolved	 only	 in	 38.89%	 patients	 at	
the	 end	 of	 12th	 week),	 which	was	 found	 to	 be	 statistically	
significant	(P‑value	<	0.05)	[Table	4].

Table 2: Clinico‑demographic data of the subjects
Parameters MMR Group 5‑FU group
Age Number	of	patients Number	of	patients
less	than	20	years 9	(50%) 3	(16.67%)
20‑30	years 6	(33.33%) 10	(55.56%)
30‑40	years 2	(11.11%) 3	(16.67%)
40‑50	years 0 1	(5.56%)
50‑60	years 1	(5.56%) 1	(5.56%)

Sex
Female 6	(33.33%) 6	(33.33%)
Male 12	(66.67%) 12	(66/67%)

Duration	of	warts
Less	than	6	months 13	(72.22%) 9	(50%)
6‑12	months 3	(16.67%) 8	(44.4%)
More	than	12	months 2	(11.11%) 1	(5.56%)

Type	of	wart
Palmar	warts 7	(38.89%) 11	(61.11%)
Plantar 10	(55.56%) 7	(38.89%)
Palmar	and	plantar 1	(5.56%) 0

Table 1: Visual Analogue Scale (VAS) score
VAS Score Description
VAS	100% Complete	disappearance	of	lesions	and	

appearance	of	normal	skin.
VAS	75%‑99% Partial	clearance	i.e.	reduction	in	number	

and	size	of	warts,	few	residual	warts	are	
still	visible.

VAS	50%‑75% Some	reduction	in	size,	but	no	decrease	in	
the	number	of	warts.

VAS	less	than	50% No	change	in	the	number	and	size	of	warts.
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In	 our	 study	 (n	=	36),	 100%	of	 the	patients	 in	 both	MMR	
and	 5‑FU	 groups	 complained	 of	 pain	 during	 injection.	
Hyperpigmentation	 around	 the	 injected	 site	 was	 noted	 in	
four	(11.11%)	cases	in	the	5‑FU	arm	[Table	4].

Discussion
It	 has	 been	 found	 that	 CMI	 plays	 a	 major	 role	 in	 wart	
resolution,	which	highlights	the	need	for	immune	protection	
against	 human	 papilloma	 virus	 (HPV)	 infection	 and	 has	

directed	 attention	 towards	 the	 stimulation	 of	 the	 patient’s	
immune	 system,	 particularly	CMI	 to	 eradicate	 viruses.	 So,	
immunotherapeutic	 modalities	 are	 being	 increasingly	 used	
to	treat	warts.[4]

5‑FU	is	an	antimetabolite	drug	that	inhibits	DNA	and	RNA	
synthesis	 and	may	 also	 function	 as	 an	 immunomodulatory	
drug.	 5‑FU	 suppresses	 cell	 division	 and	 causes	 cell	 cycle	
arrest.[5]	 5‑FU	 is	 a	 fluorinated	 pyrimidine	 antimetabolite	
that	 inhibits	 DNA	 synthesis	 as	 well	 as	 RNA	 processing	

Figure 1: (a) Shows clinical picture of a patient in the MMR group in a case of 
plantar warts prior to the treatment. (b) Shows a clinical picture of a patient 
in the MMR group in a case of plantar warts after evaluating the outcome of 
previous 3 injections. Some residual warts are seen, a VAS score of 75%–99%

ba

Figure 3: (a) Shows clinical picture of a patient in the 5-FU group in a case 
of subungual warts prior to the treatment. (b) Shows a clinical picture of a 
patient in the 5-FU group in a case of subungual warts after evaluating the 
outcome of previous 4 injections, some residual warts were seen. A VAS 
score of 75%–99%

ba
Figure 4: (a) Shows a clinical picture of a patient in the 5-FU group in a 
case of mosaic warts prior to the treatment. (b) Shows a clinical picture 
of a patient in the 5-FU group in a case of mosaic warts after 6 injections, 
some residual warts are seen, a VAS score of 75%–99%

ba

Figure 2: (a) Shows clinical picture of a patient in the MMR group in a case 
of plantar warts prior to the treatment. (b) shows complete resolution of 
warts after evaluating the outcome of previous 4 injections of MMR, a VAS 
score of 100% in the case of plantar warts

ba
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and	 thus	 causes	 cell	 cycle	 arrest	 and	 decreases	 epidermal	
proliferation,	thus	helping	in	decreasing	the	proliferation	of	
wart	tissue.	It	is	a	nucleic	acid	synthesis	inhibitor.	It	inhibits	
the	 nucleotide	 synthetic	 enzyme,	 thymidylate	 synthetase	
thereby	 blocking	 the	 synthesis	 of	 pyrimidine	 thymidine,	
which	 is	 a	 nucleoside	 required	 for	 DNA	 replication.[8]	
This	 mechanism	 of	 action	 allows	 intralesional	 5‑FU	 to	 be	
utilized	 in	 the	 treatment	 of	 viral	 warts	 caused	 by	 human	
papilloma	 virus	 (HPV).[5]	 Intralesional	 injection	 of	 5‑FU	
permits	higher	drug	concentrations	throughout	the	lesion.[5]

Intralesional	 MMR	 vaccine	 immunotherapy	 employs	 the	
ability	 of	 the	 immune	 system	 to	 recognize	 viral	 antigens	
that	 induce	 a	 delayed‑type	 hypersensitivity	 reaction	 not	
only	 to	 the	 antigen	 but	 also	 against	 the	 human	 papilloma	
virus,	 thereby	 increasing	 the	 ability	 of	 the	 immune	 system	
to	 recognize	 and	 clear	 HPV.	 Consequent	 to	 this,	 the	
stimulated	 immune	 response	 clears	 all	 the	 lesions	on	other	
body	sites	along	with	locally	treated	lesions.[4]

When	 comparing	 immunotherapeutic	 methods	 with	
cytodestructive	 methods,	 it	 is	 found	 that	 scarring	 is	 seen	
in	 30%[3]	 subjects,	 recurrence	 of	warts	 in	 30%,[3]	 and	 pain	
leading	 to	morbidity	 is	 seen	 in	 64%[3]	 patients	while	 using	

ablative	 methods	 to	 treat	 warts,	 whereas	 these	 adverse	
effects	 are	 not	 seen	 while	 using	 immunotherapy	 to	 treat	
warts.

Compared	to	other	studies	like	the	studies	done	by	Chauhan	
et al.[6]	and	Jartarkar	et al.,[7]	our	study	had	a	 longer	period	
of	 intervention.	 In	 our	 study,	 the	 period	 of	 intervention	
and	 the	 total	 period	 of	 the	 study	 was	 the	 same,	 that	 is	
12	weeks	and	no	follow	up	was	done	afterward,	whereas	in	
Chauhan	et al.[6]	 study,	 the	 total	period	of	 intervention	was	
8	weeks	 followed	 by	which	 the	 patients	were	 followed	 up	
every	 4	 weeks	 for	 another	 8	 weeks.	 In	 the	 study	 done	 by	
Jartarkar	 et al.,[7]	 the	 period	 of	 intervention	 was	 6	 weeks,	
and	the	patients	were	followed	up	for	3	months.

In	 the	 study	 done	 by	 Chauhan	 et al.[6]	 in	 the	 treatment	 of	
common	 warts	 with	 intralesional	 MMR,	 51/110	 completed	
the	 study.	 Overall,	 42	 (82.4%)	 subjects	 showed	 complete	
resolution	of	warts	by	the	end	of	the	16	weeks,	i.e.,	8	weeks	
of	 intervention	 (5	 doses	 of	 injection),	 followed	 by	 which	
patients	 were	 followed	 up	 every	 4	 weeks	 for	 another	
8	weeks.	Nine	 (17.6%)	patients	 showed	partial	 clearance	 of	
warts.	In	the	study	done	by	Jartarkar	et al.[7]	in	the	treatment	
of	 recurrent	 warts	 with	 intralesional	 MMR,	 in	 the	 MMR	
group,	 (n	 =	 33),	 complete	 clearance	 of	 warts	 was	 seen	 in	
23	 (70%)	 patients	 at	 the	 end	 of	 6	 weeks	 of	 intervention	
and	 3	 months	 of	 follow	 up.	 Good	 response	 was	 seen	 in	
two	 (6.1%)	 patients,	 and	 a	 minimal	 response	 was	 seen	 in	
one	 (3.1%)	 patient.	 In	 our	 study,	 we	 observed	 that	 warts	
had	 resolved	 in	 all	 patients	 (100%)	 belonging	 to	 the	MMR	
group	 (n	 =	 18)	 by	 the	 12th	 week.	 We	 postulate	 that	 the	
differences	in	the	sample	size	and	period	of	intervention	from	
the	 above	 studies	 could	 be	 one	 of	 the	 reasons	 for	 variation	
in	 the	 observations	 encountered	 in	 our	 study	 in	 the	 form	of	
100%	 resolution	 of	 warts	 in	 the	 MMR	 group	 in	 our	 study	
versus	resolution	rates	of	82.4%	and	69.7%	in	the	studies	by	
Chauhan	et al.[6]	and	Jartarkar	et al.,[7]	respectively.

Table 4: Outcome of the study
Treatment Groups Therapeutic outcome Adverse effects
MMR	Group Eighteen	(100%)	

patients	had	complete	
clearance	of	warts	by	the	
end	of	the	study	period.

nil

5‑FU	Group Seven	(38.89%)	
patients	had	complete	
clearance	of	warts,	and	
11	(61.11%)	patients	still	
had	residual	warts	at	the	
end	of	the	study	period.

Four	(11.11%)	
patients	had	
hyperpigmentation	
around	the	treated	
lesions.

Table 3: Distribution of VAS scores at different time points in both groups
Groups VAS score Time Period P

Baseline Week 2 Week 4 Week 6 Week 8 Week 12
5‑FU <50%	(no	change	in	number	and	size	

of	warts)
18	(100%) 8	(44.44%) 3	(16.67%) 3	(16.67%) 1	(5.56%) 1	(5.56%) <0.001F*

50%‑75%	(some	reduction	in	size	but	
no	decrease	in	number	of	warts)

0 10	(55.56%) 15	(83.33%) 14	(77.78%) 11	(61.11%) 7	(38.89%)

75%‑99%	(Partial	clearance) 0 0 0 0 1	(5.56%) 3	(16.67%)
100%	(complete	clearance	of	lesions	
and	appearance	of	normal	skin)

0 0 0 1	(5.56%) 5	(27.78%) 7	(38.89%)

MMR <50%	(no	change	in	number	and	size	
of	warts)

18	(100%) 7	(38.89%) 0 0 0 0 <0.001F*

50%‑75%	(some	reduction	in	size,	but	
no	decrease	in	number	of	warts)

0 11	(61.11%) 9	(50%) 2	(11.11%) 0 0

75%‑99%	(partial	clearance) 0 0 2	(11.11%) 3	(16.67%) 0 0
100%	(complete	disappearance	of	
lesions	and	appearance	of	normal	skin)

0 0 7	(38.89%) 13	(72.22%) 18	(100%) 18	(100%)

P 1C 1C 0.0015MC* <0.001MC* <0.001MC* <0.001MC* ‑
Abbreviation:	F‑Friedman	test,	C‑Chi	square	test,	MC	‑	Chi‑square	test	with	Monte	Carlo	simulation,	*indicates	statistical	significance
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Yazdanfar	 et al.[9]	 studied	 the	 use	 of	 intralesional	 5‑FU	
in	 the	 treatment	 of	 warts	 wherein	 only	 34/40	 subjects	
completed	 the	 study,	 and	 complete	 resolution	 of	 warts	
was	 seen	 in	 22	 (64.7%)	 patients	 at	 the	 end	 of	 4	 weeks	
of	 intervention	 and	 follow	 up	 at	 1	 month	 and	 6	 months.	
A	 partial	 resolution	 was	 seen	 in	 six	 (17.6%)	 patients,	 and	
no	 resolution	 of	 warts	 was	 seen	 in	 six	 (17.6%)	 patients	
at	 the	 end	 of	 the	 study	 period.	Kamal	T	 et al.[10]	 (n	 =	 40)	
employed	a	2	weekly	treatment	regime	with	5‑FU,	wherein	
a	 complete	 resolution	 of	 warts	 was	 seen	 in	 30	 (75%)	
patients	after	six	doses	of	intralesional	5‑FU.	Three	patients	
attained	complete	resolution	of	warts	after	the	3rd	 injection,	
10	 (25%)	 patients	 showed	 complete	 clearance	 of	 warts	
after	 the	 4th	 injection,	 and	 5	 (12.5%)	 patients	 showed	
complete	 resolution	after	 the	5th	 injection.	However,	 in	our	
study,	 only	 38.89%	 (7)	 patients	 had	 complete	 clearance	 of	
warts	 in	 the	 5‑FU	 arm	 (n	=	 18),	 i.e.,	 61.11%	 (11)	 patients	
still	 had	 residual	 warts	 by	 the	 end	 of	 the	 study.	 This	
variation	 in	our	 study	could	be	attributable	due	 to	 the	 type	
of	 lesions	chosen	by	us	 i.e.,	palmoplantar	warts,	which	are	
endophytic,	having	a	higher	viral	load	along	with	thickened	
stratum	 corneum,[2]	 which	 makes	 the	 penetration	 and	
delivery	of	5‑FU	a	little	difficult.	Also,	some	viral	subtypes	
may	respond	differently	to	cytotoxic	or	immunotherapy.

In	 our	 study,	 pain	 while	 the	 injection	 was	 the	 only	
side	 effect	 seen	 in	 both	 MMR	 and	 5‑FU	 groups,	 and	
hyperpigmentation	around	 the	 lesions	was	seen	only	 in	 the	
5‑FU	group.

5‑FU	 is	 an	 antimetabolite	 drug	 that	 causes	 cell	 cycle	
arrest,[9]	whereas	MMR	 is	 an	 immunotherapeutic	 drug	 that	
induces	 the	 body’s	 own	 immune	 response	 against	 HPV,	
thus	helping	 in	clearing	 the	HPV	 laden	cells.[6]	 5‑FU	has	a	
very	localized,	cytotoxic	effect	on	HPV‑laden	cells,	whereas	
MMR	 vaccine	 induces	 a	 delayed	 type	 of	 hypersensitivity,	
which	 helps	 in	 clearing	 HPV‑laden	 cells.	 We	 have	
postulated	 that	 because	 of	 this	 difference	 in	mechanism	of	
action,	the	MMR	vaccine	showed	better	efficacy	than	5‑FU	
in	our	study.

Variation	 in	 the	 rate	 of	 resolution	 in	 comparison	 to	 other	
studies	 could	 be	 because	 of	 the	 type	 of	 warts	 chosen	 to	
be	 treated	 by	 us,	 i.e.,	 palmoplantar	 warts	 which	 have	 an	
endophytic	 growth	 pattern	 along	 with	 high	 viral	 load	 and	
very	 thick	 cornified	 layer	 as	 compared	 to	 other	 types	 of	
warts.

Treating	 palmoplantar	 warts	 with	 modalities	 that	 are	
cyto‑destructive	 like	 electrocautery	 or	 cryotherapy	 can	
cause	a	lot	of	patient	morbidity	in	terms	of	pain,	secondary	
infections,	 and	 temporary	 functional	 impairment;	 hence,	
our	study	aims	to	emphasize	 the	use	of	 immunotherapeutic	
modalities	to	overcome	this	issue.

A	 review	 of	 the	 literature	 available	 so	 far	 shows	 no	
such	 studies	 which	 have	 compared	 the	 safety	 and	
efficacy	 of	 cytotoxic	 methods	 with	 immunotherapeutic	

modalities;	 hence,	 our	 study	 is	 one	 such	 attempt	
to	 compare	 a	 cytotoxic	 (5‑FU)	 modality	 with	 an	
immunotherapeutic	(MMR)	modality,	thus	bridging	the	gap	
in	the	current	literature.

Limitation
The	 limitation	 of	 our	 study	 was	 that	 the	 sample	 size	
was	 small	 (n	 =	 36)	 and	 follow	 up	 of	 the	 patients	 beyond	
12	weeks	 of	 the	 study	 period	was	 not	 done,	 so	 the	 rate	 of	
recurrence	 of	 warts	 in	 the	 MMR	 and	 5‑FU	 groups	 could	
not	 be	 compared	 and	 also,	 only	 palmoplantar	 warts	 were	
included	 in	 our	 study,	 so	 the	 effects	 of	 these	 therapeutic	
options	 on	 other	 types	 of	 warts	 could	 not	 be	 evaluated.	
Hence,	trials	with	a	larger	sample	size	and	ones	that	include	
different	 variants	 of	 warts	 are	 required	 to	 further	 evaluate	
the	effects	of	MMR	vs	5‑FU	in	the	treatment	of	warts.

Conclusion
Though	 both	 MMR	 and	 5‑FU	 are	 effective	 nonablative	
methods	 available	 in	 the	 dermatologist’s	 armamentarium	
for	 the	 treatment	 of	 warts,	 from	 the	 observations	made	 in	
our	study,	we	can	conclude	that	intralesional	MMR	vaccine	
is	a	more	efficacious	therapy	than	5‑FU	in	the	treatment	of	
palmoplantar	warts.

Declaration of patient consent
The	 authors	 certify	 that	 they	 have	 obtained	 all	 the	
appropriate	patient	consent	 forms.	 In	 the	 form,	 the	patients	
have	 given	 their	 consent	 for	 their	 images	 and	 other	
clinical	 information	 to	 be	 reported	 in	 the	 journal.	 The	
patients	 understand	 that	 their	 names	 and	 initials	 will	 not	
be	published	 and	due	 efforts	will	 be	made	 to	 conceal	 their	
identity,	but	anonymity	cannot	be	guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1.	 Ghadgepatil	 SS,	 Gupta	 S,	 Sharma	 YK.	 Clinicoepidemiological	

study	 of	 different	 types	 of	 warts.	 Dermatol	 Res	 Pract	
2016;2016:7989817.

2.	 Sterling	C.	Viral	 infections.	 In:	Griffiths	C,	Barker	 J,	Bleiker	T,	
Chalmers	 R,	 Creamer	 D,	 editors.	 Rook’s	 Textbook	 of	
Dermatology.	 9th	 ed.	 Oxford,	 England:	 Blackwell	 Publishing;	
2016.	p.	25.43‑25.59.

3.	 Lipke	 MM.	 An	 armamentarium	 of	 wart	 treatments.	 Clin	 Med	
Res	2006;4:273‑93.

4.	 Nofal	A,	 Nofal	 E,	 Yosef	A,	 Nofal	 H.	 Treatment	 of	 recalcitrant	
warts	 with	 intralesional	 measles,	 mumps,	 and	 rubella	 vaccine:	
A	promising	approach.	Int	J	Dermatol	2015;54:667‑71.

5.	 Isçimen	 A,	 Aydemir	 EH,	 Göksügür	 N,	 Engin	 B.	 Intralesional	
5‑fluorouracil,	 lidocaine	 and	 epinephrine	 mixture	 for	 the	
treatment	 of	 verrucae:	 A	 prospective	 placebo‑controlled,	
single‑blind	 randomized	 study.	 J	 Eur	 Acad	 Dermatol	 Venereol	

D
ow

nloaded from
 http://journals.lw

w
.com

/idoj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/09/2022



Sunny and Doshi: Intralesional Mumps-Measles-Rubella vaccine versus 5-Fluorouracil in the treatment of palmoplantar warts

616 Indian Dermatology Online Journal | Volume 13 | Issue 5 | September-October 2022

2004;18:455‑8.
6.	 Chauhan	PS,	Mahajan	VK,	Mehta	KS,	Rawat	R,	Sharma	V.	The	

efficacy	and	safety	of	intralesional	immunotherapy	with	measles,	
mumps,	rubella	virus	vaccine	for	the	treatment	of	common	warts	
in	adults.	Indian	Dermatol	Online	J	2019;10:19‑26.

7.	 Jartarkar	 SR,	 Kadnur	 M,	 Mamatha	 P,	 Mishra	 SS,	 Spoorthy	 B.	
A	 comparative	 study	 of	 therapeutic	 efficacy	 of	 intralesional	
measles,	 mumps,	 and	 rubella	 vaccine	 and	 intralesional	 Vitamin	
D3	 in	 the	 treatment	 of	 recurrent	 warts.	 J	 Dermatol	 Dermatol	
Surg	2021;25:14‑7.

8.	 Kannambal	 K,	 Kaviarasan	 PK,	 Prasad	 PVS,	 Poorana	 B,	

Balajiganesh	 J.	 Efficacy	 of	 intralesional	 5‑fluorouracil	 in	
recalcitrant	warts	 a	 study	 at	 tertiary	 care	 centre.	 J	Med	Sci	Clin	
Res	2019;7:556‑60.

9.	 Yazdanfar	 A,	 Farshchian	 M,	 Fereydoonnejad	 M,	
Farshchian	M.	Treatment	of	common	warts	with	an	 intralesional	
mixture	 of	 5‑fluorouracil,	 lidocaine	 and	 epinephrine:	
A	 prospective	 placebo‑controlled,	 double‑blind	 randomized	
control	trial.	Dermatol	Surg	2008;34:656‑9.

10.	 Kamal	 T,	 Ahmad	 F,	 Iftikhar	 U.	 Efficacy	 and	 safety	 of	
intralesional	 5‑fluorouracil	 in	 treatment	 of	 warts.	 J	 Pak	 Assoc	
Dermatol	2018;28:337‑9.

D
ow

nloaded from
 http://journals.lw

w
.com

/idoj by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/09/2022



© 2022 Indian Journal of Health Sciences and Biomedical Research KLEU | Published by Wolters Kluwer - Medknow 187

Engaging a self‑directed learning session: Myths 
and facts
Self‑directed learning (SDL) is where the learner takes 
responsibility for one’s own learning. Hence, it involves 
the active participation of the learner to assess his 
learning needs. Once the learning need in a given topic 
or a subtopic is assessed, he should create learning 
goals, identify resources for learning, apply appropriate 
learning strategies, and evaluate learning outcomes.[1]

In competency‑based medical education, Medical 
Council of India (now supported by National Medical 
Commission) has allotted 60–100 h for SDL in every 
professional year. The sessions are distributed among 
all the courses in the curriculum.[2] As we look into the 
principles of SDL as is defined, there are some changes in 
the administration of the curriculum required to create an 
environment for students to practice SDL. The changes 
required are in terms of the teaching–learning process, 
students’ roles, and teachers’ roles. The appropriate 
placing of the SDL sessions in the timetable designed by 
each institute is also of prime importance.

At the outset, one should be clear about the few myths 
and facts related to SDL;

Myth: SDL sessions are the sessions where students are 
left on their own to learn a topic!

Fact: SDL sessions are well‑designed sessions where 
students are taken through the journey to learn a topic 
under the guidance of a facilitator, at their own pace 
and style. At the end of the session, the student should 
realize that one has reached the goal set at the beginning 
of the session.

The main purpose of an SDL session is to instill the 
quality of “Lifelong learning” in the students. The 
sessions are to be designed keeping in mind this mantra 
of SDL. It is now obvious that a lifelong learning attitude 
cannot be developed by merely reading a note, reading a 
chapter, or attending a lecture. Learning by the student 
can happen when students identify their deficit in 
knowledge. This can happen when they are challenged 
by an encounter where they find themselves lacking in 
their knowledge or skill!

It is experienced by the faculty that students attend 
an SDL session without any preparation or they are 
content about what they already know or are negligent 

about what they should be learning in the given course 
material. It is but natural for students to be in that default 
mode as they are adults who learn as per the need of a 
given situation. Hence, it is the duty of the faculty to 
make students realize the deficits by taking them through 
the journey of SDL so that they become lifelong learners.

Design a Self‑directed Learning Session[3]

SDL sessions are to be placed in the timetable in the later 
part of a professional year. These sessions are to be of 
2–3 h. SDL sessions should have specific objective/s. The 
objective/s of the session should be with verbs taking 
learning at the “knows how” or “shows how” level in 
Miller’s pyramid. Hence, these are the sessions where 
students are allowed to interpret, analyze, demonstrate, 
assimilate, coordinate, and comprehend the learned 
knowledge or skill. Thus, to take the learning to higher 
levels of Bloom’s taxonomy, the base of the knowledge/
skill should have been provided to the students by a 
lecture/small‑group discussions (SGDs)/demonstration.

Myth: SDL sessions can be on any topic of a given course!

Fact: SDL sessions are to be placed after a lecture/SGD/
demonstration which provides the base for learning 
that would take place in SDL sessions. They cannot be 
de novo topics.

Teachers’ Role

The SDL sessions are facilitated by the faculty, not taught. 
The students learn the subject and the faculty facilitate 
learning by providing resource materials, maintaining 
the congruence of learning with the set objective of 
the session, vigilant in maintaining the educational 
standards.[4] The faculty should adopt the methodology 
of the learning process by opting for an appropriate 
mode to attain the objective of the SDL. The verb/s of 
the session objective guide the mode of the SDL session. 
For example, if the objective of a session is to interpret/
analyze, then case‑based/problem‑based learning would 
be beneficial. Moreover, if the objective is where the 
student has to coordinate, team‑based learning or group 
activity is appropriate.

Myth: The teacher dictates the topic of SDL and students 
learn on their own.
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Fact: The teacher facilitates learning in SDL session by 
maintaining congruence of learning with the objective/s 
of the session. The teacher has to provide validated 
resources and guidance on the learning process.

Students’ Role

In an SDL session, the onus of learning is mostly on 
the learner. It is the responsibility of the learner to be 
prepared with the basic knowledge/skill necessary to 
participate in the given SDL session. The characteristics 
of a student that ensures him to be a lifelong learner are 
self‑management, self‑monitoring, and self‑motivation to 
learn.[5] The student needs to be asked for the readiness 
assurance test before he appears and attempts an SDL 
session activity. The students are assessed at the end of 
every SDL session so that they realize the lessons learned 
and set a new goal for learning a given topic.

Myth: SDL sessions are to relearn what is already taught 
in lectures/demonstrations!

Fact: SDL sessions are to build on the concept laid down 
by lectures/demonstrations, by identifying the gap in 
learning with the help of the facilitators.

Assessment of Self‑directed Learning 
Sessions

Every SDL session should end with an assessment. 
This will ensure learning and also provides the learner 
with the level of learning that he could achieve. The 
assessment can be a short essay, seminar evaluation, 
incomplete handouts/flowchart filling, or performance 
of skill in a simulated environment. Even a group activity 
is to be evaluated on a checklist to assess the level of 
involvement, coordination with other group members, 
and lessons learned during the activity based on the 
reflection.

SDL sessions can be utilized in understanding how an 
individual evolves as a self‑directed learner based on 
Goal Attainment Scaling scores.[6]

Myth: SDL sessions are not included in the final 
assessment!

Fact: SDL sessions are assessed and the performance 
is included in the formative assessment. The lessons 
learned are indirectly assessed in the final assessment 
through case‑based questions and long case discussions.

Evolve the Learning Process

It is not practical to expect a student to be a self‑directed 
learner from the beginning of a course. To engage in 

learning so as to build the concept of a topic, the learner 
should assimilate facts/lessons learned around a topic. 
Hence, the student should be slowly evolved from 
the status of the dependent learner to an interested 
→involved learner to lastly self‑directed learner. With 
this changing role of the student, the duties of the teacher 
also evolve from coach → motivator → facilitator to 
consultant.[7]

Hence, the course is gradually taken by explaining 
the facts in complex situations where the students can 
apply and exhibit their competency in a given simulated 
situation. This can take place within a topic of the course 
and also as the students learn through the courses of the 
given graduate program.

Myth: SDL sessions are designed in a fixed format by 
a course!

Fact: The SDL sessions are designed in a way that the 
student develops a holistic way of developing his/
her concept so that he becomes a lifelong learner. The 
format should facilitate the evolution of learning from 
dependent learner to SDL.

Technology to Facilitate Self‑directed 
Learning: “Osler Meets Watson”

Osler says teachers are successful when they facilitate 
learning as a senior student anxious to help his juniors. 
Moreover, millennial learners are multimodal learners 
known for seeking knowledge from various sources 
using technology. Hence, it is the time when faculty have 
to embrace technology not only to be on the same page as 
the learners but also to ease their life.[8] Technology can 
be used to distribute the resources for learning, conduct 
readiness assurance tests, communicate the students’ 
performance, and provide feedback. The teachers of the 
millennium have an additional responsibility to validate 
the resources that students would be using for learning 
a concept.

Myth: Technology deviates the learner from the basics 
and hampers the performance of the teacher

Fact: Technology provides innumerable resources for 
learning and eases the life of the facilitator by wide 
accessibility to distribute the resources and assess the 
learners’ performance.

Conclusion

The SDL sessions are opportunities for the students to 
learn the topics in depth to enhance the knowledge and 
skills related to a course so that they apply them in their 
real‑life health‑care services. The faculty perform a prime 
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role to facilitate and promote learning intending to make 
every student a lifelong learner.
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Aerobic bacterial study of 
postoperative lower segment cesarean 
site wound infection
K. Pooja, M. B. Nagmoti

Abstract:
INTRODUCTION: Cesarean section wound infection illustrates a significant load to the health 
system as it carries an increased risk of infection as compared to normal vaginal delivery . Hence, it 
is necessary to identify the agents responsible as well as their extent of susceptibility for commonly 
used antibiotics.
MATERIALS AND METHODS: The study was carried out at the Department of Microbiology, 
Jawaharlal Nehru Medical College. The specimens were inoculated on the blood and MacConkey 
agar. The colonies were identified by their morphological characteristics and the biochemical tests, 
antibiotic susceptibility test was carried for the isolated aerobic bacterial isolates.
RESULTS: In the present study, Staphylococcus aureus (13, 56.68%) was the most common 
pathogen isolated, followed by Klebsiella pneumoniae (5, 21.9%). Gram‑positive isolates showed 
greater sensitivity to tetracycline 11 (73.33%), followed by doxycycline (11, 73.33%) and clindamycin 
(9, 60%). Gram‑negative bacteria showed the highest sensitivity meropenem (7, 77.78%), 
imipenem (6, 66.66%), and piperacillin + tazobactam (6, 66.66%).
CONCLUSION: Frequent antimicrobial audit and qualitative research could give an insight into the 
current antibiotic prescription practices and the factors governing the same.
Keywords:
Lower segment Caesarean section, methicillin‑resistant Staphylococcus aureus, surgical site infections

Introduction

Lower segment Caesarean Section (LSCS) 
carry a 5–20‑fold increased risk of 

infection as compared to normal vaginal 
delivery.[1] Cesarean section wound infection 
illustrates a significant load to the health 
system because it is related to increased 
morbidity, mortality, prolonged hospital 
state, secondary infertility, and increased 
economic cost for patient care.[2] It depends on 
several factors like microbial pathogenicity, 
host defenses, local environmental factors 
and surgical techniques etc.[3] SSI and 
endometritis is major cause of prolonged 
hospital stay and poses a burden to the 
health care system.[4] Antibiotics are used for 

treatment and prevention of infection[5] but 
irrational use of broad spectrum antibiotics 
resulting anti microbial resistance (AMR) 
has further deteriorated condition in 
this regard and the problem gets more 
complicated.[6] The previous knowledge of 
the infection and the causative organism will 
help to decide the antibiotic selection along 
with their resistance.[7] So, it is necessary to 
identify the agents responsible for cesarean 
sites infections as well as to determine 
their extent of susceptibility for commonly 
used antibiotics to make relevant health 
recommendations aimed at preventing, 
controlling, or managing cesarean section 
wound infections.[8,9] The objective of our 
study is to determine the diversity of the 
microorganisms and the antibacterial 
susceptibility pattern among the patients 
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suffering from LSCS wound infection in Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi, Karnataka, India.

Materials and Methods

Study center
The present study was conducted at the Department 
of Microbiology, Jawaharlal Nehru Medical College 
(JNMC), Belagavi.

Source of data
LSCS wound swabs were received from the patients 
suspected of bacterial infection in the Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

Study design
The study design involves hospital‑based study.

Study period
The study period was 1 year from January 2020 to March 
2021.

Sample size
Universal sample was used.

Inclusion criteria
Inclusion criteria included clinically diagnosed or 
suspected cases of LSCS wound infection.

Exclusion criteria
Exclusion criteria included patients previously treated 
with systemic antibiotics.

Statistical analysis
Percentage was used to calculate the prevalence of 
organisms and their antibiotic sensitivity pattern.

Ethical clearance
The present research project was approved by the JNMC 
Institutional Ethics Committee on Human Subjects 
Research (Ref: MDC/DOME/338 Date 18/05/2020).

Collection of sample
Under aseptic condition, pus from the wound was 
collected with the help of a sterile swab from a suspected 
case of LSCS bacterial infection.

Samples were sent to the Department of Microbiology, 
JNMC, KLE’S (Karnataka Lingayat education) Academy 
of higher Education and Research, Belagavi.

Storage
Specimens should be refrigerated at 28°C if processing 
of the sample is delayed.

Examination of lower segment caesarean section 
wound swabs
Samples were further subjected to microscopic 
examination,  i .e . ,  Gram staining,  for aerobic 
culture, they were inoculated onto blood agar and 
MacConkey agar. According to the CLSI guidelines, 
an antimicrobial susceptibility test was conducted for 
the bacterial isolates by Kirby–Bauer disk‑diffusion 
method.

Results

LSCS wound swabs were received in the Microbiology 
Department of JNMC, from Dr. Prabhakar Kore 
Charitable Hospital, Belagavi, of patients clinically 
diagnosed with cases of chronic suppurative otitis 
media. The samples were further processed for isolation, 
identification, and antibiotic sensitivity.

During this period, a total of 48 samples were processed 
and of which 30 (62.5%) culture‑positive cases were 
yielded [Table 1].

Of 30 culture‑positive cases, 14 (46.66%) of them showed 
polymicrobial growth, whereas 16 (53.34%) showed 
monomicrobial growth [Table 2].

Of 48 samples processed, 23 (47.92%) were bacterial 
isolates, 18 (37.5%) were culture‑negative cases where 
no organisms were grown, and 07 (14.5%) were skin 
commensals [Table 3].

Among the total of 23 isolates, 14 (60.87%) were 
Gram‑positive cocci and 9 (39.13%) were Gram‑negative 
bacilli [Table 4].

Table 2: Distribution of growth in culture‑positive cases
Growth type n (%)
Monomicrobial 16 (53.34)
Polymicrobial 14 (46.66)
Total 30 (100)

Table 1: Bacterial culture‑positive cases in the study
n (%)

Growth 30 (62.5)
NOGC 18 (37.5)
Total 48 (100)
NOGC: No organisms grown in culture

Table 3: Type of growth yielded in the study (n=48)
n (%)

Isolates 23 (47.92)
NOGC 18 (37.5)
Commensals 7 (14.5)
Total 48 (100)
NOGC: No organisms grown in culture
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Of 23 bacterial isolates of methicillin‑resistant 
Staphylococcus aureus (MRSA), 8 (34.78%) were 
predominant followed by methicillin‑susceptible 
S. aureus (MSSA) (5, 21.9%), Klebsiella pneumoniae 
(5, 21.9%), Pseudomonas aeruginosa (2, 8.69%), Escherichia 
coli (1, 4.35%), Citrobacter freundii (1, 4.35%), and 
coagulase‑negative staphylococci (CoNS) (1, 4.35%) 
[Table 5].

Gram‑positive bacteria showed greater sensitivity 
to tetracycline (11, 73.33%), followed by doxycycline 
(11, 73.33%) and clindamycin (9, 60%) [Table 6].

Among the Gram‑negative bacteria, meropenem 7 (77.78%) 
showed the highest sensitivity, followed by imipenem 
6 (66.66%) and piperacillin + tazobactam 6 (66.66%) 
[Table 7].

Discussion

A total number of 48 LSCS wound swabs were processed, 
which were received in the Department of Microbiology 
of JNMC from Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

The samples were processed for aerobic bacterial 
culture, of 48 samples, of which 30 (62.5%) culture‑positive 
cases were culture positive. Of 30 culture‑positive cases, 
14 (46.66%) of them showed polymicrobial growth, 
whereas 16 (53.34%) showed monomicrobial growth. Of 
48 samples processed, 23 (47.92%) were bacterial isolates, 
18 (37.5%) were culture‑negative cases where no organisms 
were grown, and 7 (14.5%) were skin commensals. 
Fourteen (60.87%) isolates were Gram‑positive cocci 
and 9 (39.13%) isolates were Gram‑negative bacilli. 
MRSA (8, 34.78%) was predominant, followed by 
MSSA (5, 21.9%), Klebsiella pneumoniae (5, 21.9%), 
P. aeruginosa (2, 8.69%), E. coli (1, 4.35%), C. freundii 
(1, (4.35%), and CoNS (1, 4.35%). Gram‑positive 
bacteria revealed higher susceptibility to tetracycline 
(11, 73.33%), followed by doxycycline (11, 73.33%) and 
clindamycin (9, 60%). Most of them were resistant to 
ceftriaxone (90%), penicillin (70%), and cefazolin (70%). 
Among the Gram‑negative bacteria, meropenem 
(7, 77.78%) showed the highest sensitivity, followed 
by imipenem (6 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 

Table 6: Sensitivity pattern of Gram‑positive bacteria 
(methicillin‑resistant Staphylococcus aureus, 
methicillin‑susceptible Staphylococcus aureus, and 
coagulase‑negative staphylococci)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 6 (40) 8 (60) 14
Azithromycin 7 (46.67) 7 (53.33) 14
Penicillin 3 (20) 11 (80) 14
Erythromycin 5 (33.33) 9 (66.67) 14
Clindamycin 9 (60) 5 (40) 14
Co‑timoxazole 8 (53.33) 6 (46.67) 14
Cefoxitin 6 (66.67) 8 (33.33) 14
Gentamicin 7 (46.67) 7 (53.33) 14
Doxycycline 11 (73.33) 3 (26.67) 14
Linezolid 8 (53.33) 6 (46.67) 14
Tetracycline 11 (73.33) 3 (26.67) 14
Ciprofloxacin 5 (33.33) 9 (66.67) 14
Levofloxacin 5 (33.33) 9 (66.67) 14
Chloramphenicol 6 (40) 8 (60) 14
Cefazolin 3 (20) 11 (80) 14
Ceftriaxone 1 (6.67) 13 (93.33) 14

Table 7: Sensitivity pattern of Gram‑negative bacteria 
(Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli, and Citrobacter freundii)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 0 9 (100) 9
Amoxyclav 0 9 (100) 9
Tobramycin 2 (22.22) 7 (77.78) 9
Gentamicin 1 (11.11) 8 (88.89) 9
Doxycycline 0 9 (100) 9
Tetracycline 1 (11.11) 8 (88.89) 9
Ceftazidime 4 (44.44) 5 (55.56) 9
Piperacillin/
tazobactam

6 (66.67) 3 (33.33) 9

Ciprofloxacin 3 (33.33) 6 (66.67) 9
Levofloxacin 3 (33.33) 6 (66.67) 9
Cefepime 1 (11.11) 8 (88.89) 9
Cefuroxime 1 (11.11) 8 (88.89) 9
Imipenem 6 (66.67) 3 (33.33) 9
Meropenem 7 (77.78) 2 (22.22) 9
Amikacin 3 (33.33) 6 (66.67) 9
Norfloxacin 4 (44.44) 5 (55.56) 9
Chloramphenicol 5 (55.56) 4 (44.44) 9
Aztreonam 4 (44.44) 5 (55.56) 9

Table 5: Number of bacterial isolates in the study
Isolates n (%)
MRSA 8 (34.78)
MSSA 5 (21.9)
Klebsiella pneumoniae 5 (21.9)
Pseudomonas aeruginosa 2 (8.69)
Citrobacter freundii 1 (4.35)
Escherichia coli 1 (4.35)
CoNS 1 (4.35)
MRSA: Methicillin‑resistant Staphylococcus aureus, MSSA: Methicillin‑ 
susceptible Staphylococcus aureus, CoNS: Coagulase‑negative staphylococci

Table 4: Distribution of isolates in the study (n=48)
Number of isolates, n (%)

GPC 14 (60.87)
GNB 9 (39.13)
GPC: Gram positive bacteria, GNB: Gram negative bacteria

[Downloaded free from http://www.ijournalhs.org on Thursday, November 24, 2022, IP: 103.104.223.169]



Pooja and Nagmoti: Aerobic bacterial profile of post-operative lower segment caesarean site wound infection

Indian Journal of Health Sciences and Biomedical Research KLEU  - Volume 15, Issue 3, September-December 2022 247

cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

As per the study conducted by Divvy. P, monomicrobial 
bacterial growth type was seen in 74 (71.2%) and 
polymicrobial growth type was seen in 30 (28.8%). 
S. aureus was the most predominant organism isolated 
in this study (31.3%). Cefoxitin disk susceptibility 
revealed 12 (28.6%) MRSA of 42 S. aureus isolates. All 
staphylococcus isolates are sensitive to linezolid and 
vancomycin (100%), some of them are sensitive to amikacin 
and amoxyclav (61.9%).[10] As per the study conducted by 
Bajaj et al., Of 34 (28.57%) isolates of S. aureus, 26 isolates are 
MRSA followed by P. aeruginosa (26%), CoNS (10.92%), 
K. pneumoniae (8.4%), E. coli (7.56%), Enterococcus 
spp. (5.05%), C. freundii (5.05%), Klebsiella oxytoca (4.2%), 
Acinetobacter spp. (2.52%), and C. koseri (1.68%). All the 
Gram‑positive bacteria isolated were almost resistant 
to ampicillin (80%) and ciprofloxacin (55.88%).[11] 
S. aureus (42%) is the most isolated organism in the 
study of Olukitibi and Adebolu due to their abundance 
on human skin as normal flora, and most of them are 
resistant to commonly used antibiotics such as penicillin, 
levofloxacin, chloramphenicol, gentamicin, and 
ciprofloxacin.[12] As per the study conducted by Dhar et al., 
a majorly isolated organism was S. aureus (66 31.27%), 
followed by E. coli (40, 18.95%). Among S. aureus, 
few were MRSA. Polymicrobial infection was seen in 
42 (19.90%) cases. There were 47 (22.27%) cases where 
culture did not yield any organism may be due to the 
use of broad‑spectrum antibiotics. Here, aminoglycoside 
drug class constituted the most sensitive antibiotic and 
also penicillin group of drugs.[13] In the study of Chares 
Obinna et al., the predominant organism isolated was 
S. aureus (37.3%), followed by K. pneumoniae (27.1%), 
E. coli (22.0%), P. aeruginosa (5.1%), K. oxytoca (5.1%), 
and Bacteroides (3.4%) and most of the isolates 
were sensitive to amikacin and imipenem and are 
resistant to cephalosporin, gentamicin, amoxyclav, and 
meropenem.[14] These all study results are almost similar 
to my study in a crisis of mostly isolated pathogen as 
S. aureus among them MRSA; eventually, some are 
polymicrobial, culture‑negative specimens found in 
some cases, and commensals as normal flora on the 
skin, etc. As per the study conducted by Egbe Friday 
Andrew, E. coli was the most predominant organism 
isolated (13, 28.26%), followed by S. aureus (10, 21.74%), 
Staphylococcus epidermidis (8, 17.39%), Enterobacter 
(6, 13.04%), P. aeruginosa (4, 8.80%), Klebsiella species 
(3, 6.52%), and Proteus spp. (2, 4.35%). This study is 
a bit different from my study and related to other 
studies as E. coli is the predominant organism isolated 
here. Here, most of the Gram‑positive bacteria were 
sensitive to ciprofloxacin, cefuroxime (83.3%), and 
erythromycin (66.7%) and resistant to tetracycline (83.3%). 
Most of the Gram‑negative bacteria were resistant 

to tetracycline (92.3%), co‑trimoxazole (84.6%), 
Augmentin (76.9%), and amoxyclav (53.4%).[15]

The results of the above studies support our study with 
a slight difference in the sensitivity pattern; however, it 
also depends on the geographical area.

Conclusion

The present study revealed that MRSA (8, 34.78%) 
was predominant, followed by MSSA (5, 21.9%), 
K. pneumoniae (5, 21.9%), P. aeruginosa (2, 8.69%), E. coli 
(1, 4.35%), C. freundii (1, 4.35%), and CoNS (1, 4.35%). 
Irrational use of antibiotics induces the development 
of the bacteria, which shows resistance to the multiple 
drugs, which can also produce postoperative as well as 
primary infections.

G r a m ‑ p o s i t i v e  b a c t e r i a  r e v e a l e d  h i g h e r 
susceptibility to tetracycline 11 (73.33%) followed by 
doxycycline (11, 73.33%) and clindamycin (9, 60%). 
Most of them were resistant to ceftriaxone (90%), 
penicillin (70%), and cefazolin (70%). Among the 
Gram‑negative bacteria, meropenem (7, 77.78%) 
showed the highest  sensit ivity,  fol lowed by 
imipenem (6, 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 
cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

Understanding the epidemiology of modern‑day 
microbiological flora and their antibiotic sensitivity 
pattern of LSCS wound infections helps in the 
development of effective strategies for initial prevention 
and also decreases the complications, fatality, and 
morbidity rate. Results of this study help the local area 
in prescribing the empirical treatment by minimizing 
the expenditure of health care.
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REVIEW

Transarterial embolization of secondary 
inferior and superior mesenteric artery 
arteriovenous fistulas: a systematic review
Abhinandan Ruge1*, Nidhi Kumar2, Lija K. Jose2 and Vidya Mahalmani3 

Abstract 

Background: Acquired arteriovenous fistula are rare complications of a piercing injury, including a gunshot or knife 
injury, the rupture of a preexisting aneurysm into a neighboring vein, or a complication of arterial catheterization or 
abdominal surgical techniques, most often colonic resection. Our aim was to develop an online systematic review of 
the literature to determine all documented incidents of endovascular embolization of secondary mesenteric Arterio-
venous Fistula, spanning key databases as well as pertinent publications, from 1982 to 2019. Our case was included 
as well. The primary objectives were technical success and death; the secondary outcomes were the frequency of 
complications and the advice of the operators.

Main body: Forty articles, comprising 41 patients, including our own, were reviewed. The superior mesenteric vessels 
are the most commonly affected by fistulas. Endovascularembolization was used in 80% of the cases. 100% of the 
patients had technical success. The intraoperative death rate was 0%, with a 90-day mortality rate of 8%, half of which 
was unrelated to the original pathology. More than 60% of patients who underwent successful treatments had no 
severe problems. All others had uneventful recoveries, with only 12% experiencing mild problems that were managed 
conservatively.

Conclusions: The majority of authors supported this therapeutic approach thereby making endovascular glue 
embolization the treatment of choice for superior mesenteric arteriovenous fistula and inferior mesenteric arterio-
venous fistula in high risk patients and in patients with multiple co-morbidities.

Keywords: Embolization, Endovascular, Inferior mesenteric arteriovenous fistula (IMAVF), Superior mesenteric 
arteriovenous fistula (SMAVF), Transcatheter, Glue

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
AVF is an aberrant direct link between an artery and a 
vein that bypasses the capillary bed and can be acquired 
or congenital [1]. Despite the early report of AVF in 1947, 
fistula of the superior mesenteric artery (SMA) and infe-
rior mesenteric artery (IMA) are still considered rare 
entities [2], which are easily misdiagnosed [3]. Splanchnic 

AVFs have been recorded in hundreds of cases, primar-
ily between the hepatic, splenic, and superior mesenteric 
arteries, with only a few examples of superior and infe-
rior mesenteric AVFs reported in the literature [4–14]. 
Simultaneous occurrence of SMA and IMA fistula is the 
rarest of the rare in the literature, especially treated with 
an endovascular approach. None of the reviewed articles 
in this study described the co-occurrence of SMA and 
IMA AVFs.

Trauma or intestinal surgery may have occurred 
recently or in the distant past, spanning between hours 
to decades [15–21]. The clinical presentation of SMA 
and IMA AVF is atypical and depends on the size and 
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location of the fistula, from asymptomatic to abdomi-
nal pain with or without diarrhea, portal hypertension, 
liver impairment, and even gastrointestinal bleeding [22], 
causing secondary severe portal hypertension [23].

Multidetector computed tomographic (MDCT) and 
conventional angiography have developed as an impor-
tant imaging tool in assessing the mesenteric vasculature. 
Endovascular therapy techniques are gaining popularity, 
providing a safer, more efficient approach. There have 
been some rare case reports of effective endovascular 
therapy. We were fortunate to see a successful instance 
of transarterial embolization of iatrogenic SMA and 
IMA AVF. There are no large case series or controlled tri-
als that can be used to support this therapy method. In 
order to make any conclusions about this therapy, we did 
a systematic literature review to investigate published 
accounts of similarly treated cases.

Main text
Case 1
A 46-year-old male presented with multiple episodes of 
bleeding and the passage of clots per rectum for a day. 
The patient has been a known case of EHPVO (Extra-
hepatic portal venous obstruction) since childhood and 
had a surgical history of splenectomy 20 years back. On 
admission, his BP was 90/60  mmHg and his pulse rate 

was 92 beats/min. Examination of the abdomen revealed 
generalized tenderness with no evidence of mass per 
abdomen, shifting dullness, or bruit. Anemia was discov-
ered in the laboratory. An upper gastrointestinal endos-
copy revealed minor esophageal and fundal varices with 
no current bleeding. Colonoscopy was inconclusive due 
to poor visual field secondary to bleeding. Sclerotherapy 
was done for the rectal varices (Fig. 1).

MDCT was performed to determine the extent of the 
thrombus and the site of active bleeding. MDCT dem-
onstrated diffuse hepatic atrophy with compensatory 
caudate lobe hypertrophy, thrombosis of the intrahepatic 
portal vein extending into the retro pancreatic splenic 
vein, and portosplenic confluence with dilatation of the 
intrahepatic biliary radicles. There are numerous tor-
tuous gastric, mesenteric, colonic, and jejunal varices, 
with thrombosis within a few of them. The MDCT also 
detected a superior mesenteric artery aneurysm that 
drains into the superior mesenteric vein via a convoluted 
fistulous tract. Fistulous connections between inferior 
mesenteric artery branches and inferior mesenteric vein 
tributaries, as well as aneurysmal dilatations near the 
fistulous tract’s origin, were seen in the arterial phase. 
Dilated feeding arteries and heavily opacified early drain-
ing ectatic veins were also visible. Other CT findings 
were mild to severe ascites, a complicated kidney cyst, 

Fig. 1. 46-year-old male, s/p Splenectomy, presented with melena, on CECT, and conventional angiography showing multiple superior and inferior 
mesenteric arteriovenous malformations. A: showing AVF between SMA & SMV, B, C, D, E, F: showing AVF between IMA & IMV (Red arrow: Artery, 
Blue arrow: vein, Black arrow: Fistulous arteriovenous malformation)
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and a small pleural effusion on the left side. These find-
ings were consistent with those predicted for an arterio-
venous fistula caused by SMA or IMA.

Treatment options were explained to the patient along 
with the high risk of an open surgical invasion because 
of secondary adhesions and the possibility of massive 
bleeding from numerous collateral arcades. Hence, the 
patient was taken for conventional angiography and 
transarterialglue embolization of AVF. Through the right 
femoral artery, a celiac, SMA, and IMA angiogram was 
performed, revealing a normal celiac axis with multiple 
fistulous malformations of SMA and IMA as focal areas 
of abnormal blush with multiple collateral arcade for-
mations. Angiogram confirmed the previously reported 
contrast-enhanced CT findings. Multiple fistulous com-
munications between the distal SMA and SMV, IMA 
and IMV were confirmed with contrast opacifications of 
the dilated SMV and IMV documented during the early 
arterial phase. Using a catheter wire system, the feed-
ing vessels of culprit arcades were selectively cannulated 
and embolized with 30% glue (n-butyl-2-cyanoacrylate-
lipiodol combination). The AV fistulas of SMA and IMA 
were embolized serially under DSA (Digital Subtraction 
Angiography) guidance. A postembolization angiogram 
revealed the cessation of opacifications of the aneurysmal 
malformations and AVF tract.

The patient was strictly monitored for immediate post-
embolization syndrome and signs of bowel ischemia. 
Post-procedure CT showed complete occlusion of the 
aneurismal dilatation and fistulous tracts of SMA and 
IMA. The tortuous varicosities of the prior studies were 
not visualized in the post-procedure study (Fig. 2).

Data acquisition and methodology
A systematic analysis of the literature was conducted in 
order to identify all documented examples of endovas-
cular repair of mesenteric AVFs, which are described as 
abnormal connections between the superior and infe-
rior mesenteric arteries and veins. The authors con-
ducted an exhaustive Web-based review using the terms 
"Endovascular with inferior mesenteric fistula, superior 
mesenteric fistula." The recovered literature’s references 
and related articles were also scoped. Articles written in 
languages other than English have been translated. The 
online search included all relevant peer-reviewed journal 
articles published up to September 2019 in the following 
databases: Elsevier, Wiley online, Springer Link, PubMed, 
Researchgate, Science Direct, and Google Scholar. The 
search yielded 40 articles describing 40 individuals with 
mesenteric AVFs who were treated with various endo-
vascular techniques. In addition to our example, a total 
of 41 individuals were included in the study (Table  1). 
The inclusion criteria were case report publications that 
used a unique endovascular procedure as the primary 
therapy. Book chapters and systematic reviews, as well as 
four papers reporting on a hybrid strategy, were excluded 
from our review (combining endovascular and surgical). 
Technical success (fistula obliteration with or without 
problems and without the necessity for open surgical 
conversion), perioperative, and 90-day mortality were 
the primary end measures. Procedure-related problems, 
which are classified as minor and require surveillance 
or reintervention, as well as the operator’s retrospective 
personal overall improvement, the following therapy 
was prescribed: The secondary outcome measures were 

Fig. 2 Post-transcatheter Glue embolization of the secondary SMA & IMA AVF in coronal CECT and DSA images (white arrow)
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Table 1 Published case reports of Superior and Inferior mesenteric AVMs treated with an endovascular approach

Authors No. of pts Age/sex Presentation Site Procedure Emergency/
elective

Complications Recommendations

Stephanie Mick 
et al

1 62/F Abdominal 
pain and 
bloody diarrhea

SMA & SMV Embolization Elective Nil Favorable than surgi-
cal approach

Françaises de 
radiologie

1 59/M Pain abdomen IMA & IMV Embolization Elective Nil Effective

Khung Keong 
Yeo et al

1 39/F Progressive 
abdominal pain 
post-surgery

SMA & SMV Stent graft Emergency Nil Good though 
long-term results are 
unknown

Hiong-Ping Hii 
et al

1 47/F Abdominal 
pain and Bruit

Aorta & SMV Coil emboliza-
tion

Elective Alternative to surgi-
cal treatment

J. Chiriano et al 1 46/M Post-traumatic 
abdominal pain

SMA & PV Stent graft Elective Nil Safe and effective for 
short term

Yanping Zhao 
et al

1 34/M Melena for 
7 days

SMA & SMV Stent graft Elective Stent migration Safe and effective for 
short term

Filippo Landi 
et al

1 47/M Cirrhosis with 
hepatitis B & C

SMA & SMV Embolization Emergency Nil Feasible and safe, 
alternative to com-
plex surgery

Miguel 
Nogueira et al

1 64/M Lower abdomi-
nal pain and 
bloody diarrhea

IMA & IMV Embolization Elective Nil Case specific and 
multidisciplinary 
approach is needed

Lucy D et al 1 30/M Abdominal 
pain and diar-
rhea

SMA & SMV Stent graft Emergency Nil Combined approach 
in mesenteric steal 
syndrome is good

Tomasz 
Jargiełło et al

1 51/M Nausea and 
hematemesis

SMA & SMV Embolization Elective Nil Safe and effective 
treatment

Lau K Y et al 1 50/M Recurrent 
hematemesis

SMA & SMV Coil emboliza-
tion

Emergency Nil Safe, concise, 
complete and quick 
life-saving measure

KengoKaii et al 1 66/M Pain abdomen 
and bloody 
diarrhea

IMA & PV Embolization Elective Nil Combined approach 
is better in compli-
cated cases

Renan Uflacker 
et al

1 41/M Acute abdo-
men pain

SMA & PV Coil emboliza-
tion

Elective Nil Safer approach

SaruhanCekirge 
et al

1 53/M visceral artery 
aneurysms

SMA & SMV Coil emboliza-
tion

Elective Nil Important tool in the 
treatment of arterio-
venous fistulas

Haitham Al-
Khayat et al

1 24/F Gunshot 
wound abdo-
men

SMA & SV Stent graft Emergency Nil Multidisciplinary 
approach is recom-
mended

Tianzhi An et al 1 35/M acute hemate-
mesis and 
melena

SMA & SMV Coil emboliza-
tion

Elective Nil Safe method with 
excellent results

Maher Hussein 
et al

1 61/M Pain abdomen 
and bleeding 
per rectum 
(hematochezia)

SMA & SMV Embolization Elective Bowel ischemia Expected complica-
tion though rare

AndrasBikk et al 1 36/M Postopera-
tive pain and 
tenderness

SMA & SMV Stent graft Elective Nil Excellent manage-
ment in complicated 
cases

Cory M. Field-
ing et al

1 59/F Gunshot 
wound to 
abdomen

SMA & Duode-
num

Coil emboliza-
tion

Elective Nil Best approach

Thorstad BL 
et al

1 57/M Hematemesis 
and melena

SMA & Duode-
num

Embolization Elective Expired Important to treat 
symptoms

Lingjun Liu MD 
et al

1 59/M Recurrent 
abdominal pain 
and diarrhea

SMA & SMV Embolization Elective Nil Safer management
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Table 1 (continued)

Authors No. of pts Age/sex Presentation Site Procedure Emergency/
elective

Complications Recommendations

J. Deitrick et al 1 16/M Gunshot 
wound abdo-
men

SMA & PV Coil emboliza-
tion

Elective Pancreatic head 
necrosis, bowel 
ischemia

Multidisciplinary 
approach is favora-
ble

Srinivas B Desai 
et al

1 35/M Acute bleeding SMA & SMV Coil emboliza-
tion

Elective Nil Multidisciplinar-
yunderstanding

Peter Hendy 
et al

1 24/M Abdominal 
pain, weight 
loss, bloody 
diarrhea

IMA & IMV Embolization Elective Nil Complete cure

Oliver F. Hen-
nessy et al

1 36/M Pain abdomen SMV & PV Coil emboliza-
tion

Elective Nil Good outcome

PezhmanFar-
shidm-ehr et al

1 32/F Acute abdomi-
nal Pain

SMA & SMV Coil emboliza-
tion

Elective Nil Successful outcome

Jaideep Das 
Gupta et al

1 46/M Severe portal 
hypertension

IMA & IMV Embolization Elective Nil Minimally invasive 
intervention

Govindarajan 
Narayanan et al

1 24/F Postoperative 
for multiple 
gunshot 
wounds

SMA & SMV Stent graft Elective Nil Wider acceptance

Albert A. Nem-
cek et al

1 56/M Pain abdo-
men and black 
colored stools

IMA & IMV Embolization Elective Nil Successful outcome

Amir Peer et al 1 63/M Abdominal 
pain and 
bloody stools

SMA & SMV Coil emboliza-
tion

Elective Nil Good performance

Chun-Gen Wu 
et al

1 20/M persistent 
epigastric 
pain, vomiting, 
and nausea, 
with marked 
deterioration 
of his clinical 
condition

SMA & SMV Stent graft Elective Nil Effective manage-
ment

Ronald G. 
Repasky et al

1 22/M Abdominal 
gunshot 
wound

SMA & SMV Embolization Elective Nil Effective treatment

David 
Rosenthal et al

1 16/M Abdominal 
pain with pul-
satile mass in 
the epigastrium

SMA & SMV Embolization Elective Nil Multidisciplinary 
approach

Tsunehiro 
Shintani et al

1 37/M Abdominal 
pain and Diar-
rhea

SMA & SMV Embolization Elective Nil Successful treatment

Nathaniel N. 
Temin et al

1 45/F Postoperative 
ascites

SMA & SMV Embolization Elective Nil Good outcome

AlparslanKılıç 
et al

1 44/M Diffuse 
abdominal 
pain, tender-
ness, fullness, 
loud continu-
ous bruit

SMA & SMV Coil emboliza-
tion

Elective Nil Successful alterna-
tive to surgical 
management

HeikoUthoff 
et al

1 84/M Diffuse 
abdominal pain 
with increas-
ing abdominal 
girth

SMA & PV Coil emboliza-
tion

Elective Nil Goodoutcome
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strongly in favor, in favor but with caution, awaiting fur-
ther recommendations before suggesting the procedure, 
and no or negative advice. Finally, a comparative suba-
nalysis was conducted to evaluate mortality and com-
plication rates between patients getting elective therapy 
(defined as a procedure that is scheduled) and patients 
who require urgent therapy (defined as patients requir-
ing urgent intervention due to a critical state or hemody-
namic instability).

Results of data analysis
The average age of the cases examined was 50 years (age 
range 16–84). There were 31 males (59%) and 10 females 
(41%) among the 41 patients. The superior mesenteric 
segment was the site of the fistula in 80.4% of patients 
(33 of 41), the inferior mesenteric segment in 12.1% (5 of 
41), and the superior and inferior mesenteric segments in 
2.4% of patients (1 of 41). In 7.3% (3 of 41) of patients who 
had successful treatments, complications occurred. None 
of the patients had major problems. The symptomatic 
strategy was beneficial in managing those problems. All 
minor issues were handled with caution. In reflection, the 
authors were mainly in favor of endovascular treatment. 
The therapy modality received strong support from 41 
authors, including us. Five writers were enthusiastic, but 
cautioned that the therapy should be used with caution 
and in conjunction with a multidisciplinary approach.

Interpretation and discussion
Splanchnic AVFs can be found in a variety of places. 
The celiac artery or its branches, particularly the hepatic 

(45%) and splenic (30%) arteries, are responsible for the 
majority of cases. In decreasing order of frequency, the 
superior mesenteric, gastroduodenal, and inferior mes-
enteric arteries are involved [1, 16, 19]. AVF involving the 
superior and inferior mesenteric vessels is uncommon in 
only about 41 cases collectively in the literature [3–14]. 
SMA and IMA AVFs are abnormal communication 
between the SMA, SMV, and IMA, IMV, respectively. 
SMAVFs are most commonly caused by a traumatic 
event, such as a surgical colon resection. The hemody-
namics of the AVF is most likely to blame for the substan-
tial difference in the time it takes for mesenteric AVFs to 
manifest clinically. A large and rapid flow of blood from 
the arterial to the venous circulation characterizes high-
flow fistulas [14]. According to one study, the duration 
between surgery and the beginning of clinical SMAVF 
can be as long as 25 years [24]. Our patient had a history 
of splenectomy 20 years ago.

The intestine’s arteriovenous fistula is a rare cause of 
gastrointestinal hemorrhage. Gastrointestinal bleed-
ing can occur from a variety of sources. The origins of 
bleeding in Pietri et  al.’s [19] series included esophageal 
or cardiac varices due to portal hypertension, massive 
hematochezia due to cecal AVF rupture, hemobilia due 
to hepatic biopsy, and bloody diarrhea due to colonic 
ischemia. The most common sign of mesenteric AVFs is 
increasing stomach pain, which may be accompanied by 
malabsorption symptoms [25]. Untreated fistulas, despite 
the usual delayed and inconspicuous clinical manifesta-
tion of SMA and IMA AVF, can have fatal consequences, 
with a reported mortality rate of up to 25% [26]. Certain 

Table 1 (continued)

Authors No. of pts Age/sex Presentation Site Procedure Emergency/
elective

Complications Recommendations

Daphna Wein-
stein et al

1 23/F Abdominal 
pain and 
gastrointesti-
nal bleeding 
3 years after 
an abdomi-
nal gunshot 
wound

SMA & SMV Coil emboliza-
tion

Elective Nil Alternative to 
surgery

Richard D. 
White et al

1 60/M Abdominal 
trauma, 
postoperative 
diarrhea

SMA & SMV Embolization Elective Nil Successful procedure

Jeremy Wild 
et al

1 26/F Post-traumatic 
injuries with 
hemodynamic 
compromise

SMA & SMV Embolization Elective Nil Good effort outcome

Abhinandan 
et al

1 46/M Bleeding per 
rectum

SMA & 
SMV + IMA & 
IMV

Glue emboliza-
tion

Elective Nil Good alternative in 
high risk patients 
with multiple co-
morbidities
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instances of mesenteric AVFs are asymptomatic for a 
long time before presenting with symptoms. PHTN 
(Portal hypertension) develops over time when blood is 
shunted from the arterial to the venous systems, resulting 
in refractory ascites and severe GI bleeding [25].

Abdominal ultrasound scanning, CT, or MRI are usu-
ally the first to reveal vascular deformity [23]. MDCT 
angiography has recently gained popularity as a method 
for assessing the mesenteric vasculature. Because of its 
superior spatial resolution and faster acquisition periods, 
it allows for the imaging of normal vascular anatomy and 
gives reliable diagnostic information, allowing assess-
ment of the peripheral visceral branches [27–29]. The 
gold standard for determining the precise anatomic site 
and amount of mesenteric vascular involvement is DSA. 
However, this operation is usually reserved mainly for 
treatment purposes.

SMAVF surgical ligation is a well-known therapeutic 
option. However, due to problematic bowel mobiliza-
tion and adhesions from previous abdominal surgery, the 
operation can be technically tough. Surgical procedures 
have a 18% fatality risk [27]. Percutaneous endovascular 
embolization of the feeding artery is becoming more pop-
ular as an option to surgery [17, 19, 21]. It’s less invasive, 
and it’s becoming more popular for occluding mesenteric 
AVFs [30]. Occlusion of AVFs has been accomplished 
with metal coils, stent-grafts, amplatzer vascular plugs, 
Onyx, and detachable coils with N-butyl-2-cyanoacrylate 
glue [31]. Recently, percutaneous endovascular treatment 
of such AVFs has been increasingly performed, using 
covered stents or embolization [30, 32, 33]. Metallic coil 
embolization could be problematic when the fistula’s flow 
rate is high and its diameter is greater than 8 mm because 
of the likelihood of migration into the portal venous sys-
tem [34]. Embolization may be challenging in situations 
with congenital or multiple iatrogenic AVFs, as it is only 
effective if all active and quiescent shunts are closed.

Conclusions
Finally, we provide a case of upper GI bleed caused by 
several superior and inferior mesenteric AVFs, which 
was easily and consistently visualized by MDCT and vali-
dated by traditional angiography. In the case of suspected 
mesenteric arteriovenous malformations, we recommend 
MDCT angiography as the primary study. For the evalu-
ation of possible interventions, conventional angiogra-
phy can be used. AVF can be misdiagnosed because the 
patients’ unique clinical symptoms are typically nonspe-
cific, and physical examination may not indicate the exist-
ence of abdominal bruit. A differential of arteriovenous 
malformations should be evaluated in the presence of 
secondary indications of portal hypertension and a his-
tory of abdominal surgery. Endovascular embolization 

can be safely performed with outstanding results. Endo-
vascular glue embolization (n-butyl-2cyanoacrylate and 
lipiodol combination) can be the choice of endovascu-
lar intervention in high flow arterio-venous malforma-
tion and in patients with multiple co-morbidities or high 
risk patients. It is also an economical option, thus mak-
ing it the treatment of choice even for patients of lower 
economic strata and in low socio-economic countries as 
well.
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Background: Infantile hemangioma (IH) is the most common benign vascular 
tumor of infancy. Propranolol is considered first‑line therapy for IH. However, it 
is associated with side effects. Therefore, there was a need for alternative therapy. 
Atenolol, a selective b1‑blocker may be free from such side effects. Hence, the 
present study aims to develop a more accurate estimate of the safety and efficacy 
of atenolol compared to propranolol in the treatment of IH.
Methodology: A search of various literature databases (PubMed, Embase, Ovid, 
Scopus, Cochrane Central, CINAHL, Web of Science, and Google Scholar) 
was done to identify studies which compared propranolol versus atenolol in 
the treatment of IH. The combined odds ratio along with corresponding 95% 
confidence intervals (CIs) were evaluated using a fixed‑effects model.
Results: A total of 300 articles were screened of which five studies including 
116 patients in atenolol arm and 138 patients in the propranolol arm were analyzed. 
Atenolol was comparable to propranolol in terms of efficacy as no significant 
difference was seen between both the treatment arms in terms of hemangioma 
activity score (mean difference 0.25 [95% CI;‒0.21, 0.71]) and complete 
response (odds ratio [OR] =0.43; 95% CI; 0.17, 1.11; P = 0.08,). Atenolol therapy 
was better than propranolol in terms of safety, i.e., serious/potentially serious 
side effect, (OR = 0.11; 95% CI; 0.02, 0.51; P = 0.005) and wheezing/bronchial 
hyperreactivity (OR = 0.11; 95% CI; 0.02, 0.51; P = 0.005). 
Conclusion: The present meta‑analysis provides evidence that atenolol has got a 
comparable efficacy and better safety profile with propranolol
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management options are available, but there are no uniform 
guidelines regarding the management. These management 
options included therapies with systemic and intralesional 
corticosteroids, chemotherapeutic agents such as 
interferon, vincristine, bleomycin, and surgical treatment. 
However, these drugs had long‑term adverse effects and a 
variable response rate. Then came the era of beta‑blockers 
in the management of IHs after the serendipitous findings 
of Léauté‑Labrèze et al. when he used propranolol to treat 

Original Article

introDuction

Infantile hemangioma (IH) is the most common benign 
vascular tumor of infancy with the incidence of 5%–

10%.[1] There occurs benign proliferation of endothelial 
cells in the form of telangiectasia or discoloration. Usually, 
IHs grow swiftly during the initial 3–12 months of age and 
may take around 3 to7 years to involute spontaneously.[2] 
Most of these IHs do not need intervention and resolve 
naturally. IHs will need intervention in the proliferative 
phase in 10%–15% of lesions in case of painful ulceration, 
bleeding, infection, visual/airway impairment, and 
cosmetic disfigurement if the anatomical location is on 
the face, glabella, nasal tip, etc.[3‑5] Different medical 
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cardiopulmonary conditions in 2008.[6] Unfortunately, 
even the usage of propranolol is not risk‑free. Adverse 
effects such as bronchial obstruction, hypoglycemia, sleep 
disturbances, seizures, hypotension, and gastrointestinal 
symptoms are present even with propranolol.[7,8] These can 
be attributed to the direct effects of β2 receptors blockade 
as well as its ability to cross blood–brain barrier due to 
its lipophilicity. Hence, there is a need for an alternative 
treatment with improved safety and efficacy which led to 
the evaluation of the effect of atenolol in the therapy of 
IH. In 2011, Raphael et al. first stated that two IH patients 
withdrew propranolol therapy because of bronchial 
hyperreactivity and sleep disturbances. Later, switching 
on to atenolol the authors stated outstanding results with 
no adverse effects.[9] Consequently, various studies have 
reported that oral atenolol can be an alternative therapy to 
propranolol in IH.[10,11]

Nonselective β‑blockers may lead to airway obstruction 
and severe exacerbations in asthmatic patients. This 
is because of the blockade of β2 receptors along with 
β1 receptors by nonselective β‑blockers. However, 
cardioselective β‑blockers such as atenolol carries less 
risk because of selective action on β1 receptors and 
can therefore be used in reversible airway disease.[12] 
Nonselective β‑blockers interfere with the regulation of 
gluconeogenesis, glycogenolysis, and lipolysis. Being 
less lipophilic, atenolol tends to produce less sleep 
disturbances and long‑term cognitive effects as it is less 
likely to cross blood‑brain barrier.[11]

Although both atenolol (selective β1 blocker) and 
propranolol (nonselective beta‑blocker) are being used in 
the treatment of IH, to date no meta‑analysis has addressed 
regarding the comparative safety and efficacy of both these 
agents. Hence, the present meta‑analysis aims to develop a 
more precise estimate of the safety and efficacy of atenolol 
compared to propranolol in the therapy of IH.

MetHoDoLogy

The preferred reporting items for systematic reviews 
and meta‑Analyses (PRISMA) guidelines were followed 
throughout the conduct of our systematic review.

Objectives
Evaluation of comparative efficacy and safety of atenolol 
versus propranolol in IH in terms of
1. Response to therapy (complete and partial response 

combined)
2. Hemangioma activity score (HAS)
3. Adverse/side effects.

Complete response
complete resolution or >90% resolution of IH. 
Telangiectasia and redundant tissue was also deemed as 

CR. CR will be considered if a score of 5 is attained in 
the physician global assessment scale.[13]

Partial response
Some reduction in size or change in color or consistency 
which did not meet the CR criteria or attainment of 
physician global score of 3 or above.

Response to treatment
For our study purpose, we defined response to treatment 
as any clinically significant response (either partial or 
complete response).

Selection
The studies included met the following inclusion 
criteria: (i) Diagnosis of IH. (ii) Compared atenolol 
and propranolol (iii) Study design: Comparative 
observational studies and randomized controlled 
trials. In case propranolol or atenolol initiated with 
other anti‑hemangioma, in that case, the articles were 
excluded from the study. In case efficacy endpoints were 
not defined, the articles were excluded from the study.

Database search
We searched various literature databases 
(PubMed, Embase, Ovid, Scopus, Cochrane Central, 
CINAHL, Web of Science, Google Scholar and PGIMER, 
Chandigarh library) with keywords IH, atenolol, 
propranolol, and synonyms. There was no language 
restriction. Initially, the conception/idea for the article was 
made by SP. The database search was done independently 
by HK and SP. The database files were extracted using 
endnote and duplicates were removed. After the removal 
of duplicates, the database files were uploaded to Rayyan 
QCRI and the title and abstracts were screened by HK, 
VM, MA, and SP. Full text of eligible articles was further 
screened as per predefined inclusion/exclusion criteria by 
PS, MM, NP, and SP. In case of discrepancy, RS and BM 
were consulted and the issue was resolved. Final drafting 
and critical revisions were made by VM and PS.

Keywords
We used keywords such as hemangioma and its 
synonyms (congenital hemangioma, IH, strawberry 
birthmark, and capillary hemangioma), atenolol and its 
synonyms (tenormin, and normiten), and propranolol and 
its synonyms (avlocardyl, dociton, and dexpropranolol) 
for different database search. Boolean operators were 
used to combine these different search terms for the 
search of different databases.

Data extraction
Required data were extracted from the included articles 
using the predefined data extraction form. We extracted 
data which included first author’s name, total number 
of cases as well as control, year of publication, sample 
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population characteristics, treatment modalities, outcome 
of treatment, length of time as well as follow‑up. Details 
of Characteristics of studies comparing Atenolol and 
Propranolol is given in Table 1.

Statistical analysis
In the case of continuous data (HAS, Change in HAS), 
the mean difference was calculated using R. In the 
case of dichotomous data (complete response, partial 
response, and adverse events), OR was used as 
appropriate for the meta‑analysis. We also quantified the 
effect of heterogeneity using the I2 statistic, I2 values of 
25, 50, and 75% were considered as low, moderate, and 
high estimates, respectively. Depending on statistical 

and clinical heterogeneity, we used fixed effects 
model (Mantel‑Haenszel method) to calculate pooled 
effect estimates.

Risk of bias
The risk of bias of the studies included was assessed 
using the “Cochrane risk of bias tool for randomized 
controlled studies (RCTs)” in case of randomized 
controlled trials and Newcastle‑Ottawa scale in case of 
observational studies.

resuLts

We searched databases (a total of 300 articles) and a 
total of 174 articles were retrieved after the removal 

Table 1: Characteristics of studies comparing atenolol and propranolol
Author, year Study type/

sample size
Atenolol 
regimen

Propranolol 
regime

Scoring outcome, 
time point at which 
evaluated

Efficacy Adverse effects

De Graaf 
et al., 2013

Prospective
Sample size: 
Atenolol=30, 
propranolol=28

0.5 mg/kg/
day starting, 
1‑3 mg/kg/day 
therapeutic dose

1‑2 mg/kg/
dose in three 
daily doses

VAS, HAS
Average duration was 
11.5 months (0.5‑28 
months)

No statistical 
difference in 
VAS (P=0.34) or 
change in HAS 
(P=0.39)

Atenolol: Restless 
sleep‑4, constipation‑2, 
diarrhoa‑2
Propranolol: Bronchial 
hyperactivity‑4, 
hypoglycemia‑2, 
Hypotension‑1 and 
restless sleep‑11

Bayart, 2017 Retrospective
Noninferiority 
study
Sample size: 
Atenolol=27, 
propranolol=53

Initial dose 0.25 
mg/kg, 0.5‑2 mg/
kg therapeutic 
dose

Initial dose 
0.33 mg/kg, 
increased 1 
mg/kg for first 
week and then 
increased to 
2 mg/kg in 3 
doses daily

HAS
Duration‑12‑15 
months

No statistically 
significant difference 
HAS (P=0.60)

Atenolol – transient 
diarrhea 4
Propranolol ‑ wheezing/
bronchial hyperactivity‑6
Diarrhea‑2

Abarzua‑Araya 
et al., 2014

RCT
Sample size: 
Atenolol=13, 
propranolol=10

1 mg/kg/day in a 
single daily dose

2 mg/kg/d in 
3 daily doses

CR
PR
No response
End point – 6 months

CR – 6 months
Atenolol ‑ 53%
Propranolol ‑ 60% 
(P=0.68)

No adverse effects

R. Ashraf, 
2019

RCT
Sample size: 
Atenolol=20, 
propranolol=20

Initial dose 0.5 
mg/kg once daily 
and increased 
to 1 mg/kg/day 
after 24 h, if 
tolerated well

Initial dose of 
1 mg/kg/dose 
increased to 
2 mg/kg/dose 
twice daily

PGA
HAS
Utrasongraphy‑Change 
in volume
End point – 9 months 
or CR

No statistically 
significant difference
PGA5 at 9 
months‑(P=0.196)
HAS (P=0.941)

Atenolol ‑ increased 
stool frequency ‑9
Fall in BP‑5
Sleep distubance‑1
Propranolol ‑ increased 
stool frequency ‑6, fall 
in BP‑4

M. Dakoutrou, 
2019

Prospective 
comparative 
study
Sample size: 
Atenolol=26, 
propranolol=28

0.5 mg/kg/day 
once daily which 
was further 
increased up to 2 
mg/kg/day

Initial dose of 
1 mg/kg/dose 
increased to 
2 mg/kg/dose 
twice daily

CR
PR
Relapse ‑ average 
endpoint was till 
resolution ‑ 7 months

No statistically 
difference atenolol 
CR 84.6% versus 
propranolol CR 
96.2%
Relapse ‑ 11.5% 
atenolol versus 
10.7%
Propranolol

Atenolol ‑ diarrhea‑2
sleeping difficulties‑2
Propranolol 
hypotension‑4

CR: Complete response, PR: Partial response, PGA: Physician global assessment, HAS: Hemangioma activity score, VAS: Visual Analogue 
Scale, RCT: Randomized controlled studies, BP: Blood pressure
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of duplicates. From these, after the title and abstract 
screen, 163 articles were excluded, and 11 articles 
were chosen for further full‑text evaluation for possible 
inclusion. Of these 11 studies, five studies were included 
in our meta‑analysis.[3,10,11,13,14] Six articles were omitted 
after reading full text. Of these six articles, four were 
single‑arm studies which evaluated atenolol only.[15‑18] 
Study characteristics are shown in Table 1. The PRISMA 
flow chart of the included studies is shown in Figure 1.

Efficacy parameters
Two studies (n = 116) compared atenolol and 
propranolol in terms of HAS and change in HAS from 
baseline. No significant difference was observed between 
both treatment arms with regard to HAS and change in 
HAS from baseline. Data are shown in Figure 2. A total 
of three studies (a total of 60 patients in the atenolol 
arm and 57 patients in the propranolol arm) described 
response to therapy (either complete or partial response). 
No significant difference was seen between the two 
arms in treating IH’s. Two studies compared atenolol 
and propranolol in terms of relapse after treatment, no 

significant difference was seen in both arms in treating 
IHs. Data showed in Figure 3.

Safety profile
A total of five studies (a total of 116 patients in the 
atenolol arm and 138 patients in the propranolol arm) 
were included to compare serious/potentially serious side 
effect that occurred in the atenolol versus propranolol 
groups while treating IHs. In terms of serious/potentially 
serious side effects, atenolol therapy was better than 
propranolol in treating IHs (odds ratio [OR] =0.11; 
95% confidence interval [CI] 0.02, 0.51; P = 0.005). 
As the heterogeneity among studies is low, we used 
fixed‑effect model (χ2 = 0.02, I2 = 0%, P = 0.99, df = 2). 
Data are shown in Figure 4. Four studies were included 
to compare Wheezing/Bronchial hyperreactivity that 
showed atenolol therapy was better than propranolol with 
respect to safety profile in treating IHs (OR = 0.11; 95% 
CI; 0.02,0.51; P = 0.005). In terms of diarrhea, sleep 
disturbances, and hypoglycemia, no significant difference 
between atenolol and propranolol was observed. Data are 
shown in Figure 4. Other adverse effects mentioned in 

Figure 1: PRISMA (2009) flow chart
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the atenolol arm are constipation and acrocyanosis in one 
patient.[11] Excessive crying in both arms.[13]

risK of bias

Among the two RCTs included, risk of bias was 
high among the domains of allocation concealment 
and random sequence generation. Risk of bias was 
unclear in the case of blinding of participants and 
personnel (performance bias). In other domains, risk 
of bias was either low or unclear. Newcastle‑Ottawa 
scale [Table 2] was used to study the quality of 
nonrandomized studies.

Publication bias
As the number of studies included in this review is <10, 
evaluation of publication will not have sufficient power 
to detect a real asymmetry in the funnel plot.[19] Hence, 
publication bias evaluation using funnel plot was not 
conducted Details of Risk of Bias is given in Figure 5.

Discussion

In the past, steroids were used in the treatment of IH 
as they are believed to inhibit angiogenesis, though the 
exact mechanism remains unclear.[20] However, the usage 

Table 2: Risk of bias (nonrandomized studies) 
Newcastle‑Ottawa Scale

Author Selection Comparability Outcome
Bayart, 2017 *** * ***
Graff, 2013 *** * ***
Dakoutrou, 2019 ** * ***
Each study has been categorized into 3 criteria: selection, comparability 
and outcome and stars have been awarded to each item based on the 
quality. 3 or 4 stars in selection domain AND 1 or 2 stars in comparability 
AND 2 or 3 stars in outcome domain indicate that the study is of good 
quality. 2 stars in selection domain AND 1 or 2 stars in comparability 
domain AND 2 or 3 stars in outcome/exposure domain indicate fair 
quality study. Poor quality is 0 or 1 star in selection domain OR 0 stars 
in comparability domain OR 0 or 1 stars in outcome/exposure domain.

Figure 2: Forest plot ‑ Comparison of Hemangioma activity score both groups.

Figure 3: Forest plot‑comparison of response and relapse to therapy
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of steroids was associated with many adverse effects.[21] 
Serendipitous discovery of propranolol in IH has overcome 
this drawback. Since then plenty of RCT, meta‑analysis 
has shown its benefits over steroids, due to which 
propranolol has become the first line of management of 
IHs. However, even propranolol is not completely safe and 
associated with different adverse effects as mentioned in 

Table 1. Atenolol (selective beta‑blocker) was first tried in 
patients who did not tolerate propranolol in the therapy of 
IH, exhibited similar results with fewer adverse effects.[9] 
The exact mechanism by which propranolol is effective 
in IH is not clear. The catecholamine’s norepinephrine 
and epinephrine act on the β1 (situated in the heart 
and kidneys) and β2 (peripheral blood vessels, skeletal 

Figure 4: Forest plot‑Comparison of adverse effects between both groups
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muscle, and lungs) receptors. Norepinephrine stimulates 
hypoxia‑inducible factor (HIF) 1‑alpha (HIF‑1‑alpha), 
which causes an increase in vascular endothelial growth 
factor (VEGF), MMP‑2, and MMP‑9 levels in tumor 
cells. Nonselective beta‑blocker, propranolol impedes the 
action of catecholamine’s in the cell, thereby decreasing 
VEGF and MMP levels.[22,23] The present concept of 
propranolol in treating IH includes effect on endothelial 
cells, vascular tone, angiogenesis, and apoptosis.[24] The 
study by Stiles et al. suggests that propranolol blocks 
VEGF receptor‑2 (VEGFR‑2) reduces proliferation and 
migration of cells and leads to apoptosis.[25]

In terms of efficacy, our study does not demonstrate any 
significant difference between atenolol and propranolol 
in terms of HAS, change in HAS from baseline, response 
to therapy, partial response rate, and CR rate.

Comparative safety
In this study, there was no difference in the occurrence of 
any adverse event (irrespective of severity, total numbers 
of the patients suffering from adverse effects) between the 
two arms; however, less number of patients in the atenolol 
arm suffered from serious/potentially serious adverse 
events. Wheezing/bronchial hyperreactivity which is 
considered a serious adverse event was less in the atenolol 
group in comparison to the propranolol group. This can 
be attributed to the selective action of atenolol on β2 
receptors, thereby lowering the risk of bronchospasm.[14] 
Atenolol also offers the advantage of including IH patients 
with obstructive bronchial pathology in the trial whereas 
such patients would have been excluded in few studies 
using propranolol to treat IH.

The major adverse events noted in the atenolol arm 
were gastrointestinal symptoms and sleep disturbances. 
However, fewer patients experienced adverse effects when 
compared to the propranolol group. The major adverse 
events noted in the propranolol arm were hypoglycemia, 
bronchial hyperreactivity, hypotension, mild side effects, 
restless sleep, constipation, and diarrhea. There was no 
significant difference between both the groups in terms 
of any adverse effects, diarrhea, sleep disturbance, 
hypotension, and hypoglycemia. Hence, atenolol can be a 

preferred agent compared to propranolol in the treatment 
of IHs. Both the groups had comparable efficacy, but 
atenolol exhibited better safety profile when compared 
to propranolol. Furthermore, atenolol can be easily used 
in cases where propranolol is contraindicated. The above 
findings in this meta‑analysis reveal that both propranolol 
and atenolol have comparable efficacy with better safety 
profile in the case of atenolol, with special reference to 
the occurrence of serious/potentially serious adverse 
events. Another additional advantage of atenolol is that 
it requires less frequent dosing because it has a longer 
half‑life compared to propranolol.[26] This can increase 
the patient compliance with atenolol, particularly the 
pediatric age group where medication administration 
is a quite troublesome process; however, propranolol 
needs to be taken 2–3 times daily. In the studies, 
included in our meta‑analysis, it is observed that the 
dose of propranolol is comparatively higher than that of 
atenolol. Most of the authors have started atenolol with 
0.25 mg/kg/day[11] or 0.5 mg/kg/day,[10] slowly increased 
to 1 mg/kg/day to 3 mg/kg/day[10] if well tolerated 
whereas in case of propranolol it is 1–2 mg/kg/day in 
divided doses.[3] This variation in dose might have failed 
to show a better efficacy of atenolol when compared to 
propranolol. Hence, for any therapy to be considered 
as successful should fulfill both the safety and efficacy 
criteria. Keeping in mind both the parameters atenolol is 
considered better than propranolol in treating IH.

Our study also has few limitations. To conclude that 
atenolol is better than propranolol in terms of safety and 
efficacy, the quality of the study design chosen is quite 
important. Limitations in all studies were small number 
of participants and long‑term follow‑up was lacking. 
RCT are the best to include in a meta‑analysis. A key, 
but the unavoidable drawback was the heterogeneity 
of the studies included in the study. Due to the lack 
of enough RCTs, we had to include RCTs as well as 
prospective and retrospective study designs.

There is lack of adequate studies regarding the effect of 
different doses of atenolol in treating IH. There is lack 
of enough data regarding the exact age to initiate the 
therapy, optimal dosage and duration of therapy as well 
as the criteria for discontinuing the therapy. Therefore, 
large, multicenter, and well‑designed randomized 
controlled trials are warranted to draw an exact 
conclusion regarding the safety and efficacy of atenolol 
in treating IH compared to propranolol. 

concLusion

The present meta‑analysis provides evidence that 
atenolol has got a comparable efficacy and better safety 
profile with propranolol.

Figure 5: Cochrane risk of bias tool for randomized controlled studies
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Materiovigilance Programme of India: 
Current status and way forward
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Abstract:
Postmarketing vigilance system for medical devices in India is not as vigorous as of drugs. W 
Materiovigilance involves post marketing surveillance of adverse events caused by medical devices. 
As per directive of WHO, many countries including India have established their own post marketing 
surveillance system. In India it is known as Materiovigilance Programme of India (MvPI). This 
article reviews the current state of MvPI, compares it with developed countries, identifies gaps, and 
recommends specific measure to strengthen the existing program. 
Keywords:
Adverse events, materiovigilance, medical devices, patient safety, postmarket surveillance

Introduction

Materiovigilance is defined as a 
combined system of performance 

characterization, monitoring, identifying, 
collecting, reporting, and analyzing any 
untoward occurrence caused by medical 
devices. While pharmacovigilance deals with 
postmarketing surveillance of medications, 
materiovigilance deals with postmarketing 
surveillance of medical equipment including 
in vitro diagnostics. India is a USD 3.1 billion 
medical device market. However, for a long 
period, there was no proper vigilance system 
that monitors the adverse events related to 
medical devices.[1] Initially, the marketed 
medical devices were regulated according 
to the Drugs and Cosmetics Act, 1940 and 
Rules 1945. Later in 2017, an exclusive 
rule was framed to regulate the medical 
devices available in the Indian market 
known as Medical Device Rules, 2017.[2] 
The term medical device can be designated 
as any contrivance or device, machine, tool, 

grafting material, or tangible item used to 
help individuals or animals for the purpose 
of diagnosis, treatment, prevention, and 
disability management. In 2010, a major 
medical device adverse event occurred 
that forced well‑known medical device 
manufacturer to withdraw all their medical 
device from the market that was being used 
for hip replacement. These devices were 
causing malfunctioning and threat to the life 
of patients. This happened because of the 
discharge of metallic particles into the blood 
circulation, and patients had to endure 
many operations, especially when metal 
implants were used. Other than this there 
are multiple incidences of serious adverse 
events reported from India. A patient 
received electrical burn injury as a result 
of defibrillator failure;[3] metal ions were 
found in the blood and soft tissue of patients 
following hip replacement surgery;[4] and 
a newborn died following overheating 
of the incubator.[5] Hence, it has become 
imperative to develop a surveillance system 
to identify any unwanted or unpredictable, 
undesirable, and unintended events related 
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to medical device use. To overcome all these events, 
a necessary step was needed to be taken, for which 
the Materiovigilance Programme of India (MvPI) was 
launched by the Government of India.

Materiovigilance Programme of India

In the wake of the need to regulate the safety surveillance 
of medical devices in India, under the umbrella 
scheme of the Pharmacovigilance Programme of India 
(PvPI), the Ministry of Health and Family Welfare has 
authorized the MvPI, a system for monitoring the safety 
of medical equipment affiliated from the Government of 
India in 2013. The MvPI was formally launched on July 
6, 2015, with the support of Sree Chitra Tirunal Institute 
for Medical Sciences and Technology (SCTIMST) as 
the National Coordinating Center (NCC). Among the 
increasing cases of malfunctioning in many medical 
devices and several other cases of device‑related adverse 
events, leading to complications in patients and in most 
severe cases death, the importance and need of MvPI are 
escalating with each passing day. Later, in 2018 onward, 
the Indian Pharmacopoeia Commission (IPC) functions as 
NCC for MvPI besides as NCC for PvPI. This decision was 
essential to utilize the optimum resources, workforce, and 
other logistics for both the programs. As the infrastructure 
and capacity building in MvPI are one of the challenges, 
unlike drugs, the reporting tools, data collection, and 
assessment are different in nature. To ensure effective 
implementation of MvPI, it is recognized that the 
integration of biomedical engineering department at 
the hospitals/institutions is pivotal besides coordination 
with other departments. Therefore, the priority has 
been given to the institutes with biomedical/clinical 
engineering department (BMED) to function as medical 
device adverse event monitoring centers (MDMCs). 
Furthermore, preference is given to other departments 
also if they are intact with BMED. Involvement of BMED 
in MvPI is pivotal because most of the medical devices are 
designed/manufactured with engineering technology.

The MvPI aims at:
1. Creating a countrywide plan for monitoring patient 

safety
2. Examining the benefit–risk ratio related to a medical 

device
3. Creating evidence‑based data for medical equipment 

associated with adverse events
4. Supporting the Central Drugs Standard Control 

Organisation (CDSCO) in making decisions about 
medical device regulation in the country

5. Exchanging safety‑based information with various 
stakeholders in the industry

6. Collaborating with other health‑care organizations 
and international agencies for information exchange 
and data management.

The IPC as NCC for MvPI currently manages 150 such 
MDMCs, pan India, besides soliciting the Adverse 
Drug Reaction Monitoring Centers under PvPI for 
adverse events reporting.[6] Both the stakeholders of 
PvPI and MvPI are being regularly trained for reporting 
through various tools available for reporting. The NCC 
aggressively works with the stakeholders to enhance the 
culture of adverse events (medical devices) reporting. 
Through education and advocacy, it is sensitized that 
reporting of adverse events is our professional and 
ethical duty by focusing on patient’s safety at large. 
As per the Medical Devices Rules 2017, the Marketing 
Authorization Holder shall submit all medical device 
adverse events to Central Licensing Authority, i.e. 
CDSCO. Meanwhile, they submit a copy of such adverse 
events to MvPI also. The MvPI perform an initial 
assessment of the reported adverse events and perform 
a root cause analysis of the required adverse event to 
find out if any temporal relationships exist between 
reported adverse event and malfunction of the medical 
device. Then if any meaningful conclusion has arrived 
the NCCMvPI submits reports to CDSCO. In addition 
to this NCC‑MvPI issues medical device alerts to all 
MDMCs for active surveillance of suspected medical 
devices. Also, NCCMvPI educates the general public to 
be aware of medical device safety and to report adverse 
events caused by household medical devices.

Different Centers under the 
Materiovigilance Programme of India

Under MvPI, initially, 10 MDMCs have been identified 
nationwide that work to report medical device‑related 
adverse events (MDAEs) whose number has been 
increased to 150. Since the launch of the Programme, the 
reporting rate has also increased. More than 7000 reports 
have been submitted to IPC through MvPI. The MDMCs 
are responsible for proper identification, collection, and 
reporting of any suspected or confirmed MDAEs that 
come into five categories: not related, unlikely, possible, 
probable, and causal relationship, respectively. MDMCs 
should send the reported cases to NCC‑IPC every month 
for review and analysis. The time frame set to report an 
MDAE after becoming aware of it is within 5 working 
days, and 30 calendar days is given to report the event 
after assessing its root cause.[7] IPC is the sole custodian 
of MvPI database. NCC is responsible to coordinate with 
all MDMCs in India and communicates all concerned 
issues to the CDSCO. In addition, they collaborate with 
international authorities as well and provide financial 
support to SCTIMST, the National Health Systems 
Resource Centre (NHSRC), and MDMCs. SCTIMST 
functions as the National Collaboration Centre and 
provides support in all technical matters. NHSRC works as 
a technical support partner in the Programme. It provides 
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technical support and guidance on preparation of standard 
operating procedures, guidance documents, newsletters, 
training manuals, etc. Finally, all the issues are conveyed to 
the CDSCO, i.e., a national regulatory authority ensuring 
safety. It is responsible for taking all desired actions on 
recommendations by the NCC‑MvPI. The organizational 
structure of MvPI is presented in Figure 1.

Global Postmarketing Surveillance 
Approaches

The United States of America, Canada, Japan, Australia, 
the United Kingdom, and Europe all have set up their own 
surveillance systems for active and passive monitoring 
of MDAEs. The USA has set up a worldwide recognized 
system called Food and Drug Administration (FDA) for 
the regulation of food, pharmaceuticals, vaccines, and 
medical devices. In the United States (US), a mandatory 
and voluntary scheme of reporting has also been 
suggested. Other countries such as the United Kingdom 
have their adverse event database and monitoring 
and reporting schemes.[8] All these countries have a 
recognized system and databases for medical devices 
which are listed in Table 1.

In the United States of America, medical devices are 
needed to be authorized and approved by the FDA for 
their effective and safe use before getting introduced into 
the market. Device and radiological health center, an 

integral part of FDA, oversees medical device relabeling, 
manufacturing, and export and import all around 
the globe.[9] In Europe, the scenario is different as all 
medical device‑related complaints are directly handled 
by the National Competency Authority (NCA) from 
the manufacturer, whereas it is mandatory for general 
practitioners, doctors, and nurses to report the event 
to both manufacturer and NCA. The manufacturers 
are required to submit an initial report of the serious 
adverse event within 2 calendar days. After this, 
if the manufacturer finds any relation between a 
medical device and death or any health problem, the 
assessment is needed to be appraised within 10 days. 
Any miscellaneous incident which is nonserious can be 
reported within 30 calendar days.[10] In Japan, medical 
devices are being supervised by the Pharmaceutical 
and Medical Device Agency which comes under certain 
rules and regulations that are needed to be fulfilled for 
certification, quality assurance, and licensing including 
Japanese medical products.[11] In Australia, while 
introducing any product in the market, the sponsor is 
required to submit all records of medical devices such 
as batch number, information on ingredients and a well‑
maintained sample of the life‑threatening compound 
to the Therapeutic Goods Administration (TGA) to 
keep it as a record up to 5 years.[12] In Canada, “Health 
Canada” Regulatory Authority controls and makes sure 
that all medical devices are safe and rational for use by 
inspecting, evaluating, and investigating them in both 
phases: pre‑ and postmarketing surveillance. Moreover, 
Health Canada also regulates license application for both 
new and modified devices. In premarketing phase, the 
regulatory authority makes sure that all of the criteria 
that are required for filling license are up to the mark.

Indian Postmarketing Surveillance 
Approach

Postmarketing surveillance done by an Indian regulatory 
authority (MvPI) is gradually attaining momentum par 
with global regulatory authorities. Although the total 

Figure 1: Organizational structure of MvPI. MvPI=Materiovigilance Programme of India

Table 1: Medical device regulatory bodies
Country Medical device regulatory authority/database
USA FDA MAUDE
Japan PMDA
UK MHRA
Australia TGA
Europe EMA
India CDSCO
FDA=Food and Drug Administration, MAUDE=Manufacturer and User 
Facility Device Experience, PMDA=Pharmaceuticals and Medical Device 
Agency, MHRA=Medicines and Healthcare Products Regulatory Agency, 
TGA=Therapeutic Goods Administration, EMA=European Medicines Agency, 
CDSCO=Central Drugs Standard Control Organisation
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number of reported adverse events is increasing yearly, 
from 40 events in 2015 to 897 in 2019,[13] [Figure 2] these 
are still less compared to other countries, not only in 
cumulative number but also in other safety factors 
including recall. In 2017, the USFDA recalled 30 medical 
devices and, in 2018, recalled 32 marketed medical 
devices for multiple reasons.[14] During the period 
2017–2018, an Australian regulatory authority (TGA) 
received 5348 adverse event reports. A review of these 
incidences resulted in a recall of 27 products and 
communication of 41 hazard alerts.[15] In 2018–2019, TGA 
received 5874 adverse events and generated 5129 signals 
which resulted in recall of 55 products and generation 
of 68 hazard alerts.[16] Health Canada also reported a 
higher number of recalls during this period [Table 2]. 
However, throughout this period, the recall action or 
safety signals generated by MvPI from reported adverse 
events were negligible [Table 2]. It emphasizes that 
MvPI has a major step forward for data collecting and 
processing of adverse events and signal generation for 
recall action. Data collection is still limited to recognized 
medical colleges and hospitals, autonomous institutes, 
and importers. Larger involvement of private hospitals, 
nursing homes, and laboratories has to be promoted. 
Moreover, the data generated by MvPI are not available 
in the public domains which edge the manufacturers’ 
and stakeholders’ real‑time aware of adverse events and 
delay corrective action.[17,18]

Regulatory Gap

India does not have specific guidelines for MvPI as are 
available in the EU and the US for their post‑marketing 
surveillance programmes on medical device safety. 
The tools and guidelines for signal detection are to 
be developed, and causality assessment should be 

validated. MvPI appears to be robust on paper, yet the 
annual performance report of MvPI and monitoring 
centers regarding collection and submission of data is 
not published. The analysis of reported adverse events 
and action taken toward reported adverse events is not in 
public domain. Many devices are still out of notified list.

Penalties for Device Failure

In the US, the top 10 big medical device firms have paid 
more than $600 million dollars to medical practitioners 
and their clinics as it is vital for pharmaceutical 
manufacturer/medical equipment manufacturer to 
pay the liabilities. In 2016, a firm known as Olympus 
Corporation of America had to pay around $623.2 million 
dollars as legal action against them from court in which 
they were alleged to bribe doctors and all hospital staffs. 
Another company under the name of Medtronic Inc. was 
engaged to pay $2.8 million dollars as compensation to a 
patient as health‑care system was bribing the doctors by 
giving monthly bonus to use faulty and malfunctioned 
medical equipment making the treatment way too 
expensive.[19]

Way Forward

If the MvPI has to flourish, the participation at grass 
root level has to be escalated. For that, the awareness 
among health‑care professionals and the public about 
MvPI has to be amplified. Potential barriers in reporting 
MDAEs such as lack of awareness of reporting systems 
and not knowing what exactly to report and the fear of 
impact on reputation and medicolegal issues are to be 
managed. Academic curricula for all health‑care and 
paramedical courses should be updated to incorporate 
MvPI, and the practice of reporting MDAEs should be 
instilled during internship and postgraduate programs to 
provide solid foundational training. The Medical Council 
of India should make MvPI a compulsory learning for 
all doctors to renew their licenses. Collaboration with 
medical institutions and corporate hospitals will increase 
MDAE reporting culture and practice. Keeping implant 
registry at hospital level and pasting information of 
implanted device at patient outpatient department 
card need to bring as routine practice. The capability of 
clinician’s suspicion level that adverse events happened 
might correlate to a medical device used is warranted. At 
present, pharmacovigilance is incorporated into NABH; 
similarly, the incorporation of MvPI to NABH fulfillment 
criteria is also suggested.
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Table 2: Trends in recall of medical devices in 
abroad and India
Country 2017 2018 2019 2020
Australia N/A 27 55 614
US 30 32 49 32
Canada 1422 1549 1355 1301
India N/A N/A N/A N/A
N/A=Not available
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Figure 2: Adverse events reported to MvPI on a yearly basis. 
MvPI=Materiovigilance Programme of India
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INTRODUCTION

With the evolution of science and technology, an update 
in the field of medicine occurs every second, hence, 
the clinicians must upgrade themselves. It becomes 
next to impossible for an individual to maintain the 
pace of being up-to-date with the literature by casual 
reading alone. In addition, a plethora of unimportant 
and misleading information also gets included in the 
literature. To continue with the evolution, incorporating 
various platforms to have discussions regarding 
the same is of absolute necessity. The numerous 
options included as the educational activities in the 
postgraduate (PG) teaching programmes include 
Journal Club discussions, Seminars and Webinars.[1]

A journal club, as defined by Mattingly, is a gathering 
of individuals that meet regularly to critically assess 
the advances in the scientific literature published 
in recent articles.[2] For a long time, the journal 
club has been a part of the PG study curriculum 
suggesting new ways to improve their clinical skills. 
It has been proved to be a versatile programme for 

its multidirectional and adaptable format to help the 
participants to develop cognitive skills. Journal clubs 
are usually organised around a definite subject in basic 
and or applied research. The presenter voices his/her 
insights relating to the aptness of the study design, the 
statistical analysis employed, and the appropriateness 
of the controls that were used.[1]

Another widely used active teaching-learning method 
incorporated in the PG curriculum is the seminars. 
A seminar is a type of small group teaching in which 
students play an important role. It is an instructional 
technique, which involves generating a situation for 
a group to have guided interaction among themselves 
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on a theme. This help students in the development 
of their cognitive abilities such as the application of 
concepts and principles while preparing them for 
future research and faculty lectures. Compared to 
didactic lectures, effective seminars increase student 
engagement, retention of knowledge, self-directed 
learning, communication skills, and peer discussion. 
On a regular basis, there are two types of seminars 
conducted in medical colleges, mini-seminars 
which are conducted at a classroom level and major 
seminars which are conducted at the departmental 
or institutional level.[3,4] The coverage and scope of 
mini-seminars are small and simple. They are often 
reflected as group discussions. They improve the 
questioning skills of the students. A mini-seminar is 
necessary because it gives good experience to conduct 
a major seminar at institutional level.[3,4]

Apart from the journal clubs and the seminars, which 
have been commonly used in the past, there is also a 
necessity to include webinars as a medium of mass 
communication education. The concept of webinars is 
not new; however, there was a surge of webinars in 
the field of medicine with the announcement of the 
global pandemic as the annual conference meets were 
unacceptable. They have become a popular medium of 
dissipating knowledge and have been included in the 
curriculum in elite universities.[5]

With the rise in evidence-based practice through 
which practitioners judge the pieces of evidence and 
weigh their usability to bring a change in practice, 
it becomes indispensable to have journal club 
discussions, seminars and webinars at frequent levels 
to cultivate effective skills. Unfortunately, no standard 
guidelines are framed for their conduction by the 
governing body, which often confuses the students 
with their presentations. This article compiles history, 
steps and tips of presenting the same.

JOURNAL CLUB DISCUSSION

Evolution of journal club
“Journal Club” was the term given by Dr James Paget 
in the year 1835. It was so named as the doctors of 
the St. Bartholomew’s hospital, London, used to sit 
in a lounge and read the journals.[1] However, the 
introduction of journal club discussion happened 
later in the year 1875 when Sir William Osler first 
organised it at the University of Montreal, Canada 
for a distinct entity of Cushing’s description with 
the purpose to subscribe and distribute periodicals.[1] 

Even so, Dr Erwin H. Ackerknecht, former Director 
of the Institute of the History of Medicine at Zurich, 
Switzerland had an opinion that Sir Osler heard about 
the ‘Journal Club’ from Germany. Dr Osler’s journal 
club presentation was considered a huge success and 
was highly admired. As per Dr Cushing, Sir Osler later 
reported the success of the discussion in Baltimore, 
USA. His notes revealed that the first journal club 
presentation at John Hopkins was held on 29th October 
1889. Thereafter, the presentations were conducted 
weekly. In the years 1914-1947, every department in 
the institution had its journal club discussions. During 
the year 1926, Dr Scott Dudley Breckenridge was 
claimed to have started a journal club in Lexington, 
Kentucky, USA.

As mentioned above, Dr Ackerknecht was impressed 
by the idea of this discussion. He claims it was 
a routine. The students in Zurich, Switzerland 
were supplied with articles in different languages. 
At the same time, a journal club presentation 
had commenced in Beth Israel Medical Centre in 
New York which was led by Dr Sidney Leibowitz in 
the year 1935. By the 1980s, it became mandatory 
for every medical institute to conduct journal club 
discussions at regular intervals. The era also noted 
the transition from face-to-face to online interactions. 
In the later years, the journals were available online 
instead of in a hard copy.[6] With the availability of 
the online platform, journal clubs have also begun 
on numerous social media apps such as Twitter. 
They are very beneficial for an individual who has 
completed his educational programme as they need 
not be associated with a medical institute for updates; 
nevertheless, the advancement from classrooms to 
laptops has been a boon for all medicos.

Goals of a journal club
Journal clubs have been an integral part of the medical 
education system since time unknown. They serve 
several purposes.

They help incorporate evidence-based clinical practice 
in day-to-day life, develop the skills of reading and 
analysing a situation critically, and increase exposure 
to rapidly evolving medical literature. They provide 
a unique opportunity to promote interest in research 
while learning from experts about knowledge gaps and 
future research questions.[6]

The adult learning principles can best be exercised 
in a journal club. It promotes group studying and 
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contributes to developing a habit of continuously 
studying. It makes the task of studying easier.[7] Journal 
clubs also act as a motivating tool. In a systematic 
review by Honey et al., it was concluded that there was a 
change in clinicians’ behaviour with the incorporation 
of journal clubs in their study programme.[6] It was 
also seen that the overall prognosis of the patient and 
treatment also improved significantly. It helps to tone 
the residents' behaviour towards critically evaluating 
the decision-making. Furthermore, it also aids in their 
debating skills.[7]

Steps to conduct journal clubs
Journal clubs can be held at departments for PG 
students and faculty, and at various scientific meets for 
practitioners. Virtual online journal clubs are organised 
for a large audience from multiple institutions. 
Journal clubs should be presented by the second or 
third-year students as students get oriented to research 
methodology in the first year of post-graduation.

Choosing the journal club articles
Reputed peer-reviewed indexed articles with high 
impact factors and rejection rates are generally chosen. 
Any paper which appropriately presents relevant 
concepts, stating clearly why the study was done, what 
problem was being addressed, how the problem is 
attempted to be solved, with clear conclusions would 
make a good article.[8] Articles may be selected based 
on their clinical relevance and educational value. 
Original articles are suitable for improving critique 
skills, though metanalysis, case reports, review articles 
can also be great resources.

PGs must meet the chairperson of the journal club well 
in advance and take suggestions for the selection of 
the topic. It is better to select recent research papers, 
which are of importance and interest to the presenter 
and audience. Systematic reviews or theoretical 
articles should be avoided.

Analysis of the research paper
The abstract conveys the gist of the research and needs 
to be read assiduously.

First glance: The thoughts on first impression are 
to be noted down on a paper. Attention has to be 
paid to the tables and graphs as they convey more 
information. The article can then be re-read in detail 
later.

Second, detailed reading: One has to forage for details 
by asking specific questions in different sections of the 

article to assess whether the aim of the study correlates 
with the methods, discussion and conclusions.[9]

Introduction
While assessing the introduction part of the paper, 
one should check whether the authors have stated the 
scientific background, summarised the rationale for 
the study and mentioned a specific research question 
appropriate for the given type of study.[10]

The introduction should define specific objectives, 
hypotheses, primary and secondary outcome measures.

Methodology
The study design, type of intervention, inclusion and 
exclusion criteria, method of randomisation, type 
of blinding, the internal and external validity of the 
study should be checked. One should also analyse 
whether the information is enough to replicate the 
study.[11]

A search for bias, which can affect the results should 
also be made. Selection bias, information bias, any 
confounding variables and work-up or verification 
bias need to be looked for.

Ethical aspects, consent, timeline, detailed description 
of the analytic strategy, sample size calculation, 
statistical data analysis, P values and confidence 
intervals also deserve attention.

Results
Results should parallel the objectives and methodology. 
Introducing new findings which the study was not 
designed for, reflects poor methodology. One should 
verify all questions in the methodology getting 
answered, the flow of participants through each 
stage, protocols and outcomes, baseline comparability 
demographics and clinical characteristics. The tables 
should reflect the matter intended and should be well 
presented.

Discussion and conclusion
Discussion should evaluate the robustness of the 
study and be relevant to the topic.[1] The author should 
enumerate the limitations of the study. It is important 
to assess whether authors rechecked and described 
any bias, confounding variables and the effects of a 
small sample size and measures taken to reduce their 
effects at the end of the discussion.

The conclusion should answer the research questions 
posed in the introduction.
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References should be recent and relevant. Two or 
three cross-references are discussed to compare and 
contrast the research findings. One has to evaluate 
whether the article fits into the context of current 
literature.

Last review questions
One should recheck for the existence of any major 
flaws, like lack of scientific importance, originality, 
or validity. The strengths and weaknesses should be 
analysed. One should check the cost-effectiveness, 
clinical utility, generalisability across the population 
and whether the study changes the current practice in 
any way.

There are several steps for the actual presentation of 
the article in the journal club [Table 1].

Journal clubs have been linked to learning research 
and critique skills, promoting research awareness, 
professional empowerment, generating a positive 
research culture and evidence-based practice.[12] There 
are some mistakes  commonly made in conducting 
journal clubs [Table 2].

SEMINARS

Planning of seminars
Selection of themes and topics
In contrast to lectures, topics are less formally 
structured with more focus on extensive discussion. 
As seminars are recurring, in many of the institutions, 
topics for the seminars are prepared well in advance 
to facilitate in-depth study. Usually, topics from a 
cognitive domain that are not discussed or included in 
bedside clinics, case presentations, and journal clubs 
are selected for seminars. A seminar time-table with 
the names of the student and the moderator faculty 
should be prepared at the beginning of every academic 
year.

Allotting the topics and assigning PGs and 
moderators
Postgraduates are expected to prepare the presentations 
in PowerPoint or equivalent media under the guidance 
of the assigned moderator. Moderators will supervise, 
and ensure that resource material is available.

Timing of seminars
Ideally, a seminar lasts for one to two hours, depending 
on the number of presenters, the topic or theme chosen 
and it is recommended that these be held at least 
once a week. Further, every candidate must present at 
least four times a year and a total of twelve seminar 
presentations during their post-graduation period.[13]

How to make seminars work?
There are three phases involved in conducting a 
seminar.

Activities involved in the preliminary stages 
(Pre seminar phase)
These include the selection of the seminar theme 
and topic, finalisation of venue, date and time well 
in advance, preparation of a circular regarding the 
seminar and information without ambiguity about the 
content, and preparation of presentation material. The 
use of appropriate audio-visual aids is an important 
step in seminars. It reinforces lecture material and 
brings about understanding where words fail. Black 
lettering on a white background or white lettering on 
a blue background makes the slides effective. One 
idea per slide, one minute per slide, no more than 
six bullets per slide and no more than six words per 
bullet are effective forms of presentation.[14] Using only 
essential words rather than full sentences will reduce 
the number of lines without any loss of valuable 

Table 1: Steps for presentation in the journal club
Conclusions should be reviewed by the moderator before the final 
presentation. 
Editorial comments on the article should be checked.
The soft or hard copy of the article should be circulated one week 
prior.
The journal, title and authors are to be identified. 
The background should be presented. 
The presenter should interpret the article and explain rather than 
reading the entire article/PowerPoint presentation
Research questions, methods, results and conclusions should be 
summarised.
The critical review should be presented
Important points/key comments should be explained well and 
repeated at the end. 
Two to three cross‑references should be mentioned. 
The presentation should be confident.

Table 2: Common mistakes made while preparing a journal 
club

Ignorance of available online resources. 
Rapid review of the entire contents of several journals in a short 
time
Using very simplistic and fixed frameworks to analyse varied 
types of articles like original articles, meta‑analysis, case series, 
etc., 
Restricting journal clubs to only original articles excluding case 
studies
Expecting students to have expertise with recent and advanced 
statistical tests
Making arrogant, superficial comments and judgments about the 
paper or review process.
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information. Wherever possible, pictures, graphs, 
tables, diagrams or videos may be used to effectively 
convey the message.

Activities involved during the seminar (Seminar 
phase)
The presenter should make sure that the lighting, 
computers with audio-visual accessories, interactive 
smartboards, screen pointers and simple writing board 
are checked in advance. The seminar commences with 
the briefing by the moderator faculty. The speaker 
should speak clearly and address the audience. Notes 
may be used by the presenter to assist if necessary, but 
he/she should not read the talk. All the trainees are 
expected to come prepared and actively participate 
in the discussion and enter relevant details in their 
logbooks. At the end of the presentation, the moderator 
will ask questions and initiate the discussion and end 
the session with debriefing. Debriefing is essential 
because it maximises the learning, which includes 
summarising, and clarifying what has been learnt in 
that seminar.

Activities after the seminar (Post seminar phase)
These include evaluation of the seminar conducted, 
and providing feedback to the students.[3,15] Seminars 
should be evaluated by the moderator faculty using 
a checklist, which may carry weightage for internal 
assessment. There are parameters on which a seminar 
can be assessed, on a 5-point Likert scale [Table 3].[13]

Providing feedback to students helps to close the gap 
between their current and desired performance, and 
has the greatest impact on learning. Feedback promotes 

learning by informing the student of their progress 
and the specific areas requiring improvement, in turn 
motivating the student to engage in relevant activities 
to further their learning.[3] The feedback model 
proposed by Pendleton et al.[16] may be very useful in 
this regard [Figure 1].

The modified seminars (seminars in combination 
with role play, pre and post-test, quiz, and group 
discussion) have shown to be beneficial in developing 
the art of functioning as a team with peer coordination 
and trying innovation in learning.[17] Seminars are 
ideal methods for intensive in-depth learning of the 
subject. When the subject area is relevant to the theme 
and active resource persons are available, a seminar 
can be a very effective teaching-learning method.

WEBINARS

Over the past one-two years, tons of webinars and 
virtual symposia have been fashioned, hosted and 
endorsed. Against the backdrop of the pandemic, 
webinars have become popular alternatives amongst 
PGs to regular departmental seminars, although the 
attendance rate is variable.[18]

What is the aim of a webinar?
A webinar is a term combined from “Web” and 
“Seminar”. Considering the busy schedules of our PGs 
as well as practising anaesthesiologists, the Indian 
Society of Anaesthesiologists (ISA) has been organising 
webinars almost every month in the past two years in 
sync with global trends and expecting complicity of its 
members.[19] Presently, with the trend of webinars on 
the rise, and their videos at one’s fingertips online, it is 
easier, not only for PGs but also for private practising 
anaesthesiologists[20] to view them as per availability of 
time, facilitating academic pursuits. These videos also 
offer the convenience of pausing, rewinding and viewing 
multiple times. The demand for webinars is booming!

What are the steps to a successful webinar?
Determining the topic first up
One should overcome the desire to put together the 
most extensive webinar comprehensible, regarding 
a popular theme. Ideally, one can zero down to an 

Table 3: Parameters for evaluating the seminar
Parameter Score (1 to 4)
Whether other relevant publications consulted
Whether cross‑references consulted
Completeness of Preparation 
Clarity of Presentation
Understanding of subject
Ability to answer questions
Time scheduling
Appropriate use of Audio‑Visual aids
Overall Performance
*(Poor ‑0, Below average ‑1, Average ‑ 2, Good ‑3, Very good ‑4)

Figure 1: Feedback model for Seminar
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extremely pinpoint theme that can be dealt with 
appropriately. This ensures better focus on the theme 
and lessens the possibility of the webinar meandering 
pointlessly.[21]

Creating a presenter
One can create at least one depiction of the presenter for 
any live webinars one plans to oversee. Most webinar 
software will have a page for adding presenters where 
one could fill out their basic data.[22]

Planning out the constituents of the webinar
When one knows the topic and occasion of the online 
convention, it should not be hard to create a sketch 
of how it should be conducted. One could take into 
account the time frame one is ordinarily going to work 
with. The theme one comes up with, for the whole 
of the duration of the webinar, should be captivating 
enough to keep the participants until the end. One 
should always make sure to save some time in the end 
for question and answers.[23]

Selecting a webinar ware
Zoom of course probably has a larger user base, 
however, many other wares, including GoToWebinar, 
BigMarker, Adobe Connect, WebEx, ClickMeeting, 
Clirnet, Medflix and more are being used over the 
past two years.[24] Clirnet and Medflix are especially 
significant in this regard since they are exclusive 
medical platforms.

Sorting out the space and tools while recording 
presentation for a webinar
It is best to record the webinar presentation in a quiet 
room, free from outdoor noises and inconveniences. 
While one does not need to invest in a lot of gear, 
one should make sure to have access to the inbuilt 
computer camera, and an external unit for the 
microphone.[25] Pre-recording a presentation may 
allow one to edit out blunders, re-make portions that 
did not quite work, add effects, graphics and more, 
in post-production, and possibly feel less “dread of 
the stage”. However, this comes at the cost of lack of 
involvement of patrons, and less emotional response. 
For pre-recorded presentations, the speaker must be 
around to take any questions that may be posed during 
the session.

Deciding the time and date of the webinar
To decide the appropriate date and time of the webinar, 
one would want to study the geographical location 
of the patrons. One can utilise Google Analytics to 

determine where the target participants might be 
located, so that the choice of an agreeable time zone 
and date may be made.

Campaign tracking
Webinars are a marvellous knowledge spawning 
tool, but require that one plans well, and determines 
campaign tracking restrictions beforehand. In its most 
broad-ranging elucidation, campaign tracking is the 
technique of pinning down how visitors are led online 
to the website. Campaign tracking is used in Google 
Analytics to unambiguously track online browsers 
perceived as having an interest in the theme of the 
webinar, to the website, from campaigns produced by 
Google Ads, and also from other ad agencies. Some 
customisations of campaign tracking allow one to set 
whether future advertising referrals revoke previous 
referrals to the website, and these may be either 
in-built or paid.

Using a landline phone for internet
It is prescribed bearing in mind the use of wired 
broadband connection for internet connectivity. Any 
internet connection is liable to last-minute failure, and 
if it fails, the VoIP connection would be interrupted. It 
is always wise to have, as a preventive step, the option 
of connecting to the webinar through a landline.[23]

Going online with the webinar
When live streaming begins, one needs to make 
sure that the setting is such that one would not be 
discontinued, and no external noises are going to 
hold back the communication. A good way to do 
this is to inform people at one’s home or office not 
to bother for a given period. One needs to be mindful 
of the background. This might involve shifting items 
around or covering them up to get a more appropriate 
ambience. But if this is not an option, one could use 
a green screen and have a virtual background. To 
pull off the best virtual background effect, one could 
use a high-contrast, solid-colour backdrop, ideally a 
green screen. Whatever one uses, one should go for 
a matt, non-reflective background. Further, webcams 
automatically record and adjust to the most dazzling 
source of light, and if that light is behind the speaker, 
he is no longer the focus. Therefore, one should avoid 
being backlit by making sure, one is facing toward, not 
away from, a window or another light source. While 
natural light works great, a bright, soft white light 
from the front, should work just as well. And finally, 
whether one is using a USB webcam or the built-in 
webcam on the laptop, one has to make sure that the 
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camera lens sits at or above eye level, no higher than 
the hairline.

Follow up
One should prepare a questionnaire for audience 
assessment. This could be used in the future to polish 
up further webinar ventures. One should come up 
with auxiliary information support for the audience to 
keep up the practice of helping, and guiding them.[25]

SUMMARY

Seminars, webinars and journal clubs are great forums 
for the discussion of medical topics and ideas. They 
connect colleagues from all across the globe and 
allow global participation. They facilitate connections 
and help recognise voices. With the advancement 
in technology, the assurance of lifelong teaching as 
well as learning in formats, both within and outside 
academic walls is finally being fulfilled.
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The world is going through the biggest pandemic 
of the century of COVID‑19 in almost 2 years. It 
has hit the world by its two biggest waves of alfa, 
beta, and delta. In both the waves, it has shown 
different presentations. The first wave was Novel to 
everyone, as the nature of the other viruses eventually 
SARS‑COV2 also started mutating and the names 
were given as alfa, beta, and delta. In both the waves 
though the mortality was nearly equal, the delta 
wave was more severe due to its presentation which 
was more marked by hypoxia. Both the waves have 
left a big impact on the history of humankind. In the 
amid of all of this, the world has just begun to return 
to its normalancy and was cheerful to welcome 2022. 
Again, the month of November knocked its doors 
with the entry of the new variety of concern (VOC) 
of COVID‑19. On November 24, 2021, South Africa 
reported the identification of the new variant of 
SARS‑CoV2 variant B.1.1.529 in the samples from 
Botswana. On November 26, 2021, WHO named it as 
B.1.1.529 Omicron and classified it as VOC. Since then, 
the cases started increasing Worldwide. U.S. reported 
its first case on December 1, 2021. By December 16, 
2021, Omicron had been detected in 87 countries, with 
many countries reporting community transmission. 
As of today, the world is experiencing Omicron to be 
the dominant variant which has replaced most parts 
with the delta variant with the numbers crossing 
almost over one lakh cases. India has Omicron cases 
over 3000. On January 6, 2022, U.S. witnessed a surge 
of one billion cases of COVID‑19 in a single day. Like 
that, many countries are experiencing almost a third 
wave and some are reaching the peak and according 
to the sources, mostly expecting this to subside within 
6 weeks.[1‑3]

Why Omicron?

Omicron “O” is the 15 letter of the Greek alphabet. As all 
the other viruses SARA‑ COV2 has undergone several 
mutations and all of them are named as alpha, beta, 
gamma, delta, etc., These all viruses are just observed. 
Out of all the varieties, five of them are VOC, those are 
delta and Omicron.

Omicron is highly mutated, known to be highly 
contagious according to the available data, some of which 
are concerning due to predicted immune evasion and 
increased infectivity.

The spike protein of the Omicron variant is characterized 
by at least 30 amino acid substitutions, three small 
deletions, and one small insertion. Notably, 15 of the 
30 amino acid substitutions are in the receptor‑binding 
domain. There are also a number of changes and 
deletions in other genomic regions.

The Omicron VOC has a high number of mutations, while 
the Omicron variant shares a few common mutations 
with the C.1.2 (a highly mutated lineage previously 
identified in South Africa), beta and delta variants, it 
also has 22 additional substitutions (including insertions 
and deletions) not seen in any other VOC or variant of 
interest to date. Among them, the Δ69–70 amino acid 
deletion in the spike gene, previously observed in alpha, 
is known to cause S‑gene target failure on the Taq Path 
COVID‑19 polymerase chain reaction (PCR) test which 
is suspicious of Omicron.[4,5]

From the available data, it is predicted that the number 
of cases will be exponentially high of Omicron cases 
because of its high transmissibility, but the cause for 
rapid spread is still unknown. The reason predicted to 
be from few of the studies, it gets attached to human cells 
very fast, evades immunity. It has got less incubation 
period of 3 days. The virus has shown to replicate in 
the upper respiratory tract, causing less lung damage. 
It is expected to create a herd immunity according 
to epidemiologists, bringing some hope to end this 
pandemic. Although Omicron is highly infectious, it is 
less in severity among the admitted patients compared 
to the delta by the earlier studies by Dr. Nicole Wolter 
in South Africa in early December.

The common symptoms are more of sore throat, throat 
pain, headache, myalgia, fatigue, and fever.

Typical “Flu‑like” symptoms are seen. Loss of taste and 
smell is not observed.

These are all milder forms and do not require 
hospitalization. Few cases require hospitalization if the 
symptoms worsen. The reinfection is observed though 
patients had infection in the past. The diagnosis of Omicron 
requires genome sequencing, reverse transcription–PCR; 
rapid antigen testing remains the mainstay of the toolkit. 
The new kit “Omi‑sure” has been approved for the 
confirmation of the Omicron variant. There should be 
more emphasis on home testing by rapid antigen testing 
and self‑home isolation to combat the spread.

Omicron: The tsunami??

Editorial
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Most of the patients need symptomatic treatment and 
observation.

Home isolation for 7 days has been advised for 
mild/asymptomatic patients, moderate‑to‑severe group 
needs hospitalization

From one of the studies done by Dr. Shiekh et al. in the 
preprint issue of Edinburgh journal explorer, it has shown 
that the booster vaccination is shown some protection 
compared to two doses of vaccination. However 
definitely, vaccination will prevent hospitalization, 
the need for oxygen, and deaths to some extent. From 
many of the earlier studies, the Omicron has shown 
the invasion of the immune system and surpassing the 
vaccine immunity and natural immunity due to the past 
COVID infection. Furthermore, It has been observed 
that the cocktail regimen of monoclonal antibodies 
doesn’t show any effect on Omicron which was earlier 
seen on delta variants. However, few of the monoclonal 
antibodies such as sotrovimab has shown efficacy against 
Omicron. Some of the drugs are recommended for the 
Omicron are molnupiravir, a pill by Pfizer Paxlovid, 
sotrovimab and remdesivir. Promising antiviral in the 
delta wave was remdesivir same has been shown some 
promising results in the Omicron. From one of the studies 
from NEJM, it has shown that early initiation in some 
selected cases with remdesivir on OPD patients has 
prevented the progression to the severity.[6,7]

From one of the studies from South Africa, the cases 
were compared with the delta wave and the results were 
quite astonishing, it is very clear that Omicron causes 
severity, hospital admissions, and deaths almost 2.7% 
of the patient coming to the emergency. Furthermore, 
it is proven beyond doubt that vaccination does not 
prevent the disease but definitely reduces the severity 
and complication due to the virus. The infection was 
more seen in young adults. The admission rate was 41.3% 
from the study which is quite concerning.[1‑3,6,7]

The delta wave has shown the post‑COVID effects 
of lung fibrosis, cardiac involvement, long COVID 
symptoms, and psychological impact.

Economically, socially, also the delta wave has left its 
marks behind. After the wave resides what matters more 
is its physical, mental, and social impact on the society. 
Hence, from the data available, the word of caution is 
it may not be the end of the pandemic as the virus will 
go on mutating till it will become completely weak or 
the world will attain the herd immunity. According 
to the Darvin theory, the virus will mutate, but it will 

not kill the host as it has to survive or else it has to find 
the new host, so it is expected that Omicron will not be 
the last mutation. Eventually, it will become endemic 
like other viruses such as influenza and other viruses. 
The vaccination will definitely protect us. The general 
measures include use of masks, social distancing, and 
COVID‑appropriate measures. The Omicron wave in 
South Africa is fading now, it has replaced the deadly 
delta, and there is a sense of achievement of the herd 
immunity. However, still, the numbers being huge, the 
health‑care system is going to get an overwhelming 
number of patients.[2,3,6‑8]

As the number of cases is very huge, the nation should 
be ready; health‑care system should be strengthened to 
take care of hospitalized patients.

Bhagyashri B. Patil
Department of Respiratory Medicine, KAHER, Jawaharlal 

Nehru Medical College, Belagavi, Karnataka, India

Address for correspondence:  
Dr. Bhagyashri B. Patil, 

Department of Respiratory Medicine, KAHER, Jawaharlal Nehru 
Medical College, Belagavi, Karnataka, India.  

E-mail: bhagyashrisantosh@gmail.com

Received: 08 January 2022,
Revised: 12 January 2022,

Accepted: 16 January 2022,
Published: 24 January 2022

References

1. Wolter N, Jassat W, Walaza S, Welch R, Moultrie H, Groome M, 
et al. Early assessment of the clinical severity of the SARS CoV 2 
Omicron variant in South Africa. medRxiv 2021;12.21.21268116. 
Available from: https://www.medrxiv.org/content/10.1101/2
021.12.21.21268116v1. [Last accessed on 2022 Jan 16]. 

2. Sheikh A, Kerr S, Woolhouse M, McMenamin J, Robertson C. 
Severity of Omicron variant of concern and vaccine effectiveness 
against symptomatic disease: national cohort with nested test 
negative design study in Scotland. 2021 Dec 22. Available from: 
https://www.research.ed.ac.uk/en/publications/severity‑of‑
omicron‑variant‑of‑concern‑and‑vaccine‑effectiveness‑. [Last 
accessed on 2022 Jan 16].

3. Maslo C, Friedland R, Toubkin M, Laubscher A, Akaloo T, 
Kama B. Characteristics and Outcomes of Hospitalized Patients 
in South Africa During the COVID‑19 Omicron Wave Compared 
With Previous Waves. JAMA. Published online December 30, 
2021. Available from: https://jamanetwork.com/journals/jama/
fullarticle/2787776  [Last accessed on 2022 Jan 16]. 

4. Centre for Disease Control and Prevention. Omicron Variant: 
What You Need to Know. Available from: https://www.cdc.
gov/coronavirus/2019‑ncov/variants/omicron‑variant.html. 
[Last accessed on 2022 Jan 16].

5. Meng B, Ferreira IA, Abdullahi A, Akatsuki S, Kimura I, Yamasoba 
D, et al. SARS CoV 2 Omicron spike mediated immune escape, 
infectivity and cell cell fusion. bioRxiv, 2021.2012.2017.473248, 

[Downloaded free from http://www.ijournalhs.org on Tuesday, January 25, 2022, IP: 182.48.231.227]



Patil: Omicron: The tsunami??

Indian Journal of Health Sciences and Biomedical Research KLEU  - Volume 15, Issue 1, January-April 2022 3

Available from: https://www.biorxiv.org/content/10.1101/20
21.12.17.473248v2. [Last accessed on 2022 Jan 16].

6. Gupta A, Gonzalez‑Rojas Y. Early treatment for COVID‑19 with 
SARS‑CoV‑2 Neutralizing antibody sotrovimab. N Engl J Med 
2021;385:1941‑50.

7. Almeida NE, Kalil AC. Molnupiravir: Is it time to move in or 
move out? NEJM Evidence 2021:1‑2. Available from: https://
doi.org/10.1056/EVIDe2100048. [Last accessed on 2022 Jan 16].

8. Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, et al. 
Early remdesivir to prevent progression to severe COVID 19 in 
outpatients. N Engl J Med 2021. Available from: https://pubmed.
ncbi.nlm.nih.gov/34937145/. [Last accessed on 2022 Jan 16].

How to cite this article: Patil BB. Omicron: The tsunami?? Indian J 
Health Sci Biomed Res 2022;15:1-3.

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non-commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

Access this article online
Quick Response Code:

Website:
www.ijournalhs.org

DOI:
10.4103/kleuhsj.kleuhsj_76_22

[Downloaded free from http://www.ijournalhs.org on Tuesday, January 25, 2022, IP: 182.48.231.227]



Biomedicine: 2022; 42(1): 113-116                                                                                                       January - February 2022 

DOI: https://doi.org/10.51248/.v42i1.770                                                                                  Biomedicine- Vol. 42 No. 1: 2022 

Research article 

Nephroprotective effect of black tea extract on cadmium induced male Wistar rats 
 

Venkappa S. Mantur1, Manjunath S. Somannavar 2, Satisha Hegde3, 4, Sunil Vernekar5,  

Kusal K. Das6, Shivaprasad S. Goudar 5 

 
1Department of Physiology, SSPM Medical College and Lifetime Hospital, Kasal, Sindhudurga, 422004, Maharashtra, India 

2 Department of Biochemistry, KAHER, J. N. Medical College, Belagavi, 590001, Karnataka, India 
3KLE Academy of Higher Education and Research, Dr. Prabhakar Kore Basic Science Research Centre,                                    

Belagavi, 590001, Karnataka, India 
4Department of Microbiology, Belagavi Institute of Medical Sciences, Belagavi, 590010, Karnataka, India 

5Department of Physiology, KAHER, J. N. Medical College, Belagavi, 590001, Karnataka, India. 
6Department of Physiology, BLDE University’s Shri B. M. Patil Medical College, Vijayapura,586103, Karnataka, India 

 
(Received: June 2021          Revised: December 2021          Accepted: January 2022) 

 

Corresponding author: Venkappa S. Mantur. Email: venki.mantur@gmail.com 

 
ABSTRACT 

 
Introduction and Aim: Cadmium is an environmental pollutant and potential nephrotoxic to humans. Increase in 

industrialization is the major cause for heavy metal pollution and these heavy metals disrupts physiological 

homeostasis. Chelation therapy will be useful amelioration of heavy metal toxicity. This research was designed to 

understand the nephroprotective properties of black tea extract on cadmium induced renal toxicity in experimental 

rats. 

Materials and Methods: Adult rats were kept into four groups (n=6/group). In that group 1: control group (normal 

saline), group 2: cadmium chloride (CdCl2, 1.0 mg/kg, body weight; intraperitoneal), group 3: black tea extract and 

group 4: cadmium chloride plus black tea extract and processed for histopathology of kidney. 

Results: Supplementation of black tea extract improves kidney architecture of rats exposed with cadmium chloride 

group. 

Conclusion: Black tea extract seems to be nephroprotective against cadmium induced oxidative stress observed in 

experimental rats. 

Keywords: Cadmium; kidney; black tea extract.  

INTRODUCTION 
 

nvironmental pollution is a major global 

problem due to use of xenobiotic chemical 

such as heavy metal. Unrestrained 

industrialization has caused heavy metal 

contamination in the world (1). Organ functions are 

impaired by heavy metal compounds, which alter 

physiological equilibrium (2). Heavy metal 

contamination of environment an extra stress on 

metabolically active tissues and organs. Metals are 

steady, insistent environmental pollutants. Cadmium 

is a metal that is not required for life and has a 

variety of negative health consequences (3). The 

World Health Organization (WHO) has listed several 

chemical groups that are harmful to human health, 

including Cd and Pb (4).  
 
In humans, a variety of metals are likely to trigger 

genetic changes in the target tissues (5). Every year a 

large amount of cadmium is released into the 

atmosphere as a result of industrialization, mining, 

agriculture and urbanization. Cadmium in water and 

food chain continually accumulating, this poses an 

increasing peril to human (6). People are exposed to 

cadmium chloride through various sources like water, 

food, cigarette smoking, consumer products, 

fertilizers etc. (7). Cadmium is one of the maximum 

dangerous and toxic occupational heavy metal in this 

earth. Chronic exposure to cadmium, it reacts with 

cellular biomolecules such as proteins, carbohydrate, 

lipids and it alters the gene expression and apoptosis 

(8).  
 
Cadmium is mainly stored in the kidney and liver due 

to its lengthy half-life (about 12-30 years), and 

prolonged exposure to cadmium can affect multiple 

tissues and organs (9). Acute cadmium exposure has 

been shown to affect the liver and kidneys in Wister 

rats (10).  Oxidative stress is the primary mechanism 

of cadmium toxicity (11). Cadmium causes oxidative 

stress by increasing the generation of free radicals, 

causing DNA damage, raising lipid levels, and 

lowering protein levels (12). Intracellular oxidative 

stress is promoted by reactive oxygen species (ROS), 

which can damage macromolecules and lead to a 

variety of illnesses, including cancer (12, 13). 
 
Heavy metal detoxification from the liver, kidneys, 

and reproductive organs is challenging, and chelation 

E 
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therapies have not proven successful in cases of 

cadmium toxicity. Tea is common beverage in Asian 

countries, and it is a popular brew next to water. 

Polyphenol content of tea is anti-mutagenic, anti-

oxidative and anti-hypercholesteremic (14). Green 

and black teas both have a similar quantity of 

flavonoids, though their chemical structure differs. 

Green teas contain more simple flavonoids known as 

catechins, whereas black tea leaves undergo 

oxidation, which converts these simple flavonoids 

into more complex varieties known as theaflavins and 

thearubigins, which vary depending on the growing 

environment, leaf variety, manufacturing, and 

infusion preparation (15). 

 

During the manufacturing of black tea, a polyphenol 

found in tea leaves (Camellia sinensis L.) that 

contains flavonoids, primarily catechins, 

epigallocatechin-3-gallate, epicatechin-3-gallate, 

epicatechin, epigallocatechin (C, EGCG, ECG, EGC, 

and EC) undergoes oxidation to form theaflavins and 

thearubigens (16). Theaflavin (TF1), theaflavin-

3'gallate (TF2b), theaflavin-3 gallate (TF2a), and 

theaflavin-3, 3'-digallate (TF3) are the four primary 

chemicals found in theaflavines (17). Because of the 

gallic acid moiety and hydroxyl groups, theaflavin is 

a natural antioxidant and metal chelating polyphenol 

found in black tea (18). According to previous 

investigations, Black Tea Extract (BTE) reduced the 

cadmium-induced serum lipid profile and 

hepatocellular damage (19) in rats, therefore the goal 

of this study as to see if BTE could protect rats 

against cadmium-induced kidney histopathological 

changes.  
 
MATERIALS AND METHODS 

Breeding of animals and care were carried out in 

accordance with Government of India standards to 

use laboratory animals (20). Experiments were 

carried out after getting approval from the 

institutional animal ethical committee 

(1169/ac/08/CPCSEA). Adult male Wister rats 

(160±10g) were placed into four groups: group 1, 

control; group 2, cadmium (1 mg/kg, i.p.) (21); group 

3, black tea extract (2.5g tea leaf/dl of water, 

equivalent to 2.5 percent black tea extract); and group 

4, cadmium and BTE combined for 21 days. 
 
Preparation of 2.5 % Aqueous BTE  

25 grams of black tea leaves were steeped for 15 

minutes in 500mL of boiling water. After cooling to 

room temperature, the infusion was filtered. The 

residues of the same black tea leaves after a second 

extraction with 500mL boiling water. Combining 

both filtrates yielded a 2.5 percent aqueous black tea 

extract (2.5 g black tea leaf/100mL water) (22). 

 

For the histopathology evaluation, each rat's kidney 

was stored in a 10 percent neutral buffered formalin 

solution. In addition, each rat kidney was processed 

and sectioned by typical histological techniques. 

Serial slices of 5 mm were obtained from tissue 

blocks after the samples were sunk in paraffin. Three 

slides were made for each rat and stained with 

hematoxylin and eosin. The preparations were 

photographed and assessed under a photomicroscope. 

RESULTS 

The histological structure of the untreated normal 

kidney (group 1) was normal as per Fig. 1 (a) and (b).  
Glomeruli are affected focally and segmentally in 

group 2 (cadmium), glomeruli are hypercellular with 

glomerular basement membrane thickening and 

mesangial proliferation, mesangial hyalinosis and 

sclerosis, tubular basement membrane mild 

thickening, cloudy swelling, degeneration, atrophy, 

coagulation, and interstitial necrosis focal with 

dilated and congested vessels in Fig. 2(a) and (b). In 

group 3 (BTE), the architecture was normal, and the 

kidney appeared normal Fig. 3 (a) and (b). In group 4 

Glomeruli are mild-hypercellular and show mild 

glomerular basement membrane thickening, mild 

mesangial, focal tubular basement membrane mild 

thickening with increased cytoplasmic and interstitial 

focal inflammation as shown in Fig. 4 (a) and (b). 

After hematoxylin and eosin staining, representative 

photomicrographs of rat kidney sections are shown. 

                            

                                                          
(a)                                                                                                     (b) 

Fig. 1: Histopathological section of control group1 (a) 10X and (b) 45X 
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(a)                                                              (b) 

Fig. 2: Histopathological section of cadmium group2 (a) 10X and (b) 45X 

 

 

           
(a)                                                                            (b) 

             Fig. 3: Histopathological section of black tea extract group 3(a) 10X and (b) 45X 

 
 

                                         
          (a)                                                                                  (b)  

             Fig. 4: Histopathological section of cadmium plus black tea extract group4 (a) 10X and (b) 45X 

 

DISCUSSION 

This study showed cadmium induced alteration of 

kidney histology and reflects a clear sign of cellular 

damage in glomerulus of the kidney. The kidney 

showed severe congestion, focal hemorrhage and 

hydropic degeneration of renal tubules epithelium, 

alternative areas of activation and depletion of 

hematopoietic element after cadmium exposed group 

2. Toxicity induces the nitric oxide synthase (iNOS) 

level and affects the renal physiology (23). BTE is 

helpful in averting cadmium-induced lipid alterations 

(19) 
 
Many studies have shown that low-dose cadmium 

exposure disrupts the redox equilibrium, induces 

apoptosis, and damages the kidneys. Cadmium limits 

Fe+ absorption from the intestine, which leads to 

decreased activity of Fe+-containing catalase and an 

increase in ROS generation and lipid peroxidation, all 

of which contribute to oxidative stress, mitochondrial 

damage, and kidney dysfunction (24). Some data 

showed that dietary cadmium intake is associated 

with chronic kidney diseases in cadmium polluted 

area (25).  

 

Furthermore, cadmium is a dangerous heavy metal 

that induces degenerative histopathological 

alterations in the kidneys. According to this study, 
simultaneous BTE treatment may help to reduce renal 

degeneration. 
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CONCLUSION  
 
In male Wister rats, black tea extract was found to be 

effective in reducing cadmium-induced impaired 

kidney cellular damage. 
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ABSTRACT  
 
Introduction and Aim: Any imperfection that occurs during any stage of the testing process is described as 

laboratory error. Increasing requirements of biochemical tests, numerous patient samples and automation has 

forced laboratory work to be carried out at a faster speed. Few studies are shown to investigate the influence of 

settings of centrifugation of less than 10 minutes on the laboratory result in serum. Thus, our study was aimed to 

see the effect of centrifugation force and time on the analysis of lactate dehydrogenase(LDH) and potassium from 

serum samples.  
 
Methodology: Samples were collected from 61 healthy volunteers. 5ml was taken in two separate BD vacutainer 

serum tubes. Tube 1 was centrifuged for 2000g for 10 minutes, tube 2 for 5 minutes 3000g, and analysed for LDH 

and potassium.  
 
Results: A significant difference was observed between 5 min (U/L) (3000g) and 10 min (U/L) (2000g) with LDH 

and 5 min (mmol/l) 3000g and  10 min (mmol/l) 2000g with potassium. 

  

Conclusion: LDH and potassium levels were found to be raised by increasing the centrifugal force to 3000g. 

Hence, the standard centrifugation protocol of 10 min at 2000 or 2500 rpm is to be followed to get the accurate 

results.  
 
Keywords: Turnaround time; centrifugation; lactate dehydrogenase; potassium. 
 
INTRODUCTION  
        

atient safety has finally received medical and 

public attention over the past 10 years, with the 

release of the Institute of Medicine (IOM) 

report To Err Is Human (1). Any imperfection which 

occurs at any stage during the process of testing, 

which includes ordering tests, reporting results, and 

also any factors influencing the quality of services of 

laboratory has been described as a laboratory 

error(2). Depending on what step of the testing 

process they occur in, errors are categorised by 

Karkalousos and Evangeloupos. In other words, 

errors can happen at any moment of the analytical 

process, including the pre-, during, and after stages 

(3). Errors affect the reproducibility, precision, 

accuracy and repeatability of the test results. 
 
According to numerous publications published in the 

last few years, the pre- and post-analytical stages are 

more prone to errors than the analytical phase. This 

made laboratory specialists pay attention to this 

problem. With this, the general public and the 

medical community were made aware of patient 

protection. The only phase of analysis that is 

normally under laboratory control is the analytical 

phase; in contrast, the stakeholder and the laboratory 

are typically both responsible for the pre- and post-

analytical phases (4). Both the analytical phase and 

the post-analytical phase of laboratory processing 

used new ways for reducing laboratory error. 

However, it has been observed that compared to test 

phases, the pre and post stages of analysis are a little 

more prone to errors (1). 
 
With a reported prevalence of 3.3%, in vitro 

hemolysis is probably the most typical pre-analytic 

issue in laboratory medicine (5). Invisible hemolysis 

must be identified at an earlier point in the inquiry 

process since it is a significant contributor to 

misleading outcomes. Numerous biochemical tests, 

patient samples in abundance, and laboratory 

automation are all under increasing pressure to be 

completed at a faster rate. 
 
Higher gravitational forces during centrifugation 

might generate mechanical stress that can lead to in-

vitro hemolysis, which can unnecessarily increase 

serum analyte concentrations and interfere with 

several lab tests (6). 

Another important known pre-analytical source of 

variation that can influence the results of laboratory 

tests in particular is centrifugation of samples. After 

spontaneous clotting, centrifugation of the serum 

sample should be done for at least 10 minutes at 

1300-2500 g, according to clinical & laboratory 

standard institute (CLSI) guidelines and World health 

organization (WHO; 7). The centrifugation 

P 
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specifications of Relative Centrifugal Field and Spin-

time are generally supplied by manufacturers (8). 
 
The consistency of the sample can be impacted by a 

delay in centrifugation, which can produce unreliable 

results (9). Even though manufacturers and 

guidelines advocate a 10-minute (or longer) 

centrifugal time sample, shorter centrifugation 

periods have been used in studies to reduce TAT 

(10). Any analyte with a plasma or serum 

concentration that is lower than that of red blood 

cells is likely to increase in the case of hemolysis 

(11). Variations in potassium (K) findings are 

particularly important because they may misidentify 

a situation as potentially life-threatening and lead 

doctors to modify unnecessary treatments (12). 
 
Only few studies are shown to investigate the 

influence of settings of centrifugation of less than 10 

minutes on the laboratory result in serum. Few 

studies have shown higher values for analytes like 

lactate dehydrogenase (LDH) and potassium (K+) 

after centrifugation for a longer time and force but 

few studies have also shown no influence of 

centrifugation time and force on these analytes. Thus, 

our study was aimed to see the effect of 

centrifugation force and time on the analysis of 

potassium and lactate dehydrogenase from serum 

samples. 
 
MATERIALS AND METHODS 
 
Source of data  

 

The study was conducted using the samples obtained 

from Medical College and Hospital. Venous blood 

sample was collected from 61 healthy volunteers 

during the period September 2020 – march 2021. 
 
Inclusion criteria 
 
Blood was taken from healthy individuals who were 

willing to participate in the study, between the age 

group 20-60 years. 
 
Exclusion criteria 
 
Lipemic samples  
 
Sample collection and processing 
 
As shown in the Figure 1 shown below 5 ml of blood 

sample was collected from healthy individuals by 

experienced phlebotomists. During collections of 

samples, two samples were collected from each and 

every volunteer in two BD vacutainer serum tubes 

each containing 2.5 ml of sample, in a random order 

from one venepuncture, Tube 1 was centrifuged for 

2000g for 10 minutes, tube 2 was centrifuged for 

3000g for 5 minutes, and analysis was done for both 

lactate dehydrogenase and potassium. Values 

obtained were compared. Same procedure was 

carried out for all samples after obtaining written 

informed consent from the healthy volunteers. All 

serum samples were analysed by using the semi-

automated analyser from Erba Mannheim, chem – 5 

from Erba Diagnostics Mannhelm Germany. 

 

 
Fig. 1: Flow chart showing the method of analysis. 

 

Method of analysis of lactate dehydrogenase and 

potassium (Fig. 1) 

 

Lactate dehydrogenase was estimated using U V 

Kinetic method using a kit called Liqui CHEK by 

AGAPPE Diagnostics Kerala, India (13-15). 

Potassium levels were measured using selective 

electrode method from Roche Electrolyte Analyzer 

9180: Roche Diabetes Care, Inc. Switzerland (16). 

 
Ethical approval  

 

The present research study involving the human 

participants was performed according to the ethical 

standards of the institutional research committee and 

was approved by Institutional ethics committee 

(MDC/DOME/369/17/07/2020). 

 

Statistical analysis 

 

All statistical analysis were conducted using 

Statistical Package for Social Sciences (SPSS 

V.17.0). Continuous variables were analysed by 

measures such as mean; standard deviation and 

statistical significance was tested by dependent 

sample t test. 

 

RESULTS  

The mean age group of the subjects whose blood was 

collected for estimation ranged from 21 to 36 years 

(Table 1). 
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Table 1: Age groupwise distribution 
Age groups (in years) Number Percentage 

21-25 26 42.62 

26-30 17 27.87 

>=31 18 29.51 

Total 61 100.00 

Mean 28.85 

SD 7.22 

 

 

Table 2: Values of lactate dehydrogenase (LDH) and potassium at 5 min (U/L; 3000g) and 10 min (U/L; 2000g) 
Parameter Duration Min Max Mean SD 95% CI for mean 

Lower Upper 

Lactate    

Dehydrogenase 

5 min (U/L) (3000g) 64.12 464.00 260.85 78.09 240.85 280.85 

10 min (U/L) (2000g) 48.09 412.00 213.14 73.18 194.40 231.89 

Potassium 5 min (mmol/L) (3000g) 3.80 10.86 4.91 1.25 4.59 5.23 

10 min (mmol/L) 

(2000g) 

3.20 10.23 4.81 1.24 4.49 5.13 

 

 

Table 3: Comparison of the levels at 5 min (U/L; 3000g) and 10 min (U/L; 2000g) by dependent test 
 

Parameter 

Stages Mean Mean 

Diff. 

SD 

Diff. 

95% CI for 

mean Diff. 

t- value p- value 

Lactate 

Dehydrogenase 

5 min (U/L) (3000g) 260.85  

47.71 

 

43.62 

 

36.53 

 

58.88 

 

8.5419 

 

0.0001 10 min (U/L) (2000g) 213.14 

Potassium 5 min (mmol/L) (3000g) 4.91 0.10 0.23 0.04 0.16 3.3927 0.0012 

10 min (mmol/L) (2000g) 4.81 

 
As shown in the tables 2 and 3, the results of the 

study showed a significant difference in the levels of 

lactate dehydrogenase (LDH) at 5 min (U/L; 3000g) 

and 10 min (U/L; 2000g) (t=8.5419, p<0.05) at 5% 

(level of significance). The mean lactate 

dehydrogenase (LDH) levels are significantly higher 

in 5 min (U/L; 3000g) as compared to 10 min (U/L; 

2000g).  

 

There was significant difference in the values of 

potassium, at 5 min (mmol/L; 3000g) and 10 min 

(mmol/L; 2000g) (t=3.3927, p<0.05) at 5% (level of 

significance). Thus, the mean potassium levels are 

significantly higher in 5 min (mmol/L; 3000g) as 

compared to 10 min (mmol/L; 2000g).  
 
DISCUSSION   
 
Improving turnaround times (TAT) is a challenging 

process that calls for planning, equipment, personnel 

training, and procurement. The entire process, from 

ordering the tests to reporting the results, should be 

tracked, and improvements should be made (17). 
 
A study conducted by Monneret et al., followed 

centrifugation settings of 5 min at 3000g for all 

immune and general chemistry, but results are varied 

only with LDH, and they found that increased LDH 

results after centrifugation for 5 min at 3000g which 

is in accordance with this study.  The reason for 

increased values of LDH is due to higher g force 

which lead to in vitro hemolysis (18) which is due to 

increased centrifugal force (mechanical stress). 
 

Another study conducted by Lippi et al., showed that 

reducing time of centrifugation has no significant 

changes on hemolysis index, suggesting that there 

may be other reasons for hemolysis, which is not in 

agreement with our study (19). 
 
A study conducted by Mieke et al., showed no 

influence when the pre- analytical centrifugation time 

was changed between 10-15 min at 1885g. Their 

findings indicate that minimizing centrifugation time 

between 10 to 15 min at same centrifugal force 

(1885g) can be useful without affecting the results of 

the serum samples which is contradictory to our 

results, because the centrifugal force applied here is 

lesser than 2000g (20). 
 
Limitations of the study 
 
For further scope of the study, we can look for the 

hemolysis index after varying the centrifugation time 

and force. 
 
CONCLUSION 
 
The levels of lactate dehydrogenase and potassium 

increased by increasing the centrifugal force to 3000g 

in this study. The faster turnaround time met by 

shorter centrifugation times lead to false higher 

values. Hence, the standard centrifugation protocol of 
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10 min at 2000 or 2500 rpm is to be followed to get 

the accurate results of the analytes. 
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Estimation of sodium intake using spot 
urine samples in urban South Indian 
set up: A cross sectional study
Aman Jain, Smita S. Sonoli, Reshma D. Channashetti

Abstract:
BACKGROUND AND OBJECTIVE: Obesity has been linked with various factors and one of them 
is the amount of sodium intake by an individual. Spot urine examination is an accepted method of 
sodium estimation which is accurate, patient compliant and reliable. Hence, the study plans to assess 
the sodium intake by analyzing spot urinary sodium in normal, overweight, and obese individuals and 
also to compare and correlate urinary sodium with body mass index (BMI) and waist‑hip ratio (WHR).
MATERIALS AND METHODS: A cross‑sectional study was conducted on 90 individuals grouped 
into normal, overweight, and obese categories in an urban set up. The Kawasaki formula was used 
to estimate urinary sodium excretion per day. Comparison between the BMI, WHR, and sodium 
intake per day for all the categories were done using ANOVA. Pearson’s correlation coefficient was 
calculated to find the correlation between the sodium intake per day, BMI and WHR. A P < 0.05 was 
considered as statistically significant.
RESULTS: Total sodium intake per day by obese individuals was 316.69 ± 170.86 (mEq/day) 
with the P = 0.0645  using Kawasaki formula. According to Kruskal–Wallis test, there was no 
statistical difference between values of sodium intake between normal, overweight, and obese 
categories (P > 0.05). However, significant positive correlation was noted between BMI and sodium 
intake (P < 0.05) and that of WHR and sodium intake (P < 0.05).
CONCLUSION: Sodium intake was positively correlated with the indices of obesity (BMI and WHR) 
and was found to be an independent risk factor for obesity.
Keywords:
Body mass index, Kawasaki formula, obesity, sodium chloride, urine biomarker, waist‑hip ratio

Sodium is an essential nutrient in the 
human body since it regulates various 

homeostatic functions, i .e. ,  osmotic 
equilibrium, blood pressure, etc.[1] Sodium 
chloride accounts for majority of dietary 
sodium intake, as it is used as a seasoning 
and preservative, with processed foods 
being the largest contributor.[2] However, like 
every coin has two sides, excessive sodium 
intake has its own set of consequences. It has 
long been known to expose an individual to 
increased risk of cardiovascular morbidity 
and mortality, particularly by increasing 

the blood pressure and hence causing 
hypertension.[3] Reducing the salt intake in 
population is one of the more efficient and 
cost‑effective ways to reduce the burden 
of cardiovascular diseases which will 
ultimately result in a major improvement 
in public health.[4,5] Recent observational 
studies highlights a possible relationship 
between sodium and obesity independent 
of higher caloric intake.[6‑8] Biological 
plausibility of this link has to be explored; 
high levels of sodium are associated with 
increased adipocyte mass and insulin 
sensitivity in rats and increased insulin 
resistance and prevalence of metabolic 
syndrome in humans.[9,10] These observations 
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and known facts directs to a need for extensive evaluation 
of the association between sodium and obesity. It would 
help in a more complete understanding of the effects 
of reduced sodium intake beyond treating traditional 
cardiovascular diseases.

Urine biomarker (24‑h urine sample, spot urine sample) 
data tends to capture all the sources of sodium 
intake which an individual often cannot recall and 
hence are more accurate than the dietary recall 
method.[11] Accurate estimation of dietary salt intake 
is often inaccurate because it is difficult to estimate 
the amount of salt added during cooking, amount of 
food left in plate and the amount of salt in water. The 
measurement of 24‑h urinary sodium excretion is the 
preferred method, as it is the gold standard.[4] However, 
it can be expensive and cumbersome as it is dependent 
on various factors such as willingness of the person and 
shows person to person variability. In addition, 24‑h urine 
excretion method does not account for electrolyte loss 
other than that through kidneys, for example, through 
sweat. Therefore, even 24‑h urine collection method 
underestimates sodium intake to an extent. Recently, it 
has been brought to light that the spot sample, carried out 
in the morning after overnight fasting, was closely related 
to the 24‑h sample.[12] Collection of spot urine samples 
offer a considerably cheaper alternative but has not been 
studied extensively for use in measuring sodium intake.[12] 
Patient compliance to this method is also expected to be 
more when compared to 24‑h urine collection method.

Few studies have tried to establish a relationship between 
obesity and sodium intake taking into consideration 
24‑h urine sample, through 24‑h urinary sodium levels. 
Although morning spot urinary sodium levels also 
give same results. Kawasaki formula is one of the most 
accurate formulas which utilizes spot urinary sodium 
to estimate 24‑h sodium intake by an individual. It 
takes the spot creatinine concentration as a measure of 
urine concentration.[13] To the best of our knowledge, no 
study has been done using any antecedent spot urine 
sodium analysis in obese patients. Thus, the current 
study embarks on estimating dietary sodium intake 
using spot urine samples in normal, overweight, and 
obese individuals with the help of the Kawasaki formula. 
Furthermore, the study also aims at comparing and 
drawing a correlation between urinary sodium, body 
mass index (BMI), and waist‑hip ratio (WHR). By doing 
so the study aspires to determine the feasibility and 
validity of dietary sodium intake in spot urine samples 
as a potential risk factor for obesity.

Materials and Methods

Community‑based cross‑sectional study was conducted 
over a period of 2 months (June 2015–July 2015) on 

90 individuals selected by random sampling at the 
urban health center in Belgaum, Karnataka, India. Study 
participants were then categorized into three groups of 
normal, over‑weight, and obese, with 30 individuals 
in each. The minimal sample size required for the 
comparison of three groups, factoring in a type I error 
of 0.05 and power of 80%, and anticipating a medium 
effect size, the number of participants for each group 
was estimated to be 28. Therefore, the sample size was 
taken as 30 each for normal, overweight and obese 
categories. The samples were analyzed in the National 
Accreditation Board for Testing and Calibration 
Laboratories (NABL) accredited HI‑TECH Biochemistry 
laboratory. In each of the three groups, ages of the 
participants ranged between 35 and 45 years. Patients 
with no previous history of hypertension and/or 
diabetes mellitus and availability of recently collected 
samples were included in the study. While the presence 
of kidney disease, hypertension and/or diabetes 
mellitus, obesity resulting from endocrinal disorders 
constituted the exclusion criteria.

Method of data collection
Institutional ethical committee clearance was obtained 
on May 27, 15 from Institution Ethics Committee 
on Human subject’s research. People willing to 
participate in the study and who fit into our inclusion 
criteria were identified and written informed consent 
was taken from them. Their height and weight 
measurements were taken according to the World 
Health Organization (WHO) classification of BMI for 
Asian population.[14]

Height was measured with a non‑elastic tape to the 
nearest centimeter. The measurement of subject’s body 
height was done with their back against the wall with 
the help of ruler.[15]

Weight was measured with a portable electronic balance 
that was kept on a firm horizontal surface to the nearest 
0.1 kg.[15] The electric balance was switched on 30 min 
prior to calibration every day, and was calibrated by 
measuring and recording standard weights across the 
range of the scale. BMI was calculated using Quetelet’s 
index.[14] Once subgrouped into obese, overweight and 
normal weight, waist circumference (WC) and hip 
circumference (HC) were measured following standard 
protocol and then WHR was calculated.

WC was measured using non‑elastic measuring tape 
as the smallest circumferences of the natural waist at 
minimal respiration.[16]

Hip circumference was taken at the widest part 
of the buttocks. Measurements were made to the 
nearest 0.1 cm.[16]
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A labeled wide mouth universal sterile container was 
given to each participant. They were instructed to collect 
about 5–10 ml of 8‑h overnight fasting midstream urine 
sample in the morning. The container was collected from 
them the following morning and was taken to NABL 
accredited HI‑TECH biochemistry laboratory for the 
estimation of sodium and creatinine values.

Methods of estimation
The spot urine samples collected were processed using 
Ion Selective Electrode by Roche diagnostic Analyzer 
and Jaffe’s method based SIEMENS Dimension auto 
analyzer for estimating urinary sodium and urinary 
creatinine, respectively.[17] Predicted 24‑h urinary 
creatinine (PRCr) (mg/day) in samples was calculated 
by the following equation.[18]

( ) ( )

( )
( ) ( )
( )

mg
PRCr  = ‑12.63×Age  Years +15.12× Weight  kg

day

+7.39×Height  cm ‑ 79.90 for Males. 

= ‑4.72×Age  Years + 8.58× Weigh  kg

+5.09×Height  cm ‑ 74.50 for females. 

 
 
 

The calculated values were substituted in the Kawasaki 
formula to find out urinary sodium excretion per day[13]

mEq
Urinary sodium excretion 

day

mmol
16.3× spotsodium ( )

l
mg

× PRCr( )
day

= 
mmol

spot creatinine ( )
l

 
 
 

Statistical analysis
Data analysis was done using software package of social 
sciences (SPSS) trial version 16 in an Excel sheet. All the 
numerical values were summarized as mean ± standard 
deviation with P < 0.05 considered as level of significance. 
Chi‑square test was done for the male/female ratio. 
Comparison between the means obtained for BMI, WHR 
and sodium intake per day for the three categories, 
i.e., normal, over‑weight and obese was done using 
ANOVA. Pearson’s correlation coefficient was derived 
to see for the correlation between the sodium intake per 
day, BMI and WHR.

Results

The current study monitored 90 individuals aged 
between 35 and 45 years for an association between 
dietary sodium intake detected via spot urine samples 

and obesity. Out of the 90 individuals enrolled, a male 
preponderance of 56 individuals over 34 females was 
observed.

Although age was found to be an insignificant factor, 
but a significant difference was found in the gender 
distribution across the study groups with X2

2 = 6.334 and 
P = 0.0421 as presented in Table 1. ANOVA analysis of 
BMI (kg/m2), WHR (WC/HC) and sodium intake per 
day (mEq/day) of the three groups revealed a significant 
association of BMI (P < 0.0001) and WHR (P < 0.0114) 
with obesity.

BMI was significantly higher in overweight and 
o b e s e  i n d i v i d u a l s  a s  c o m p a r e d  t o  n o r m a l 
individuals (P < 0.0001). WHR also changed significantly 
among the three categories (P < 0.05). Post hoc Tukey 
honestly significant difference test demonstrated that 
mean of WHR of overweight (P = 0.0238) and obese 
individuals (P = 0.0263) were significantly different 
from normal weight individuals however WHR of 
obese individuals did not significantly differ from that 
of overweight individuals (P = 0.9991). However, there 
was no statistical difference between values of sodium 
intake between the three categories, i.e., normal weight, 
overweight, and obese (P > 0.05).

On deriving “r” value with the help of Pearson’s 
correlation coefficient, BMI and WHR correlated 
positively with sodium intake [Table 2]. Figure 1 
provides a graphical representation of the strong positive 
correlation of sodium intake with significant BMI and 
WHR variables.

Discussion

With over 1.9 bill ion overweight adults and 
650 million individuals grappling with obesity globally, 
understanding the root of this metabolic dysfunction 
is crucial.[19] In a populous country such as India, 
obesity prevalence rates of 11.8%–31.3%, impose an 
inordinate medical and financial burden on the public 
expenditure.[19] Therefore, critical analysis of the 
causes and its effects constitute the need of the hour. 
Salt is the major contributor of sodium to our body. 
High sodium intake is one of the risk factors for the 
development of overweight and obesity related disorders 
and comorbidities like hypertension, cardiovascular 
disorders, etc.[19] Existing literature pertaining to sodium 
intake among populations mostly revolve around 
24 h urinary sodium extraction method. Considering the 
absence of a study explicative of the salient association 
between sodium intake and obesity especially among 
the Indian population, the need for this study was felt. 
Hence, this study set out to evaluate the potential of 
dietary sodium intake estimated by spot urine samples 
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as a risk factor for obesity, while taking into account the 
BMI and WHR.

The studies done in western population have shown 
that sodium intake acted as an independent risk factor 
for obesity.[15‑18] In the present study, with the shift of 
category from normal weight to overweight to obese, 
there was an increase in sodium intake estimation 
values. However, statistical significance could not be 
achieved. This trend between sodium intake of normal, 
over‑weight and obese individuals could be due to 
the small sample size of our study. Healthy lifestyle 
habits encompassing diet and exercise inculcated by the 
urban population studied, owing to greater awareness 
could have also played a role. Voluntary reductions in 
dietary sodium intake, or low‑calorie diet and loss of 
sodium through sweat during routine exercise have 
been shown to have a positive influence in balancing 
sodium levels.[20,21]

Association of demographic characteristics such as age 
and gender with dietary sodium intake showed varied 
results. Age was not found to influence dietary sodium 
intake, while gender was observed to be a significant 
factor. Higher dietary sodium intake was noticed 
among males in the normal and overweight categories; 
however, among the obese category an equivalence of 
genders was seen. These findings are in consonance 
with the observations of Li et al. who reported that 
age did not show any notable variance, in contrast to 
gender wherein higher urinary sodium levels were 
more prevalent among males than females.[22] A review 
article by Cogswell et al. also echoes a similar finding of 
increased urinary sodium excretion in males compared to 
females on investigating 13 prospective cohort studies.[23]

We observed a certain positive correlation between BMI 
and sodium intake (P < 0.05) and between WHR and 

sodium intake (P < 0.05). Previous studies have reported 
that increasing intakes of sodium (salt) obligatorily 
produce a progressive increase in thirst. The progressive 
increase in the average intake of salt explains the 
observed concomitant increase in the intake of beverages 
which, in turn, has caused a marked net increase in the 
intake of calories during the same period.[24] The use of 
different measures of body size (BMI and WHR) and 
their similar positive correlation with obesity lends 
credibility to this research. Although fairly accurate, 
overnight fasting spot urine samples are yet to be 
established as an equally accurate method as 24‑h urine 
sample method to determine the sodium intake of an 
individual which could have caused the results to vary 
from the trend observed with other studies, i.e., positive 
correlation between sodium intake between normal 
weight, overweight, and obese individuals. Furthermore, 
the reverse situation cannot be ruled out, i.e., obesity 
related metabolic syndrome could cause more urinary 
sodium excretion in an individual. The findings of this 
study could have been further enhanced by a parallel 
comparison of dietary sodium intake estimated using 
24h urine samples and spot urine samples. Incorporating 
a lifestyle survey enquiring about the frequency and 
intensity of physical exercise practiced, if any and general 
dietary preferences of participants could have ruled out 
confounding factors.

Immediate outcome of the study
Sodium intake was positively correlated to BMI 
and WHR, i.e., as sodium intake increased among 
individuals, a concomitant increase in BMI and WHR 
was observed (measures of obesity).

Intermediate outcome of the study
Studies with larger sample size will endorse our study. 
In the present scenario, test for estimation of sodium 
intake is not prescribed routinely even for hypertensive 
patients. Also, patient compliance needs to be kept 
in mind. Newer and more accurate patient friendly 
techniques for estimation of sodium intake need to be 
developed so that a consultant can take into account 
a patient’s sodium level when he visits an outpatient 
clinic. Further studies need to check the credibility of 
spot urinary sodium measurement as a measure of 

Table 1: Sociodemographic details of the participants
Normal weight (n=30) Over‑weight (n=30) Obese (n=30) P

Age (years) (mean±SD) 38.2±3.92 38.6±3.88 40.07±4.05 0.1231
Gender (%)

Male 17 (56.67) 24 (80) 15 (50) 0.0421*
Female 13 (43.33) 6 (20) 15 (50)

BMI (kg/m2) 20.89±1.53 25.33±1.84 29.57±1.2 <0.0001*, KW

WHR (WC/HC) 0.9±0.04 0.94±0.05 0.93±0.05 0.0114*
Sodium intake (mEq/day) 249.08±72.15 302.71±182.37 316.69±170.86 0.0645KW

*Significance, KwKruskalWallis test. BMI=Body mass index, WHR=Waist‑hip ratio, WC=Waist circumference, HC=Hip circumference, SD=Standard deviation

Table 2: Pearson’s correlation coefficient in sodium 
intake versus body mass index; versus waist‑hip 
ratio
Variables r P
Sodium intake versus BMI 0.27 0.0110*
Sodium intake versus WHR 0.25 0.0193*
*Significance. BMI=Body mass index, WHR=Waist‑hip ratio
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sodium intake and try if serially monitored spot urine 
samples, for example, overnight fasting spot urine 
samples for 7 continuous days of a week can provide 
better results.

Long term outcome of the study
If the relationship between sodium intake and risk for 
developing obesity is established independent of other 
factors, the same can be suggested to the governing 
body (WHO) and local government scan take up the 
necessary measures for the moderation of the sodium 
in preservatives and other food items.

In this study, sodium intake was measured indirectly 
by the estimation of its excretion in overnight fasting 
spot urine samples. Males were found to consume 
elevated levels of sodium in their diet in comparison to 
females. Sodium intake was positively and significantly 
correlated with the indices of obesity (BMI and WHR) 
and was found to be an independent risk factor for 
obesity.

Conclusion

Sodium intake was estimated indirectly by measuring 
sodium and creatinine concentrations in overnight 
fasting spot urine samples and substituting the values 
in Kawasaki formula. This method was used because it 
is non‑cumbersome and has better patient compliance 
compared to dietary recall, which is often considered 
vague and inaccurate. The measurement of 24‑h urinary 
sodium excretion is the gold standard. However, it is 
expensive and willingness of the person is a concern. 
Sodium intake was positively and significantly correlated 
with the indices of obesity (BMI and WHR) and was 
found to be an independent risk factor for obesity, but 
statistical significance could not be achieved. Further 
studies can be taken up with larger sample size to 
establish the significance.
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Sir,
Das et al.[1] have compared the externalizing psychopathology 
and cognitive functions in patients with early-and late-onset 
alcohol dependence. We found the study interesting and 
relevant; however, we have some comments about its 
methodology and external validity.

The participants with <8 years of formal education were 
excluded from the study. This is a major concern, as there 
is sufficient evidence that the individuals with externalizing 
psychopathology have higher school dropouts and 
lesser educational qualification,[2] leading to selection 
bias.[3] Authors have also included patients diagnosed with 
alcohol-induced psychosis and have followed them up till 
their “condition became clinically stable.” The presence 
of cognitive symptoms (at least residual) secondary to 
psychosis cannot be ruled out here.

The flowchart depicts the various medications that the 
participants were started on after being enrolled in the study, 
namely benzodiazepine (chlordiazepoxide, oxazepam, 
and lorazepam), anticraving agents (acamprosate), or 
zolpidem. However, there is no information about any other 
psychotropics such as antipsychotics or antidepressants 
(except trazodone) if patients were on. This is important as 
these medications can also affect the cognitive functioning.

Although the study design of this study appears to be of 
a cross-sectional study, there are few points that create a 
doubt such as the mention of dropout rates and cognitive 
functions being measured 2 months after the recruitment.
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Abstract Background Most patients admitted in day care center are suffering from schizo-
phrenia who do not recover fully due to nagging negative symptoms and cognitive
deficits which linger and persist making the patients unfit and unacceptable for
employment. But regular employment can help in recovery. In this way, day care
centers would help in recovery of patients and hence the need for these kinds of
centers. In India, day care centers are in infancy stage and to a larger extent are
inadequately used. There is no data available from psychiatry day care center run as
public–private partnership (PPP) project in a tertiary care general hospital psychiatry
unit (GHPU). This model is first of its kind in India. Here, we narrate experiences gained
in last 2 years.
Objectives This article narrates the challenges and opportunities in a psychiatry day
care center in PPP model.
Materials and Methodology It a cross-sectional study.
Description of day care center: Day care center was started as PPP model called
Manasadhara model in the state of Karnataka, first of its kind in India.
Recruitment Patients currently asymptomatic are recruited into the center after
initial interview/assessment of patients and family members from the in-charge
psychiatrist after obtaining informed consent.
Statistical Analysis Data are analyzed using mean and median mode. A p-value
of< 0.05 was considered significant. Appropriate statistical methods were applied.
Results Total number of patients recruited in the study were 33 (n¼ 33). Mean age of
the patients was 34.5 (7.4) years.
Majority (51.52%) of patients were in the age group of between 26 and 35 years.
Majority (51.52%) of patients’ age of onset of illness fell between 21 and 30 years, and
63.64% of patients’ duration of illness ranged between 11 and 15 years.
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Introduction

In 1930, day care centers started in the Union of Soviet
Socialist Republics as an alternative to hospitalization. By
1950s, it became popular in the West and was seeing its
success by 1970s. Later these centers started becoming
unpopular as it was presumed that home care treatment
was more appropriate and cost effective.1

The term “day care” is not easily defined and is best
clarified by first defining the functions of day care and
then relating these to the various structures to provide
them: to provide an alternative to inpatient care, shorten
its duration and promote recovery, and maintenance in the
community. These three functions can be provided by day
care programs from three different sources: day hospitals,
employment services, and social care facilities.2

In the West by 1930s process of deinstitutionalization
began to promote social inclusion of mentally ill patients. To
overcome the problems faced, community mental health
services were started but soon led to failure due to two
reasons, one is that there were set of patients who did not
improve and other reason being poor implementation of the
services. To overcome these, concept of rehabilitation was
developed.3

Most patients admitted in day care center suffer from
schizophrenia who do not recover fully due to nagging
negative symptoms and cognitive deficits which linger and
persist making the patients unfit and unacceptable for the
employment. But regular employment can help in recovery.
In this way day care centers would help in recovery of
patients and hence the need for these kind of centers. In
India day care centers are in infancy stage and to a larger
extent are inadequately used.4 There is no data available
from psychiatry day care center run as public–private part-
nership (PPP) project in a tertiary care general hospital
psychiatry unit (GHPU). This model is first of its kind in
India. Here, we narrate experiences gained in the last 2 years.

Aims/Objectives

To narrate the challenges and opportunities in a psychiatry
day care center in PPP model.

Methodology

It is a cross-sectional study.
Description of daycare center: Day care center was started

as PPP model called Manasadhara model in the state of
Karnataka, first of its kind in India. A memorandum of
understanding (MoU) was signed between the college and

the government in April 2017, as per the regulations laid by
the government. The day care center is located in the
premises of the hospital and is managed by the department
of psychiatry.

Recruitment
Patients are recruited into the center after initial interview/
assessment of patients and family members from the in-
charge psychiatrist. Patients who are diagnosed with mental
disorders and are currently asymptomatic but need rehabili-
tative care are recruited into the center. Patients are expected
to stay for rehabilitation training for a period of at least
3 months. Data was collected from July 2017 to July 2019.

Staff
It consists of a psychiatrist, a social worker/occupational
therapist, a clinical psychologist, a music teacher, yoga
trainer, tailoring instructor, and a computer instructor.

Activities at the Center
Patients come to the day care center by 9 a.m. and go back to
their homes by 4 p.m. During their stay various activities are
performed as per the schedule. Cognitive remediation tech-
niques, social skill training, group therapy, and individual
counseling to the patient and family members are provided.
Also, music therapy, yoga therapy, gardening, tailoring, and
basic computer learning is provided by the respective
instructors. The training provided is as suggested by the
government in the MoU. Patients can come on their own or
alongwith their caregiver who are supposed to drop and pick
up their patients at their own risk. During their stay in the
center lunch is provided free of cost to the patients by the
hospital.

Periodicmeetings are conducted to review the progress of
the center. It is attended by the Principal, Medical Superin-
tendent, In-charge Psychiatrist of both government and
private entities, the district health officer (DHO), in-charge
district mental health officer, a representative from an non-
governmental organization (NGO), and a representative on
the behalf of one of the patients admitted in the day care
center.

Results

Sociodemographic Details
Total number of patients recruited in the study were 33
(n¼33). Mean age of the patients was 34.5 (7.4) years.

Majority 31 (93.94%) came from urban background, and
the rest came from rural back ground 02 (6.06). There

Conclusion Running a day care center in PPP model that too in a GHPU set up is
difficult. Skills in which patients need to be trained should be decided based on
patients’ profile and cultural basis of the place. Common problems faced were poor
placements, transportation, financial difficulties, and poor funding.
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socioeconomic status is as follows as per BG Prasad’s classi-
fication: Class IV 22 (66.67%), Class III 10 (30.30%), and Class
II 1 (3.03%).5

Majority (51.52%) of patients were in the age group of
between 26 and 35 years. Note that 36.36% of patients were
between 36 and 45 years of age. Also, 6.06% were in the 15 to
25 and>46 years age group. Majority (51.52%) of patients’
age of onset of illness fell between 21 and 30 years, while
45.45% were between 11 and 20 years and 3.03% were
between 31 and 40 years. Note that 63.64% of patients’
duration of illness ranged between 11 and 15 years, while
03.03% of patients’ illness duration was less than 5 years.
Note that 30.30% patients’ illness duration ranged between
06 and 10 years, only 1 patient (03.03%) had illness lasting for
more than 16 years (►Table 1).

International Classification of Diseases 10th Revision
Diagnostic Criteria for Research was used for the diagnosis.
Majority (87.88%) of the patients was suffering from
schizophrenia, 06.06% of patients were diagnosed with
mood disorders, few (06.06%) patients had diagnosis of
obsessive-compulsive disorder, and diagnosis of substance

use disorders were grouped under the “others” category
(►Table 2).

A total of 33 patients were enrolled, of which 62% of them
completed 3-month treatment course. Note that 38% of
patients were employed after discharge. Around 31% of
patients discontinued their stay before 3 months due to
various reasons. Most patients (90%) had job placements
-related problems. Nota that 80% clients faced problems
related to transportation, 62% of patients had financial
difficulties, 42% of patients had poor family support, and
25% patients faced stigma-related issues (►Table 3).

Discussion

The state government came out with ambitious plan to have
residential day care centers which later were changed to
nonresidential day care centers to be housed in district
hospital premises. Budgetary allocations with how and on
whom it is to be spent and the necessary list of resource
persons and the areas inwhich the patients should be trained
and for what periodwere specified. Our center started as PPP
project, since for various reasons it did not materialize in the
district hospital. Suitable place in our hospital premises
which is very user- and patient-friendly but at the same
time provided suitable privacy was identified and procured.
As it is said easier than done, when the day care center
started functioning we had a poor response. Our team
conducted initial awareness program in and around the
city covering up to 200 km. We advertised through banners
and distributing pamphlets. We also informed all the psy-
chiatrists practicing in and around the city. Social organiza-
tions like Rotary clubs and some NGOs were also informed.
Efforts were made to inform all the patients and their
relatives who visited department of psychiatry for

Table 2 Diagnosis of patients, N¼ 33

Diagnosis (ICD-10) Total %

Schizophrenia 29 87.88

Mood disorders 02 06.06

Others 02 06.06

Abbreviation: ICD-10, International Classification of Diseases 10th
Revision.

Table 1 Sociodemographic details

Mean age (in y) 34.5 (�7.4)

Sex

Male Female

30 (90.90%) 03 (09.10%)

Background

Urban 93.94%

Rural 06.06%

Socioeconomic status

Class IV 66.67%

Class III 30.30%

Class II 03.03%

Class I 00.00%

Age group range (in y)

15–25 02 (06.06%)

26–35 17 (51.52%)

36–45 12 (36.36%)

> 46 02 (06.06%)

Age of onset of illness(in y)

< 10 00.00%

11–20 45.45%

21–30 51.52%

31–40 03.03%

Duration of illness (in y)

< 5 03.03%

06–10 30.30%

11–15 63.64%

> 16 03.03%

Table 3 General observations

%

Patients completed 3 months treatment course 62

Patients employed after discharge 38

Financial difficulties 62

Transportation difficulties 80

Job placements difficulties 62

Poor family support 42

Stigma 25
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treatment. All medical officers, health workers, Anganwadi
workers, etc., with thehelp of DHO/additional districtmental
health officers were approached, sensitized, and requested
to refer suitable persons in their areas. Indian Medical
Association branches in and around the district were in-
formed. Medical practitioners, opinion makers, and social
workers were approached.

In a study done in India by Agarwal et al showed 71% of
patients who were admitted in day care center had a
diagnosis of schizophrenia as compared with our study
which accounted for 88%, this shows thatmajority of patients
who get admitted suffered from chronic illness like schizo-
phrenia. However, only 06.06% admitted were diagnosed to
have mood disorders in contrast to 16% in the Agarwal et al
study. This difference could be because patients with mood
disorders either relapsed which may be the reason for
discontinuation in the day care center, or another reason
could be they remain asymptomatic and get discharged
faster. Comparing time spent in illness, both the studies
showed that most of the patients were in same age group,
that is, between 6 and 10 years, indicating that duration of
illness was at least 5 years before they were enrolled in the
day care center. Note that 51.52% of our study patients’ age of
onset of illness was between 21 and 30 years.

In our study, 62% completed 3 months as compared with
only 50% in the Agarwal et al study. This difference could be
because most patients found day care center useful. Our
study showed less number of patients (38%) got employed
after discharge as compared with 49% in the Agarwal et al
study. This could be because patients were unfit for employ-
ment or had symptom relapse or employers refused to give
any employment at various places. Sixty-two percent of our
patients had financial difficultieswhichwas one of themajor
reasons for discontinuation

Sixty-two percent of patients after discharge had employ-
ment difficulties, most did not find a job. This tells us that
patients with psychiatric illness are either refused employ-
ment or are considered that they are less efficient than
others. It could also be possible that these patients could
be staying at home and helping family members in house-
hold activities, as this is a common attitude of families
toward psychiatric illness patients.

Forty-two percent of our patients had poor family support
in the form that, there was no single person to look after on
a regular basis. Hence, patients were not brought to day
care center on a regular basis. Invariably, these patients did
not do well. Some patients experienced negative expressed
emotions.

The two most common problems which were faced by
patients/families were: most of them complained that their
expenses increased in taking care of patients and also in
spending extra money in transportation. Here, we suggest
that government can provide free bus passes for the patients
and concession to one caregiver in public transport so that
their financial burden could be reduced. Also, most families
expect/request for a residential place. Many NGOs/private
institutionsmay bewary of thismodel for logistic, safety, and
medico-legal problems.

Second common problem was rehabilitating these
patients, more than 50% were not rehabilitated. The reasons
could be ours is a day care center run in a GHPU where the
college does not have any links to small-scale industries
where patients can be employed. These kind of attachments
are present in central institutes like National Institute of
Mental Health and Neuro-Sciences where most patients get
rehabilitated. Second, the place where the day care center is
situated in a district place there might not be enough
employment opportunities. Our district does not have a large
number of industries. The skills in which a patient is to be
trained needs to be decided by the patient profile, the socio-
economic status, and geographical characters of the place
where the center is situated. Agriculture, horticulture, and
dairy are the main occupation where most of our patients
could be rehabilitated or trained and retrained. But the place,
space, and location area available need to be appropriate and
sufficient. Sowe feel that in a general hospital unit setting it is
difficult to rehabilitate all patients. To generate employment
our center has employed two patients in our own hospital. By
doing so, we have spread awareness and reduced stigma.
Recreational aspects, cognitive remediation, physical fitness,
and training in soft skills like basic computer learning are
possible in day care centers like ours.

From themanagement point of view the following hurdles
were faced. Since it is mandate that occupational therapist
(OT) be present at day care center, it is difficult to get anOT at
district places. Second, since it is a MoU between govern-
ment and private college, the funding comes from the
government. It is observed in the past 2 years that the
funding has always been irregular andmost of the employees
feel that it is inadequate. We suggest that a separate fund
allocation for running a day care center be made at the
government level which will allow for smoother functioning
and encourage better functioning of the center. Also, wehave
learnt that the need of clinical psychologist at the day care
center is minimal. Instead, the salary paid to the clinical
psychologist can be diverted to manage other affairs at the
day care center.

Conclusions

• Of the 33 patients who joined the day care program, 62%
could continue regularly.

• Nearly 38% could take up jobs.
• Social and occupational behaviors improved.
• Note that 36% discontinued due to various reasons.
• Running a day care center in PPPmodel that too in a GHPU

set up is not easy.
• Skills in which patients need to be trained should be

decided based on patients’ profile, socioeconomic status,
and cultural basis of the placewhere the day care center is
located.

• Common problems faced were poor placements, trans-
portation, financial difficulties. and poor funding.
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Novel Use of Transcranial Direct Current 
Stimulation (tDCS) in Adolescents with 
Early Recovery Stage of Neuroleptic  
Malignant Syndrome or Catatonia
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Abstract

There are limited options to treat psychotic symptoms during early recovery stage of neuroleptic malignant syndrome 

(NMS) and catatonic symptoms in adolescents because of restrictions on the use of electroconvulsive therapy (ECT).  Add-on 

transcranial direct current stimulation (tDCS) treatment twice daily for five consecutive days showed improvement in  

auditory–visual hallucinations and cognitive and bio-social functioning during early recovery stages of NMS in an adolescent. 

The use of tDCS in another adolescent diagnosed with severe depressive episode with psychotic symptoms and catatonia 

showed improvement in staring, mutism, rigidity, and interaction with add-on tDCS. The improvement observed lasted for a 

short duration and tDCS treatment was well tolerated without any severe adverse effect.
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Introduction

Transcranial direct current stimulation (tDCS) is an emerging 

neuromodulatory technique that administers low-intensity 

current through scalp electrodes to desired cortical regions. It 

is found to be safe, tolerable, and without any serious adverse 

effects in adults.1 In adults, it is effective in treating symptoms 

of major depressive episode without drug resistance, 

addiction, and craving and in reducing symptoms of 

schizophrenia, such as auditory verbal hallucinations and 

negative symptoms.2,3 The number of studies of tDCS in 

adults has increased exponentially in the last few years, but 

there is limited research data in pediatric population. tDCS 

till date has been studied in neurotypical children and also for 

a range of neuropsychiatric disorders, such as cerebral palsy, 

language disorders, epilepsy, autism, attention deficit 

hyperactivity disorder (ADHD), and schizophrenia.4-9 In the 

only study of adolescents with a diagnosis of childhood onset 

schizophrenia, tDCS was found to be safe and tolerable in 12 

subjects between 10 and 17 years of age and the most common 

adverse effect reported were tingling and itching over the 

scalp at electrode site.9 Findings from the study of tDCS in 

adults with schizophrenia are encouraging with improvement 

noted in auditory verbal hallucinations, negative symptoms, 

and catatonic symptoms.3 There are limited options, 

especially, to treat psychotic symptoms during symptomatic 

stage of neuroleptic malignant syndrome (NMS) and its early 

recovery period. Similarly, catatonic symptoms associated 

with psychotic disorders in adolescents have limited treatment 

options, wherein the treatment of primary psychiatric disorder 

is considered to be of utmost importance. Keeping in mind 

the lacunae in the available treatment, we considered using 

tDCS with a hypothesis that cathodal left temporo-parietal 

junction (TPJ) stimulation will reduce hallucinations during 
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the recovery period of NMS, and anodal dorsolateral 

prefrontal cortex (DLPFC) stimulation will be helpful for 

negative/catatonic symptoms; hence, a uniform protocol of 

anode over left DLPFC and cathode over left temporo-parietal 

junction is used. Here, we describe the use of tDCS in treating 

psychotic symptoms during early recovery period of NMS 

and another young person with catatonic symptoms during a 

severe depressive episode, both the cases being part of a 

larger study to assess tolerability and clinical utility of tDCS. 

This is the first report of using tDCS in adolescents with early 

recovering stage of NMS and catatonia associated with 

depression to the best of our knowledge. 

Case 1: Adolescent with Neuroleptic Malignant Syndrome

A 15-year-old girl studying in 10th grade presented with 

8-week duration of symptoms characterized by delusions of 

persecution, third-person auditory verbal hallucinations, 

thought, and behavioral disorganization. She was diagnosed 

with paranoid schizophrenia according to The International 

Classification of Diseases 10th revision diagnostic criteria 

and treated initially with olanzapine up to 20 mg/day (p.o.) 

for 4 weeks.  Subsequently, because of poor clinical response, 

olanzapine was stopped and risperidone 3 mg/day (p.o.) was 

initiated. After 4 weeks of treatment with risperidone, she 

developed hyperpyrexia (103-104 °F), rigidity, fluctuating 

blood pressure, and elevated creatine phosphokinase (CPK) 

characteristic of NMS (1104 U/L). Risperidone was discon-

tinued and she was treated for NMS by a team of neurologist 

and pediatrician. Common organic causes, such as Wilson’s 

disease, autoimmune encephalitis, and neuroinfection, were 

ruled out. Oral lorazepam 4 mg/day, bromocriptine 3.75 mg/

day, and baclofen 20 mg/day was used in the treatment of 

NMS with complete resolution of hyperpyrexia; however, 

hallucinations and delusions persisted leading to severe dys-

function. She continued to have severe psychopathology  

consisting of delusions of persecution, delusional misidentifi-

cation, third-person auditory hallucinations, visual hallucina-

tions, and thought and behavioral disorganization even after 2 

weeks of NMS resolution (CPK levels normalized and 

absence of clinical features of NMS). Her symptom severity 

scores were as follows: auditory hallucinations: 41 (Auditory 

Hallucinations Rating Scale  [AHRS]) 10; positive symptoms: 

46 (Scale for Assessment of Positive Symptoms [SAPS])11; 

and negative symptoms: 80 (Scale for Assessment of Negative 

Symptoms [SANS])12. Based on  the potential risk for recur-

rence of NMS with antipsychotic re-challenge, tDCS was 

started after informed consent and assent were obtained as per 

the approval of the Institute Ethics Committee.

The trial of tDCS was administered using standard equip-

ment (Neuroconn DC Stimulator Plus, http://www.neuro-

conn.de/dc-stimulator_plus_en/) as per previous descrip-

tion13,14 with stringent safety measures.15 1 × 1 tDCS protocol 

was used with anode placed over a point midway between F3 

and FP1 (left DLPFC) and the cathode located over a point 

midway between T3 and P3 (TPJ). The electrodes size was 25 

cm2 and the stimulation level was set at 2 mA for 20 min. The 

sessions were conducted twice a day (separated by at least 

3 h) for 5 consecutive days;13,14 the first and second sessions 
of the day were administered in the morning and afternoon, 

respectively. No changes in medicines were made during 

this period. Local examination of scalp, mental status exam-

ination, and monitoring of vital parameters were conducted 

every day along with monitoring of adverse effects using 

a questionnaire given by Brunoni and colleagues.15 Patient 

tolerated tDCS well, except for complaints of tolerable and 

transient burning sensation in the first 2 sessions.  Clinically 
significant improvement in symptoms was observed after 
10 sessions of tDCS, which was accompanied by reduc-

tion in distress because of auditory and visual hallucinations 

and improvement in biological and social functioning. Her 

symptom scores following tDCS were as follows: AHRS: 32; 

SAPS: 34; and SANS: 65. Neuropsychological assessments 

done before and after tDCS showed improvement in atten-

tion and auditory verbal learning. On visual analogue scale 

there was 5-point improvement (50%) reported by patient 

and parent. Clinical improvement was sustained for about a 

month; subsequently, changes in medication were required to 

achieve remission of symptoms.

Case 2: Adolescent with Catatonia

15-year-old right-handed young male, studying in 10th grade 

belonging to lower socioeconomic status with family history of 

bipolar affective disorder, committed suicide in second degree 

relative presented with 1 year duration of symptoms character-

ized by low mood, anhedonia, decreased social interaction, 

decreased sleep and appetite, suicidal gestures, and persecutory 

delusions. Inpatient observation for a period of 2 weeks 

revealed significant negative symptoms in the form of amoti-

vation, alogia, and anhedonia. Catatonic symptoms, such as 

staring, mutism, rigidity, posturing, gegenhalten, and ambiten-

dancy, were also present. He was provisionally diagnosed to 

have severe depressive episode with psychotic symptoms and 

catatonia according to The International Classification of 

Diseases 10th revision diagnostic criteria and treated with a 

combination of risperidone 4 mg/day (p.o.) and fluoxetine 20 

mg/day (p.o.) for 12 weeks without much clinical improve-

ment. Subsequent treatment included olanzapine 20 mg/day 

(p.o.), fluoxetine 20 mg/day (p.o.), and intravenous lorazepam 

up to 10 mg/day in 3 divided doses. Even though he received 

this treatment for more than 6 weeks, no substantial improve-

ment was noticed. In this context, tDCS trial was given after 

informed consent and assent. 1 × 1 tDCS protocol was admin-

istered for 20 min twice daily for 5 consecutive days using the 

same parameters and electrode positions as in the first case. 10 

sessions of tDCS were given in 5 days and no changes in med-

icines were made during this period. Overall, patient tolerated 

tDCS well and had only transient tingling sensation at elec-

trode site in first 4 sessions. No other adverse effects were 
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noticed. At the end of tDCS trial, a reduction in Bush-Francis 

catatonia rating scale (BFCRS) from 22/69 to 7/69 and SANS 

from 86 to 73 was noticed, while there was marginal increase 

in SAPS from 17 to 20. Observation in the ward revealed com-

plete disappearance of staring, mutism, and rigidity, while sub-

stantial improvement in the interest in daily activities, interac-

tion with others, and expression of psychopathology was noted. 

This later point could have contributed to elevation of SAPS 

score. No significant changes were observed on neuropsycho-

logical assessment and measures of illness such as children’s 

global assessment scale (CGAS) and  clinical global impres-

sion (CGI). Subsequent to tDCS treatment, even though, sig-

nificant improvement was present in catatonic and negative 

symptoms overall improvement in affective and psychotic 

symptoms was limited. Therefore, pharmacological changes 

were made to achieve remission of symptoms. 

Discussion

This is the first report of using tDCS in adolescents for psy-

chotic symptoms during NMS and catatonia of depressive 

episode. Even though NMS is uncommon, it is a life-threat-

ening condition and its presentation and course in children 

and adolescents is overall similar to adults.16 Treatment strat-

egies suggested during NMS mainly involve discontinuing 

the suspected drug and supportive care. Subsequently, the use 

of low potency antipsychotics, slow titration, antipsychotic 

free period, and ECT are also recommended.17 Being said 

that, little attention is paid to the management of psychotic 

symptoms during NMS and no guidelines exist about treating 

psychotic symptoms while having NMS and its immediate 

recovery period. tDCS when used in such an ambiguous situ-

ation may help reduce psychotic symptoms and provide the 

time window for re-challenge with antipsychotics. With 

regard to catatonia, there are a few reports of tDCS that are 

useful in reducing negative symptoms and catatonia associ-

ated with schizophrenia when applied over bilateral prefron-

tal cortices.3 tDCS was successfully used as a replacement for 

weekly maintenance of ECT in a 41-year-old male patient 

with organic catatonia and corpus callosal agenesis. In this 

case report, tDCS was administered with anode over left 

DLPFC and cathode over right, with improvement in catato-

nia over 13 weeks treatment.18 In another case report, tDCS 

applied over DLPFC in a 14-year-old girl with autism spec-

trum disorder and drug-resistant catatonia resulted in 

improvement of catatonia.19 With these studies in mind, 

wherein, stimulation of DLPFC was helpful for negative/

catatonic symptoms and TPJ stimulation for hallucinations,9,14 

we used a uniform protocol of anode over left DLPFC and 

cathode left temporo-parietal junction. 

In conclusion, as tDCS is rapidly emerging as a safe 

and tolerable neuromodulatory intervention in children and 

adolescents for neuropsychiatric disorders, it can be useful, 

especially, in treating hallucinations during early recovery 

period of NMS and treatment-resistant catatonia associated 

with depressive disorder. These findings need to be replicated 
in randomized controlled studies to determine the efficacy 
and recommendation for routine clinical practice.
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Cessation of clozapine-induced severe hypersalivation along with 
improvement of residual persistent auditory hallucinations by tDCS in a 
patient of chronic schizophrenia - A case report

Sir,

A 47-year-old male, case of treatment-resistant schizophrenia, 
had presented with refractory auditory hallucinations, 
delusion of persecution, and reference at our center.

The patient had a continuous progressive illness of 20 years 
with good compliance to treatment. Initially, he had 
positive symptoms such as thought broadcast, delusion 
of persecution, and derogatory auditory hallucinations. In 
the course of treatment, the symptoms responded with 
medications and ECT. However, the auditory hallucinations 
remained refractory to treatment.

In 2010, the patient was started on clozapine, which 
was gradually escalated up to 450 mg. In 2016, 

haloperidol was added for augmentation, still the 
hallucinations persisted. Hypersalivation was noted 
ever since the patient was started on clozapine. 
Glycopyrrolate (4 mg) was added for the same; however, 
minimal improvement was noted. In 2020, when the 
patient was taken for tDCS therapy in view of refractory 
auditory hallucinations, he was already on clozapine 
(450 mg) and glycopyrrolate (4 mg).

The patient received tDCS sessions on an outpatient 
basis after taking informed consent. The target areas of 
stimulation were left temporoparietal junction as the 
cathode and right dorsolateral prefrontal cortex as the 
anode. The intensity was kept at 2 mA and stimulation was 
given for 30 minutes once daily on weekdays.
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patient consent forms. In the form, the patient has given 
his consent for his images and other clinical information 
to be reported in the journal. The patient understands that 
his name and initials will not be published and due efforts 
will be made to conceal identity, but anonymity cannot be 
guaranteed.
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At the end of 15 sessions, there was a significant decline in 
PANSS scores (composite score reduced from 11 to 3) along 
with a near-complete cessation of auditory hallucinations.

It was observed that not only hallucinations but 
hypersalivation also improved significantly. Even in the 
follow-up visits, hypersalivation did not remain a major 
concern as previously. However, the patient continued to 
take 4 mg of glycopyrrolate.

DISCUSSION

The causes of hypersalivation, a distressing side effect that 
occurs in 31%–54% of patients receiving clozapine therapy, 
are nonspecific.[1]

It may be mediated by the imbalance between M3 receptor 
blockade (decrease in salivation) and M4 receptor stimulation 
(increase in salivary output). Another explanation is that 
clozapine interferes with the swallowing reflex, leading to 
the pooling of saliva and, therefore, patient complaints of 
hypersalivation.[2]

tDCS administered to the hyperactive left temporoparietal 
junction (“inhibitory” cathodal) and to the hypoactive left 
dorsolateral prefrontal cortex (“excitatory” anodal) improves 
refractory hallucinations as studied earlier.[3] However, the 
action of tDCS on clozapine-induced hypersalivation has 
not been noted earlier.

It has also been reported that anodal tDCS projecting to the 
swallowing sensorimotor cortical acts on cricopharyngeal 
muscles and improves swallowing.[4] Bihemispheric anodal 
tDCS has been applied to better modulate the excitability 
of esophageal cortex (proximal to pharyngeal cortex) and 
improve dysphagia.[5]

Nitsche et al.[6] have also stated that tDCS mediates increase 
in catecholamine through neuroplastic changes.

The above-mentioned theories could possibly explain the 
improvement in hypersalivation in this case.

CONCLUSION

Although no direct association of tDCS on clozapine-induced 
hypersalivation has been observed or reported earlier, 
the above case suggests a temporal correlation between 
the two. Effect of tDCS through its action on pharyngeal 
musculature or by catecholaminergic changes could be a 
topic of further research. tDCS could also be used as an 
adjunct to pharmacotherapy in treating clozapine-induced 
hypersalivation.
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Recovery in severe mental illness: A utopian 
dream or a goal in need of will?
Historically, severe mental illnesses (SMIs) have been 
viewed with much skepticism as morbid diagnoses 
with poor prognostic outcomes. This pessimistic view 
has found a place in modern understanding and 
practice of psychiatry among researchers, clinicians, 
and consumers alike, and may be credited with the 
stigma, discrimination, and stereotyping associated with 
SMIs. However, with the emergence of evidence for 
heterogeneity of outcomes in the past couple of decades, 
the morbidity associated with the diagnoses of SMI 
needs to be reviewed. Demonstration of the possibility 
of heterogeneity of outcomes has opened the doors to 
the concept of recovery in SMIs.[1‑5]

The understanding of the recovery concept by the 
clinicians and the patients/caretakers appears to 
be divergent. Where clinicians tend to assume the 
absence of signs and symptoms of illness as a logical 
endpoint, the journey toward the recovery for patient/
caretakers has just begun. Recovery for the consumers 
is the return to a life of productivity that contributes 
to a meaningful existence in the society, in addition to 
the absence of any significant signs and symptoms of 
illness. This discrepancy was taken into account when 
formulating the current understanding of recovery, 
i.e., the existence of symptomatic remission as well as 
functional remission.[6,7]

When this concept of recovery was applied in Schizophrenia 
Research, the results indicated a significant chunk of 
patients with schizophrenia achieving recovery. This 
finding has also been observed to be fairly consistent 
across various races and ethnicities around the world. 
Long‑term follow‑up studies exploring the outcomes in 
schizophrenia have shown that between 10% and 35% of 
patients of schizophrenia achieve recovery. A systematic 
review and meta‑analysis of recovery conducted in 2012 
encompassed data from 50 studies. The study resulted in 
13.5% of individuals found meeting recovery criteria.[8‑12]

The first step toward achieving recovery is to believe 
in its existence and direct efforts in the right direction. 
While evidence on recovery in SMIs needs to be further 
unearthed, there is enough evidence to support the 
existence of heterogeneity of outcomes. The significance 
of this heterogeneity must not be undermined by 
practitioners and caregivers. Pessimism surrounding 
the prognosis of SMI needs to be shunned, and 

investment into achieving congruence with the 
consumers expectations should be focused upon.
Interventions consistent with the biopsychosocial model 
of illnesses need to be devised. Early intervention with 
rational and judicious use of medications, enhancing 
family support, curtailing stigma and discrimination 
via spread of awareness, and promoting reintegration 
of the individual into the society are the management 
cornerstones on the road toward recovery in SMIs. So, is 
recovery in SMI a utopian dream? It appears so because 
of the lack of hope and dismissive attitudes on part of 
the clinicians and the society. We believe it's a Goal in 
need of Willingness to act.
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Abstract
Background: Uric Acid (UA) is an end product of purine metabolism which is transported via blood and is primarily 

excreted through kidneys. Elevated serum UA levels are found to be closely associated with agitation, not only present 

in healthy subjects but is also found in individuals suffering from organic or functional psychiatric illnesses in the form 

of aggression. Aim and Objective: Assessment and comparison of serum UA levels between patients with agitated 

mania and agitated non-affective psychotic disorders and correlation of serum UA levels with severity of mania and 

non-affective psychosis. Material and Methods: A cross-sectional study was conducted that compared serum UA 

levels in 100 in-patients (50 in each group) aged 18 years and above, of either sex, with International Classification of 
th 

Mental and Behavioral Disorders-10 Edition Diagnostic Criteria for Research (ICD-10 DCR) diagnosis of mania and 

non-affective psychotic disorders, admitted in a state of acute agitation. Agitated Behavior Scale (ABS), Young Mania 

Rating Scale (YMRS), and Brief Psychiatric Rating Scale (BPRS) were applied for the assessment of the severity of 

agitation, mania, and psychosis respectively. Strength of association was obtained using fisher's exact test and 

unpaired-t-test. Severity scores obtained were correlated with serum UA levels using Pearson's correlation coefficient. 

Results: UA levels were found to be significantly higher in individuals suffering from mania than those with non-

affective psychosis (p = 0.04). Similarly, a significant positive correlation was found between UA levels and YMRS 

scores (r = 0.34) (p = 0.01). Conclusion: UA level is found to be significantly higher in individuals with mania and 

correlates significantly positively with symptom severity. 

Keywords: Uric acid, agitation, bipolar disorder, mania, non-affective psychosis

illnesses [1].

Lorenzi et al. [2] conducted a study on non-clinical 

community samples and found UA levels 

significantly correlate with disinhibition. Sutin et 

al. [3] in their longitudinal study found that 

hyperuricemia was associated with increased 

impulsivity in humans and increased novelty-

seeking behavior in genetically modified mice 

with disrupted urate oxidase gene. Mrug and Mrug 

[4] were the first to conduct a study on adolescents 

Introduction 

Uric Acid (UA) is an end product of purine 

metabolism which is transported via blood and is 

primarily excreted through kidneys. Elevated 

serum UA levels are found to be closely associated 

with agitation, which can manifest in the form of 

aggression (verbal or physical), impulsivity, disin-

hibition, and thrill-seeking behavior. This associa-

tion of UA with agitation is not only present in 

healthy subjects but is also found in individuals 

suffering from organic or functional psychiatric 
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with bipolar disorder and found that increased 

uricosuria predicted future aggression episodes. A 

study by Nurmedov et al. [5] on individuals with 

substance use disorder found serum UA levels and 

impulsivity scores to be significantly higher in 

these individuals when compared to the healthy 

controls, however, when a correlation was 

attempted to find an association between UA and 

impulsivity, a significant negative correlation was 

found. Chatterjee et al. [6] conducted a study that 

compared serum UA levels in individuals with 

first-episode mania with healthy controls and 

correlated serum levels with impulsivity scores. 

Increased serum UA levels were found in manic 

individuals which correlated well with impulsivity. 

A variety of hypotheses have been put forth 

regarding the basis of the underlying patho-

physiology of psychiatric illnesses. Purinergic 

system dysfunction and impairment in antioxidant 

defense mechanisms are a few of them [7-8]. An 

underlying purinergic dysfunction as patho-

physiology was put forward by Kraepelin in 1921 

when he found an increased risk of the 

development of gout in individuals with bipolar 

disorder [9]. Later studies contributed to this 

finding by providing preliminary evidence for the 

same in the form of purinergic modulators such as 

allopurinol, having a therapeutic benefit in bipolar 

disorder patients when used adjunctively with 
. lithium [10]. Likewise, the use of purinergic 

modulators as an adjunct to haloperidol has been 

highlighted to have a therapeutic benefit in the 

treatment of chronic schizophrenia. However, 

mixed evidence exists regarding UA levels in 

schizophrenia, with some studies suggesting it is 

raised in schizophrenic patients whereas some 

suggesting otherwise[7, 11]. A mediation analysis 

to study the association between UA and mental 

illnesses (such as bipolar disorder, schizophrenia, 

and depression) revealed a significant positive 

correlation with bipolar disorder only [12].

There is a dearth of literature on the relationship 

between agitation, UA, and the aforementioned 

psychiatric illnesses. The current study has been 

taken up to assess serum UA levels in patients with 

agitated mania and to compare them with serum 

levels in agitated patients with non-affective 

psychotic disorders. Also, since contradictory 

evidence exists regarding the relationship between 

UA and Young Mania Rating Scale (YMRS) 

scores as a marker of symptom severity, this study 

aims to find the relation between the two. 

Material and Methods 

This study was a cross-sectional study. The 

sampling procedure used was purposive sampling 

method. The study included a total of 100 agitated 

patients (50 in each group) diagnosed with mania 

or non-affective psychosis, as per the International 

Classification of Mental and Behavioral Disorders-
th

10  Edition Diagnostic Criteria for Research (ICD-

10 DCR) criteria [13]. The study sample comprised 

of in-patients who were admitted to a tertiary care 

hospital in North Karnataka at any point in time 

over the course of one year. The inclusion criterion 

was an ICD-10 DCR diagnosis of mania and non-

affective psychosis (which includes acute and 

transient psychotic disorders, schizophrenia, 

persistent delusional disorders, induced delusional 

disorders, and unspecified non-organic psychosis) 

with or without previous episodes of mania and 

psychosis and those who scored greater than 21 on 

Agitated Behavior Scale (ABS) [14]. The diagnosis 

was made based on the clinical history and mental 

status examination by a senior consultant.
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Exclusion criteria were agitation in bipolar patients 

presenting with a mixed episode, agitation due to 

any other psychiatric disorder like substance use 

disorder (other than tobacco use disorder) apart 

from those mentioned in the inclusion criteria, 

organic psychiatric illnesses, and patients with 

polyarthritis or diagnosed hyperuricemia. No 

screening tools were used to rule out other psychia-

tric disorders. Before commencement, ethical 

clearance was obtained from Institutional Ethics 

Committee. The relatives of patients who fulfilled 

the selection criteria were explained about the 

nature of the study and subsequently, voluntary 

written informed consent was obtained. 

Admitted patients were first assessed for severity 

of agitation using ABS. Those who scored greater 

than 21 were included in the study and were 

further evaluated for symptoms of mania and 

psychosis. YMRS was applied to the mania group 

for assessment of the severity of manic symptoms, 

and Brief Psychiatric Rating Scale (BPRS) was 

applied to the non-affective psychosis group for 

the assessment of the severity of psychotic 

symptoms [15-16]. Subsequently, fasting blood 

samples were collected on the second day of 

admission and sent to the biochemistry laboratory 

for serum UA estimation, which was done via an 

enzymatic colorimetric test. 

Statistical analysis 

Data obtained was tabulated in Microsoft excel 

and subjected to appropriate statistical analyses. 

Descriptive statistics in the form of the socio-

demographic profile were presented as percen-

tages, mean and standard deviation. The strength 

of the association (p value) was calculated using 

Fisher's exact test for qualitative data and using the 

unpaired t-test and Analysis of Variance (ANOVA) 

for quantitative data. Pearson's correlation 

coefficient (r) was used to find the correlation 

between serum UA and other variables such as 

agitation, mania symptom severity, and psychotic 

symptom severity. All tests were two-tailed, with a 

p value <0.05 considered to be significant. 

Results 

A total of 100 subjects were included in this study 

out of which 50 individuals belonged to the mania 

group and 50 individuals belonged to the non-

affective psychosis group. The mean age in the 

former was found to be 32.42 ± 12.47 years, and in 

the latter was found to be 33.3 ± 9.17 years. Under 

the mania group, males formed the majority of the 

population, whereas, under the non-affective 

psychosis group, females had a slightly higher 

representation. As per other socio-demographic 

data, there was no significant difference between 

the two groups (Table 1).

When mean serum UA levels were compared, 

significantly higher levels were found in the 

mania group (5.64 ± 1.60 mg/dL) than the non-

affective psychosis group (4.99 ± 1.49 mg/dL) (p 

= 0.04) (Table 2).

Our results showed that the study sample as a 

whole, irrespective of the diagnosis, showed a 

moderate positive correlation between UA levels 

and agitation. This result was found to be stati-

stically significant (r = 0.31, p = <0.001). However, 

when correlation was attempted individually in the 

two groups, a weak positive correlation was found 

between UA levels and agitation in mania (r = 0.22, 

p = 0.13) as well as non-affective psychosis, 

however, the statistical significance existed only 

for the latter (r = 0.29, p = 0.04). Under the mania 

group, serum UA levels were seen to have a weak 

positive correlation with manic symptom severity, 
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which was statistically significant (r = 0.34, p = 

0.01). However, when correlated with psychotic 

symptom severity, a very weak positive correlation 

was found which was not statistically significant (r 

= 0.18, p = 0.20) (Table 3).

Table 1: Socio-demographic profile of the study sample

Variables Subcategories Mania
(n = 50)

Non-affective Psychosis
(n = 50)

p 

Age (Mean ± S.D) 32.42 ± 12.47 years 33.3 ± 9.17 years 0.69

Sex Male 34 (68%) 24 (48%) 0.07

Female 16 (32%) 26 (52%)

BMI (Mean ± S.D) 222.93 ± 3.76 kg/m 224.04 ± 3.57 kg/m 0.13

Religion Hindus 41 (82%) 41 (82%) 1.20

Muslims 9 (18%) 9 (18%)

Domicile Rural 22 (44%) 18 (36%) 0.54

Urban 28 (56%) 32 (64%)

Sample (n = 100) Serum UA levels
Mean ± S.D (mg/dl)

p 

Mania 5.64 ± 1.60
0.04*

Non-affective psychosis 4.99 ± 1.49

Table 2: Comparison of mean serum uric acid levels among 
mania and non-affective psychotic disorders

*Significant, P<0.05

Table 3: Correlation between uric acid levels and Agitated Behavior Scale (ABS), Young 
Mania Rating Scale (YMRS) and Brief Psychiatric Rating Scale (BPRS) scores

Variables Diagnosis Pearson's correlation (r) p 

UA and ABS Mania 0.22 0.13

Non-affective psychosis 0.29 0.04*

Total sample 0.31 <0.001*

UA and YMRS Mania 0.34 0.01*

UA and BPRS Non-affective psychosis 0.18 0.20

*Significant, P<0.05
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Discussion 

Our study revealed that among the two groups, 

serum UA levels were significantly higher in the 

mania group than the non-affective psychosis 

group. Our finding is supported by the suggested 

hypothesis underlying these conditions and 

available literature. Over the years, from the 

studies conducted, a causal association has been 

proposed which is increased metabolism of purines 

and an altered adenosinergic activity ultimately 

resulting in bipolar disorder [17-18]. For psychotic 

disorders such as schizophrenia, a dysfunctional 

purinergic system creates a hypo-functioning 

glutamine and a hyper-functioning dopamine 

neurotransmission resulting in neuroinflammation 

which increases susceptibility to schizophrenia 

[19-20]. Studies supporting this hypothesis and 

thus highlighting our results have been conducted. 

A 1.14-fold higher risk of gout was found for 

bipolar patients as compared to healthy controls in 

a study [21]. Similar results were reported by 

another study that found a significant association 

of UA levels with bipolar (r = 0.76, p = 0.02) but 

not with schizophrenia spectrum disorders (r = 

0.35, p = 0.22) and other mental illnesses [12].

Agitation in the overall sample (irrespective of the 

diagnosis) had a statistically significant positive 

correlation with UA levels, which meant that 

individuals with more severe forms of agitation 

had higher serum UA levels. A link between UA 

and agitation was first put forward by Lesch and 

Nyhan [22] who published a case report about a 

rare familial disorder of UA metabolism (later 

termed as Lesch-Nyhan syndrome) in which the 

affected children were noted to have hyper-

uricemia and aggressive behavior in the form of 

self-mutilation. A link between the UA and 

agitation was thus found and over the course of 

years, with further studies on both animal models 

and humans, the association was established [2-4]. 

A study conducted on African-American 

adolescents diagnosed with bipolar disorder found 

higher rates of aggression correlated with 

uricosuria (r = 0.28, p = 0.01) [4]. Similarly, a study 

in adult patients with bipolar disorder found UA to 

correlate with impulsivity (r = 0.60, p<0.01) [6]. 

However, another study that attempted to find a 

correlation between the two in substance use 

disorder patients revealed contradictory evidence 

[5]. Agitation in an individual, in general, can have 

multiple etiologies. Dysfunctions of neuro-

transmitter systems such as dopamine, serotonin, 

GABA, and noradrenaline have been stated to be a 

few of the likely causes. Impulsivity, a form of 

agitation, as per the existing literature has been 

linked to impaired glutamate transmission and 

increased dopamine transmission. As mentioned 

earlier, in the adenosine hypothesis of schizo-

phrenia, similar alterations in neurotransmitter 

systems were noted there as well [23]. The finding 

of our study agrees with the available literature. 

The individual analysis resulted in a positive 

correlation between UA levels and both agitated 

mania and agitated non-affective psychotic 

disorder with only the latter being statistically 

significant.

When serum UA levels were correlated to YMRS 

in the mania group, a positive correlation was 

found which was statistically significant, which 

meant that individuals with more severe mania had 

higher UA levels. Multiple studies have attempted 
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to find a correlation between serum uric acid levels 

and YMRS scores. Salvadore et al. [24] found a 

negative correlation between the two which wasn't 

statistically significant (r = -0.20, p = 0.39). 

Gultekin et al. [25] found no correlation with the 

severity of symptoms; however, correlation with 

clinical improvement was noted, that is fall in UA 

levels correlated with fall in YMRS scores after a 

week of treatment. Another study by Chatterjee et 

al. [6] on bipolar subjects found no significant 

association (r = 0.05, p = 0.80). Our study hence 

adds to the literature by suggesting UA to be a 

probable marker of symptom severity being higher 

in those with severe mania than those with lesser 

severe forms of mania.

When correlated with BPRS scores, our study 

revealed a very weak positive correlation between 

serum UA levels and psychotic symptom severity 

in the non-affective psychosis group which was 

not found to have any statistical significance. 

Previous studies that have compared serum uric 

acid levels among different psychiatric illnesses 

have used Positive and Negative Syndrome Scale 

(PANSS) scores for the assessment of psychotic 

symptoms in schizophrenia. No known literature 

is available that has attempted to correlate UA 

with BPRS scores to assess psychotic symptom 

severity. A study by Hirota and Kishi [26] found 

allopurinol to be superior over placebo, by 

causing a significant reduction in total scores, 

positive symptom scores and general scores on 

PANSS. Our study included individuals with both 

acute as well as chronic psychosis and we used 

BPRS to assess symptom severity. A very weak 

positive correlation was found which was not 

statistically significant.

Limitations 

The inclusion of healthy controls as a third arm in 

our study would have helped us understand the 

association of UA and agitation better. A bigger 

sample size would have helped obtain results that 

would have been more generalizable. Our study 

included individuals with a long-standing course 

of illness who were likely to be on multiple 

psychotropics, the effect of which on UA was not 

considered. For example, individuals on lithium 

(uricosuric agent) at the time of admission would 

have had lesser than expected serum levels. Also, 

the influence of drugs for illnesses such as 

hypertension, diabetes and other medical co-

morbidities that are likely to influence serum UA 

levels was not taken into account. 

Our study showed significantly higher serum UA 

levels in individuals with mania and a positive 

correlation between agitation and serum UA levels 

in the study sample as a whole, irrespective of the 

diagnosis. A statistically significant correlation 

between serum UA levels and agitation was found 

in the non-affective psychosis group. UA levels 

correlated significantly positively with the severity 

of manic symptoms as measured by YMRS in the 

mania group. Our study hence reconfirms the 

possible link between uric acid and agitation. It 

adds to the evidence of its close association with 

psychiatric illnesses, more so with bipolar disorder 

than non-affective psychosis. 

Conclusion 

Our study could find the association between uric 

acid, agitation and manic excitement. With further 

studies on uric acid in mania and more evidence, 

uric acid could become a biomarker to assess the 

severity of manic symptoms. 
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Publication of the paper in peer‑reviewed scientific 
journals has been tremendously increased over few 
years. A huge transformation has been observed in whole 
process of publication of the manuscript. The technical 
advancements have eased down the whole process to 
electronic submission, digital proofing, and publications. 
This in turn has exponentially increased the publishing 
of scientific manuscripts and thus a demand of expert 
peer reviewers also.[1,2]

What is Peer Review?

Peer review is the process of allowing an author’s 
scientific work, research, or ideas to the examined and 
evaluated by other experts in the similar field. Peer 
review is defined as process of scientific critique of 
the manuscript by two or more subject experts. Peer 
review is a significant aspect of scientific developments. 
It is usually unbiased, independent, critical assessment 
of the IMRAD structure of the scientific research. 
Peer‑review process is internationally accepted 
benchmark for ensuring quality, the integrity 
of the scholarly data, and excellence in scientific 
research.[3,4]

Who are Peer Reviewers?

Peer reviewers play a very imperative role in the 
process of reviewing a paper. The reviewers are selected 
on various criteria including their area of expertise, 
availability, prior timely submissions of reports, and 
quality feedback. The reviewers are usually given the 
time of 1 month to review a manuscript. Depending 
upon the feedback obtained from the peer reviewers, 
the editor will take decision on rejection or acceptance 
of the manuscript.

They ensure the scientific contents of the manuscript 
and their comments help strengthening the paper 
for publication. The reviewers put huge amount of 
efforts in terms of time and energy, but this job is 
voluntary, unpaid, and not recognized in any forum. 
The peer‑review process is actually a daunting task, but 
unfortunately, no formal training has been included 
in graduate or postgraduate curricula. Most of the 
time, this process is self‑learned by the researchers 
while publishing and correcting their own submitted 
papers.[2‑5]

Changing Trend in Peer‑Review Process

Traditionally, the peer‑review process has been closed 
in scientific publishing where the editor compiles the 
comments of all the reviewers and sends the manuscript 
to the author for revision without revealing the identity 
of the reviewers. The reviewers remain an unsung hero 
of the reviewed manuscript.

Recently, this practice has shown a changing trend as 
“Transparency in Review.” Transparent peer review 
shows the complete peer‑review process from initial 
review to final decision. This means that alongside the 
published article, readers can see a full peer‑review 
history, including reviewer reports, editor decision 
letters, and the authors’ responses. The authors are given 
an option to choose this model at the time of manuscript 
submission.[3‑5]

What is Transparency in Peer Review?

The transparency in peer review will give clarity 
regarding editorial decisions as to how, why, and what 
was done with regard to the manuscript submitted. How 
was the peer review done, how many reviewers looked 
at the work? What were the comments made and what 
was accepted by the reviewers for the betterment of the 
manuscript? Why was the decision to publish or not 
publish made?

Why is Transparency Needed in Peer Review?

• Trust has always been at the epicenter of scholarly 
publication, but with the numerous predatory 
publishers on the prowl who publish papers with no 
or cursory peer review and also cases of retraction of 
articles because of fake or inadequate peer review, 
the confidence in peer review as well as in scientific 
findings itself has somewhat dwindled. This reader’s 
confidence can be greatly restored if the process of 
peer review is opened up by allowing them to see the 
content and quality of peer reviews

• The peer‑review process may not be always efficient 
in all the journals. The reviewers are not recognized 
and are busy researchers themselves, so they may 
not give priority to the review. But, in a transparent 
review, since the names of the reviewers are 
mentioned, they may do a thorough job.[2,3]

Transparency in peer review – is this an emerging 
trend?

Editorial

[Downloaded free from http://www.ijournalhs.org on Tuesday, January 25, 2022, IP: 182.48.231.7]



Kour and Angadi: Transparency in peer review – is this an emerging trend?

Indian Journal of Health Sciences and Biomedical Research KLEU  - Volume 15, Issue 1, January-April 2022 5

What are the Advantages of Transparent 
Peer Review?

• The transparency in peer review may contribute 
to increase the quality of the reviews in a timely 
manner as it will be read by many, and could also 
aid teaching of best practice in peer review. By 
making the files open for everyone to see and cite, 
reviewers are encouraged to provide critical but fair 
and constructive comment

• Potential to advance research integrity and 
reproducibility: It would be a great and simple way 
to address the problem of “predatory” journals. If 
the peer‑review reports are published along with 
the articles, it would help researchers to discriminate 
between reputable journals and those that are 
predatory. Transparent peer review allows the reader 
to see how the science unraveled. This in turn can 
spark discussions and alliances that might not have 
otherwise occurred questionable or carrying out 
insufficient peer review

• An opportunity for training: An opportunity for 
training: By allowing the readers to gain insight 
into the peer review process may be of educational 
value, especially for new and early career researchers. 
This can be learnt through tangible illustrations 
of reviewer reports and author responses to those 
reports. Early‑career researchers who are new to 
reviewing papers can train themselves to review 
optimally by analyzing the editorial process on 
published papers in their area of research

• Transparent peer review provides professional 
context for scientific literature for the nonexpert 
reader, journalists, and policymakers. Those entities 
that assess research such as funders and institutions 
can use reviewer reports to assess the strength and 
significance of a study, rather than relying on the 
journal brand as a proxy for quality

• Greater visibility and recognition for peer reviewers: 
It would also permit credit for reviewers, which 
currently is a service that is performed without 
incentives or rewards – individual DOI given to the 
reviewer report that can be read and cited too

• Transparency in peer review can aid the editors in 
their endeavor to maintain impartiality and remove 
any possible bias in decision‑making. This process 
can increase the accountability of authors, reviewers, 
and editors in scientific publishing.[3‑5]

What could be the Concerns and will this 
Practice Catch on?

• There may be an inherent risk of reviewers feeling 
reserved from making critical comments for fear of 
retaliation. Whether the advantages overshadow the 

risks is a continuing concern?
• Further, this model by itself may not be a lasting 

solution for problems associated with peer‑review 
system

• Scientific and academic communities may not be open 
to adapt to this new method of peer review.

Who are Practicing this Model?

Transparent peer‑review model is extensively practiced 
by Nature Research Journals, Elsevier, Springer EMBO, 
etc.

Conclusion

By supporting transparent model of peer‑review process, 
we will be taking a step forward toward increased 
openness, accountability, and trust in whole of the 
publication process. The peer reviewers who invest 
good amount of time and their expertise to review an 
article, draft constructive comments for betterment of 
the manuscript without any personal interest will get 
recognized and credited for their shrouded contribution 
to the publication process. This model will also ease the 
decision‑making process. Considering these factors, this 
emerging trend seems here to stay.[4‑7]
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Role of structured exercise therapy 
on cognitive markers and stress 
parameters in young patients with 
Type 2 diabetes mellitus
Harpreet Kour, V. A. Kothiwale1, Shivaprasad S. Goudar1

Abstract:
BACKGROUND AND AIMS: Diabetes mellitus (DM) patients face cognitive impairments owing to 
neuronal dysfunction following constant oxidative stress. The influence of exercise therapy in the 
management of DM is widely recognized among the elderly. However, its role among young adults 
in India is not explored. This study aimed to assess the effect of structured exercise on cognitive 
markers and stress parameters in young DM patients.
MATERIALS AND METHODS: This interventional study with a pre‑ and post‑model was conducted 
among 48 newly diagnosed type 2 DM patients who were asymptomatic for cognitive dysfunctions. 
Glucose profile was recorded by commercially available kits. Cognitive function markers and 
stress parameters, namely, Tau Protein was estimated in plasma samples using enzyme‑linked 
immunoassay Kit, nitric oxide (NO) by colorimetric method, Catalase and malondialdehyde (MDA) 
assay by the spectrophotometric method. Patients were trained for the structured exercise therapy 
as per the protocol and evaluated at the end of 6 months. The change in the quantitative parameters 
before and after the intervention was assessed by paired t‑test. P < 0.05 was considered statistically 
significant.
RESULTS: The mean of Tau protein, catalase NO, and MDA showed significant statistical 
difference (P < 0.001) when compared from baseline to postintervention. However, the mean 
of fasting blood glucose (P = 0.8705), postprandial blood glucose (P = 0.8121), and glycated 
hemoglobin (P = 0.8121) reported insignificant values from baseline to postintervention.
CONCLUSIONS: Integrated approach of structured exercise therapy has improved the cognitive 
functions and decreased oxidative stress.
Keywords:
Cognitive dysfunction, exercise therapy, glucose, oxidative stress, Type 2 diabetes mellitus

Introduction

Diabetes mellitus (DM) is a condition 
characterized by insufficient insulin 

production leading to high glucose 
levels in the body.[1] In the year 2017, the 
International Diabetes Federation estimated 
that about 451 million people between the 
age groups of 18–99 years were identified to 
be suffering with DM. It was also observed 

that countries such as India (74 million 
people) and China (121 million people) 
showed a higher prevalence rate.[2] In the 
past three decades, it was observed that 
DM was a major cause of morbidity and 
mortality in younger and middle‑aged 
population than the elderly.[3] The main 
characteristics of type 2 DM are high 
blood sugar levels, metabolic irregularities 
including high blood pressure (BP), 
abnormal lipid profile, and excessive 
oxidative stress. Before the diagnosis of 
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diabetes, each patient undergoes a prediabetic stage of 
almost 4 to 5 years, during which various bouts of hypo 
and hyper‑glycemia occur, which can lead to changes in 
the brain and eventually develop oxidative stress and 
cognitive dysfunctions.[4]

Glycated hemoglobin (HbA1c) exhibited direct 
correlations with cholesterol, triglycerides, and 
low‑density lipoprotein cholesterol and inverse 
correlation with high‑density lipoprotein cholesterol. 
The prediabetes usually has the HbA1c levels as 
5.7%–6.4%, while those with 6.4% or higher HbA1c 
levels have diabetes.[5] The presence of tau protein 
induce peripheral insulin resistance or disruptions in 
insulin secretion and is a potential mechanistic link for 
promoting type 2 diabetics.[6] Catalase, an anti‑oxidative 
enzyme, plays an important role against oxidative 
stress‑generated complications such as diabetes and 
cardiovascular diseases.[7] The regulation of nitric 
oxide (NO) metabolism is particularly important in 
type 2 diabetes, because activation of NO synthase is 
under insulin control through the Akt pathway. Thus, 
disturbances of NO generation may be a consequence 
of insulin resistance, also affecting the vascular 
response.[8] Malondialdehyde (MDA), a biomarker of 
lipid peroxidation, has been reported to be significantly 
raised in diabetes.[9]

Sedentary lifestyle, lack of proper diet, obesity, and 
lack of exercise add to the causative factors in the 
pathophysiology of cognitive dysfunctions and oxidative 
stress in diabetes.[10]

Exercise is one of the three major components in 
managing type 2 DM along with diet and medications. It 
has been evidenced that reduction in blood sugar levels 
and body fat composition improves the risk toward 
cardiovascular and cardiorespiratory problems, physical 
functioning, cognitive dysfunctions, and well‑being in 
patients with Type 2 DM. Exercise interventions such 
as aerobics, yoga, and other physical activities have 
improved the neurocognitive function in individuals.[11,12]

Management of type 2 DM requires self‑care, but this 
behavior is impaired due to cognitive dysfunction. 
Further research and investigations are essential to 
clarify the association between stress and cognitive 
dysfunction.[13] There is a lack of concurrence for this 
interlinking between diabetes and cognitive function 
due to different study methodologies, study patterns, 
and France sanalysis.[14‑16] Recently, a battery of papers 
have documented the positive impact of exercise in the 
improvement of cognitive functions while decreasing 
oxidative stress. Targeting young type 2DM patients 
with structured exercise therapy may delay the onset 
and complications of cognition and can provide them 

a better quality of life. Hence the study aimed to assess 
the effect of structured exercise on cognitive function 
marker and stress parameters in type 2 DM patients of 
the age group of 20–45 years.

Materials and Methods

This interventional study with a pre and postdesign was 
conducted in the Research Laboratory, Department of 
Physiology. A total of 48 newly diagnosed patients with 
type 2 DM in the age group of 20–45 years attending 
the Outpatient Department from the period of April 
2017 to October 2018 at a Charitable Hospital and 
Medical Research Centre, were included in the study. 
The study was initiated after obtaining approval from 
the Institutional Ethical Committee (Ref. No. KLEU/
Ethic2018‑19/D‑4570). Patients were briefed about the 
study, and informed consent was obtained from patients 
before the start of the study.

Patients with type II DM with a duration of <1 year 
treated with only diet and oral anti‑diabetics were 
included in the study. Subjects with a history of diabetes 
of more than 1 year or type 1 DM or having known 
vascular complication of diabetes, such as coronary 
artery disease, stroke, nephropathy, retinopathy, and 
polyneuropathy which, in the investigator’s judgment, 
may have compromised the physical integrity of the 
patient or other chronic diseases restricting physical 
activity or with prior regimen of physical exercise and 
alcoholics or smokers were exempted from the study.

The baseline parameters like age and gender were 
recorded. Blood samples (10 ml venous samples) were 
collected and sent to Basic Science Research Laboratory. 
The patients were then guided regarding “Structured 
exercise therapy” and were evaluated again at the end 
of 6 months.

Sample size was calculated using the below‑mentioned 
formula:

β α
2 2

1‑ 1‑ 1 2

2
1 2

(Z +Z )(SD + SD )

(X ‑ X )

Where Z1‑α = at 95%, confidence interval = 1.96; 
Z1‑β = at 95%, power of the test = 1.68, Mean and 
standard deviation (SD) from review of literature for 
study and control groups were taken: 22.51 ± 2.16 and 
20.04 ± 3.02; X1‑X2 = Expected impact size

n = (1.68 + 1.96) 2 (2.162 + 3.02 2)/(22.51‑20.04) 2 = 43

Accounting drop out cases as 10%, the sample size was 
calculated as 43/0.9 = 47.7, rounded to 48.
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The structured exercise protocol which lasted for 
6 months consisted of regular exercises like aerobic and 
resistance exercises. The first 2 weeks of the regimen 
consisted of supervised exercise training in Research 
Laboratory, Department of Physiology. Later, the 
participants were advised to continue the exercise at their 
homes regularly. Aerobic exercises were carried out for 
30 min for 5 days/week. The regime was structured such 
that a gap of no more than 2 consecutive days without 
physical activity was advised. Resistance exercise was 
performed thrice a week targeting all major muscle 
groups, 8–10 repetitions into three sets with two kg 
dumbbells. The resistance exercises included dumbbell 
flies, seated single leg extension, dumbbell shoulder 
press, dumbbell bent over row, standing leg curls, 
dumbbell biceps curls, dumbbell up‑right row, dumbbell 
triceps kickbacks, and abdominal curls. All the patients 
were provided with detailed instruction booklets 
describing each resistance training exercise and one pair 
of 2 kg dumbbells to perform resistance training.[17,18] 
Two phone calls per month were made to each study 
participant and feedback was given to overcome 
compliance.

Cognitive function marker, i.e., Tau Protein, and stress 
parameters viz; NO, catalyse, and MDA, glucose profile 
and body mass index (BMI) were considered as primary 
outcome variables.

A 10 ml of venous blood sample was collected in 
EDTA coated vacutainer and plasma was isolated by 
centrifugation method (REMI Elektrotechnik Limited; 
REMI R –4°C; 2500 rpm for 15 min). The plasma samples 
were stored in aliquots as per study requirement 
in ‑ 80°C (New Brunswick Scientific, England; U410‑86).

Tau protein estimation in plasma samples was performed 
using enzyme‑linked immunoassay (ELISA) Kit 
(RayBIO Human Tau ELISA Kit; GA, United States). 
The estimation was carried out as per the manual 
provided with the kit. As instructed in the manual, the 
plate was washed using microplate washer (BioTek 
Instruments, USA; 50 TS) and was read using ELISA 
Plate Reader (BioTek Instruments, USA; EPOCH/2). All 
chemicals used to assess Tau protein were provided in 
the kit.[19] NO production was assessed by a colorimetric 
method, and the absorbance was read at 540 nm.[20] For 
catalase test, hydrogen peroxide was measured at 405 nm 
on the spectrophotometer against the blank containing 
all the components except the enzyme and expressed 
in kU/l, where k is the first‑order rate constant.[21] 
Thiobarbituric acid levels were estimated as per the 
spectrophotometric method described by Ohkawa et al.[22] 
The separated butanol layer was collected and read in 
a spectrophotometer against a reagent blank at 535 nm. 
Thiobarbituric reactive substance concentration was 

expressed in terms of nmol of MDA per mL of plasma.[23,24] 
All the tests were performed at Dr. Prabhakar Kore Basic 
Science Research Laboratory, Belagavi. Glucose profile 
included fasting blood glucose (FBS), postprandial 
blood glucose (PPBS), and HbA1C was estimated by 
using commercially available reagent kits. The American 
Diabetes Association (ADA) proposed HbA1C ≥6.5% for 
the diagnosis of diabetes and 5.7%–6.4% for the highest 
risk to progress to diabetes. BMI kg/m2 was calculated 
by Quetelet index.[25]

Data analysis was done using R i386.3.5.1 statistical 
software. Continuous data was represented in the 
form of mean ± SD, and the categorical variables 
were represented in the form of frequencies. The change 
in the quantitative parameters before and after the 
intervention was assessed by paired t‑test. P < 0.05 was 
considered statistically significant.

Results

A total of 44 subjects with mean age 36.14 ± 4.35 were 
included in the final analysis, as 4 subjects dropped out. 
The majority of the subjects were of age group between 
34 and 39 years (59.09%) [Table 1].

The mean TAU protein at baseline was 1137.09 ± 
391.65 pg/ml, and postintervention at the end of 6 months, 
it was estimated to be 1881.35 ± 606.97 pg/ml with the 
difference being statistically significant (P < 0.001). 
The mean catalase at 405 nm was observed to be 
53.71 ± 6.9 ku/l at baseline, and it was 50.88 ± 7.16ku/l 
at the end of 6‑month postintervention, and the 
difference was statistically significant (P < 0.001). The 
mean NO was observed to be 50.15 ± 1.57 µmol/l at 
the baseline, and it was 44.89 ± 1.79 µmol/l at the end 
of 6‑month postintervention, and the difference was 
statistically significant (P < 0.001). The mean MDA 
was observed at baseline as 4.77 ± 0.55 nmol/ml and 
it was 2.99 ± 0.47 nmol/ml at the end of 6‑month 
postintervention, the difference was statistically 
significant (P < 0.001) [Table 2].

The mean FBS at baseline was 106.20 ± 11.58 mg/dl, 
whereas it was 105.82 ± 11.82 mg/dl at, the end of 
6 months postintervention with the difference being 
statistically insignificant (P = 0.871). The mean PPBS at 
baseline was 140.82 ± 9.95 mg/dl, while postintervention 
it was 140.3 ± 11.06 mg/dl, and the difference was 
statistically not significant (P = 0.812). The mean 
% of Hba1C at baseline was 5.91 ± 0.45, whereas it was 
5.86 ± 0.34 at the end of 6 months post intervention, and 
the difference was statistically insignificant (P = 0.481). 
The mean weight at baseline was 82.68 ± 7.30 kg, 
and it was 73.73 ± 7.75 kg at the end of 6 months 
post intervention, the difference was statistically 
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significant (P < 0.001). The mean BMI at baseline was 
31.53 ± 2.40 kg/m2, and it was 28.10 ± 2.45 kg/m2 at the 
end of 6 months post intervention, the difference was 
statistically significant (P < 0.001) [Table 3].

Discussion

The people affected with Type 2 diabetes have reached 
epidemic proportions all over the world. Diabetes is 
associated with a variety of metabolic abnormalities, 
especially hyperglycemia. This might exasperate stress 
and cognitive functions.[26] Thus, the study aimed to 
identify the effects of structured exercise on cognitive 
function and stress parameters in type 2 DM patients 
younger than 45 years. The severity of Tau pathologies can 
be associated with the cognitive deficits in diabetes. 
According to a study conducted by Cohen et al. (2016) 
and Qu et al. (2014), abnormal tau hyperphosphorylation 
induces neurodegeneration resulting in cognitive 
deficits. Inhibition of tau hyperphosphorylation can 
reverse the formation of abnormal cognition in DM 
patients.[26,27] Type 2 DM adversely affects vital organs 
including the brain, which leads to cognitive decline. 
This interdependence is caused due to many mechanisms 
inclusive of blood glucose and direct effect of chronic 
hyperglycemia on the brain, lipid profile, BP etc.[28] 
Tau acts as a regulator for insulin signaling, beta‑cell 

functioning, and insulin resistance. Impairment of Tau 
has shown to promote insulin resistance and insulin 
deficiency in the brain which can lead to early signs of 
Alzeimers.[29]

DM is an endocrine disorder associated with cognitive 
dysfunction, and literature reveals that diabetes causes 
detrimental effects on a range of cognitive functions as 
reported by battery of papers.[28] In the current study, Tau 
protein level was decreased postintervention and was 
statistically significant (P < 0.001) between baseline and 
postintervention. Miklossy et al. in their study highlighted 
that hyperphosphorylated tau was associated with type 2 
diabetes, which is a common pathogenetic feature in 
neurodegenerative disorders including Alzheimer’s 
disease and Type 2 diabetes.[30] A recent observation 
reported by Zilliox et al. is that p‑tau is specifically 
present in the hippocampal mitochondria of low‑capacity 
running rats, with obesity, hyperinsulinemia, 
memory, and mitochondrial impairment.[31] Oxidative 
stress parameters Catalase (ku/l), NO umol/l, and 
MDA (nmol/ml) were decreased postintervention and 
were statistically significant (P < 0.001) between baseline 
and 6‑months postintervention. The present study 
supports the fact that hyperglycemia in diabetic patients 
increases the production of free radicals and presence 
of oxidative stressors with an alteration in antioxidant 
enzyme activities and increased lipid peroxidation (MDA 
levels) in Type 2 diabetic patients. Similar results were 
obtained by Goon et al. reported that oxidative stress 
parameters such as MDA and catalase had significantly 
dropped at postintervention (P < 0.01). In their study, it 
was suggested that long‑term exercise was an effective 
means of inducing hormesis that results in enhanced 
antioxidant protective mechanisms, increased repair 
mechanisms, and decreased oxidative damages.[32]

Table 1: Distribution of subjects by age group
Factor Sub‑category Count (%)
Age group (years) 28‑33 11 (25)

34‑39 26 (59.09)
40‑45 7 (15.91)

Mean age (years) 36.25±4.35
Gender Male 24 (54.55)

Female 20 (45.45)

Table 2: Comparison of mean of tau protein and stress parameters
Parameter Mean±SD (n=44) Average percentage of 

change
P

Preintervention Postintervention
Tau protein (pg/ml) 1881.35±606.97 1137.08±391.64 78.17 <0.001*
Catalyses (ku/l) at 405 nm 53.71±6.9 50.88±7.16 5.75 <0.001*
NO umol/l 50.15±1.57 44.89±1.79 11.88 <0.001*
MDA (nmol/ml) 4.77±0.55 2.99±0.47 60.68 <0.001*
*P<0.05 was considered significant. NO: Nitric oxide, MDA: Malon‑di‑aldehyde, SD: Standard deviation

Table 3: Comparison of mean of biochemical and anthropometric parameters
Biochemical parameters Mean±SD (n=44) Average percentage of 

change
P

Preintervention Postintervention
FBS (mg/dl) 106.20±11.58 105.82±11.82 0.62 0.871
PPBS (mg/dl) 140.82±9.95 140.3±11.06 0.08 0.812
HbA1c (%) 5.91±0.45 5.86±0.34 0.49 0.481
Height (cm) 161.91±5.18 161.91±5.18 0.00 1.000
Weight (kg) 82.68±7.30 73.73±7.75 8.95 <0.001*
BMI (kg/m2) 31.53±2.40 28.10±2.45 3.43 <0.001*
*P<0.05 was considered significant. FBS: Fasting blood sugar test, PPBS: Postprandial blood sugar test, HbA1c: Glycated hemoglobin, BMI: Body mass index, 
SD: Standard deviation
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This is the first kind of study correlating the cognitive 
skills with Tau protein and oxidative stress parameters 
among diabetic population below 45 years. Animal 
studies showed that aerobic exercise decreased Tau 
phosphorylation and increased some proteins related 
to insulin/insulin‑like growth factor‑1 pathway in 
hippocampus of diabetic rats. These molecular adaptations 
from exercise training might contribute to improved 
spatial learning and memory in diabetic organisms.[33] 
Grielberger et al., in their study, observed a significant 
correlation between MDA with neurodegenerative 
diseases than the control group (P < 0.0001). These results 
support the hypothesis that oxidative damage to 
lipids and proteins is an important early event in the 
pathogenesis of neurodegenerative diseases.[34] In another 
study done by Baldeiras et al., among mild cognitive 
impairment patients, cognitive function positively 
correlated (r = 0.298; P = 0.074) with antioxidant levels.[35]

There was a change in the mean observed in stress 
parameters postintervention that was statistically 
significant. The percentage of average change in these 
parameters pre‑ and postintervention are as follows Tau 
protein (78.17%), catalases (5.75%), MDA (60.68%), and 
NO (11.88%). All these parameters and their mechanism 
are related for cognitive dysfunction.[36,37] Hence, a 
positive outcome between the pre‑ and postintervention 
model indicates the efficacy of the intervention in 
managing the disease condition.

A structured exercise therapy consisting of aerobic 
exercise and resistance exercise for 30 min, 5 days/
week, i.e., 150 min/week, led to a significant decrease 
in BMI (pre‑31.54 and post‑28.10 kg/m2) and weight 
loss (pre: 82.68 and post: 73.73 kg) in the study 
postintervention. According to the ADA and American 
College of Sports Medicine, 150 min of moderate 
(50%–70% of a person’s maximum heart rate) to 
vigorous (>70% of maximum heart rate) physical activity 
per week is recommended for patients with type 2 DM.[38] 
Studies suggest that physical activities, yoga, aerobic 
exercises and resistance exercises were found to be 
effective in managing the complication of type 2 DM.[39‑40] 
In a recent study, it has been stated that Yoga exercise 
helped to improve the quality of life, mood and stress 
levels, coagulation, and cognition of the patients.[41] The 
uniqueness of this study was various stress parameters 
assessed such as Tau protein, NO, catalyses, and MDA, 
and glucose profile and BMI were measured. Second, a 
follow‑up of 6 months was taken which most study lack.

Limitations
There was no significant change observed in the glucose 
profile in this study which could be due to a shorter study 
period, and lack of controls as reference were major 
drawbacks for this study.

Future recommendations
As there is an increase in the prevalence of type 2 DM 
in young and middle‑aged adults, more comparative 
studies are warranted to evaluate the effects of other 
physical exercises and Yoga asanas.
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Conclusion

The current research demonstrated the positive effect 
of structured exercise such as aerobic and resistance 
exercise on the stress parameters in the management of 
type 2 DM. The beneficial effects led to an improvement 
in the blood glucose level, BMI, and HbA1C levels. 
Positive effects have been in reducing the effect of 
stress parameters affecting the cognitive function of 
the patients. Integrated approach of structured exercise 
therapy has improved the cognitive functions and 
decreased oxidative stress.
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Abstract
Objective: We sought to understand knowledge, attitudes and practices (KAP) re-
garding COVID- 19 in pregnant women in seven low and middle- income countries 
(LMIC).
Design: Population- based prospective, observational study.
Settings: Study sites in DRC, Kenya, Zambia, Bangladesh, India (two sites), Pakistan 
and Guatemala.
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1 |  BACKGROU N D

Since early 2020, the COVID- 19 pandemic has had an im-
portant impact on global health.1 COVID- 19 has affected 
high- income as well as low-  and middle- income coun-
tries (LMICs) in Asia, Europe, North and South America, 
Australia, and Africa.2 On March 11, 2020, the World Health 
Organization (WHO) declared the COVID- 19 outbreak as 
a global pandemic with exponential spread worldwide.1 
Although COVID- 19 was initially considered a respiratory 
disease that in some cases caused severe pneumonia, it is 
now known as a complex multisystem disease ranging in se-
verity from asymptomatic to fatal.3,4

Since the emergence of the disease, COVID- 19 has been 
accompanied by fear, lack of information and unprepared-
ness.5 Because of the rapid spread of COVID- 19 and its 
significant negative impact on the health and the socio- 
economic status of communities, the WHO has recom-
mended several precautionary measures against the spread 
of COVID- 19 which have been adopted by the governments 
of many countries. The success of these initiatives depends 
largely on people having accurate information about the dis-
ease. Pregnant women and those with co- morbidities are at 
increased risk of developing complications due to severity 
of COVID- 19 infection and due to physiological changes.4,6 
Limited knowledge related to COVID- 19 symptoms, modes 
of transmission, risk status, and measures to prevent the 

spread of COVID- 19 infection in pregnancy can increase the 
risk of contracting COVID- 19 infection.

A recent meta- analysis by Allotey et al.3 suggested that 
the cumulative effect of this disease on a woman and her 
growing fetus is detrimental. Most pregnant women remain 
asymptomatic and are less likely to manifest COVID- 19 
related symptoms than are non- pregnant women.4 Pre- 
existing medical conditions along with pregnancy- specific 
conditions such as gestational diabetes and pre- eclampsia 
are additional risk factors that may increase the risk of ad-
verse outcomes in COVID- 19- positive pregnant women as 
compared with women without the disease.3,7

The WHO and others have emphasised the need to im-
prove COVID- 19 related health information in the pop-
ulation.8 By understanding the knowledge, attitudes and 
preventive practices of the target community, informa-
tional materials can be tailored to pregnant women and 
incorporated as part of the antenatal care (ANC) package 
related to COVID- 19 symptoms, modes of transmission, 
knowledge of high- risk groups and measures to prevent 
contracting COVID- 19 in pregnancy. Understanding 
how women will approach care seeking is crucial since 
one potential pathway relating the COVID- 19 pandemic 
to adverse pregnancy outcomes is through a decrease in 
pregnancy related care.

The aim of the present study was to determine the knowl-
edge, attitudes, and preventive practices of pregnant women 

Population and sample: Pregnant women in the Global Network's Maternal and 
Neonatal Health Registry (MNHR).
Methods: A KAP questionnaire was administered in face- to- face interviews with 
pregnant women from September 2020 through October 2021 in the MNHR.
Main outcome measures: KAP regarding COVID- 19 during pregnancy.
Results: In all, 25 260 women completed the survey. Overall, 56.8% of women 
named ≥3 COVID- 19 symptoms, 34.3% knew ≥2 transmission modes, 51.3% knew 
≥3 preventive measures and 79.7% named at least one high- risk condition. Due to 
COVID- 19 exposure concerns, 23.8% had avoided prenatal care and 7.5% planned 
to avoid hospital delivery. Over half the women in the Guatemalan site and 40% 
in the Pakistan site reduced care seeking due to COVID- 19 exposure concerns. Of 
the women, 24.0% were afraid of getting COVID- 19 from healthcare providers. 
Overall, 63.3% reported wearing a mask and 29.1% planned to stay at home to reduce 
COVID- 19 exposure risk.
Conclusions: We found a decrease in planned antenatal and delivery care use due 
to COVID- 19 concerns. The clinical implications of potential decreases in care are 
unclear, but decline in essential healthcare utilisation during pregnancy and delivery 
could pose challenges for maternal and newborn health. More research is needed to 
address the impact of COVID- 19 on routine pregnancy and delivery care.
Tweetable abstract: Pregnant women in 7 low and middle income sites often had in-
complete knowledge related to COVID- 19 and practices to prevent COVID- 19 dur-
ing pregnancy varied.
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related to COVID- 19 in LMICs. The findings from the cur-
rent study should help inform policies and guidelines for 
the prevention of COVID- 19 among similar obstetric pop-
ulations living in LMICs. Since the maternal and neonatal 
health indicators are already compromised in many LMICs, 
this study may encourage government officials to focus on 
areas for raising awareness for prevention of COVID- 19 
among pregnant women.

2 |  M ETHODS

This study was undertaken as part of the Global Network for 
Women and Children's Health Research (Global Network), 
a multi- country research network funded through peer- 
reviewed research grants by the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development 
(NICHD).9 The KAP sub- study was nested within the Global 
Network's Maternal and Neonatal Health Registry (MNHR). 
The MNHR is a prospective, population- based observational 
study that includes all pregnant women and their outcomes in 
defined geographic communities (clusters).10,11 Each of these 
mostly rural communities (clusters) includes approximately 
300– 500 births annually, with between 6 and 10 clusters at 
each of the study sites in western Kenya, Zambia (Kafue and 
Chongwe), the Democratic Republic of the Congo (DRC) 
(North and South Ubangi Province), Pakistan (Thatta in 
Sindh Provence), India (Belagavi and Nagpur), Guatemala 
(Chimaltenango) and Bangladesh (District Tangail). The 
MNHR was initiated at each of the study sites between 2008 
and 2009, except for the DRC, which rejoined the Global 
Network in 2014 after a 5- year hiatus, and Bangladesh which 
joined the Global Network in 2018.

The KAP survey was initiated as part of the MNHR in 
September 2020 and is planned to be continued until the end of 
the pandemic. This analysis used data collected from September 
2020 through October 2021 (exact start date varied by site). 
For the COVID- 19 KAP study, once approved at a site, all the 
women enrolled within the MNHR sampling frame –  those 
who consented and intended to deliver within the MNHR clus-
ters –  were approached to participate in the KAP survey.

The information about knowledge, attitudes and prac-
tices of pregnant women related to COVID- 19 was obtained 
through face- to- face interviews with the women at the time 
of enrollment in the MNHR. To determine the level of knowl-
edge related to COVID- 19, women were asked to identify 
nine possible symptoms, four ways of transmission, six steps 
to prevent the spread and knowledge of the two highest risk 
groups. The questionnaire was intended to prompt the wom-
en's responses to the statements posed in the questionnaire. 
In this section, each question was asked as an open- ended 
question without reading the potential list of responses to as-
sess the woman's understanding. For any of the woman's cor-
rect responses, the appropriate response was checked on the 
form. In the practices section, the staff prompted the mother 
or asked clarifying questions, as needed. COVID- 19 symp-
toms of interest included: fever, cough, difficulty breathing, 

sore throat, runny or stuffy nose, tiredness, aches and pains, 
diarrhea, and loss of taste or smell. Transmission modes of 
interest included respiratory droplets from a sick person, 
respiratory droplets from an asymptomatic person, touch-
ing contaminated objects and shaking hands. Preventative 
measures of interest included handwashing or using a hand 
sanitiser, keeping distance from others, avoiding shaking 
hands, avoiding touching face, wearing a mask, and staying 
home. High risk populations of greatest interest included the 
elderly and those who have other comorbidities.

2.1 | Statistical analyses

The analysis population included women screened for the 
MNHR who were eligible and who had consented and com-
pleted the KAP interview. Data analysis was done using SAS 
Enterprise Guide version 7.1 (SAS Institute Inc.). For each of 
the knowledge components, valid responses were summed 
into four individual component scores. These scores were 
then dichotomised according to whether the participant 
met what our team felt was a minimum threshold of valid 
responses to be considered having sufficient knowledge. 
Questions were first coded for correctness. The correct 
answers were summed to determine the score for items of 
knowledge of symptoms, transmission, preventive practices 
and high- risk status. Categorical variables were created from 
the summed scores for cut points at which the participant 
would be considered to have knowledge of the items as fol-
lows, identified at least three symptoms, identified at least 
two transmission modes, identified at least three prevention 
measures, and identified at least one group at greatest risk. 
Maternal demographic characteristics and distributions of 
their COVID- 19 knowledge, attitudes and practices were 
presented in frequencies and percentages.

2.2 | Ethical approvals

This study was reviewed and approved by ethics review 
committees of participating sites at INCAP, Guatemala; 
University of Zambia, Zambia; Moi University, Kenya; Aga 
Khan University, Pakistan; KLE University's Jawaharlal Nehru 
Medical College, Belagavi, India; Lata Medical Research 
Foundation, Nagpur, India, and the Kinshasa School of Public 
Health, Democratic Republic of the Congo, and International 
Centre for Diarrhoeal Disease Research, Bangladesh. The in-
stitutional review boards at each US partner university and 
the Data Coordinating Center (RTI International) also ap-
proved the protocol. All women provided informed consent 
for participation in the study and data collection.

3 |  R E SU LTS

From September 2020 through October 2021, COVID- 19 
KAP questionnaires were collected for 25 260 women 
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enrolled in the MNHR ranging from 2376 in the Guatemala 
site to 5066 in the Pakistan site (Table 1).

Table 1 presents the number and percentages of maternal 
characteristics by site among the included women. The ma-
jority of participants were 20– 35 years of age (78.0%). Almost 
70% of women had a primary or secondary education, al-
though the proportion of women with no formal schooling 
was substantially higher in Pakistan (80.6%) than in the other 
participating sites. Thirty- nine percent of women (38.9%) 
were enrolled in their first trimester, 43.4% in their second 
trimester, and 17.8% during the third trimester. Across all 
sites, 31.8% of women were nulliparous, 42.8% had a parity of 
1– 2 and around 25.4% had a parity of ≥3.

In the questions related to knowledge, across all the sites, 
56.8% of women named ≥3 COVID- 19 symptoms, 34.3% 
knew ≥2 transmission modes, 51.3% knew ≥3 preventive 
measures and 79.7% named at least one high- risk condi-
tion. We also assessed and present women's knowledge of 
COVID- 19 symptoms, transmission, prevention, and high-
est risk groups by site. Figure  1 describes the percentages 
of women who could name at least three symptoms, two or 
more modes of transmission, three or more measures of pre-
vention, and at least one high- risk group. More than 65% of 
women in the sites in Zambia, Kenya, India and Bangladesh 
were aware of three or more symptoms in comparison with 
only 4.5% of women in DRC. The sites with the lowest re-
ported knowledge of COVID- 19 transmission modes were 
DRC (10.2%), Pakistan (15.9%) and Bangladesh (17.4%), 

whereas more than half of the women in Kenya (62.9%) 
and Zambia (59.2%) had knowledge of at least two modes of 
transmission. We also assessed each participant's knowledge 
of six potential prevention measures for COVID- 19 spread. 
More than 65% of women in Zambia, Kenya and India cor-
rectly named at least three measures of prevention. In the 
Kenyan, Guatemalan and Bangladeshi sites, at least 90% of 
respondents correctly identified at least one high- risk group, 
compared with 33.3% of women in the DRC site.

Women were also asked whether they had or planned to 
change their prenatal care and/or delivery location because 
of COVID- 19. (Figure  2). A higher percentage of women 
in Guatemala (50.6%), Pakistan (39.6%), India (28.6%) and 
Kenya (21.0%) planned to avoid antenatal care, such as at-
tending ANC visits at their clinic, compared with DRC, 
Zambia, and Bangladesh, where percentages ranged from 
5.4% to 10.0% Furthermore, a much higher percentage of 
women in the Guatemalan site (33.7%) were planning to 
avoid delivering at a hospital or health facility compared 
with the other sites, where between 0.8% and 10.6% of 
women planned to avoid a facility delivery (Figure 2).

Women were also asked about measures they took to avoid 
contracting COVID- 19 (Figure  3). Overall, 75% of women 
practised hand hygiene, 63.3% reported wearing a mask and 
29.1% planned to stay at home to reduce COVID- 19 exposure 
risk. Sites with the lowest reported hand hygiene behaviour 
were the DRC (57.8%) and Pakistan (59.9%). The second most 
common behaviour to prevent COVID- 19 infection overall 

T A B L E  1  Characteristics of women completing the knowledge, attitudes and practices survey by study site. Amounts in n (%) unless marked 
otherwise

Overall DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Women, n 25 260 3397 2843 4444 2376 3992 5066 3142

Age (years)

<20 4080 (16.2) 832 (24.5) 621 (21.9) 924 (20.8) 431 (18.1) 292 (7.3) 175 (3.5) 805 (25.6)

20– 35 19 691 (78.0) 2261 (66.6) 1983 (69.8) 3269 (73.6) 1743 (73.4) 3670 (91.9) 4558 (90.0) 2207 (70.3)

≥36 1482 (5.9) 303 (8.9) 237 (8.3) 249 (5.6) 202 (8.5) 30 (0.8) 332 (6.6) 129 (4.1)

Maternal level of education

No formal 
schooling, 
illiterate

5871 (23.2) 1000 (29.4) 218 (7.7) 41 (0.9) 175 (7.4) 128 (3.2) 4081 (80.6) 228 (7.3)

Primary/
secondary

17 630 (69.8) 2382 (70.1) 2540 (89.4) 3965 (89.3) 1994 (83.9) 3149 (78.9) 907 (17.9) 2693 (85.7)

University+ 1752 (6.9) 15 (0.4) 82 (2.9) 435 (9.8) 207 (8.7) 715 (17.9) 78 (1.5) 220 (7.0)

GA at enrolment (weeks)

0– 13 9613 (38.9) 809 (24.0) 423 (15.1) 997 (24.2) 1125 (47.8) 2981 (74.9) 2382 (47.3) 896 (29.2)

14– 28 10 724 (43.4) 2247 (66.7) 1416 (50.4) 2352 (57.1) 890 (37.8) 423 (10.6) 1734 (34.4) 1662 (54.2)

≥29 4397 (17.8) 314 (9.3) 971 (34.6) 770 (18.7) 339 (14.4) 575 (14.5) 922 (18.3) 506 (16.5)

Parity

0 8021 (31.8) 765 (22.5) 894 (31.5) 1535 (34.5) 863 (36.3) 1632 (40.9) 1088 (21.5) 1244 (39.6)

1– 2 10 818 (42.8) 1032 (30.4) 1227 (43.2) 1786 (40.2) 1040 (43.8) 2175 (54.5) 1842 (36.4) 1716 (54.6)

≥3 6418 (25.4) 1600 (47.1) 720 (25.3) 1123 (25.3) 473 (19.9) 185 (4.6) 2136 (42.2) 181 (5.8)

Note: The sites began collecting COVID Knowledge, Attitudes and Practices data, as follows: Pakistan— 17 Sept 20, DRC— 16 Oct 20, Guatemala— 12 Nov 20, India— 26 Nov 
20, Kenya— 15 Dec 20, Bangladesh— 15 Dec 20, Zambia– 9 Feb 21.
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was wearing a mask (63.3%), although women in the DRC 
site (27.1%) and the Pakistan site (38.9%) reported doing this 
less often than the other sites. The least common behaviour to 
prevent COVID- 19 was avoiding touching the face, ranging 
from 6.2% in Bangladesh to 38.1% from the Kenyan site.

Participants were assessed about possible obstacles to re-
ceiving COVID- 19- related care (Figure 4). When we assessed 
women's fears of getting COVID- 19 from their provider, the 
Pakistan site reported the highest percentage (48.6%) com-
pared with 4.2% in the DRC site. Additionally, 1.7% of the 
women in Bangladesh to 54.7% in Guatemala reported con-
cerns regarding hospitals' capacity to provide care.

4 |  DISCUSSION

4.1 | Main findings

To the best of our knowledge, this study is the first com-
prehensive analytical COVID- 19 KAP survey on pregnant 
women conducted in multiple LMIC countries. Our sur-
vey found significant differences among the sites in the 

knowledge, attitudes and practices regarding COVID- 19 
among pregnant women. Limitations in knowledge were 
observed in all seven study sites. This is especially true as we 
focused on a minimal threshold of knowledge. We believe 
the gaps would be much larger had we focused on knowl-
edge of all symptoms, modes of transmission and preven-
tive practices.

In summary, our COVID- 19 KAP survey documented 
that the pregnant women across seven countries had vari-
able knowledge related to COVID- 19. Nearly one- quarter of 
women avoided or reduced prenatal care visits, and 8% men-
tioned avoiding hospital deliveries due to fear of COVID- 19 
exposure. An important minority of women were afraid of 
contracting COVID- 19 from their provider. Although vari-
able among the sites, many women planned to stay at home 
and/or wear a mask to protect themselves against COVID- 19.

4.2 | Strengths and limitations

Our paper has some limitations and strengths. Among 
the strengths are the large sample size, population- based 

F I G U R E  1  Knowledge of COVID- 19 symptoms (A),1 modes of transmission (B),2 measures to prevent the spread of COVID- 19 (C)3 and high- risk 
groups for COVID- 19 (D)4 by site. 1Symptoms of interest included fever, cough, difficulty breathing, sore throat, runny or stuffy nose, tiredness, aches 
and pains, diarrhoea, and loss of taste and smell. 2Transmission modes of interest included respiratory droplets from a sick person, respiratory droplets 
from an asymptomatic person, touching contaminated objects and shaking hands. 3Preventative measures of interest included handwashing or using gel, 
keeping distance, avoiding shaking hands, avoiding touching face, wearing a mask and staying home. 4Those at greatest risk of interest included elderly 
and those who have another illness

(A) (B)

(C) (D)
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data from three regions (Africa, Asia and Central America 
[Guatemala]) and prospective data collection using the same 
standardised data collection tool that allowed comparisons 
among the sites. There may have been a small decrease in the 
MNHR enrollment during the COVID- 19 pandemic; how-
ever, we were able to capture nearly all the deliveries com-
pared with prior years. Other limitations include that we 
had no validated tool for the assessments and the cut- offs for 
adequate knowledge as well as utilisation of the preventative 
practices. We acknowledge that the cut- offs were arbitrary 
and other cut- offs could have been used. Because of the rap-
idly evolving pandemic, we did not pilot the questionnaire 
beyond having multiple staff members review and evaluate 
the content. We also did not link our results to the preva-
lence of disease in the communities in which the women re-
sided. Data on the prevalence of COVID- 19, as determined 
by antibody positivity, appear to be increasing in each site, 
but reliable population- based data about disease prevalence 
is not consistently available. If there was no real or perceived 
disease in the community, KAP related to COVID- 19 would 
likely have been less. Although there was similar training on 
the use of the questionnaire in each site, we also acknowl-
edge that given face- to- face interviews involving multiple 
staff and investigators, there is the potential for bias with 
respect to the views of the questioner.

4.3 | Interpretation

A number of small, single- site studies have evaluated KAP 
among pregnant women.12– 16 Compared with the Global 

Network study, a prior KAP survey from Bangladesh, a negli-
gible percentage (0.3%) of women were able to identify pos-
sible modes of transmission of COVID- 19.13 This difference 
could be attributed to the time when the studies were con-
ducted, as the Bangladeshi study was conducted in March 
2020, shortly after WHO declared COVID- 19 a global pan-
demic, whereas the Global Network study was initiated in 
September 2020 and presented data through October 2021, 
during which time public knowledge of the disease had been 
increasing. However, the overall knowledge of our study par-
ticipants about COVID- 19 was still significantly lower than 
that seen from KAP studies conducted in Northern Ghana 
and Iran, where most of the participants (70%) had a high 
level of knowledge about COVID- 19.14,15

Our study also suggested potential indirect effects of the 
COVID- 19 pandemic on pregnancy and delivery care. In our 
study, a large proportion of women in Guatemala, Pakistan 
and the Indian sites planned to avoid prenatal care. The find-
ing is consistent with studies conducted in southwest Iran 
and India, where more than 70% and nearly 32% of pregnant 
women avoided routine antenatal care visits, respectively.16,17 
In our study, nearly one- third of women in Guatemala 
planned to avoid delivering at a hospital. The finding is also 
consistent with studies conducted in India, Nepal and Ghana, 
where significant reductions in institutional deliveries have 
been reported during the COVID- 19 panedemic.16,17 Given 
the importance of prenatal care, there are potential concerns 
about longer- term impact on health outcomes.18,19 However, 
overall, it seems as if disruptions in care were higher in the 
early days of the pandemic, when lockdowns were more fre-
quent and less was known about the disease.

F I G U R E  2  Health care avoidance due to COVID- 19 by site (A) Avoidance of prenatal care (B) Avoidance of delivering in a hospital

(A) (B)
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F I G U R E  3  Preventive practices taken to avoid COVID- 19 by site (A) Indicate handwashing (B) Maintain social distance from others (C) Avoid 
touching face (D) Avoid shaking hands (E) Routinely wear a face mask (F) Generally stay at home

(A) (B) (C)

(D) (E) (F)

F I G U R E  4  Attitudes around COVID- 19 and barriers to care by site (A) Fear of receiving COVID- 19 exposure from health care provider (B) Concern 
that hospital lacks capacity to provide adequate care

(B)(A)
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5 |  CONCLUSION

Currently, the level of pregnant women's knowledge about 
COVID- 19 is evolving. We expect the knowledge and prac-
tices to evolve further as the pandemic spreads and COVID- 19 
becomes even more of a real threat. To curtail the pandemic, 
a reduction in transmission of infection by implementing ef-
fective containment measures is needed. To help achieve this, 
improved knowledge and COVID- 19 prevention practices 
among pregnant women are necessary, especially in resource- 
challenged countries where specialised care is often out of 
reach of most of the population.7 In our Global Network sites, 
overall we found limited knowledge and use of preventive 
practices by pregnant women regarding COVID- 19. More 
research is required to address women's fears of accessing ap-
propriate healthcare services and ultimately improving health 
delivery for pregnant women and their children.
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Abstract
Objective: To assess respiratory distress syndrome (RDS) compared with birth as-
phyxia as the cause of death in preterm newborns, assigned by the neonatal intensive 
care unit (NICU) physician at the time of death and assigned by a panel with com-
plete obstetric history, placental evaluation, tissue histology and microbiology.
Design: Prospective, observational study.
Settings: Study NICUs in India and Pakistan.
Population: Preterm infants delivered in study facility.
Methods: A total of 410 preterm infants who died in the NICU with cause of death 
ascertained by the NICU physicians and independently by expert panels. We com-
pared the percentage of cases assigned RDS versus birth asphyxia as cause of death 
by the physician and the panel.
Main outcome measures: RDS and birth asphyxia.
Results: Of 410 preterm neonatal deaths, the discharging NICU physicians found 
RDS as a cause of death among 83.2% of the cases, compared with the panel finding 
RDS in only 51.0%. In the same neonatal deaths, the NICU physicians found birth 
asphyxia as a cause of death in 14.9% of the deaths, whereas the panels found birth 
asphyxia in 57.6% of the deaths. The difference was greater in Pakistan were the 
physicians attributed 89.7% of the deaths to RDS and less than 1% to birth asphyxia 
whereas the panel attributed 35.6% of the deaths to RDS and 62.7% to birth asphyxia.
Conclusions: NICU physicians who reported cause of death in deceased preterm in-
fants less often attributed the death to birth asphyxia, and instead more often chose 
RDS, whereas expert panels with more extensive data attributed a greater proportion 
of deaths to birth asphyxia than did the physicians.
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1 |  I N TRODUC TION

In many, if not most, reports of neonatal death in preterm 
infants in low-  and middle- income countries (LMIC), com-
plications of prematurity are listed as the most common 
cause of death (COD).1– 4 Of these complications, respira-
tory distress syndrome (RDS) is often listed as the leading 
cause of preterm neonatal death and a major contributor to 
all neonatal deaths.5– 7 These reports are generally based on 
the presence of breathing difficulty noted by the clinician or 
on verbal autopsy. However, breathing difficulty may result 
from other conditions, most notably birth asphyxia.8 Ideally, 
to attribute RDS as a COD, evidence of respiratory difficulty 
soon after birth together with X- ray findings pathogno-
monic for RDS, and/or hyaline membranes on pulmonary 
histology are needed.

In contrast, few, if any, X- ray or pulmonary histological 
findings are pathognomonic for birth asphyxia.9,10 Birth 
asphyxia may be considered a COD based on a constella-
tion of findings including prolonged labour, maternal pre- 
eclampsia, placental abruption or previa and low Apgar 
scores.11 Other suggestive findings, based on placenta ex-
amination, include signs of abruption and lesions associated 
with fetal or maternal vascular malperfusion.11 Lower than 
expected newborn and placental weights may also suggest 
birth asphyxia.12 Signs of aspiration, especially with meco-
nium present on histological lung evaluation, also indicate 
asphyxia. If available, abnormal umbilical cord gases and 
evidence of brain injury may suggest birth asphyxia. Hence, 
this group of findings is highly suggestive of asphyxia as a 
COD. This is especially likely when microbiology and histol-
ogy evaluations rule out pneumonia or sepsis.

Complete clinical and diagnostic information are rarely 
available for most neonatal deaths, especially in LMICs,13 
but the more information available, the more likely an ac-
curate COD will emerge. Unfortunately, in most COD stud-
ies, these data were unavailable to inform the COD; this is a 
well- documented limitation in COD studies involving ver-
bal autopsy and clinical opinion.14,15

A related limitation in neonatal COD studies is individ-
ual physician bias in reporting COD.15 To overcome this 
bias, many studies assessing COD use computerised algo-
rithms16,17 or expert panels to determine COD.18– 20 However, 
for the algorithm or panel's COD attribution to be accurate, 
appropriate clinical and laboratory data should be available.

There have been recent advances to improve the ascer-
tainment of causes of preterm neonatal death. First, more 
complete, accurate data, generally in a standardised format, 
have been encouraged for COD examinations.20,21 Also, 

minimally invasive tissue sampling (MITS) to evaluate var-
ious organs, especially the lung, for histology and organism 
identification has enabled investigators to better assess in-
fectious COD.22– 24 Finally, placental histology, including as-
sessment of placental malperfusion and inflammation, are 
now more widely available.11,23,25

For this study, our objective was to compare the assign-
ment of RDS and birth asphyxia by the neonatal intensive 
care unit (NICU) physician at the time of death with the 
proportion of causes identified by a panel with more com-
plete obstetric history, the placenta evaluation, tissue histol-
ogy and microbiology. Our hypothesis was that discharging 
physicians, relying on data only available at time of death, 
would more often report RDS as the cause of preterm neo-
natal death, whereas the panel, with more comprehensive 
information available, and perhaps being less biased because 
they were not involved in the clinical care, would more fre-
quently designate birth asphyxia as the COD. We believe this 
distinction is not only of academic interest, but crucial for 
medical practice and research direction, because death from 
birth asphyxia is often preventable by better obstetric care 
and appropriate neonatal resuscitation, whereas death from 
RDS requires different strategies to reduce mortality.

2 |  M ETHODS

The data in this report were derived from data collected for 
the PURPOSe study.24 Briefly, the PURPOSe study was a 
prospective, observational cohort study performed in India 
and Pakistan from 2018 to 2020 to determine COD in pre-
term neonates and stillbirths. This study evaluated only the 
preterm neonatal deaths among liveborn infants who were 
admitted to a study NICU and died before discharge, up to 
28 days post- delivery. The study NICUs included a large, 
children's hospital in Karachi, Pakistan and three NICUs 
within one health system located in Davangere, India.

The planned study sample size was 350 preterm neonatal 
deaths in both India and Pakistan to provide sufficient pre-
cision to detect COD that contributed to 20% or more of the 
deaths. To reach that target, assuming the reported mortal-
ity rates, we attempted to screen and enrol all eligible women 
admitted to study hospitals. Pregnant women of the local age 
of consent were eligible if they presented in preterm labour 
or for preterm delivery over the 18- month study period.

For each woman enrolled and consented, we prospectively 
obtained clinical information, including medical history, 
delivery information, and collected a maternal rectovaginal 
culture for group B streptococcus and the placenta. Staff 

Tweetable abstract: In preterm infant deaths, RDS was more often chosen as the 
cause of death by the NICU physician, whereas a panel evaluating the same cases, 
with more extensive data, attributed a greater proportion of deaths to birth asphyxia 
than did the physician.
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then followed the infants admitted to the study NICU until 
day 28, or death if this was before day 28. Trained research 
staff collected information on the neonatal condition daily. 
Following a neonatal death in the NICU, the attending phy-
sician determined major cause(s) of the neonatal death based 
on the clinical course and any other information available at 
the time of death. Because infants lighter than 1000 g, even 
if born alive, are frequently labelled as miscarriages or abor-
tions in these sites, with less stringent attempts at salvage, 
the panels only determined COD in infants born weighing 
1000 g or more.

The panels assigned primary and contributing COD 
using the International Classification of Diseases tenth revi-
sion (ICD- 10 PM) classification.26,27 The panellists received 
training in COD ascertainment and were given and referred 
to the PURPOSe Determining Cause of Death (DeCODE) 
manual developed for PURPOSE,28 as adapted from the 
Child Health and Mortality Prevention (CHAMPS) proj-
ect.20 The DeCODE manual defines all potential COD in 
neonates including RDS and birth asphyxia based on ICD- 
10 PM criteria. As an example, the manual states: ‘The ICD- 
10 code is specific to RDS/hyaline membrane disease and 
should not be used for respiratory distress in general.’ To de-
termine RDS as a COD, the guidance focuses on the infant 
being preterm, having respiratory distress, an X- ray with 
typical RDS characteristics and specific findings at autopsy. 
For birth asphyxia to be considered the COD, the presence of 
various maternal conditions, abnormal placental pathology, 
respiratory distress at birth and evidence of altered neona-
tal neurological status, with many of the previous findings 
summarised by low Apgar scores should be present. These 
definitions are based on the World Health Organization and 
US Centers for Disease Control guidance.20 Panellists had 
all available information on the obstetric history, delivery, 
NICU clinical course (including the physician's COD classi-
fication), and the histological and polymerase chain reaction 
(PCR) investigations derived from the placenta and for fetal 
samples obtained by MITS.

2.1 | Statistical analyses

The primary outcome was comparison of RDS and birth as-
phyxia as a COD determined by the discharging physicians 
versus the panels. For these analyses, we classified RDS as a 
COD if RDS was listed as either a ‘primary’ or a ‘contributing’ 
COD with the same criteria used to classify birth asphyxia. 
We grouped the primary and contributing causes because 
we were primarily interested in whether the NICU physician 
or panel noted that RDS or birth asphyxia was present and 
contributed to the death. Related conditions such as hypoxic 
ischaemic encephalopathy for birth asphyxia or hyaline 
membrane disease for RDS were grouped with either birth 
asphyxia or RDS, as appropriate. We also determined when 
RDS and birth asphyxia were both listed as a primary or 
contributing COD. Other causes of neonatal death were pre-
sent in about 10% of the cases, but were not further analysed 

for this report. Differences between the proportions of birth 
asphyxia and RDS attributed by the NICU physicians and by 
the panellists were evaluated using chi- square tests. We as-
sessed the results overall and separately by study site.

3 |  R E SU LTS

Table  1 describes the study population. Of the infants 
weighing 1000 g or more who died, 602 were admitted to an 
NICU, 262 in India and 340 in Pakistan. Of these, both a 
physician and panel COD determination were available for 
177 of the deaths in India and 233 in Pakistan, so a total of 
410 cases comprised the analytical sample for this study. Of 
these, about half did not have an MITS procedure (51.2%) or 
PCR evaluation (52.6%) and 4.8% did not have a placental 
evaluation.

Table  2 summarises the maternal and newborn charac-
teristics of the 410 cases. The mothers in India were most 
often aged 20– 25 years but the mothers' ages in Pakistan 
were more widely distributed. The mothers in Pakistan had 
far less schooling than the mothers in India. Few mothers 
had parity greater than 3 in India but nearly a quarter of the 
mothers in Pakistan were of higher parity. The gestational age 
at birth in the India sites was most commonly 32– 36 weeks, 
whereas in Pakistan, the most common gestational age at 
birth was 28– 32 weeks. Most babies in the Indian sample 
were 1000– 1499 g but a greater percentage in Pakistan were 
1500– 2499 g. Of the 410 infants in the study sample, 86.8% 
showed signs of respiratory distress in the NICU. Overall, 
58.3% of the infants included in the study were male.

Table 3 shows the COD as determined by the physicians 
and by the panels, overall and stratified by site. Results are 
categorised as RDS only, birth asphyxia only, cases with both 
RDS and birth asphyxia or cases with neither condition. We 

T A B L E  1  Study enrolment and among those enrolled, those with 
missing data

Overall India Pakistan

Preterm women enrolled, n 4161 2262 1899

Preterm infants born, n 3471 2032 1439

Preterm infants admitted 
to NICU, n

1673 1084 589

Of admitted, preterm 
infant died before 
28 days, n

602 262 340

Of infants who died, both 
panel and physician 
COD available, n

410 177 233

Among infants evaluated for COD, missing postpartum investigations

Missing MITS 
evaluation, n (%)

210 (51.2) 55 (30.9) 155 (66.5)

Missing PCR evaluation, 
n (%)

216 (52.7) 58 (32.6) 158 (67.8)

Missing placental 
evaluation, n (%)

20 (4.7) 3 (1.1) 17 (7.3)
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also calculated whether any RDS, or any birth asphyxia was 
determined as a COD by the NICU physicians or the panels.

Focusing on the overall findings, the NICU physicians 
determined that RDS alone was present in 71.7% of the cases, 
whereas the panel judged that only 27.3% of the cases had 
RDS alone. Birth asphyxia alone was found in 3.4% of the 
cases by physician determination and in 33.9% of the cases 
by the panel's judgment. The physicians also determined that 
11.5% of the cases had both RDS and birth asphyxia, whereas 
the panel concluded that 23.7% of the cases had both RDS 

and birth asphyxia. When the physician and panel opinions 
were compared for any RDS or any birth asphyxia, the phy-
sicians found that 83.2% of the deaths showed evidence of 
RDS as a COD, whereas the panel concluded that only 51.0% 
of the cases had evidence of RDS. On the other hand, the 
physicians observed that 14.9% of the deaths showed evi-
dence of birth asphyxia, but the panel noted that 57.6% of 
the deaths showed evidence of birth asphyxia.

We next performed the same analyses stratified by site. In 
the India sites, by physician determination, RDS was present 

T A B L E  2  Maternal and neonatal characteristics overall and by site

Characteristic Total India Pakistan

Maternal age (years), n (%) 410 177 233

<20 31 (7.6) 17 (9.6) 14 (6.0)

20– 25 182 (44.4) 94 (53.1) 88 (37.8)

26– 30 142 (34.6) 51 (28.8) 91 (39.1)

>30 55 (13.4) 15 (8.5) 40 (17.2)

Maternal education, n (%)

No formal schooling, illiterate 72 (17.7) 15 (8.7) 57 (24.5)

No formal schooling, literate 59 (14.5) 2 (1.2) 57 (24.5)

1– 4 years 15 (3.7) 7 (4.0) 8 (3.4)

5– 8 years 99 (24.4) 52 (30.1) 47 (20.2)

9– 12 years 139 (34.2) 81 (46.8) 58 (24.9)

>12 years 22 (5.4) 16 (9.2) 6 (2.6)

Gravida, n (%)

0 143 (34.9) 72 (40.7) 71 (30.5)

1– 3 207 (50.5) 98 (55.4) 109 (46.8)

>3 60 (14.6) 7 (4.0) 53 (22.7)

Maternal conditions

Hypertensive disorders 123 (30.1) 58 (33.1) 65 (27.9)

Haemorrhage 51 (12.5) 15 (8.6) 36 (15.5)

Diabetes 19 (4.7) 7 (4.0) 12 (5.2)

Neonatal characteristics

Gestational age at birth (weeks+days), n (%)

20+0– 27+6 48 (11.7) 14 (7.9) 34 (14.6)

28+0– 31+6 183 (44.6) 67 (37.9) 116 (49.8)

32+0– 36+6 179 (43.7) 96 (54.2) 83 (35.6)

Birthweight (g), n (%)

1000– 1499 g 215 (52.4) 111 (62.7) 104 (44.6)

1500– 2499 g 175 (42.7) 59 (33.3) 116 (49.8)

≥2500 g 20 (4.9) 7 (4.0) 13 (5.6)

Fetal growth restrictiona, n (%) 92 (22.5) 63 (35.6) 29 (12.5)

Respiratory distress, n (%) 354 (86.8) 135 (77.1) 219 (94.0)

Age at death (days), n (%)

<1 58 (14.2) 24 (13.7) 34 (14.6)

1– 3 206 (50.5) 72 (41.1) 134 (57.5)

≥3 144 (35.3) 79 (45.1) 65 (27.9)

Male gender, n (%) 239 (58.3) 111 (62.7) 128 (54.9)

aFetal growth restriction defined as <10th centile by Intergrowth standards.32
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alone in 48.0% versus 36.2% by the panel's assessment. Birth 
asphyxia, on the other hand, was present alone in 7.3% of the 
cases by physician determination, but in 15.8% by the pan-
el's judgment. By physician assessment, 26.6% of the deaths 
showed both RDS and birth asphyxia, whereas the panel 
identified that 35.0% of the cases had both COD. When 
the physician and panel assessments were compared for the 
presence of any RDS, the physicians believed that 74.6% of 
the cases had RDS whereas the panel believed that 71.2% had 
RDS. On the other hand, the physicians believed that only 
33.9% had any birth asphyxia but the panel noted that 50.8% 
had birth asphyxia.

For the same analysis restricted to the Pakistani site, 
RDS was determined as present alone in 89.7% by the phy-
sician but only in 20.6% of the same cases evaluated by the 
panel. Birth asphyxia, on the other hand, was determined 
as present alone in only 0.4% of the cases by the physi-
cian, but in 47.6% by the panel's judgment. The physicians 
in Pakistan did not find both RDS and birth asphyxia as 
a COD in any cases, whereas the panel determined that 
15.0% of the cases had both. Comparing assessments of 
any RDS, the physicians believed that 89.7% had RDS, but 
the panel believed that only 35.6% had any RDS as a COD. 
However, the physicians noted that 0.4% of the deaths had 
any birth asphyxia while the panel noted that 62.7% of the 
deaths had birth asphyxia as a primary or contributing 
COD.

Finally, we present the percentage of deaths in India and 
Pakistan attributed by the panels to RDS and birth asphyxia. 
The panels in Pakistan noted that asphyxia was present in 
a greater proportion of the deaths (62.7%) than the pan-
els in India (50.8%). Conversely, the panels in India more 
often attributed the COD to be RDS (71.2%) than the pan-
els in Pakistan (35.2%). In both sites, the panels attributed a 
greater percentage of deaths to birth asphyxia than did the 
physicians.

4 |  DISCUSSION

4.1 | Main findings

Regardless of whether we compared deaths attributed to RDS 
to birth asphyxia overall, or by site, there were statistically 
significant differences. Although most preterm infants who 
died had some component of respiratory difficulty in their 
clinical course, the NICU physicians, only using informa-
tion available at the time of death, far more often chose RDS 
as the COD, whereas the panels, using additional informa-
tion, including obstetric history, evaluation of the placenta, 
histological examination of fetal tissues, and PCR evaluation 
of the placenta and tissues, often came to a substantially dif-
ferent conclusion. Hence, with more information available 
to determine the cause of a preterm neonatal death, birth 

T A B L E  3  Panel and physician cause of death determination for preterm infants, overall and by site

Panel Physician
p 
value

Overall, n 410 410

RDS only, n (%) 112 (27.3) 294 (71.7)

Asphyxia only, n (%) 139 (33.9) 14 (3.4)

Both RDS and asphyxia, n (%) 97 (23.7) 47 (11.5)

Neither RDS nor asphyxia, n (%) 62 (15.1) 55 (13.4) <0.05

Any RDS, n (%) 209 (51.0) 341 (83.2) <0.05

Any asphyxia, n (%) 236 (57.6) 61 (14.9) <0.05

India site, N 177 177

RDS only, n (%) 64 (36.2) 85 (48.0)

Asphyxia only, n (%) 28 (15.8) 13 (7.3)

Both RDS and asphyxia, n (%) 62 (35.0) 47 (26.6)

Neither RDS nor asphyxia, n (%) 23 (13.0) 32 (18.1) <0.05

Any RDS, n (%) 126 (71.2) 132 (74.6) <0.05

Any asphyxia, n (%) 90 (50.8) 60 (33.9) <0.05

Pakistan site, N 233 233

RDS only, n (%) 48 (20.6) 209 (89.7)

Asphyxia only, n (%) 111 (47.6) 1 (0.4)

Both RDS and asphyxia, n (%) 35 (15.0) 0 (0.0)

Neither RDS nor asphyxia, n (%) 39 (16.7) 23 (9.9) <0.05

Any RDS, n (%) 83 (35.6) 209 (89.7) <0.05

Any asphyxia, n (%) 146 (62.7) 1 (0.4) <0.05
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asphyxia was more often chosen, whereas with minimal 
clinical data, the COD was more likely attributed to RDS.

There were differences between India and Pakistan in the 
percentage of deaths attributed to RDS and birth asphyxia 
with RDS more commonly chosen as a COD in India and 
birth asphyxia more commonly chosen in Pakistan. These 
differences seem plausible given the difference in medical 
care availability between the sites. For example, a higher 
level or availability of care (as in India) might have a greater 
impact on reducing death from asphyxia than death from 
RDS. In both sites, the panel attributed a greater proportion 
of the deaths to birth asphyxia than did the discharging 
NICU physician.

4.2 | Study in context

Similar findings to the present study are found in other 
studies, although usually not emphasised. For example, the 
Study of Illness in Preterms, which included MITS but not 
placental evaluations to assess COD among preterm neo-
nates in Ethiopia from 2016 to 2018, found that no preterm 
neonatal deaths were attributed to birth asphyxia by phy-
sicians, whereas the panel, with more data, assigned birth 
asphyxia as a COD for 14%.7 The CHAMPS multi- country 
study, which evaluated all neonatal deaths using MITS (in 
contrast to PURPOSE which only evaluated preterm neona-
tal deaths) and generally did not include placental evalua-
tions, found that complications of preterm birth accounted 
for 38% of all neonatal deaths.19 They also found that 26% of 
the deaths were attributed to birth asphyxia. A study from 
Matlab, Bangladesh that also evaluated the causes of all 
neonatal deaths, found that birth asphyxia was the cause of 
44.9% of the deaths, whereas the combination of low birth-
weight, prematurity and RDS accounted for only 22.0% of 
the deaths.29 These two studies were typical of many, in that 
a number of conditions were grouped into a category of com-
plications of prematurity, rather than defining RDS specifi-
cally. In a different approach that modelled interventions to 
prevent neonatal death, the most effective interventions were 
shown to be related to better obstetric care and neonatal re-
suscitation, interventions thought to impact most strongly 
on deaths from birth asphyxia.30 We could find no pub-
lished study comparing the attribution of cause of preterm 
neonatal death by different assessors with access to varying 
types and amounts of data, although a study by Soofi et al.15 
from Pakistan noted that compared with the discharge COD 
listed by the NICU physician, they believed the COD deter-
mined by verbal autopsy was more accurate.

We have considered why there was less attribution of 
birth asphyxia as a COD by the physicians compared with 
the panels and conversely why the panels found less RDS. 
There are limited data to support our hypothesis, but it ap-
pears that some physicians associate breathing difficulty in 
a preterm neonate with RDS. In the absence of much other 
data to contradict this belief, the fallback position was RDS. 
Attributing birth asphyxia to be the COD often requires 

more detailed information abstracted from multiple sources. 
Not assessed immediately after death, but only when placen-
tal, histological and PCR data become available, the panel's 
COD determination is generally more extensive. Another 
reason why birth asphyxia may be chosen less often than the 
COD by the physician may be because birth asphyxia may 
imply mismanagement by the obstetric provider, the neo-
natal provider, or both.5,31 On the other hand, because RDS 
may be perceived as a common, naturally occurring condi-
tion among preterm infants, when deaths attributed to RDS 
occur, there may be little or no implication of physician mis-
management. Also, because the person assigning cause of a 
neonatal death occurring in an NICU is likely to be a paedia-
trician, the obstetric history suggesting birth asphyxia might 
not have been available or incorporated when considering 
the COD. We have also considered why RDS was more often 
chosen as the COD in Pakistan. Because of the limited data 
available in that site before delivery and the heavy clinical 
load, we believe that only when the panel focused on all the 
data –  much of it only available after death –  did the impor-
tance of birth asphyxia at that site become apparent.

4.3 | Strengths and limitations

This study had strengths and weaknesses. First, the study 
was performed in two sites with different levels of care and 
neonatal mortality rates. They had similar oversight and 
data forms but separate investigators. The pathologists in 
both sites had similar training, but again were completely 
independent of one another. The panels received the same 
training on COD determination, but reviews were con-
ducted independently of each other. The fact that findings 
were in the same direction in both sites supports our con-
clusions, as do the findings from the SIPS study and oth-
ers. Weaknesses include the fact that because the preterm 
infants in this study weighing at least 1000 g at birth were 
admitted to, cared for, and died in an NICU, we cannot gen-
eralise to smaller babies or those cared for outside NICUs. 
The study participants were recruited at presentation for 
delivery and therefore some prenatal information may have 
been lost. However, the infants were all followed during their 
stay in the NICUs. In addition, the study was performed in a 
single NICU in Pakistan and three smaller NICUs in a sin-
gle health system in India. The results, therefore, may not 
be representative of all neonatal deaths in NICUs in those 
countries. Another issue is the relative accuracy of COD 
determination by physicians and the panels. In virtually all 
determinations of COD, the outcome is an opinion based on 
the review of available information.33 We could find no de-
finitive study saying that the COD determined by a panel 
with more extensive information is more accurate than the 
COD determined by a single physician with less informa-
tion. However, in an increasing number of studies, using a 
panel with more extensive information is the methodology 
used to determine COD.15,18,20,33,34 We adopted that strategy 
for the PURPOSe study.
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5 |  CONCLUSIONS

Respiratory conditions are very common in deaths among 
preterm neonates. Knowing the distribution of respiratory 
causes of preterm neonatal death is crucial if interventions 
to reduce those deaths are to be implemented successfully. 
If RDS is the most frequent cause of preterm neonatal 
death, a programme focused on maternal corticosteroids 
and the use of continuous positive airway pressure and ox-
ygen in the neonate might be implemented. On the other 
hand, if birth asphyxia was found to be the most common 
cause of preterm neonatal death, this would suggest im-
plementing interventions focused on improving obstetric 
care and neonatal resuscitation. Of course, improving care 
in both areas, and doing both well, would be ideal, but in 
many LMIC, because of very limited resources, choices 
among interventions must often be made. It is especially 
concerning if, because of limited information, preterm 
infants dying with respiratory distress are automatically 
assigned RDS as the COD. With the availability of more 
extensive data, we can now better understand the causes 
of neonatal death, especially in preterm infants, and can 
choose interventions likely to have the greatest chance of 
improving outcomes. In previous years, in COD studies 
for neonates, if the infant was premature, prematurity was 
often listed as the COD. More recently it has become ap-
parent that preterm infants die from a variety of causes 
and distinguishing among them is not only possible but 
crucial. Hence, it is important to use all available informa-
tion to delve deeply into the causes of preterm neonatal 
deaths and especially, to distinguish between the COD in 
preterm infants with respiratory distress.

Assuming these results are replicated among other stud-
ies assessing COD among preterm newborns, birth asphyxia 
should be acknowledged as a major COD in preterm neo-
nates. Therefore, we believe that far more attention should 
be directed at reducing birth asphyxia in preterm neo-
nates in LMIC by improving obstetric care and neonatal 
resuscitation.
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stunting in the first 2 years of life after a preconception maternal
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Nancy F Krebs,1 K Michael Hambidge,1 Jamie L Westcott,1 Ana L Garcés,2 Lester Figueroa,2 Antoinette K Tshefu,3

Adrien L Lokangaka,3 Shivaprasad S Goudar,4 Sangappa M Dhaded,4 Sarah Saleem,5 Sumera Aziz Ali,5

Melissa S Bauserman,6 Richard J Derman,7 Robert L Goldenberg,8 Abhik Das,9 and Dhuly Chowdhury,9 the Women First
Preconception Maternal Nutrition Study Group

1Department of Pediatrics, Section of Nutrition, University of Colorado School of Medicine, Denver, CO, USA; 2Unidad de Salud Materno Infantil, Instituto
de Nutrición de Centroamérica y Panamá (INCAP), Calzada Roosevelt, Guatemala City, Guatemala; 3Kinshasa School of Public Health, Hôpital Général de
Kinshasa, Kinshasa, Democratic Republic of the Congo; 4KLE Academy of Higher Education and Research, Jawaharlal Nehru Medical College, Belagavi, India;
5Department of Community Health Sciences, Aga Khan University, Karachi, Pakistan; 6Department of Pediatrics Neonatal-Perinatal Medicine, University of
North Carolina, Chapel Hill, NC, USA; 7Department of OBGYN, Thomas Jefferson University, Philadelphia, PA, USA; 8Department of OBGYN, Columbia
University Medical Center, New York, NY, USA; and 9RTI International, Durham, NC, USA

ABSTRACT
Background: The multicountry Women First trial demonstrated that
nutritional supplementation initiated prior to conception (arm 1) or
early pregnancy (arm 2) and continued until delivery resulted in
significantly greater length at birth and 6 mo compared with infants
in the control arm (arm 3).
Objectives: We evaluated intervention effects on infants’ longitu-
dinal growth trajectory from birth through 24 mo and identified
predictors of length status and stunting at 24 mo.
Methods: Infants’ anthropometry was obtained at 6, 12, 18, and
24 mo after the Women First trial (registered at clinicaltrials.gov
as NCT01883193), which was conducted in low-resource settings:
Democratic Republic of Congo, Guatemala, India, and Pakistan.
Longitudinal models evaluated intervention effects on infants’
growth trajectory from birth to 24 mo, with additional modeling used
to identify adjusted predictors for growth trajectories and outcomes
at 24 mo.
Results: Data for 2337 (95% of original live births) infants were
evaluated. At 24 mo, stunting rates were 62.8%, 64.8%, and 66.3%
for arms 1, 2, and 3, respectively (NS). For the length-for-age z-
score (LAZ) trajectory, treatment arm was a significant predictor,
with adjusted mean differences of 0.19 SD (95% CI: 0.08, 0.30;
P < 0.001) and 0.17 SD (95% CI: 0.07, 0.27; P < 0.001) for arms 1
and 2, respectively. The strongest predictors of LAZ at 24 mo were
birth LAZ <–2 and <–1 to ≥–2, with adjusted mean differences of
–0.76 SD (95% CI: –0.93, –0.58; P < 0.001) and –0.47 SD (95% CI:
–0.56, –0.38; P < 0.001), respectively. For infants with ultrasound-
determined gestational age (n = 1329), the strongest predictors of
stunting were birth LAZ <–2 and <–1 to ≥– 2: adjusted relative risk
of 1.62 (95% CI: 1.39, 1.88; P < 0.001) and 1.46 (95% CI: 1.31,
1.62; P < 0.001), respectively.

Conclusions: Substantial improvements in postnatal growth are
likely to depend on improved intrauterine growth, especially during
early pregnancy. Am J Clin Nutr 2022;00:1–11.

Keywords: stunting, breastfeeding, growth, infant growth, maternal
height, preconception, birth length

Introduction
The multicountry Women First (WF) trial demonstrated that

comprehensive nutritional supplementation initiated at least 3 mo
prior to conception or at the end of the first trimester resulted
in significantly longer birth length (the primary outcome) and
greater birth weight. Rates of stunting at birth, low birth weight,
and small for gestational age were also significantly reduced in
the intervention arms compared with a nonintervention control
group (1). Despite the nutrition intervention being stopped at
delivery, the favorable growth effects on linear and ponderal
growth were sustained through 6 mo, and stunting rates at
6 mo were lower for the preconception and early pregnancy
intervention arms (2). The plausibility of these observations is
supported by recognition that the physiologic processes during
early gestation are particularly critical for linear growth, have
long-term programming effects, and are exquisitely sensitive to
maternal nutritional status and well-being (3, 4).

The potential for persistence of such preconception and prena-
tal effects on linear growth faltering during the complementary
feeding period, that is, over the second half of the 1000 d, is less
clear. Although declining, the overall prevalence of stunting in
children <5 y of age remains in the 20–25% range, with rates

Am J Clin Nutr 2022;00:1–11. Printed in USA. © The Author(s) 2022. Published by Oxford University Press on behalf of the American Society for Nutrition.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 1
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varying substantially among regions of the globe (5, 6). A recent
“roadmap” to reduce stunting identified multiple health and
nonhealth factors that have been associated with improvements
in postnatal linear growth and reductions in stunting rates. These
factors prominently included several maternal factors, including
improved nutrition (7).

Thus, the goal of the analyses in this report was to determine
whether the benefits of improved maternal nutritional status
prior to conception and during early gestation on fetal and
early postnatal growth were sustained at 2 y. The objectives
of these analyses were 3-fold: 1) to examine postnatal growth
and whether the benefits of the intervention evident at birth
and 6 mo were detectable through the first 24 mo after birth,
2) to identify predictors of the longitudinal growth trajectory
from birth through 24 mo of age, and 3) to identify, in a cross-
sectional analysis, the major predictors of linear growth status at
24 mo for infants of all participating women and separately for
the subgroup of infants for whom gestational age determinations
were available.

Methods

Study design and settings

This analysis included prospectively obtained anthropometry
of those live-born infants of the women in the WF trial
(registered at clinicaltrials.gov as NCT01883193) who had birth
measurements and who consented to the follow-up growth
monitoring study at 6 mo and continued through 24 mo postnatal
age. Growth from birth to 6 mo was an a priori secondary outcome
of the primary trial, and results have been reported elsewhere (1,
2). In this report, we examined infants’ trajectory of linear and
ponderal growth over the entire interval from birth through 24 mo
according to treatment arm of the mother, and we determined
predictors of linear growth status at 24 mo.

The original trial was a multisite, individually randomized,
clinical trial in which nonpregnant women were randomly
assigned to 1 of 3 arms: initiation of a daily small quantity
lipid-based nutrient supplement (SQ-LNS) at the time of
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randomization with continuation for at least 3 mo prior to
conception through to delivery (arm 1), initiation of the same
supplement late in the first trimester of pregnancy and continued
through to delivery (arm 2), or receipt of no trial supplement (arm
3). Women in arm 1 and arm 2 (once having started the primary
supplement) who were underweight or had inadequate gestational
weight gain were provided an extra protein-energy supplement
until delivery. More than 85% of the participating women in
3 of the sites received the protein-energy supplement; <10%
of the Guatemalan women qualified for the second supplement.
The trial was conducted in low-resource, rural, and small city
settings in 4 countries: Democratic Republic of the Congo
(DRC), Guatemala, India, and Pakistan (1, 8).

Participants

Consent was obtained from the WF participants to be contacted
for ongoing measurements and data collection for their live-
born infants. Birth anthropometric measurements, including
length, weight, and head circumference, were obtained by
study assessment teams by at least 7 d of postnatal life, and
98.2% were obtained within 48 h of birth. Anthropometric
measurements were obtained at 6, 12, 18, and 24 mo of age
between February 2015 and March 2019. Because of interest in
gestational age-dependent covariates [e.g., small for gestational
age (SGA), prematurity], we examined potential predictors
from the subgroup of infants for whom gestational age was
determined by first-trimester ultrasounds; ultrasound capacity
was not available in the DRC.

Randomization

The central data coordinating center (DCC; RTI International)
created the randomization scheme for the original trial, gener-
ating the allocation sequence separately for each research site.
To ensure geographic balance, a permuted block design stratified
by geographical clusters was used to generate the randomization
sequence for assigning individual participants to a trial arm.
The allocation ratio was 1:1:1 within blocks, which randomly
varied between sizes of 3, 6, or 9. At each site, once the
responsible home visitor research assistant (HVRA) identified an
eligible participant, the HVRA then received the randomization
assignment from their site-specific data manager, who generated
the randomization assignment from the centralized computerized
data management system maintained by the DCC.

Anthropometry

Length, weight, and head circumference measurements were
obtained by assessment teams who were not directly involved in
administration of the study intervention or any of the home visits
throughout the trial. The assessors were trained and certified
according to standardized procedures and were recertified every
3 mo. The equipment included electronic balances accurate to
10 g (seca 334; seca North America); nonstretch, plasticized
measuring tapes (seca 201; seca North America); and length
boards accurate to 1 mm (neonatal and pediatric stadiometers;
Ellard Instrumentation, Ltd). The z-scores, which accounted for
sex and age at the time of measurement, were calculated for
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length-for-age z-score (LAZ), weight-for-age z-score (WAZ),
weight-for-length z-score (WLZ), and head circumference-for-
age z-score from the WHO Child Growth Standards (9). For
women who had first-trimester ultrasounds performed, the
gestational age-specific birth anthropometric z-scores were also
determined based on INTERGROWTH-21st fetal growth charts
(10).

Ethics

The project was approved by the Colorado Multiple Institu-
tional Review Board, University of Colorado; the local and/or
national ethics committees for each of the 4 sites (registered with
the US Office of Human Research Protection and with federal-
wide assurance in place); and the DCC (RTI International).
Written informed consent was obtained from all participants.
The study protocol is available online: https://www.ncbi.nlm.n
ih.gov/pmc/articles/PMC4000057/. Throughout the intervention
phase of the trial, a data monitoring committee designated by the
Eunice Kennedy Shriver National Institute of Child Health and
Human Development monitored the safety of the trial. Adverse
events that were monitored included pregnancy outcomes,
adverse neonatal events, hospitalizations, and allergic reactions
(1, 8).

Statistics

Overall approach and model selection.

For all the adjusted models, collinearity of independent
variables was examined using Spearman and Pearson correlation
coefficients for discrete and continuous variables, respectively.
In addition to reviewing the correlations, R2 and comparisons of
log-likelihoods were also considered for final model selection. In
addition, interactions between arm and site, sex and arm, and arm
and parity were examined.

Some of the continuous predictors (height and BMI) were
categorized based on the cutoff values identified by classification
and the regression tree algorithm. Paternal variables were missing
for ∼15.5% infants. A separate category for the missing values
was created to include these records in all the final models.
Paternal height was categorized as a 3-group variable: ≤160 cm,
>160 cm, and missing. Similarly, paternal BMI (in kg/m2) was
categorized as ≤24, >24, and missing.

Two-sided P values were reported throughout, with P < 0.05
considered statistically significant. Statistical analyses were
conducted using SAS 9.4 statistical software (SAS Institute).

Maternal treatment effects on postnatal longitudinal growth.

After excluding biologically implausible anthropometric mea-
surements (length and head circumference) according to WHO
guidelines, the longitudinal analysis included all live-born infants
with birth length measurements obtained by 7 d of age who were
alive at 6 mo and whose parents had provided consent for follow-
up to 2 y. We constructed longitudinal models using generalized
estimating equations (GEEs) to examine whether the trajectory
of growth for study infants from birth through 24 mo age differed
by treatment arms. Baseline maternal characteristics that differed
across the 3 treatment arms, or between infants included or

excluded from the analysis due to missing data, were considered
for inclusion as covariates in these models: socioeconomic status
(SES), maternal education, parity, BMI, height, and stunting.
Model selection approaches described above were used to
develop the final model. Continuous (binary) outcomes assumed
a normal (binomial) distribution with identity (log) link and
an autoregressive correlation structure with robust sandwich
estimator (empirical estimates) to account for infant repeated
measures over time. We examined treatment heterogeneity by
country using interaction terms for arm and country. Interactions
were also examined to assess the stability of treatment effects
over time for each model.

Predictors of longitudinal growth trajectory.

A second series of longitudinal GEE models were fit on the
same data to identify the predictors of the longitudinal growth
trajectory from birth through 24 mo, adjusting for treatment
arm. These models also adjusted for maternal and paternal BMI
and height. In addition, interactions between arm and site, arm
and visit, sex and arm, and arm and parity were examined and
included in the final model, as appropriate.

Predictors of linear growth status at 24 mo.

We used cross-sectional analyses, linear (robust Poisson)
regression for continuous (binary) outcomes, to identify the major
predictors of linear growth status at 24 mo. First, for the all-
site analysis, the following potential predictors were considered:
SES; maternal education, parity, stunting, height, and BMI;
paternal height and BMI; and birth measurements of length, LAZ,
and stunting, categorized as none (LAZ ≥–1), mild (LAZ <–1 to
≥–2), or moderate (LAZ <–2), and weight, WAZ, WAZ <–2,
weight-for-length, WLZ, WLZ <–2, sex, and low birth weight
(LBW) using WHO growth standards. After model selection,
the final models included arm; site; cluster; interaction between
site and cluster; SES; maternal education, parity, BMI (≤22
and >22), and height (≤150 cm, >150 cm); and paternal BMI
(≤22, >22, and missing) and height (≤160 cm, >160 cm, and
missing).

Separate analyses were conducted for the set of data from
India, Pakistan, and Guatemala with available gestational age
determined by first-trimester ultrasound. The predictors consid-
ered were SES; maternal education, parity, stunting, height, and
BMI; paternal height and BMI; and birth measurement z-scores
derived from INTERGROWTH-21st (IG) fetal growth charts
(10) of length; LAZIG; stunting categorized as categorized as
none (LAZIG ≥–1), mild (LAZIG <–1 to ≥– 2), or moderate
(LAZIG <–2); weight; WAZIG; WAZIG <–2; weight-for-length;
WLZIG; WLZIG <–2; SGA; preterm birth (<37 wk of gestation);
and sex. All these predictors were considered in the adjusted
models for each outcome variable. Upon model selection, the
final models included arm; site; cluster; interaction between site
and cluster; SES; maternal education, parity, BMI (≤22 and
>22), and height (≤150 cm, >150 cm); paternal BMI (≤22,
>22, and missing) and height (≤160 cm, >160 cm, and missing);
infant sex; birth stunting categories; preterm birth; and SGA
(not LBW).

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqac051/6604747 by U

niversity of C
olorado H

ealth Sciences C
enter user on 10 June 2022



4 Krebs et al.

TABLE 1 Baseline characteristics among women who had a live birth in the 24-mo longitudinal analysis subset, all sites combined and by treatment arm1

Variable Total Arm 1 Arm 2 Arm 3 P value2

Women who had a live birth in the 24-mo
longitudinal analysis population, n3

2324 748 806 770

Maternal age, n 2324 748 806 770 0.398
<20 y 481 (20.7) 146 (19.5) 179 (22.2) 156 (20.3)
20+ y 1843 (79.3) 602 (80.5) 627 (77.8) 614 (79.7)

Maternal education, n 2324 748 806 770 0.016
No formal schooling 746 (32.1) 265 (35.4) 240 (29.8) 241 (31.3)
Primary 872 (37.5) 247 (33.0) 313 (38.8) 312 (40.5)
Secondary + 706 (30.4) 236 (31.6) 253 (31.4) 217 (28.2)

Maternal BMI, n 2323 748 805 770
BMI, kg/m 2, Mean ± SD 21.4 ± 4.0 21.4 ± 4.0 21.4 ± 4.1 21.4 ± 3.9 0.997
BMI ≤22.0 1509 (65.0) 493 (65.9) 524 (65.1) 492 (63.9) 0.710
BMI <18.5 546 (23.5) 177 (23.7) 194 (24.1) 175 (22.7) 0.808

Maternal height, n 2323 748 805 770
Height, cm, Mean ± SD 151.4 ± 6.9 151.7 ± 6.5 151.3 ± 7.0 151.3 ± 7.0 0.506
Height ≤150.0 cm4 995 (42.8) 299 (40.0) 364 (45.2) 332 (43.1) 0.111

Parity, n 2324 748 806 770 0.014
0 (nulliparous) 474 (20.4) 179 (23.9) 153 (19.0) 142 (18.4)
≥1 1850 (79.6) 569 (76.1) 653 (81.0) 628 (81.6)

Paternal height, n 1954 643 666 645
Height, cm, Mean ± SD 163.5 ± 7.7 163.6 ± 7.9 163.4 ± 7.5 163.5 ± 7.6 0.935

Paternal BMI, n 1953 643 666 644
BMI, kg/m 2, Mean ± SD 22.0 ± 3.7 22.1 ± 3.9 21.9 ± 3.7 21.9 ± 3.6 0.605
Height ≤160.0 cm 650 (33.3) 209 (32.5) 222 (33.3) 219 (34.0) 0.858

Tally of indicators of higher SES5, n 2324 748 806 770
Median (P25–P75) 3.0 (1.0, 4.0) 3.0 (1.0, 4.0) 3.0 (1.0, 4.0) 3.0 (1.0, 4.0)
Low (0–2 present) 985 (42.4) 331 (44.3) 332 (41.2) 322 (41.8) 0.441
High (3–6 present) 1339 (57.6) 417 (55.7) 474 (58.8) 448 (58.2)

1Values are presented as number (%) unless otherwise indicated. Arm 1 maternal participants received the study supplement starting at least 3 mo prior
to conception and continued through delivery; arm 2 started the study supplement at the end of the first trimester and continued through delivery; arm 3
(control) did not receive study supplement. SES, socioeconomic status.

2P values from χ2 tests and ANOVA analysis to assess for differences between characteristics by treatment arm.
3Woman had a live birth in the 24-mo longitudinal analysis subset. After excluding extreme invalid measurements as determined by expert manual

review and accounting for biologically implausible z-scores based on WHO standards, the 24-mo longitudinal analysis subset included all live-born infants
with birth length measurements measured by 7 d (168 h) of age on portable length boards and consented to the offspring follow-up study. Extreme invalid
measurements as determined by expert manual review were excluded from the longitudinal analysis. All length-for-age, weight-for-age, weight-for-length,
and head-circumference-for-age z-scores (LAZ, WAZ, WLZ, and HCAZ, respectively) were calculated using the expanded tables of the Child Growth
Standards published by the WHO that provide z-scores by sex and age in days at time of measurement. WLZ were calculated using the expanded tables of the
Child Growth Standards published by the WHO that provide z-scores by sex and tabulated lengths from 45.0 to 110.0 cm. All WHO standards are based on
term infants. LAZ, WAZ, WLZ, and HCAZ were within the biologically plausible range according to WHO standards (–6 ≤ LAZ ≤ 6, –6 ≤ WAZ ≤ 6,
–5 ≤ WLZ ≤ 5, –5 ≤ HCAZ ≤ 5). If an infant was found to have a biologically implausible LAZ or WAZ according to WHO standards at a visit, all growth
outcomes at the visit were set to missing. If an infant was found to have a biologically implausible WLZ or HCAZ according to WHO standards at a visit,
only the corresponding measurement and z-score at the visit were set to missing. WLZ could not be obtained for infants with a length of <45.0 cm at any visit
due to limitations in the WHO standards and were set to missing for that visit (9).

4This cutoff from the 2007 WHO guidelines (41) was used to reflect stunting for adult women.
5The SES tally provides the number of indicators available from the following list: electricity, improved water source, sanitation, manmade flooring,

improved cooking fuels, and household assets.

Results
This analysis is based on infants born to 2324 women who

participated in the primary WF trial and consented to the follow-
up study, for which enrollment and randomization occurred
between December 2013 to October 2014 (Supplemental Figure
1). Baseline characteristics for the mothers and fathers of the
infants and young children of the present analyses are presented
in Table 1. No differences among arms were evident except that
arm 1 had a higher percentage of women with no education and
a higher percentage of nulliparous women. The total number
of infants considered for the combined site analysis was 2337
(95% of original live births), evenly distributed across arms and

sex, with 755, 808, and 774 in arms 1, 2, and 3, respectively
(Supplemental Figure 1), and with 1162 males and 1175 females.
For the subgroup of infants with gestational age determinations,
1329 infants (Guatemala, 439; India, 487; Pakistan, 403) were
included; sample sizes according to treatment arm were 438, 478,
and 413 for arms 1, 2, and 3, respectively.

Maternal treatment effects on postnatal longitudinal growth

Means (SDs) of unadjusted anthropometry at 0, 6, 12, and
24 mo and pairwise comparisons among arms are presented in
Supplemental Table 1. After only modest decline in mean LAZ
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Predictors of stunting at 2 years 5

FIGURE 1 All sites unadjusted longitudinal growth outcomes from birth to 24 mo by treatment arm among the longitudinal analysis subset. Data derived
from Supplemental Table 1. ∗Indicates unadjusted pairwise comparisons between arm 1 compared with arm 3 were significant. #Indicates unadjusted pairwise
comparisons between arm 2 compared with arm 3 were significant. Total participants by arms 1, 2, and 3, n = 755, 808, and 774, respectively. After excluding
extreme invalid measurements as determined by expert manual review and accounting for biologically implausible z- scores based on WHO standards (9), the
24-mo longitudinal analysis subset includes all live-born infants with birth length measurements measured by 7 d (168 h) of age on portable length boards and
consented to the offspring follow-up study. Arm 1 maternal participants received the study supplement starting at least 3 mo prior to conception and continued
through delivery; arm 2 started the study supplement at the end of the first trimester and continued through delivery; arm 3 (control) did not receive study
supplement. Sample sizes of offspring according to treatment arm were 755, 808, and 774 for arms 1, 2, and 3, respectively. LAZ, length-for-age z-score; WAZ,
weight-for-age z-score; WLZ, weight-for-length z- score.

from birth through 6 mo, the mean LAZ for all arms declined
sharply between 6 and 12 mo, with further decline between
12 and 24 mo (Figure 1). At birth, 6, 12, and 18 mo, mean
LAZ for arm 1 remained significantly greater than the means
for arm 3 by pairwise comparisons; mean LAZ for arm 2 was
greater than that of arm 3 only at birth and 6 mo. Similar
declines, although less steep, were observed for WAZ. The
overall rates of stunting progressed from 22.0–30.4% at 6 mo
to 62.8%, 64.8%, and 66.3% for arms 1, 2, and 3, respectively,
at 24 mo. By site, the mean stunting rates were 73.8%, 65.1%,
74.7%, and 45.5% for the DRC, Guatemala, Pakistan, and
India, respectively (Supplemental Table 1 and Supplemental
Figure 2).

In the adjusted longitudinal models, significant interactions
indicating treatment heterogeneity by site were observed for
length and LAZ, and site-specific adjusted models were thus
used for these 2 outcomes. Significant treatment effects on
linear growth were observed only in the DRC (Supplemental
Table 2), with arm 1 performing better than arms 2 and 3
for both length and LAZ. No other site-specific comparisons
among arms demonstrated statistically significant differences for
linear growth (Supplemental Table 2). For the combined sites’
longitudinal models, arm 1 compared with 3 was significantly
different for weight (P = 0.0281), WAZ (P = 0.0077), and
WLZ (P = 0.0337). Separate models that included the interaction
effects between arm and time of visit generally demonstrated
attenuation of the treatment effects over time (Supplemental
Table 3).

Predictors of longitudinal growth trajectory

Determination of demographic predictors of the longitudinal
growth trajectory from birth through 24 mo (regardless of any
interactions) was the second major objective of this analysis.
For LAZ, the strongest predictor was maternal height >150 cm
(adjusted mean difference 0.54 SD), followed by paternal height
>160 cm, maternal education (secondary), parity ≥1, and male
infant sex (negative adjusted mean difference). Treatment arm
was a significant predictor of linear growth trajectory, with

greater mean difference for both arms 1 and 2 compared with
arm 3 (Table 2). For WAZ over the same period, significant
predictors were similar to those for linear growth. The strongest
predictor of WLZ was baseline maternal BMI (>22); maternal
education (both primary and secondary) was also significantly
and positively associated with WLZ (Table 2).

Predictors of linear growth status at 24 mo

For the third objective, the cross-sectional analyses at 24 mo
for the children from all sites indicated the strongest predictors
of LAZ were moderate and mild stunting at birth with adjusted
mean differences of −0.76 and −0.47 SD, respectively. Maternal
height (>150 cm) was associated with adjusted mean difference
of +0.45 SD. (Table 3). With the inclusion of the birth length
in the model, treatment arm was not a significant predictor.
Other significant predictors associated with higher adjusted mean
difference of LAZ included maternal education (secondary),
paternal height, maternal BMI, and higher SES; those associated
with lower adjusted mean difference included parity (≥1), LBW,
and sex (male) (model R2 = 0.340). Predictors of stunting,
expressed as adjusted RR, included birth LAZ, with both mild and
moderate stunting at birth associated with an adjusted RR of 1.38.
Maternal height (>150 cm) was associated with an adjusted RR
of 0.73; other significant predictors were similar to those for LAZ
(Table 3). Correlations among variables that were examined and
considered for model selection are presented in Supplemental
Table 4.

For the subgroup of infants with gestational age determi-
nations, the strongest predictors of LAZ at 24 mo were also
stunting at birth (LAZ IG <–2 and <–1 to ≥–2), each associated
with significant and negative adjusted mean differences of
–1.12 SD and –0.51 SD, respectively; preterm birth was
associated with an adjusted mean difference of −0.48 SD.
Maternal and paternal heights (≤150 and ≤160 cm, respectively)
were negatively associated, whereas maternal BMI, maternal
education (secondary), and SES were positively associated with
adjusted mean differences (model R2 = 0.432) (Figure 2A).
The strongest predictors of stunting were moderate and mild
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6 Krebs et al.

TABLE 2 Predictors in models for longitudinal trajectory for linear and ponderal growth for all infants, all sites1

LAZ WAZ WLZ

Variable
Adjusted mean

difference (95% CI) P value
Adjusted mean

difference (95% CI) P value
Adjusted mean

difference (95% CI) P value

Treatment arm
Arm 1 0.19 (0.08, 0.30) 0.001 0.11 (0.03, 0.20) 0.009 0.00 (–0.07, 0.07) 0.996
Arm 2 0.17 (0.07, 0.27) 0.001 0.05 (–0.03, 0.13) 0.215 –0.04 (–0.11, 0.04) 0.315
Arm 3 Reference Reference Reference Reference Reference Reference

Site
Guatemala 0.46 (0.03, 0.88) 0.036 0.02 (–0.39, 0.42) 0.931 –0.54 (–0.85, –0.23) 0.001
India 0.56 (0.18, 0.95) 0.004 –0.39 (–0.75, –0.02) 0.038 –1.28 (–1.56, –0.99) <0.001
Pakistan 0.45 (−0.05, 0.96) 0.077 –0.32 (–0.82, 0.17) 0.201 –1.12 (–1.56, –0.68) <0.001
Democratic Republic of the
Congo

Reference Reference Reference Reference Reference Reference

Maternal education
Primary 0.08 (−0.03, 0.20) 0.152 0.12 (0.01, 0.23) 0.033 0.12 (0.02, 0.21) 0.018
Secondary 0.26 (0.13, 0.39) <0.001 0.25 (0.12, 0.37) <0.001 0.13 (0.02, 0.25) 0.018
No formal schooling Reference Reference Reference Reference Reference Reference

Parity
≥1 0.19 (0.09, 0.29) <0.001 0.27 (0.17, 0.36) <0.001 0.17 (0.09, 0.25) <0.001
0 Reference Reference Reference Reference Reference Reference

Tally of indicators of higher SES2

High (3–6 present) 0.11 (0.00, 0.22) 0.043 0.11 (–0.00, 0.21) 0.051 0.05 (–0.04, 0.14) 0.273
Low (0–2 present) Reference Reference Reference Reference Reference Reference

Sex
Male –0.13 (–0.20, –0.06) <0.001 –0.08 (–0.15, –0.01) 0.018 –0.05 (–0.11, 0.01) 0.125
Female Reference Reference Reference Reference Reference Reference

Maternal BMI, kg/m2

>22 0.21 (0.12, 0.29) <0.001 0.26 (0.17, 0.35) <0.001 0.19 (0.11, 0.26) <0.001
≤22 Reference Reference Reference Reference Reference Reference

Maternal height, cm
>150 0.54 (0.46, 0.63) <0.001 0.39 (0.30, 0.47) <0.001 0.02 (–0.05, 0.09) 0.638
≤150 Reference Reference Reference Reference Reference Reference

Paternal height,3 cm
>160 0.30 (0.21, 0.39) <0.001 0.20 (0.12, 0.29) <0.001 0.02 (–0.05, 0.10) 0.565
≤160 Reference Reference Reference Reference Reference Reference

Paternal BMI,3 kg/m2

>24 0.14 (0.04, 0.23) 0.004 0.16 (0.07, 0.25) <0.001 0.09 (0.01, 0.17) 0.023
≤24 Reference Reference Reference Reference Reference Reference

1All z-scores were calculated using the expanded tables of the Child Growth Standards published by the WHO that provide z-scores by sex and age in
days at time of measurement. Weight-for-length z-scores (WLZ) were calculated using the expanded tables of the Child Growth Standards published by the
WHO that provide z-scores by sex and tabulated lengths from 45.0 to 110.0 cm. All WHO standards are based on term infants. LAZ, WAZ, and WLZ were
within the biologically plausible range according to WHO standards (–6 ≤ LAZ ≤ 6, –6 ≤ WAZ ≤ 6, –5 ≤ WLZ ≤ 5). If an infant was found to have a
biologically implausible LAZ or WAZ according to WHO standards at a visit, all growth outcomes at the visit were set to missing. If an infant was found to
have a biologically implausible WLZ according to WHO standards at a visit, only the corresponding measurement and z-score at the visit were set to missing.
WLZ could not be obtained for infants with a length of <45.0 cm at any visit due to limitations in the WHO standards and were set to missing for that visit
(9). All the final models included the following predictors: treatment arm; site; cluster; interaction between site and cluster; SES; maternal education, parity,
BMI (≤22 and >22), and height (≤150 cm, >150 cm); and paternal BMI (≤22, >22, and missing) and height (≤160 cm, >160 cm, and missing). The
interaction between arm and visit was marginally significant (P value = 0.067) only for LAZ and was included in the final model; interaction effects are not
shown here. Arm 1 maternal participants received the study supplement starting at least 3 mo prior to conception and continued through delivery; arm 2
started the study supplement at the end of the first trimester and continued through delivery; arm 3 (control) did not receive study supplement. Number of
infants considered for the combined site analyses according to treatment arm were 755, 808, and 774 for arms 1, 2, and 3, respectively. LAZ, length-for-age
z-score; SES, socioeconomic status; WAZ, weight-for-age z-score; WLZ, weight-for-length z-score.

2The SES tally provides the number of indicators available from the following list: electricity, improved water source, sanitation, manmade flooring,
improved cooking fuels, and household assets.

3Paternal height and BMI had 371 missing records and were included in a separate group: missing group not shown here.

stunting at birth, with adjusted RR of 1.62 and 1.46 , respectively
(Figure 2B). Low parental heights and preterm birth were
also associated with an increased risk of stunting, with RR
between 1.15 to 1.38. Maternal education and BMI >22 were

significant predictors of lower risk of stunting (Figure 2B).
Correlations among variables that were examined and con-
sidered for model selection are presented in Supplemental
Table 5.
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Predictors of stunting at 2 years 7

TABLE 3 Predictors of LAZ and stunting (LAZ <–2) at 24 mo for all infants, all sites1

LAZ LAZ <–2

Variable
Adjusted mean

difference (95% CI) P value
Adjusted mean

difference (95% CI) P value

Treatment arm
Arm 1 –0.01 (–0.11, 0.09) 0.796 1.00 (0.92, 1.09) 0.983
Arm 2 –0.04 (–0.14, 0.06) 0.419 1.01 (0.92, 1.10) 0.881
Arm 3 Reference Reference Reference Reference

SES
High (3–6 present) 0.16 (0.03, 0.28) 0.014 0.94 (0.85, 1.05) 0.288
Low (0–2 present) Reference Reference Reference Reference

Maternal education
Primary 0.10 (–0.03, 0.23) 0.14 0.94 (0.85, 1.05) 0.299
Secondary 0.31 (0.16, 0.46) <0.001 0.79 (0.69, 0.90) 0.001
No formal schooling Reference Reference Reference Reference

Parity
≥1 –0.28 (–0.39, –0.17) <0.001 1.12 (1.02, 1.24) 0.023
0 Reference Reference Reference Reference

Maternal BMI, kg/m2

>22 0.20 (0.10, 0.30) <0.001 0.90 (0.82, 0.99) 0.031
≤22 Reference Reference Reference Reference

Maternal height, cm
>150 0.45 (0.36, 0.55) <0.001 0.73 (0.67, 0.80) <0.001
≤150 Reference Reference Reference Reference

Paternal height,2 cm
>160 0.26 (0.16, 0.36) <0.001 0.85 (0.77, 0.92) <0.001
≤160 Reference Reference Reference Reference

Paternal BMI3

>24 0.08 (–0.03, 0.18) 0.15 0.96 (0.87, 1.06) 0.45
≤24 Reference Reference Reference Reference

Birth stunting
Mild (<–1 to ≥–2) –0.47 (–0.56, –0.38) <0.001 1.38 (1.27, 1.49) <0.001
Moderate (LAZ <–2) –0.76 (–0.93, –0.58) <0.001 1.38 (1.20, 1.60) <0.001
None (LAZ ≥–1) Reference Reference Reference Reference

Birth WLZ <–2
No –0.11 (–0.28, 0.07) 0.236 1.10 (0.93, 1.29) 0.27
Yes Reference Reference Reference Reference

Sex
Male –0.13 (–0.21, –0.05) 0.001 1.10 (1.02, 1.18) 0.01
Female Reference Reference Reference Reference

Low birth weight
Yes –0.24 (–0.38, –0.10) 0.001 1.16 (1.04, 1.30) 0.01
No Reference Reference Reference Reference

1All z-scores were calculated using the expanded tables of the Child Growth Standards published by the WHO that
provide z-scores by sex and age in days at time of measurement. WLZ were calculated using the expanded tables of the Child
Growth Standards published by the WHO that provide z-scores by sex and tabulated lengths from 45.0 to 110.0 cm. All
WHO standards are based on term infants. LAZ, WAZ, and WLZ were within the biologically plausible range according to
WHO standards (–6 ≤ LAZ ≤ 6, –6 ≤ WAZ ≤ 6, –5 ≤ WLZ ≤ 5). If an infant was found to have a biologically implausible
LAZ or WAZ according to WHO standards at a visit, all growth outcomes at the visit were set to missing. If an infant was
found to have a biologically implausible WLZ according to WHO standards at a visit, only the corresponding measurement
and z-score at the visit were set to missing. WLZ could not be obtained for infants with a length of <45.0 cm at any visit due
to limitations in the WHO standards and were set to missing for that visit (9). All the final models included the following
predictors: arm; site; cluster; interaction between site and cluster; SES; maternal education, parity, BMI (≤22 and >22), and
height (≤150 cm, >150 cm); and paternal BMI (≤22, >22, and missing) and height (≤160 cm, >160 cm, and missing);
birth LAZ <–1; birth LAZ <–2; birth WLZ <–2; infant sex; and low birth weight. Arm 1 maternal participants received the
study supplement starting at least 3 mo prior to conception and continued through delivery; arm 2 started the study
supplement at the end of the first trimester and continued through delivery; arm 3 (control) did not receive study supplement.
Number of infants considered for the combined site analysis according to treatment arm were 713, 773, and 735 for arms 1,
2, and 3, respectively. LAZ, length-for-age z-score; SES, socioeconomic status; WAZ, weight-for-age z-score; WLZ,
weight-for-length z-score.

2Model R2 = 0.340.
3Paternal height and BMI had 371 missing records and were included in a separate group: missing group not shown here.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/advance-article/doi/10.1093/ajcn/nqac051/6604747 by U

niversity of C
olorado H

ealth Sciences C
enter user on 10 June 2022



8 Krebs et al.

FIGURE 2 Predictors of length-for-age z-score (LAZ) (2A) and stunting (2B) at 24 mo for infants with gestational age determined by first-trimester
ultrasound. Cross-sectional analyses with linear (robust Poisson) regression for continuous (binary) outcomes were used to identify the major predictors of
linear growth status at 24 mo. Gestational age was determined by first-trimester ultrasound and z-scores were derived from INTERGROWTH-21st fetal growth
charts (10). Total participants n = 1329; by arms 1, 2, 3: n = 438, 478, 413, respectively; by site: Guatemala n = 439, India n = 487, Pakistan n = 403. Model
included adjustment for arm, site, cluster, and interaction between site and cluster. ∗Birth LAZ <–1 to ≥–2. Adj RR, adjusted RR; Educ, education; Ht, height;
IG, INTERGROWTH-21st standards; LAZ, length-for-age z-score; Mat, maternal; Pat, paternal; PTB, preterm birth; SES, socioeconomic status; SGA, small
for gestational age.

Discussion
The most striking findings of the present analysis of growth

status at 2 y of the children of participants in the WF trial were the
severe stunting rates; evidence of persistence of a treatment effect
on longitudinal linear growth for the preconception arm, which
was driven predominantly by one site (DRC); that both maternal
and paternal heights were the strongest predictors of longitudinal
linear growth trajectory; and that deficits in birth length were the
strongest predictors of attained LAZ and of stunting at 2 y. With
no postnatal intervention, infants in both maternal intervention
arms experienced a steep decline in LAZ between 6 and 12 mo

and a slower but steady downward progression thereafter. Mild
and moderate stunting at birth were associated with 0.5 to 1.0
lower adjusted mean difference in LAZ and a 40–60% increase
in stunting risk at 2 y. Thus, despite the overall pattern of linear
growth faltering for the offspring of mothers in all arms of the
primary trial (1), a smaller length deficit at birth was associated
with a persistent beneficial impact on linear growth.

The profound stunting rates at 2 y contrast with the steady
decline in global stunting reported in recent analyses, which have
indicated overall declines to ∼20%, although with substantial
variability among and within countries (5, 6, 11). The data
from the WF sites underscore this variability, with rates of
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Predictors of stunting at 2 years 9

∼65% for the offspring of women in 3 of the study sites and
with the Indian site having a mean rate of 45%. As recently
highlighted (12, 13), the cut-point of 2 SD below the median to
define stunting should not obscure the reality that the observed
mean (and median) LAZ of –2.4 at 24 mo in the WF offspring
portends a high risk for loss of developmental potential for a
very large percentage of the young children in these settings.
The pattern of linear growth faltering we observed indicates little
improvement or even worsening over the past decade for 3 of
the WF sites (DRC, Guatemala, and Pakistan), each of which
participated in a complementary feeding trial a decade ago and
were observed to have stunting rates of ∼50% at 18 mo (14).
A recent analysis of drivers of stunting found that non–health
sector factors accounted for nearly 50% of improvements in
stunting, with improvements in wealth, maternal education, and
urbanization all being associated with lower stunting rates (15).
In contrast, the WF participants bore the hallmarks of stunting
risk—impoverished, undernourished, and poorly educated—and
our results convincingly reinforce the need for multipronged
interventions to reduce stunting.

A major incentive for conducting this follow-up analysis
was to determine the potential for persistence of the benefits
to fetal growth of the preconception and early pregnancy
nutrition intervention on postnatal growth, without any additional
interventions. Although the intervention effects on both linear
and ponderal growth were evident through 6 mo (2), these
follow-up data strongly argue for continued attention to the
remainder of the 1000 d, including complementary feeding.
Qualitative feeding evaluations of the WF offspring indicated
continued breastfeeding but inadequate complementary feeding
for the majority of the infants, especially during the crucial period
between 6 and 12 mo, when energy and nutrient needs remain
relatively high and when we observed the sharpest decline in LAZ
(16). However, nutrition interventions initiated after 6 mo of age
have generally had a modest, if any, impact on linear growth or
rates of stunting in the second year of life (14, 17–23). In addition,
recent intensive interventions to improve water, sanitation, and
hygiene in settings with high stunting rates had virtually no
impact on postnatal linear growth (24). These intervention results
notwithstanding, our observations reinforce the importance of
improving the infant and young child’s nutrition and health
environment. Absent such attention, gains realized in fetal growth
from early maternal interventions seem unlikely to persist past the
early postnatal months.

The analyses for the longitudinal trajectory across the entire
study period identified parental heights (especially maternal) and
intervention arm of the primary trial as significant predictors.
However, with inclusion of birth length in the cross-sectional
analysis at 24 mo, the intervention arm was no longer significant,
and birth length outcomes were the strongest predictors of lower
LAZ and risk of stunting; for the group of infants with gestational
age determinations, moderate stunting at birth had the highest
risk of stunting at 24 mo. Low birth weight (but not SGA) was
a significant predictor but had a considerably smaller impact on
the adjusted mean difference in LAZ at 24 mo compared with
those associated with the deficits in birth length, supporting the
premise that very early fetal growth may program longer-term
linear growth (3, 25). Our observations complement those for a
large cohort of infants in Zimbabwe in whom birth length status,
along with maternal height and education and other factors, was

associated with the pattern and degree of postnatal linear growth
faltering (26).

Among predictive factors, in this analysis and numerous other
studies, maternal height was a robust predictor of the longitudinal
linear growth trajectory and of LAZ and stunting at 2 y (21,
26–29), with height <150 cm associated with a 38% increase
in stunting risk. Maternal height and pelvic dimensions affect
placental dimensions and function, including nutrient transfer,
and are associated with newborn size, including birth length (30)
as well as risk of future chronic conditions (31). In a subgroup
of the WF participants in Pakistan, a high percentage of whom
were stunted and thin, women who received preconception and
first-trimester SQ-LNS (intervention arm 1) had a significantly
larger (+1.4-fold, P = 0.03) placental area than the control
arm, and placental area was correlated with LAZ at birth (32).
This suggests that maternal nutrition during the first trimester
is a modifiable factor with potential to attenuate the growth-
restraining effects of maternal short stature. Compared with
maternal height, fewer data on the impact of paternal height are
available, but it is notable that in our study, both paternal height
and BMI were significantly associated with LAZ and stunting at
24 mo. These observations support the increasing recognition of
adolescence as a nutrition-sensitive developmental period and a
window of opportunity to favorably affect adult height for both
women and men, thereby potentially improving reproductive
outcomes (33, 34).

Emphasis on maternal factors is emerging as a critical
and potentially modifiable determinant of child stunting (21),
particularly when improvements in women’s nutrition and overall
health and in environmental factors occur prior to conception
(35). Although both the preconception and end of first trimester
arms of the WF trial demonstrated improved birth length,
several indicators support a greater benefit of the preconception
intervention (compared with no intervention arm) in infants with
gestational age determination, including significantly reduced
risk for moderate stunting and wasting at birth only in the
preconception arm (1, 36); a larger impact on both length
and weight at birth of the preconception arm for nulliparous
and anemic women at enrollment (37); and optimized maternal
weight status (associated with the protein energy supplement)
prior to conception and greater gestational weight gain before
12 wk of gestation (38–40). These findings provide targets for
interventions to improve fetal growth and thereby to potentially
improve subsequent growth during the first 2 y of life. Last, we
highlight the finding that maternal education (at least secondary)
emerged as a consistent and modifiable predictor of improved
longitudinal growth (linear and ponderal) and reduced stunting
at 24 mo (5, 7).

The strengths of this analysis include the high percentage
(>95%) of offspring of the WF trial participants who contributed
to the data through 24 mo and supported a rigorous analysis
of longitudinal postnatal growth. The multicountry design of
the original randomized trial is a strength. Although the results
reflect heterogeneous settings and participants, these features also
support generalizability of the findings. Limitations include the
availability of first-trimester gestational age dating from only 3
of the 4 sites and the absence of data on postnatal morbidity
and biochemical indicators of inflammatory, metabolic, and
nutritional status that could potentially have provided insights
into factors driving the linear growth faltering we observed.
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However, given the strength of the predictive variables and their
consistency with observations from the literature, we submit
that the impact of such postnatal factors is unlikely to have
substantially attenuated the findings.

In summary, the sharp downward trajectory of linear growth
after 6 mo of age and the profound stunting rates at 24 mo
underscore the importance of postnatal nutrition (and other
environmental/nutrition-sensitive factors), which surely must be
addressed. The evidence to date, however, suggests the impact of
such interventions will be incremental without attention to the
entire 1000 d. More research is needed to determine whether
additive, or even synergistic, effects could be realized with a
combination of early prenatal and postnatal interventions. With
the strongest predictor of stunting (and length) at 24 mo being
birth length, however, we surmise that substantial improvements
in postnatal growth are likely to depend on improved intrauterine
growth, especially during the critical first trimester.
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Summary
Background South Asia contributes more than a third of all global stillbirths, yet the causes remain largely unstudied 
in this region. New investigations, including novel assessments of placental and fetal tissues, facilitate more precise 
determination of the underlying causes of stillbirth. We sought to assess underlying and contributing causes of 
stillbirth from settings in India and Pakistan.

Methods In this prospective cohort study (PURPOSe), we report the cause of death in stillbirths in hospitals in 
central India and south Pakistan (Davangere, India [three public and private hospitals] and Karachi, Pakistan [one public 
maternity and one children’s hospital]). Women aged 15 years or older and with a known stillbirth (defined as a 
pregnancy at 20 or more weeks of gestation with the in-utero death of a fetus) weighing 1000 g or more were included 
in the study. Maternal clinical factors, placental evaluation, fetal tissue evaluation (from minimally invasive tissue 
sampling), and PCR for microbial pathogens were used to identify the causes of death. An expert panel reviewed 
available data for all stillbirths to identify the primary and contributing maternal, placental, and fetal causes of stillbirth.

Findings Between Sept 1, 2018, and Feb 12, 2020, 981 stillborns were included and, of those, 611 were reviewed by the 
expert panel. The primary maternal causes of stillbirth were hypertensive disease in 221 (36%) of 611 stillbirths, 
followed by severe anaemia in 66 (11%) stillbirths. The primary placental causes were maternal and fetal vascular 
malperfusion, in 289 (47%) stillbirths. The primary fetal cause of stillbirth was intrauterine hypoxia, in 
437 (72%) stillbirths. We assessed the overlap of main causes and 116 (19%) stillbirths had intrauterine hypoxia, 
placental malperfusion, and eclampsia or pre-eclampsia indicated as primary causes of death. Infection (including of 
the placenta, its membranes, and in the fetus) and congenital anomalies also were causative of stillbirth.

Interpretation In south Asia, fetal asphyxia is the major cause of stillbirth. Several placental lesions, especially those 
associated with maternal and fetal vascular malperfusion and placental abruption, have an important role in asphyxia 
and fetal death. Maternal hypertension, and especially pre-eclampsia, is often the primary maternal condition 
associated with this pathway.

Funding Bill & Melinda Gates Foundation.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
The south Asia region contributes to more than a third of 
the global burden of stillbirths—a disproportionately 
large number. Although advances have been made in 
reducing child mortality in this region, the numbers and 
rates of stillbirths remain high.1–3 The causes of stillbirth 
in this region, as in most low-income and middle-income 
countries (LMICs), are mostly identified with verbal 
autopsy or clinical determination.4–6 Com pared with 
other causes of death, an accurate cause cannot often be 
identified through verbal autopsy or clinical observation, 
and, in some settings, more than 75% of all stillbirths 
have unknown causes.4,5 These gaps in understanding 
the causes of stillbirth have probably contributed to the 
slow progress in reducing stillbirth incidence, especially 
in LMICs.

One tool to improve specificity when identifying the 
causes of stillbirth is minimally invasive tissue sampling 

(MITS; a process of fetal tissue sampling by needle 
biopsy6), which has been used as a less invasive autopsy 
for histological and microbiological evaluations on 
selected tissues.7 For stillbirths, histological evaluation of 
the placenta is also essential to establish an accurate 
cause of death, as various placental conditions have been 
identified as common and important contributors to 
stillbirth.8,9 However, in low-resource settings, placental 
evaluation has rarely been used in stillbirth evaluations.10–12

From a previous comprehensive literature review, 
we concluded that most stillbirths in LMICs probably 
occur secondary to fetal asphyxia and are generally 
associated with pre-eclampsia or eclampsia, antepartum 
haemorrhage, fetal growth restriction, placental 
abruption and placental vascular malperfusion, 
prolonged or obstructed labour, uterine rupture, and 
umbilical cord accidents.13 One study that used MITS is 
the CHAMPS study,12 which was done in LMICs. In 
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preliminary analyses of 180 stillborn babies, primarily in 
African countries, the most common underlying causes 
of stillbirth were identified to be perinatal asphyxia or 
hypoxia (72%) and congenital infection or sepsis (15%), 
although the placenta was not available for evaluation in 
most cases.12

In 2018, PURPOSe was launched to improve estimates 
of the specific causes of stillbirth in India and Pakistan.14 
PURPOSe used prospectively collected data on maternal 
clinical factors, placental evaluation using the 
Amsterdam Consensus Criteria,12 MITS, and PCR for 
microbial pathogens to inform cause of death.13 We 
analysed the primary causes of death using a standardised 
approach,14 and present the results here.

Methods
Study design and participants
PURPOSe was a prospective, observational study using 
standardised data collection methods in two sites in 
south Asia (Davangere, India [three public and private 
hospitals] and Karachi, Pakistan [one public maternity 
and one children’s hospital]). The study sites were 
selected to represent two south Asian areas on the basis 
of the high rates of stillbirth in the geographical region 
and the experienced research teams.14,15 Although the full 
study investigated the cause of death for both deaths of 
preterm neonates and stillbirths, in this Article, we 
report the results of the cause-of-death study for 
stillbirths.

At participating study hospitals, research staff screened 
all pregnant women at the time of presentation to 
hospital for delivery between Sept 1, 2018, and 
Feb 12, 2020, using a study screening log. Women with a 
known stillbirth, defined as a pregnancy at 20 or more 

weeks of gestation with the in-utero death of a fetus, 
were approached for enrolment in the study. Additionally, 
if a woman with a stillbirth was identified at or after 
delivery, she was recruited as soon as possible after 
delivery. Women aged 14 years or younger and those who 
did not provide consent were excluded.

The study was reviewed and approved by the ethics 
review committees at the Aga Khan University (Karachi, 
Pakistan), KLE Academy of Higher Education and 
Research (Belagavi, India), JJM Medical College 
(Davangere, India), and RTI International (Durham, NC, 
USA). All women were provided counselling about the 
study (including risks and benefits) before providing 
informed written consent for participation in the study. 
Additional consent was obtained for the specimen 
collection and evaluation. For women younger than the 
legal age per country policy, parental consent was 
obtained in addition to the woman’s assent before 
enrolment. Information on the cause of death was not 
provided routinely but each participant was notified that 
the individual results would be shared with the family on 
request.

Data collection
A trained data collection team recorded findings on study 
data forms at the time of delivery, including data from a 
physical examination, and procedures for the current 
delivery. Medical and obstetric history were recorded from 
medical data abstraction (when available) and maternal 
recall. At hospital admission, the presence of fetal heart 
tones was assessed and documented. Gestational age was 
identified using ultrasound, or, when ultrasound was 
unavailable, using last menstrual period and clinical 
assessment by the clinician with an algorithm based on 

Research in context

Evidence before this study
In low-income and middle-income countries (LMICs), where 
98% of all stillbirths occur, stillbirths are under-reported and few 
reports are available on the cause. When reports on causes are 
available, the majority have been based on verbal autopsy, which 
is not precise in identifying the cause of stillbirths, and they report 
a large proportion of stillbirths with an unknown cause of death. 
In high-income countries, placental causes have been found to be 
a major contributing cause of stillbirths. Recent advanced 
investigations, such as minimally invasive tissue sampling and 
placental examinations, contribute to a more accurate 
understanding of the causes of death, especially in LMICs. Only a 
few studies from LMICs have used minimally invasive tissue 
sampling or other more accurate tools for cause-of-death 
assessment. One study on cause of death among 180 stillbirths, 
primarily from Africa, concluded that the majority were caused by 
intrapartum hypoxia, although little placental evaluation was 
done. A second pilot study from South Africa also found hypoxia 
as a major cause of stillbirth along with fetal infection.

Added value of this study
PURPOSe, one of the largest prospective studies of stillbirth 
from south Asia, included a detailed assessment of stillbirths, 
such as placental assessment, physical examination, and 
histological evaluation of fetal tissues. Placental and fetal 
tissues were also tested for a wide range of pathogens by PCR. 
Expert panellists reviewed all available data presented in 
standardised format to identify the primary and contributing 
maternal, placental, and fetal causes based on the WHO 
International Classification of Disease for perinatal mortality, 
10th revision (ICD-10 PM) classification.

Implications of all the available evidence
The techniques used for this study can inform future efforts to 
more completely and accurately identify the cause of stillbirth 
in LMIC settings. This is an important advancement towards 
reducing the large burden of stillbirth in south Asia.
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American College of Obstetrics guidelines.16 Using 
standardised operating procedures, the placenta and cord 
blood were collected for all deliveries. Before delivery, a 
rectovaginal swab was also obtained from each pregnant 
woman for assessment of group B streptococcus infection. 
The placenta was evaluated by trained pathologists who 
used standard operating procedures based on the 
Amsterdam Consensus criteria.17

Each stillborn baby had a physical examination after 
delivery, including assessment of birthweight, length, head 
circumference, and evaluation of signs and degree of 
maceration. With additional consent from the woman, 
MITS, which included needle biopsies from the lung, liver, 
and brain tissues, was done by trained technicians using 
standardised procedures.18 All samples were collected in 
duplicate to allow for a back-up specimen and were tracked 
with study labels. These study samples were subsequently 
analysed by histological and molecular microbiological 
methods, using TaqMan Array Card (TAC) PCR testing by 
the research laboratory team.19 The TAC PCR methods 
were validated by the US Centers for Disease Control and 
included testing of more than 50 pathogens and toxins. 
PCR was done for the fetal tissues (collected by MITS) as 
well as blood and cerebral spinal fluid samples. The 
placenta was examined grossly and histologically, and PCR 
was done on placental, umbilical cord, and membrane 
tissues. For all specimen evaluations, central research staff 
trained on study procedures at each site and quality review 
was done throughout the study. At the India site, with 
additional parental consent, a standardised clinical 
perinatal autopsy was also done for a subset of stillbirths. 
The autopsy was done by a trained pathologist with 
oversight from a senior pathologist.

For cause-of-death identification, stillborns that had a 
birthweight of 1000 g or more, and for which the placental 
evaluation was completed, were evaluated by a panel of 
medical experts to identify the causes of death. We chose to 
focus on stillborns weighing 1000 g or more because these 
comprise the vast majority of stillbirths and were likely to 
have the most informative findings for responses. In 
addition, having complete clinical information, including 
the placental evaluation, was required to improve accuracy 
of findings, given the ability of the placental evaluation to 
help elucidate cause of death in more than 60% of stillbirth 
cases.9 In addition, the MITS examinations on stillborns 
weighing less than 1000 g were often not informative for 
identification of the cause of stillbirth.20

For each stillbirth, the primary maternal, placental, and 
fetal cause of death, as well as the contributing causes, 
were identified by a panel of experts using standard 
procedures.15,21 The expert panel approach was used to 
provide a standardised approach to cause-of-death 
determination. The expert panels, which were established 
for each site, comprised obstetricians, paediatricians, 
pathologists, microbiologists, and other clinicians. For 
each stillbirth, a pair of panellists, who were not directly 
involved with the conduct of the study, reviewed the case 

report. Case reports included a brief clinical description 
of the case and all positive clinical maternal, fetal, 
and placental findings, and results of the PCR bacterio-
logical investigation and MITS histology.21 Additionally, 
reference measures, including the tenth percentile for 
gestational age based on the INTERGROWTH-21st 
criteria22 and mean placental weight for gestational age 
were presented in a standardised data report. Each pair 
of panellists met to discuss their findings, with any 
discrepancies resolved through discussion with a third 
panel member.

The panellists determined a primary maternal cause of 
death, a primary placental cause of death, and then a 
primary fetal cause of death, if applicable, and the 
maternal and placental causes could inform the fetal 
cause of death. The primary and contributing causes of 
stillbirth were based on the International Classification 
of Disease for perinatal mortality, 10th revision 
(ICD-10 PM).23

Role of the funding source
The study was funded by grants from the Bill & 
Melinda Gates Foundation. The funder provided initial 
inputs into the study design but had no role in data 
analysis or data interpretation.

Results
Between Sept 1, 2018, and Feb 12, 2020, a total of 
1453 stillborns were screened and 1323 were eligible; of 
those, consent was provided for 984 (74·4%) stillborns 
and they were included in the study (figure 1). Of the 
984 stillborns included, three were withdrawn from 

Figure 1: Selection of the study population
COD=cause of death.

1453 stillborns assessed for eligibility (1426 women who
had a stillbirth)

984 stillborns included

469 stillborns excluded
130 stillborns did not meet criteria
339 stillborns did not have consent

(of 334 women)

611 eligible for COD panel review

370 ineligible for COD panel review
49 gestational age unavailable

262 birthweight <1000 g or missing
131 no placental evaluation

981 stillborns analysed in the study

3 stillborns withdrawn (from 3 women) 
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the study and 370 stillborns were excluded from the 
cause-of-death panel review (262 had a birthweight 
<1000 g, 131 did not have a placenta available, and 49 did 
not have the gestational age assessed). Thus, 611 (62%) 
of 984 stillborns delivered by 602 women met the 
eligibility criteria for the panel review and were included 
in the analyses of the cause of stillbirth.

Overall, 29 (5%) of 611 stillborns occurred at 
20–27 weeks of gestation, 108 (18%) at 28–31 weeks of 
gestation, 260 (43%) at 32–36 weeks of gestation, 
and 214 (35%) at 37 or more weeks of gestation (table 1). 
184 (30%) of 611 stillborns weighed less than 1500 g, 
272 (45%) weighed 1500–2499 g, and 155 (25%) weighed 
2500 g or more. At hospital admission, 482 (79%) of 
611 stillborns were known to have died in utero (no fetal 
heart tones). On physical evaluation after delivery, 

357 (58%) of 611 stillborns had signs of maceration. 
Distributions in birthweight and gestational age were 
similar between the Indian and Pakistani sites. More 
women were in their first pregnancy in the Indian site 
(113 [43%] of 263) than in the Pakistan site (93 [27%] 
of 348).

Overall, 602 women were included with a stillbirth for 
cause-of-death review and nine (1%) had a multiple birth. 
263 (44%) of 602 women were aged 20–25 years (table 1). 
A substantially higher proportion of women were older 
than 30 years in Pakistan than in India (87 [25%] of 342 in 
Pakistan compared with 21 [8%] of 260 in India). The 
educational attainment of women also differed by site, 
with substantially more women in the Pakistani site 
being illiterate (116 [34%] of 342 compared with 
44 [17%] of 260 in the Indian site). 238 (40%) of 
602 women had a clinically identified hypertensive 
disorder and 106 (18%) of 602 had an antepartum 
haemorrhage. At the placental evaluation, maternal 
vascular malperfusion was identified in 355 (58%) of 
611 cases, fetal vascular malperfusion in 118 (19%), and 
placental inflammation in 187 (31%).

Hypertensive diseases (primarily eclampsia and 
pre-eclampsia) were identified as the primary maternal 
cause of death for 221 (36%) of 611 stillbirths and a 
contributing cause for an additional 33 (5%; table 2). 
Severe maternal anaemia was identified as the main 
maternal cause in 66 (11%) of 611 stillbirths and a 
contributing cause for 199 (33%). Maternal infections 
were identified to be the primary maternal cause of 
stillbirth for 30 (5%) of 611 cases and contributed to an 
additional 52 (9%). Diabetes was considered the primary 
maternal cause for 22 (5%) stillbirths and contributed to 
an additional ten (2%) stillbirths. No primary maternal 
cause of death was identified for 200 (33%) of the 
611 cases reviewed.

Placental, maternal, or fetal vascular malperfusion was 
the primary placental cause of death for 289 (47%) of 
611 stillbirths and contributed to an additional 103 (17%) 
(table 3). Placental haemorrhage, including abruption or 
previa, was the primary cause of 94 (15%) of 611 stillbirths 
and contributed to an additional 21 (3%) stillbirths. 
Chorioamnionitis, funisitis, or another placental infection 
was identified to be the primary placental cause for 
88 (14%) stillbirths and contributed to an additional 
183 (30%) stillbirths. Only 83 (14%) of 611 stillbirths had 
no placental cause of death identified.

The primary and contributing fetal causes of stillbirth 
as identified by the expert panel are summarised in 
table 4. Intrauterine hypoxia was the primary cause of 
death for 437 (72%) of 611 stillbirths and a contributing 
cause for an additional 63 (10%). Congenital infections 
were identified to cause 78 (13%) stillbirths and 
contributed to another 101 (17%). Congenital 
malformation was found to cause 23 (4%) stillbirths and 
contributed to an additional 14 (2%) stillbirths. Growth 
disorders, including small for gestational age, were 

Overall (n=611) India Pakistan

Stillborns with cause of death determination, n 611 263 348

Gestational age

20–27 weeks 29 (5%) 6 (2%) 23 (7%)

28–31 weeks 108 (18%) 44 (17%) 64 (18%)

32–36 weeks 260 (43%) 103 (39%) 157 (45%)

≥37 weeks 214 (35%) 110 (42%) 104 (30%)

Birthweight

1000–1499 g 184 (30%) 82 (31%) 102 (29%)

1500–2499 g 272 (45%) 113 (43%) 159 (46%)

≥2500 g 155 (25%) 68 (26%) 87 (25%)

No fetal heart tone before delivery 482 (79%) 234 (89%) 248 (71%)

Macerated stillbirths 357 (58%) 162 (62%) 195 (56%)

Mothers of stillborns with COD determination, n 602 260 342

First pregnancy 206 (34%) 113 (43%) 93 (27%)

Multiple pregnancy 9 (1%) 2 (1%) 7 (2%)

Maternal age

<20 years 37 (6%) 19 (7%) 18 (5%)

20–25 years 263 (44%) 156 (60%) 107 (31%)

26–30 years 194 (32%) 64 (25%) 130 (38%)

>30 years 108 (18%) 21 (8%) 87 (25%)

Maternal education

No formal schooling and illiterate 160 (27%) 44 (17%) 116 (34%)

No formal schooling and literate 65 (11%) 8 (3%) 57 (17%)

1–4 years 24 (4%) 13 (5%) 11 (3%)

5–8 years 131 (22%) 71 (27%) 60 (18%)

9–12 years 186 (31%) 102 (39%) 84 (25%)

>12 years 32 (5%) 20 (8%) 12 (4%)

Any hypertensive disorder 238 (40%) 97 (37%) 141 (41%)

Antepartum haemorrhage 106 (18%) 49 (19%) 57 (17%)

Placenta evaluated, n 611 263 348

Mean placental weight, g (SD) 333·2 (131·5) 356·6 (128·1) 315·4 (131·4)

Presence of maternal malperfusion 355 (58%) 182 (69%) 173 (50%)

Presence of fetal malperfusion 118 (19%) 76 (29%) 42 (12%)

Inflammatory reaction 187 (31%) 79 (30%) 108 (31%)

Data are n (%) unless specified otherwise.

Table 1: Fetal, maternal, and placental characteristics
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identified by the panel as the primary cause of death of 
21 (3%) stillbirths and contributed to another 237 (39%). 
For 46 (8%) of 611, no primary fetal cause of the stillbirth 
was identified.

The TAC PCR analyses were completed for 603 (99%) 
of the 611 placentas and for 441 (72%) of the 611 fetal 
tissues (appendix p 1). Of the more than 50 pathogens 
that were evaluated by TAC PCR, the most frequent 
pathogens identified in at least 2% of the placental tissue 
included Ureaplasma urealyticum (in 233 [39%] of 
603 placentas), Escherichia coli (79 [13%] of 603), 
Staphylococcus aureus (47 [8%] of 603), Candida albicans 
(38 [6%] of 603), group B streptococcus (36 [6%] of 603), 
and Enterococcus facium (35 [6%] of 603). Similar 
pathogens were most frequently identified in the fetal 
tissues, but at lower rates, including U urealyticum 
(27 [6%] of 441 fetal tissues), E coli (21 [5%] of 441), 
S aureus (eight [2%] of 441), Acinetobacter baumanii 
(seven [2%] of 441), parvovirus B19 (seven [2%] of 441), 
and group B streptococcus (six [1%] of 441).

The presence of maceration was found in 357 [58%] of 
611 stillbirths (appendix p 2). The most common 
primary maternal condition identified was hypertensive 
disorders in 118 (33%) of 357 stillbirths with maceration 
and 103 (40%) 254 stillbirths without maceration. 

Hypertensive disorders were followed by maternal 
anaemia (in 39 [11%] of 357 stillbirths with maceration 
and 27 [11%] of 254 stillbirths without maceration) and 
infection (in 22 [6%] of 357 stillbirths with maceration 
and eight [3%] of 254 stillbirths without maceration). 
Placental malperfusion was the most common placental 
condition for both groups and was identified in 185 (52%) 
of 357 stillbirths with maceration and 104 (41%) of 
254 stillbirths without maceration. The second most 
common placental condition was placental infection, 
identified in 61 (17%) of 357 stillbirths with maceration 
and 27 (11%) of 254 stillbirths without maceration. 
Finally, for the primary fetal cause, intrauterine hypoxia 
was the most common cause in both groups but was 
higher in stillbirths without maceration (192 [76%] of 254) 
compared with stillbirths with maceration (245 [69%] 
of 357). The second most common fetal cause of 
death, congenital infection, was found in 57 (16%) of 
357 stillbirths with maceration and 21 (8%) of 
254 stillbirths without maceration.

There was substantial overlap among the most 
common maternal, placental, and fetal conditions 
identified as primary causes of death (figure 2). The 
largest cluster, representing 116 (19%) of all 611 stillbirths, 
included eclampsia or pre-eclampsia, placental vascular 

Primary maternal cause Contributing maternal causes*

Overall India Pakistan Overall India Pakistan

Stillbirths with cause of death determination, N 611 263 348 611 263 348

Eclampsia, pre-eclampsia, or other hypertensive disorders 221 (36%) 94 (36%) 127 (36%) 33 (5%) 11 (4%) 22 (6%)

Maternal anaemia 66 (11%) 14 (5%) 52 (15%) 199 (33%) 75 (29%) 124 (36%)

Maternal infectious and parasitic disease 30 (5%) 13 (5%) 17 (5%) 52 (9%) 9 (3%) 43 (12%)

Diabetes 22 (4%) 7 (3%) 15 (4%) 10 (2%) 1 (0%) 9 (23%)

Preterm labour 2 (0%) 1 (0%) 1 (0%) 9 (1%) 6 (2%) 3 (1%)

Complications of caesarean section 1 (0%) 1 (0%) 0 0 0 0 

Other maternal complications of pregnancy 38 (6%) 18 (7%) 20 (6%) 59 (10%) 11 (4%) 48 (14%)

Other complications of labour and delivery 31 (5%) 11 (4%) 20 (6%) 6 (1%) 3 (1%) 3 (1%)

No maternal cause identified 200 (33%) 104 (40%) 96 (28%) 310 (51%) 160 (61%) 150 (43%)

Data are n (%) unless specified otherwise. *More than one contributing cause possible.

Table 2:  Primary and contributing maternal causes of stillbirth identified by expert panellists

Primary placental cause Contributing placental causes*

Overall India Pakistan Overall India Pakistan

Placentas evaluated, N 611 263 348 611 263 348

Placental maternal or fetal vascular malperfusion 289 (47%) 121 (46%) 168 (48%) 103 (17%) 71 (27%) 32 (9%)

Placental abruption, haemorrhage, or previa 94 (15%) 45 (17%) 49 (14%) 21 (3%) 10 (4%) 11 (3%)

Chorioamnionitis, funisitis, or other infection 88 (14%) 43 (16%) 45 (13%) 183 (30%) 57 (22%) 126 (36%)

Cord complications 1 (0%) 0 1 (0%) 3 (0%) 0 3 (1%)

Other complications of placenta, cord, and membranes† 56 (9%) 15 (6%) 41 (12%) 100 (16%) 25 (10%) 75 (22%)

No placental cause identified 83 (14%) 39 (15%) 44 (13%) 259 (42%) 120 (46%) 139 (40%)

Data are n (%) unless specified otherwise. *More than one contributing cause possible. †Other complications included small placenta for gestation age (32 for primary 
placental causes and 32 for contributing placental causes) and haematoma (8 for primary placental causes and 28 for contributing placental causes).

Table 3: Primary and contributing placental causes of stillbirth identified by expert panellists

See Online for appendix



Articles

e975 www.thelancet.com/lancetgh   Vol 10   July 2022

malperfusion, and intrauterine hypoxia indicated as the 
primary causes of death. The second most common 
combination was eclampsia or pre-eclampsia, placental 
abruption, and intrauterine hypoxia, which occurred 
in 36 (6%) of 611 stillbirths. All other combinations 
represented less than 5% of the cases.

Discussion
The PURPOSe study represents one of the largest 
prospective studies on the cause of stillbirth in south Asia. 
The most common primary fetal cause of stillbirth, 
as identified by the panel, was intrauterine hypoxia, 
followed by fetal infection and growth disorders. 
Hypertensive disease was the primary maternal cause 
(nearly a third of stillbirths), followed by anaemia and 
maternal infection. Placental and umbilical cord 

conditions were an important primary or contributing 
factor for more than 90% of all stillbirths, mostly 
involving placental malperfusion and haemor rhage. 
Various infections were also identified by the panel as 
either causing or contributing to an additional 30% of 
fetal deaths.

These findings point to common pathways for many of 
the stillbirths, such as maternal hypertensive disease 
together with placental fetal and maternal vascular 
malperfusion, and a small placenta, placental abruption, 
and fetal asphyxia accompanied by fetal growth 
restriction. Maternal and fetal infection contributed to 
about 10% of the stillbirths in these settings, whereas 
other pathways to stillbirth (eg, congenital anomalies and 
various maternal conditions) occurred less frequently.

This study represented one of the largest robust 
evaluations of the cause of stillbirths and included 
prospective data collection in two countries with a range of 
quality of care, and with high-quality historical, histological, 
and microbial evaluation to inform the assessments. 
Especially important was the inclusion of placental 
pathology, which was often crucial in determining cause of 
death. The panellists reviewed a standardised case report 
with results abstracted from clinical and research 
investigations. The availability of placental evaluations, 
which were assessed with standardised procedures based 
on the Amsterdam Consensus criteria,12 and the fact that 
the findings were similar across sites suggests the 
robustness of the findings. The main results for each site 
regarding conditions attributed to the cause stillbirth were 
similar, suggesting similar causality in both sites.

Because participants were recruited after delivery, the 
prenatal conditions were generally based on the mothers’ 
recall or review of medical records. For this reason, more 
detailed classification of hypertensive disorders was not 
possible. Another important limitation was the accuracy 
of gestational age. Since most women did not have early 

Primary fetal cause Contributing fetal causes*

Overall India Pakistan Overall India Pakistan

Stillbirths with cause of death determination, N 611 263 348 611 263 348

Intrauterine hypoxia 437 (72%) 172 (65%) 265 (76%) 63 (10%) 40 (15%) 23 (7%)

Congenital infections 78 (13%) 41 (16%) 37 (11%) 101 (17%) 40 (15%) 61 (18%)

Congenital malformations, deformations, or chromosomal 
abnormalities

23 (4%) 11 (4%) 12 (3%) 14 (2%) 5 (2%) 9 (3%)

Growth disorders 21 (3%) 12 (5%) 9 (3%) 237 (39%) 108 (41%) 129 (37%)

Fetal haemorrhage 3 (0%) 1 (0%) 2 (1%) 0 0 0

Intraventricular haemorrhage of the fetus 1 (0%) 1 (0%) 0 3 (0%) 3 (1%) 0

Haemolytic disease of the fetus 1 (0%) 0 1 (0%) 1 (0%) 1 (0%) 0

Birth trauma 0 0 0 2 (0%) 0 2 (1%)

Other† 1 (0%) 0 1 (0%) 16 (3%) 6 (2%) 10 (3%)

No fetal cause identified 46 (8%) 25 (10%) 21 (6%) 254 (42%) 105 (40%) 149 (43%)

Data are n (%) unless specified otherwise. *More than one contributing cause possible. †Other conditions include seizure, hepatitis, fetal hydrops, high-grade glioma, rhesus 
haemolytic incompatibility, skin lesions, varicella zoster, meconium aspiration, polyhydramnios, twin–twin transfusion, and complications of prematurity.

Table 4: Primary and contributing fetal causes of stillbirth as identified by expert panellists

Figure 2: Overlap of the main placental, maternal, and fetal conditions

Intrauterine
hypoxia

132

Placental
malperfusion

36 

Eclampsia or
pre-eclampsia

19 17

116

120 69
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obstetric sonograms, the gestational age was often based 
on last menstrual period and obstetric evaluation, which 
has less precision than other methods.16 In addition, 
there might have been a meaningful interval between 
death of the fetus and delivery. Accordingly, the 
contribution of small for gestational age to the number 
of stillbirths could have been over-reported or under-
reported. We restricted the study sample to fetuses 
weighing 1000 g or more, since babies born smaller than 
this are unlikely to survive in the settings where the study 
was done. Therefore, the causes among extremely 
preterm and small stillbirths, about 25% of the sample, 
were under-represented. Additionally, potential rare 
causes of stillbirth, such as those due to chromosomal 
anomalies and red blood cell disorders, were not 
routinely evaluated in this study. Finally, we acknowledge 
that non-medical and system-wide causes of stillbirth are 
important, but assessment of these issues was beyond 
the scope of this study.

Despite these limitations, this study adds to the 
understanding of the causes of stillbirth in south Asia. 
Most studies of the causes of stillbirth have reported a 
substantial proportion as due to an unknown cause.10,24 
We believe that, because many cases in this study had a 
MITS evaluation, TAC PCR evaluation for various 
organisms in multiple tissues, and a thorough placental 
evaluation, the proportion of stillbirths with an unknown 
cause was substantially reduced. A primary fetal cause of 
death could not be identified for only 8% of the stillbirths. 
Compared with the recent CHAMPS report on the cause 
of 180 stillbirths,12 with only 21 cases from the south Asia 
region, this study of 611 stillbirths with complete 
information substantially increases our knowledge about 
causes of stillbirth in the south Asian region.

The major findings of PURPOSe, which emphasise 
the confluence of maternal hypertensive conditions and 
placental malperfusion leading to growth restriction 
and asphyxia, have major implications for research and 
programmes that aim to reduce stillbirth.25 In almost all 
countries where stillbirth rates have been substantially 
reduced, the effective strategy has usually involved 
identifying fetuses at risk of stillbirth and delivering 
them before a fetal death.26,27

Research is needed to develop interventions to interrupt 
the pathway that involves pre-eclampsia and placental 
damage, which leads to poor fetal growth and fetal 
asphyxia. Although maternal aspirin administration 
shows promise in reducing pre-eclampsia and fetal 
growth restriction, the extent to which it reduces stillbirth 
is unknown.28,29 In the absence of a consistently effective 
prevention strategy, attention needs to be directed at 
developing better and more efficient tests to identify 
which fetuses are at the highest risk of death.

Currently, in high-income countries, most stillbirths 
are prevented with ultrasound to identify which fetuses 
are at risk because of growth restriction, a variety of tests 
to identify the fetuses most likely to die of asphyxia, and 

expedited delivery through labour induction or caesarean 
section, especially those occurring at or near term. Given 
increasing rates of institutional deliveries in south Asia,30 
together with the rapid advancement of low-cost, 
evidence-based technologies, with appropriate, early 
identification of women with fetuses at risk, there is 
substantial opportunity to reduce stillbirths in the region.
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INTRODUCTION

Hypertension (HTN) and its complications lead to 9.4 million worldwide deaths each year. It is 
responsible for heart diseases (CHD and CHF) related 45% of deaths, stroke-related 51% of deaths, 
and doubles the risk of end-stage renal disease and peripheral artery disease.[1,2] In an estimate put 
up for the year 2025, up to 1.56 billion adults worldwide will be due to hypertension.[3] In India, 
the situation is more frightening. In 1990, 9.4 million deaths were reported in India of which 2.3 
million deaths (25%) were due to HTN-related cardiovascular mortality. 1.2 million deaths were 
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adolescents with a family history of HTN, and to obtain its correlation with anthropometric values.

Materials and Methods: After obtaining ethical clearance and informed consent, three groups containing 50 
subjects each, of age 17–19 years were included in the study. (Group-I: Normotensives without a family history of 
HTN; Group-II: Normotensives with a family history of HTN and Group-III: prehypertensives). CAD was done 
by performing (1) resting tachycardia, (2) loss of sinus arrhythmia, and (3) heart rate response to the Valsalva 
manoeuvre. If any two of them are positive then the presence of CAD was confirmed.

Results: Height, weight, BMI, SBP and DBP was significantly higher in group 3 (prehypertensives). Confirmed CAD 
findings was seen in 36% of group 2 and 46% of group 3 participants. Of the anthropometric parameters, a significant 
positive correlation was seen between weight and SBP, DBP and CAD parameters, and height with SBP and DBP.

Conclusion: Clinical and subclinical CAD exists in adolescents with risk factors for HTN including heredity, 
obesity, and pre-HTN values. These risk factors show multiplicative effects for disease genesis and indicate high 
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due to coronary artery disease and 0.5 million were due to 
stroke.[4]

HTN has a strong heritable factor confirmed by Adoption, 
twin births, and family-related studies.[2] These studies 
indicate both genetic and environmental factors determine 
susceptibility to HTN. HTN before the age of 55 has a 30–60% 
heritability component, with multiple genes contributing and 
a high frequency of 3.8 times among patients with a positive 
family history.[5] Multiple genes contribute in minor forms 
adding up to play a major role in disease genesis. This, along 
with environmental stimuli, contributes to elevated blood 
pressure. There is a definite indication for an involvement of 
various enzymes, channels, and receptors that handle sodium 
for blood pressure regulation, genes involved with the renin-
angiotensin-aldosterone system, and salt-water homeostasis, 
proteins involved in mineralocorticoid and glucocorticoid 
functional pathways, and transcription of genes involved in the 
regulation of vascular tone (endothelins and their receptors). 
Genes have been focused on at least 20 chromosome regions.[6]

The autonomic nervous system is an integral part of 
regulating internal organ functioning. Together with 
endocrine and immunological systems, it controls the 
internal environment of the organism and makes necessary 
adjustments to its current needs, thus enabling homeostasis. 
Various baroreflex mechanisms maintain blood pressure 
through varied effects on the heart, blood vessels, renal 
sodium, and water excretion. Animals and human studies 
ensure the critical role of the autonomic nervous system 
and its dysfunction in the development of HTN.[7,8] Several 
studies have publicised impaired cardiac autonomic function 
(CAF) in hypertensive subjects.[9,10] Greater sympathetic 
activity and parasympathetic attenuation have been noted in 
normotensive subjects with a family history of HTN.[6,11]

Obesity and increased body mass index (BMI) are risk 
factors for elevated systolic and diastolic blood pressure (SBP 
and DBP). There is increasing evidence that BMI and other 
anthropometric measurements maybe even related to long-
term survival.[12,13] Endothelial dysfunction, arterial stiffness, 
and RAAS dysregulation are a few of the many pathological 
processes involved.[14,15] The lacunae in the literature remain on 
whether anthropometry, pre-HTN, and family history occur 
as independent or additive aetiologies in the occurrence of 
clinical and subclinical cardiac autonomic dysfunction (CAD). 
Also in which of these factors occurrence of CAD is higher.

Aims and objectives

The objectives are as follows:
1. To assess CAD in adolescents without a family history of 

HTN
2. To assess CAD in adolescents with a family history of 

HTN

3. To assess CAD in adolescent prehypertensives
4. To determine the correlation of the CAF test with 

anthropometric parameters.

MATERIALS AND METHODS

A cross-sectional study was conducted in the Department 
of Physiology of our Medical College after obtaining 
institutional ethical clearance. A  complete personal and 
family history was taken focusing on the parental history 
of HTN, smoking, and physical activity. All the participants 
were explained about the procedure and written consent was 
obtained. The participants were then divided into 3 groups.
•	 Group  1: Normotensive offspring’s without a family 

history of HTN
•	 Group 2: Normotensive adolescents with positive family 

history of HTN
•	 Group 3: Pre-hypertensives.

Inclusion criteria

Subjects in the age group of 17–19 years were included in the 
study. Normotensive values were SBP < 120 mm of Hg and 
DBP < 80  mm of Hg, the pre-hypertensive value was SBP 
in the range of 120–139 mm of Hg or DBP in the range of 
80–89 mm of Hg were included in the study. Subjects with 
the absence of HTN in parents and first-degree relatives were 
included in Group 1. Subjects with either one or both parents 
being hypertensive were included in Group 2 (SBP ≥ 140 mm 
of Hg and DBP ≥ 90 mm of Hg).

Exclusion criteria

Subjects with a history of smoking, currently using steroid 
hormone medications and/or recreational drugs, history 
of DM, cardiovascular diseases, thyroid abnormality, 
giddiness on standing, syncopal spells, asthma, and chest 
disease; receiving drugs that are known to interfere with 
cardiovascular autonomic functions, alcohol intake and/or 
tobacco consumption in any form and family H/O DM were 
excluded from the study.

Sample size

Based on effect size by pilot study, keeping ά = 0.05, Z 
ά = 1.65, β = 0.2, Power 80%, Z β = 0.84, n = ([Z ά + Z β] 
σ/d)2 = 24.8 = 25 ≈ 30. 50 subjects in each group in the age 
group of 17–19  years were included in the study, selected 
randomly from the general population based on willingness 
to participate in the study.

Institutional ethical clearance

Institutional Ethical clearance was obtained.
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Consent form

A well-informed written consent was taken from all subjects 
after explaining the procedure and merits of the study.

Study design

Participants who fulfilled our inclusion and exclusion criteria 
were included in the study. These participants were either 
those accompanying relatives to our hospital or a few students 
from our college representing the general population. Subjects 
were instructed not to have coffee, tea, or cola 12 h before the 
test. They were asked to come to the physiology laboratory at 
9 am after having a light breakfast. Sociodemographic details 
were taken on a standard pro forma.

Anthropometric measurements

Height in mts

By commercial metallic wall fixed stadiometers. Stadiometers 
are devices specifically designed for the accurate 
measurement of height and when used with care yield data 
of the highest quality. The instrument was validated with 
metal rods of known height. Heavy outer clothing, footwear, 
and hair accessories that interfered with measurements were 
removed. Shoulders and buttocks touched the stadiometer 
and the head was in “Frankfort plane.” The participant was 
asked to look straight three measurements were made which 
were not different from one another by more than 2 mm.[16]

Weight in kgs

Weight (in kgs) was measured using digital weighing scale 
(seca) with an accuracy of ± 100g. The instrument was 
calibrated to zero and then a weight of 25  kg, 50  kg, and 
100 kg was placed on it to standardise. It was then placed on 
a hard surface away from walls and tables. Participants were 
asked to remove heavy clothing, belts, and shoes and empty 
their pockets. They were made to stand in the middle of the 
scale with feet slightly apart and arms relaxed by the side.[17]

BMI 

Weight (kg)/height (mts)2.[18]

ECG recording

A standard 12 lead ECG was taken using 4 limb leads and a 
single chest lead for recording lead II (Bpl, cardiart 6208 view. 
Bpl limited, bannerghatta road, Bangalore). Paper speed was 
25 mm/sec. After informed consent, patient was freed from 
all clothing impending placement of chest electrodes and 
limb leads. Patient was put in supine position and skin was 
prepared for placing electrodes. Gel was used and leads were 

positioned according to standardised protocol and a long 
lead II was obtained. Patient was then given wipes to clean 
the gel and asked to replace clothing.[19]

CAD

The presence or absence of CAD was done by performing 
following three different tests on each subject. Of the three 
tests, If two are positive (abnormal), then presence of CAD 
was confirmed.[20,21]

1. Resting tachycardia
2. Loss of sinus arrhythmia
3. Heart rate response to Valsalva manoeuvre.

Procedure

Resting pulse rate 

The subjects were asked to relax in a supine position for 
30  min. Resting heart rate was calculated using standard 
ECG from lead II for the evaluation of resting tachycardia 
under basal conditions. The value of more than 100 beats per 
minute (b/m) was considered abnormal.[21]

Loss of sinus arrhythmia 

Heart rate variation with respiration was observed for loss of 
sinus arrhythmia. In a sitting position, patients were asked to 
take 6 deep breaths per minute (with 5 s of inhalation and 5 s of 
exhalation per breath). A continuous ECG was recorded, with a 
marker to indicate the onset of each inspiration and expiration. 
Maximum and minimum R-R intervals were measured during 
each breathing cycle and converted into beats per minute. The 
result was then expressed as the mean of the difference between 
the maximum and minimum heart rate for six measured cycles 
in beats per minute. The normal response is a difference of 
18 b/m or more, while 10–18 beats and <10 b/m will be taken 
as borderline and definitive CAD, respectively. The expiratory-
inspiratory ratio (E: I ratio), which is the ratio of the longest RR 
interval during expiration and the shortest RR interval during 
inspiration from 5 cycles, was also determined. The E: I ratio in 
young persons should be higher than 1.24.[20-22]

Heart rate response to Valsalva manoeuvre

Valsalva manoeuvre was performed in a sitting position. 
Subjects were asked to blow into a mouthpiece connected to 
a mercury manometer and hold it at a pressure of 40 mmHg 
for 15 s, simultaneously monitored by the ECG. The ECG was 
continued to be recorded for 15 s after the release of pressure. 
The induced heart rate changes were expressed as the Valsalva 
ratio, that is, the ratio of maximum tachycardia (shortest R-R 
interval) during the manoeuvre to the maximum bradycardia 
(longest R-R interval) after the manoeuvre. The normal Valsalva 
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ratio is 1.45 or more; values 1.21–1.45 is considered borderline 
and less or equal to 1.21 was taken as evidence of CAD.[20-22]

Based on diagnostic testing, CAD can be classified into three 
categories: (1) “early involvement” with one abnormal HR 
test or two borderline results; (2) “definite involvement” with 
two or more abnormal results; and (3) “severe involvement” 
when orthostatic hypotension is present. CAD is also divided 
into two stages: subclinical and clinical. The classification 
of subclinical CAD is based on changes in HR variability, 
baroreflex sensitivity and cardiac imaging showing increased 
torsion of the left ventricle without any significant changes 
on standard CARTs discussed above. The clinical stage is 
diagnosed when sympathetic activity is predominant and 
symptoms such as decreased exercise tolerance and resting 
state tachycardia are evident. As clinical CAD progresses, 
orthostatic hypotension becomes apparent. The standard 
CARTs may be used to obtain an autonomic dysfunction 
score to assess the severity of CAD and monitor its 
progression. Our study includes criteria’s which will include 
the participant’s as “definitive involvement” and in “clinical 
stage” as we have included resting tachycardia.[21]

Statistical analysis

Statistical analysis was performed using SPSS software 
version 20. Inter and intra group analyses of variables were 
done by ANOVA and Tukey’s post hoc analysis. Pearson’s 
correlation was used to test the association of cardiac 
autonomic parameters with anthropometric parameters. 
Values are expressed as mean ± standard deviation. P < 0.05 
was considered as statistically significant.

RESULTS

In the present study, a total 150 subjects were included in 
the age group of 17–19 years. They were divided into three 
groups and were investigated for anthropometric parameters 
and CAFs. The gender difference and mean of age in years in 
all three groups are listed in [Table 1]. ANOVA showed no 
statistical difference in age of the subjects.

Family history

[Table 1] shows gender distribution among all three groups 
and the average age in years of all participants. Group  1 
had no family history of HTN. In Group 2, 64% of subjects 
had one parent having HTN, 36% having both parents as 
hypertensive. In Group  3, 58% of subjects had one parent 
having HTN, 30% had both parent’s being hypertensive and 
12% had no family history of HTN.

[Table  2] shows one-way ANOVA and Tukeys post hoc 
test, analysis between all three groups. Weight and height 
of subjects in pre-hypertensive group (Group  3) were 

significantly high compared to Groups 1 and 2. BMI showed 
no statistical difference between all 3 groups. For SBP and 
DBP, Groups 1 and 2 were normotensive subjects while for 
Group  3 it was pre-HTN. SBP and DBP were significantly 
higher in Group 3 compared to Groups 1 and 2 [Graph 1].

Results for CAF test

Following criteria’s were followed to differentiate normal, 
borderline and abnormal values in CAF analysis as mentioned 
in [Table 3].

From the observations made in [Table 4 and Graph 2], it was 
seen that
•	 Resting pulse rate: All the subjects in Group  1 were 

within normal range, that is, PR <100 beats/min. while 
in Group 2 and Group 3, number of subjects with resting 
tachycardia was 31 and 28, respectively.

•	 Sinus arrhythmia: The number of subjects in borderline 
SA. Diff and abnormal findings in Group 2 were 8 and 
2 while in Group 3 were 18 and 5, respectively. Also SA. 
R was higher in Group 2 = 12 and in Group 3 = 27.

Table 1: Gender distribution among all three groups and average 
age in years.

Groups Female subjects Male subjects Age in years

Group 1* 41 9 18.58±0.75
Group 2** 35 15 18.86±1.00
Group 3*** 15 35 18.30±0.89
*Group 1: Normotensive offsprings without family history of HTN, 
**Group 2: Normotensive adolescents with positive family history of 
HTN, ***Group 3: Prehypertensives.
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Graph 1: Showing means of height, weight, BMI, Systolic BP 
and Diastolic BP in all 3 groups. (Group  1 had no family history 
of hypertension. In Group 2, 64% of subjects had 1 parent having 
hypertension, 36% having both parents as hypertensive. In 
Group  3, 58% of subjects had 1 parent having hypertension, 30% 
had both parent’s hypertensive and 12% had no family history of 
hypertension).
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•	 Valsalva ratio: There were 19 subjects in Group  1 who 
showed borderline scores in Val. R. The number of 
subjects with borderline or abnormal findings was 
higher in Group 2 (15, 3) and Group 3 (26, 2).

As described in the materials and methods section, subjects 
with 2 or more values being abnormal are diagnosed as 
CAN[13] with these criteria following are noted in [Table 5].

Thus a total of 18 subjects in Group 2 had CAD and a total 
of 23 subjects in Group 3 had CAN. In other words, out of 
50 subjects in each group, 0% in Group 1, 36% of subjects in 
Group 2 and 46% of subjects in Group 3 had confirmed CAD 
findings.[21]

Results for correlations between anthropometric 
parameters and CAFs

For the evaluation of our 4th objective, Pearson’s correlation 
was used for all the 150 subjects and the following findings 
are obtained in [Table 6].

•	 Weight: A  significant positive correlation was seen 
between weight, blood pressure and resting pulse rate 
showing that, increased weight leads to increased 
incidence of resting tachycardia. While a negative 
correlation was seen with sinus arrhythmia which was 
significant (P = 0.034) and with Valsalva ratio but was 
not significant (r = −0.069; P = 0.399).

•	 Height: A significant positive correlation was seen with 
blood pressure. A positive correlation with resting pulse 
rate (r = 0.098) and negative correlation with sinus 
arrhythmia was noted (r = −0.071 and −0.017), both 
being non-significant.

•	 BMI: Although a positive correlation was seen with all 
CAF test, none were statistically significant.

DISCUSSION

Our study sought to find prevalence of early and undiagnosed 
CAD in adolescent subjects. Furthermore, our study analysed 
family history of HTN as a factor for the onset of early CAD 

and the occurrence of CAD in prehypertensive subjects. We 
also tried to correlate anthropometric parameters such as 
height, weight and BMI with various CAF tests used. Subjects 
were divided into three groups, containing 50 subjects in 
each group. Following observations were made:

Height and weight of prehypertensives were significantly 
high compared to normotensive subjects with or without 
family history of HTN [Table  2]. Based on research by 
Abdulle et al. (2014), the prevalence of elevated BP, especially 
SBP was significantly high among the Emirati children and 
adolescents in Abu Dhabi. High BP was strongly related to 
body weight and even more so with BMI.[23] In our study, 
height of prehypertensives was also significant higher, which 
might be constitutional. Hence there was no difference 
in BMI recorded. This difference might get nullified with 
a larger sample size. As shown in [Table  2], there was a 
significant difference in SBP and DBP in prehypertensives 
compared to normotensives.

We considered three tests, that is, resting heart rate, heart rate 
variation to deep breathing and valsalva ratio. If any two of 
them were abnormal CAD was considered to be present.[20,21] 

Table 2: One-way ANOVA for anthropometric parameters, systolic and diastolic blood pressure compared for all three groups.

Parameter Group Value Group Value P value

Height (mts) Group 1* 1.61±0.09 Group 3*** 1.68±0.09 0.001#

Group 2** 1.62±0.09 Group 3 1.68±0.09 0.005#

Weight (kgs) Group 1 58.53±12.35 Group 3 66.52±13.76 0.007#

BMI No significant difference between groups
BP in mm of Hg (mean±SD) Group 1:  SBP 

 DBP
114.7±5.32, 73.02±5.70 Group 3:  SBP 

 DBP
132.2±5.23,

83±3.77
<0.001#

<0.001#

Group 2:  SBP 
 DBP

115.1±3.84, 73.44±5.47 Group 3:  SBP 
 DBP

132.2±5.23,
83±3.77

<0.001#

<0.001#

*Group 1: Normotensive offspring’s without family history of HTN, **Group 2: Normotensive adolescents with positive family history of HTN, ***Group 3: 
Prehypertensives. #Statistically significant P value

Table  3: Criteria for diagnosing cardiac autonomic dysfunction 
with grading system of each parameter.

Resting Pulse rate
(R. PR)

Normal (N) <100 beats/min
Abnormal (AbN) >100 beats/min

Sinus arrhythmia 
difference (SA. Diff)

Normal (N) >18 beats/min
Borderline (Brl) 18–10 beats/min
Abnormal (AbN) <10 beats/min

Sinus arrhythmia Ratio
(SA. R)

Normal (N) >1.23
Abnormal (AbN) <1.23

Valsalva Ratio
(Val. R)

Normal (N) >1.45
Borderline (Brl) 1.45–1.21
Abnormal (AbN) <1.21

In the above table, brackets provide abbreviations which will be used to 
determine values in those categories. (E.g.: R. PR followed by N means 
normal value in Resting Pulse Rate). In all three groups with 50 students 
in each group, the total number of subjects who had borderline or 
abnormal findings in the said tests are follows in Table 4.
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From [Tables 3-5] it is seen that, in Group 1, that is, subjects 
with normotensive parents, 19 subjects had abnormal Valsalva 
ratio. But they cannot be diagnosed as CAD as the other 
autonomic parameters were recorded normal. While, 30% of 
subjects with positive family history had 2 abnormal CAF and 
6% of these subjects had all three tests recorded abnormal. Also 
in prehypertensives, 28% had 2 tests abnormal and 18% had all 
3 CAF tests abnormal. A total of 36% and 48%, respectively, of 
subjects were diagnosed as having CAN. Our study provides 
the statistical evidence that an altered CAF is present in subjects 
with positive family history of HTN and pre HTN.

The previous study has shown that parasympathetic drive 
impairment exists in subjects with positive family history 
of HTN, while sympathetic control with parasympathetic 
modulation is enhanced in the case of pre-HTN.[11] The study 
explains that, decreased parasympathetic drive with increased 
sympathetic tone might be related to hemodynamic transition 

from normotension to pre-HTN.[11] It has been characterised 
by an elevated cardiac output and normal vascular resistance. 
This high cardiac output has been associated with both 
an increased cardiac sympathetic drive and a decreased 
parasympathetic tone in pharmacological blockade studies.[24]

The next objective of our study was to find any significant 
correlation between anthropometric parameters and CAF 
test used. As shown in [Table  6], a strong correlation was 
seen between height, weight and SBP and DBP. Central fat 
distribution and genetic predisposition are main players 
for the genesis of metabolic syndrome: HTN, diabetes 
and dyslipidemia as indicated by Genetic epidemiology. 
Overweight is associated with increased coronary blockade 
risk when accompanied by HTN. Excess fat accumulation 
causes toxic cellular effects in many tissues including heart.[25]

[Table  6] also showed a significant positive correlation of 
weight with resting tachycardia and negative correlation with 

Table 5: Number of subjects having abnormal test results in each group.

No. of students 1 test abnormal 2 tests abnormal All 3 tests abnormal Diagnosed as CAN

Group 1* 19 0 0 0
Group 2** 15 15 3 15+3 = 18
Group 3*** 18 14 9 14+9 = 23
*Group 1: Normotensive offsprings without family history of HTN, **Group 2: Normotensive adolescents with positive family history of HTN, ***Group 3: 
Prehypertensives.

Table 4: Number of participants in each grade of cardiac autonomic function tests.

Groups Number of subjects R. PR^ SA. Diff^^ SA. R^^^ Val. R^^^^
N AbN N Brl AbN N AbN N Brl AbN

Group 1* 50 50 0 50 0 0 50 0 31 19 0
Group 2** 50 19 31 40 8 2 38 12 15 15 3
Group 3*** 50 22 28 27 18 5 23 27 22 26 2
#N: Normal, Brl: Borderline, Abn: Abnormal. *Group 1: Normotensive offspring’s without family history of HTN, **Group 2: Normotensive adolescents 
with positive family history of HTN, ***Group 3: Prehypertensives. ^Resting Pulse rate (R. PR); ^^Sinus arrhythmia difference (SA. Diff); ^^^Sinus 
arrhythmia Ratio (SA. R); ^^^^Valsalva Ratio (Val. R)

Table 6: Correlation of anthropometric parameters with blood pressure and cardiac autonomic test parameters.

Correlations
SBP DBP R.PR SA.Diff SA. R Val. R

Weight
Pearson Correlation 0.275 0.214 0.163 −0.173 −0.139 −0.069
P value 0.001* 0.009* 0.047* 0.034* 0.090 0.399

Height
Pearson Correlation 0.276** 0.188* 0.098 −0.071 −0.017 0.043
P value 0.001 0.022 0.232 0.388 0.839 0.605

BMI
Pearson Correlation 0.148 0.087 0.009 0.045 0.088 0.116
P value 0.071 0.292 0.913 0.583 0.286 0.156

*Correlation is significant at the 0.05 level 0.01 level (2-tailed), Values in bold indicate significant correlation with P value of < 0.05.
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sinus arrhythmia. Height also showed similar results but not 
statistically significant. The previous research shows increased 
weight and BMI are associated with high sympathetic and 
low parasympathetic indices. Hirsch et  al. showed that a 
10% body weight gain significantly decreased HRV, which 
was attributable to decreased parasympathetic activity. These 
findings support the hypothesis that the autonomic nervous 
system tends to oppose weight change.[26] Masuo et  al. 
have reported that plasma norepinephrine concentrations 
increase following weight gain in men.[22] The results of many 
studies consistently reveal higher muscle sympathetic nerve 
activity in obese compared with non-obese individuals. The 
mechanism by which weight gain elicits sympathetic neural 
activation remains unclear. It was hypothesised that the 
increase in sympathetic nervous system activity associated 
with weight gain serves the homeostatic role of stimulating 
thermogenesis to prevent further weight gain. Maintenance 
of a reduced or elevated body weight is associated with 
compensatory changes in energy expenditure, which oppose 
the maintenance of a body weight different from the ideal 
weight. These compensatory changes may account for the poor 
long-term efficacy of treatment of obesity.[27] Future studies 
will be necessary to determine the mechanisms mediating 
sympathetic neural activation following weight gain.

CONCLUSION

•	 Subclinical CAD, with two abnormal autonomic test 
results and clinical CAD with resting tachycardia exits 
in 36% of subjects with first degree hypertensive relatives 

and 46% of adolescents in with prehypertensive values of 
SBP and DBP.

•	 A positive family history caused CAD in significant 
number of participants without signs of pre HTN showing 
independent influence of genetics on autonomic functions.

•	 Anthropometric parameters like increased weight 
showed strong positive correlation with elevated SBP, 
DBP and resting PR and negative correlation with sinus 
arrhythmia difference, while height correlated positively 
with elevated SBP and DBP proving that anthropometric 
measurements independently influence CAD.

•	 Prehypertensive subjects had significantly higher weight, 
height and strong family history of HTN showing 
additive effect of all these components on early genesis 
of pre HTN among adolescent age group.

•	 Early onset clinical and subclinical CAD and pre HTN 
exists in alarming numbers in young adults. These 
adolescents have adverse anthropometric parameters 
and strong family history of HTN. Knowledge of the 
same, especially in youth is of utmost importance to 
bring about early and stringent preventive measures.

Abbreviations

•	 Group 1: Subjects with normotensive parents
•	 Group 2: Subjects with hypertensive parents
•	 Group 3: Prehypertensive subjects
•	 Wt: Weight in Kgs
•	 Ht: Height in centimetres
•	 BMI: Body mass index (given by the formula weight in 

kgs/square of height in meters)
•	 SBP: Systolic blood pressure in mm of Hg
•	 DBP: Diastolic blood pressure in mm of Hg
•	 R. PR: Resting pulse rate (to record resting tachycardia) 

in beats per minute.
•	 SA. Diff: Sinus Arrhythmia Difference (difference 

between the maximum and minimum heart rate for six 
measured cycles) in beats per minute.

•	 SA. R: Sinus Arrhythmia Ratio (The expiratory-
inspiratory ratio (E: I  ratio), which is the ratio of the 
longest RR interval during expiration and the shortest 
RR interval during inspiration from 5 cycles).

•	 Val. R: Valsalva Ratio (ratio of maximum tachycardia 
(shortest R-R interval) during the manoeuvre to the 
maximum bradycardia (longest R-R interval) after the 
manoeuvre.

•	 CAD: Cardiac autonomic dysfunction
•	 CAN: Cardiac autonomic neuropathy
•	 CAF: Cardiac autonomic function test.
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Graph 2: In all three groups with 50 students in each group, the total 
number of subjects who had borderline or abnormal findings in the 
said tests R. PR: Resting pulse rate (to record resting tachycardia) 
in beats per minute. SA. Diff: Sinus Arrhythmia Difference 
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(ratio of maximum tachycardia (shortest R-R interval) during the 
manoeuvre to the maximum bradycardia (longest R-R interval) 
after the manoeuvre).

50

0

50

0 0

50

0

31

19

0

19

31

40

8
2

38

12
15 15

3

22
28 27

18

5

23
27

22
26

2
0

10

20

30

40

50

60

N AbN N Brl AbN N AbN N Brl AbN

R. PR SA. Diff SA. R Val. R

Group 1
Group 2
Group 3



Herlekar and Kapparrad: Evaluating CAN in Prehypertensives, familial history of hypertension and anthropometry

Indian Journal of Physiology and Pharmacology • Volume 66 • Issue 2 • April-June 2022 | 138 Indian Journal of Physiology and Pharmacology • Volume 66 • Issue 2 • April-June 2022 | PB

Financial support and sponsorship

Part of STS-ICMR project Reference ID: 2018-02526.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, 
Burnier M, et al. 2018 ESC/ESH guidelines for the management 
of arterial hypertension: The task force for the management of 
arterial hypertension of the European society of cardiology and 
the European society of hypertension: The task force for the 
management of arterial hypertension of the European society 
of cardiology and the European society of hypertension. 
J Hypertens 2018;36:1953-2041.

2. Braunwald E, Fauci AS, Kasper DL, Hauser SL, Longo DL, 
Jameson JL. Harrison’s Principles of Internal Medicine. 18th ed., 
Ch. 247. New York: McGraw Hill; 2011.

3. Kearney PM, Whelton M, Reynolds K, Muntner P, 
Whelton PK, He J. Global burden of hypertension: Analysis of 
worldwide data. Lancet 2005;365:217-23.

4. Gupta R, Gaur K, Ram CV. Emerging trends in hypertension 
epidemiology in India. J Hum Hypertens 2019;33:575-87.

5. Shih PA, O’Connor DT. Hereditary determinants of human 
hypertension: Strategies in the setting of genetic complexity. 
Hypertension 2008;51:1456-64.

6. Butler MG. Pediatric hypertension: Genetics of hypertension 
current status. J Med Liban 2010;58:175-8.

7. Jänig W. Autonomic reflexes. In: Binder MD, Hirokawa N, 
Windhorst U, editors. Encyclopedia of Neuroscience. Berlin, 
Heidelberg: Springer; 2008.

8. Carthy ER. Autonomic dysfunction in essential hypertension: 
A systematic review. Ann Med Surg (Lond) 2014;3:2-7.

9. Liao D, Cai J, Barnes RW, Tyroler HA, Rautaharju P, 
Holme  I, et  al. Association of cardiac autonomic function 
and the development of hypertension: The ARIC study. Am J 
Hypertens 1996;9:1147-56.

10. Singh JP, Larson MG, Tsuji H, Evans JC, O’Donnell CJ, Levy D. 
Reduced heart rate variability and new-onset hypertension: 
Insights into pathogenesis of hypertension: The Framingham 
Heart Study. Hypertension 1998;32:293-7.

11. Wu JS, Lu FH, Yang YC, Lin TS, Chen JJ, Wu CH, et  al. 
Epidemiological study on the effect of pre-hypertension and 
family history of hypertension on cardiac autonomic function. 
J Am Coll Cardiol 2008;51:1896-901.

12. Kim J, Meade T, Haines A. Skinfold thickness, body mass 
index, and fatal coronary heart disease: 30 year follow up of the 
Northwick Park heart study. J  Epidemiol Community Health 
2006;60:275-9.

13. Cassani RS, Nobre F, Pazin-Filho A, Schmidt A. Relationship 
between blood pressure and anthropometry in a cohort of 

Brazilian men: A  cross-sectional study. Am J Hypertens 
2009;22:980-4.

14. Stenmark KR, Yeager ME, El Kasmi KC, Nozik-Grayck E, 
Gerasimovskaya EV, Li M, et  al. The adventitia: Essential 
regulator of vascular wall structure and function. Annu Rev 
Physiol 2013;75:23-47.

15. Sehgel NL, Zhu Y, Sun Z, Trzeciakowski JP, Hong Z, Hunter WC, 
et al. Increased vascular smooth muscle cell stiffness: A novel 
mechanism for aortic stiffness in hypertension. Am J Physiol 
Heart Circ Physiol 2013;305:H1281-7.

16. Portable Leicester Height Measure with Carry Case. Available 
from: http://www.marsden-weighing.co.uk/index.php/
marsden-hm-250p.html [Last accessed on 2021 Mar 25].

17. Available from: https://udallas.edu/care/_documents/_
training/Weight%20and%20Height%20instructions%20
prelim.pdf [Last accessed on 2021 Mar 25].

18. Centers for Disease Control and Prevention. About Adult BMI. 
Atlanta, Georgia: Centers for Disease Control and Prevention; 
2020. https://www.cdc.gov/healthyweight/assessing/bmi/
adult_bmi/index.html. [Last accessed on 2021 Mar 25].

19. Available from: http://file:///C:/Users/shantala/Documents/
Ma nu s c r i p t / Su b c l i n i c a l % 2 0 C A D % 2 0 f o r % 2 0 I J P P /
standard%20ECG%20recording.pdf [Last accessed on 
2021 Mar 28].

20. Ziegler D, Gries FA, Spüler M, Lessmann F. The epidemiology 
of diabetic neuropathy. Diabetic cardiovascular autonomic 
neuropathy multicenter study group. J Diabetes Complications 
1992;6:49-57.

21. Agashe S, Petak S. Cardiac autonomic dysfunction in diabetes 
mellitus. Methodist Debakey Cardiovasc J 2018;14:251-6.

22. Masuo K, Kawaguchi H, Mikami H, Ogihara T, Tuck ML. 
Serum uric acid and plasma norepinephrine concentrations 
predict subsequent weight gain and blood pressure elevation. 
Hypertension 2003;42:474-80.

23. Abdulle A, Al-Junaibi A, Nagelkerke N. High blood pressure 
and its association with body weight among children 
and adolescents in the United Arab Emirates. PLoS One 
2014;9:e85129.

24. Julius S, Pascual AV, London R. Role of parasympathetic 
inhibition in the hyperkinetic type of borderline hypertension. 
Circulation 1971;44:413-8.

25. Hopkins PN, Hunt SC. Genetics of hypertension. Genet Med 
2003;5:413-29.

26. Hirsch J, Leibel RL, Mackintosh R, Aguirre A. Heart rate 
variability as a measure of autonomic function during weight 
change in humans. Am J Physiol 1991;261:R1418-23.

27. Lutfi MF, Sukkar MY. Relationship of height, weight and body 
mass index to heart rate variability. Sudan Med J 2011;47:14-9.

How to cite this article: Herlekar SS, Kapparrad D. To assess the 
prevalence of clinical and subclinical cardiac autonomic dysfunction 
in adolescent with family history of hypertension and adolescent with 
prehypertension; correlating with adolescent anthropometric parameters. 
Indian J Physiol Pharmacol 2022;66:131-8.



© 2022 BLDE University Journal of Health Sciences | Published by Wolters Kluwer - Medknow 147

Faculty perspectives on introduction of 
competency‑based medical education 
curriculum
Savitri Sidddanagoudra, Ashwini R Doyizode1, Shantala Shripad Herlekar2

Abstract:
CONTEXT: Global adoption of competency‑based medical education (CBME) is a paradigm shift in 
India. Faculties play a key role in implementation by identifying and solving the challenges in CBME.
AIMS: Perspectives of the faculties were undertaken to known about CBME implementation.
SETTINGS AND DESIGN: Qualitative study design.
SUBJECTS AND METHODS: The study included 270 medical faculties who were trained in CBME 
from May to September 2019. A prevalidated, closed, quantitative questionnaire was administered 
to faculties. Likert’s 3‑point scale was used for rating.
STATISTICAL ANALYSIS USED: Data were analyzed based on percentage.
RESULTS: Ninety‑seven percent of faculties perceived that CBME should be the current method 
of approach, 88% perceived the need of more resources, 61% were better prepared to face the 
challenges in implementation of CBME, 47% perceived that training in CBME reduced resistance 
to accept CBME, and 45% needed more clarification on self‑directed learning (SDL), assessment, 
and certification of skills.
CONCLUSIONS: Implementation requires more resources and more clarity about SDL, assessment, 
and certification skill.
Keywords:
Challenges, competency‑based medical education, faculty perspectives

Competency‑based medical education 
(CBME) was first introduced in the 

medical literature in the 1970s. Competency 
is an observable ability of a learner that 
includes multiple components including 
knowledge, skills, communication, and 
attitude values. CBME is an outcome‑based 
model (knowledge application) of education 
and has triggered substantive changes 
across the world. CBME is an approach to 
prepare competent physicians for practice. 
Graduate Medical Education Regulations 
2019 with a goal to create an “Indian Medical 
Graduate” (IMG) possessing requisite 
knowledge, skills, attitudes, values, and 
responsiveness so that he or she may serve 

effectively as a physician of first contact 
in the community while being globally 
relevant. A total of five core competencies 
have been identified in CBME by the 
Medical Council of India (MCI), namely 
clinician, communicator, leader, lifelong 
learner, professional, and a member of the 
health‑care team recognizing “Health for 
all.”[1]

The inadequacy of prevailing educational  
approaches in achieving the expected  
learner’s outcome to be a competent 
practitioner, Importance of providing 
safe and compassionate patient care has 
led to a renewed focus on  competencies 
and the CBME curricular approach.[2] It 
deemphasizes time based training and 
promises greater accountability, flexibility,  
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centeredness of learner  and learners will work toward 
them until outcomes are achieved.[3]

The competency‑based model for medical education 
is not new outside the country. As this shift is only 
beginning, many faculties may not have experienced 
CBME in the country nor a solid foundation is found in 
the literature. Reviews have noted that implementation 
of CBME was delayed due to several challenges and 
barriers in health education, the main being faculty 
development in CBME. Especially medical teachers are 
key players in change, being responsible for putting 
concepts into practice.[4,5] Acting as the bridge between 
planning and practical implication, teachers have to 
be familiar with different perspectives on the teaching 
and learning process. Other challenges include need 
for supportive administration, absence of a vision and 
a plan to bring about the reforms in curricular delivery, 
infrastructure, number of staff and learning resources, 
staff who are resistant to change, no proper guidelines 
from the regulatory bodies for the implementation, 
financial support, lack of coordination between the 
undergraduate and postgraduate curriculum, no 
comprehensive plan to streamline student assessment, 
and lack of guidelines to state universities and of support 
to and from Medical Education Unit.[6]

Thus, faculty development is a “Vital element” for 
successful implementation of CBME is need of the 
hour. Considering CBME as a novel concept in India, 
acceptance/perception of stakeholders is necessary. The 
findings of the study will aid in better implementation of 
the program in the department, institution, and will be 
of value to society for health service challenges.

Subjects and Methods

This study was conducted from May to September 2019 
before modification in the Curriculum Implementation 
Support Program (CISP1). Recently after CISP 1 training 
,MCI has released  written modules on student–doctor 
relationship, new assessment methods , skill training 
, skill certification,  logbook (CISP2), Electives, Early 
clinical exposure  and Foundation course. Hence, the 
study questionnaire mainly included the topics of 
CISP1.
•	 Study design: Descriptive qualitative study
•	 Study duration: 5 months
•	 Source: Medical faculties of respective college
•	 Sample size: 270
•	 Inclusion criteria: The study included medical 

faculties who had completed training  in basics of 
CBME,  that is, Revised Basic Course Workshop in 
Medical Education  Training(RBCW), CISP1 training 
and  who have completed in house  one day  faculty 
development program about CBME. These faculties 

were part of regular teaching–learning program in 
the institution.

After taking institutional ethical clearance and individual 
informed written consent, the study began. A set 
of qualitative questionnaire form was given to the 
participants, which were rated on Likert’s 3‑point scale. 
Agree, disagree, and undecided were the scale for each 
response. Prevalidation of administered questions was 
done by the pilot study. All 270 faculties completed 
questionnaire.

Statistical analysis was done by the assessment of the 
percentage by Microsoft excel data.

Results

Data were expressed as percentage of response to the 
questions. Figures 1 and 2, respectively, depict the 
response to questionnaire.

Discussion

The present qualitative study was done in sensitized 
faculties. Ninety‑seven percent of faculties perceived that 
CBME should be current method of approach in India. 
Eighty eight percent of faculties  perceived, the need of 
more  resources such as need of more number of faculties 
for small  group teaching, Demonstrate Observe Assist 
Perform  (DOAP) sessions, for assessing workplace 
based assessment(WPBA) sessions,  conducting objective 
structured clinical examination( OSCE) sessions.Also 
they perceived  the  need of more demonstration  
rooms for small group discussion in infrastructure MCI 
criteria.  Eighty‑four percent expressed that foundation 
course is a welcoming model to teach professionalism 
and ethics, stress and time management, and other areas. 
However, duration would have been reduced to 2 weeks 
to provide more time to MBBS Phase I (13 months for 
teaching including three assessments, frequent formative 
assessments and vacations, and study period plus 
extracurricular activities). 61% of faculties were better 
prepared to face the challenges in the implementation 
of CBME, and 47% of faculties felt that training in CBME 
reduced resistance to accept CBME curriculum. After 
sensitization programs, faculties’ apprehension was 
reduced to some extent. Faculty development is a key 
determinant of successful curricular implementation as 
noted by many educationists.[7,8] Through RBCW and 
CISP, the MCI had been training thousands of medical 
teachers all over the country. In CBME curriculum, focus 
has shifted to adult learning principles, framing learning 
objectives, aligning objectives and teaching–learning 
methods to assessments, and various assessment 
methods. An author has expressed that CISP training 
without bare minimum sensitization to fundamentals 
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of medical education training may become a futile 
exercise and completing CISP for all teaching faculty 
of the country before the proposed start of the new 
curriculum (August 2019) is a herculean task.[9] 45%  of 
faculties need more clarification on self directed learning 
(SDL), how to conduct, whether teacher has to monitor, 
and  regarding taking  the attendance has to be clarified. 
Faculties expressed that this SDL should be determined 
learning by a learner; hence, they have to be primed 
about CBME curriculum at the beginning itself so that 
the learners can acquire the desired outcomes to become 
IMG. Similar emphasis is given in a study to train the 
residents.[10‑12] In formative assessment, more details 
about clinical subjects which are learned for more than 
one phase were needed as to manage all term batches 
and patient care. Certification of many prescribed skills 
in CBME needs fully development skill laboratory with 
training of faculties. There are no more guidelines to 
what is a “remedial measures” and how it should be 
carried out. A study done in a postgraduate residency 
program indicated the same opinion that WPBA with 
giving constructive feedback was the crucial area of 
the CBME implementation program.[13] Assessment 
has a great role in learning as it drives learning, so 
more emphasis should be given to assessment and its 
principles to ensure that what we produce are competent 
health care professionals. 70% of faculties perceived that 
introduction of electives is challenging in Phase III Part I 
MBBS as the duration for clinical major subjects along 
with allied subjects will be less. To plan and implement 
again need resources. Around 70% of faculties felt 
that early clinical exposure allotted duration is more. 
The basic sciences foundation has to be strong to be 
competent in surgery or medicine field. Already required 
applied aspects is taught in curriculum plus Learning 
ECE  with human contact is a difficult for preclinical 

Faculties. It needs lot of cooperation from clinical side, 
and resources to implement this in alloted duration 
along with regular teaching  schedule of other non MBBS 
courses. 60% of the faculties felt that integration is good 
move to take out redundancy and vertical integration 
gives a holistic approach to learning the topic.

Many senior faculties felt that MCI should involve the 
state universities first (before July 2019) and at least 
only few colleges would have implemented CBME first 
followed by blanket therapy. Then, challenges would 
have been minimized.

Strength of the study
The results of this study will be of great help for medical 
institutions to implement CBME in their settings. Further, 
this is the first study of its kind in which qualitative 
research methodology has been adopted to explore the 
perspectives of more number of faculty members who 
already have the experience to implement CBME.

Conclusions

Faculty development programs are essential to 
disseminate CBME curriculum and to reduce the 
resistance to accept the change  in  new curriculum.A 
growing hidden curriculum and implementation of 
CBME requires the proper planning ,to overcome 
the barriers. Further, the study will be carried to take 
perspectives after 1 year implementation of this CBME 
2019–2020 batch from both learners and facilitators.
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Figure 1: Responses to questionnaire from 1 to 10

Figure 2: Responses to questionnaire from 11 to 20
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Abstract
Objective: To better understand maternal morbidity, using quality data from low-  and 
middle- income countries (LMICs), including out- of- hospital deliveries. Additionally, to 
compare to the WHO estimate that maternal morbidity occurs in 15% of pregnancies, 
which is based largely on hospital- level data.
Methods: The Global Network for Women's and Children's Health Research Maternal 
Newborn Health Registry collected data on all pregnancies from seven sites in six 
LMICs between 2015 and 2020. Rates of maternal mortality and morbidity and 
the differences in morbidity across delivery location and birth attendant type were 
evaluated.
Results: Among the 280 584 deliveries included in the present analysis, the overall 
maternal mortality ratio was 138 per 100 000, while 11.7% of women experienced at 
least one morbidity. Rates of morbidity were generally higher for deliveries occurring 
within hospitals (19.8%) and by physicians (23.6%). The lowest rates of morbidity were 
noted among women delivering in non- hospital healthcare facilities (5.6%) or with 
non- physician clinicians (e.g. nurses, midwives [5.4%]).
Conclusion: The present study shows important differences in reported maternal 
morbidity across delivery sites, with a trend towards lower morbidity in non- hospital 
healthcare facilities and among non- physician clinicians.

K E Y W O R D S
low-  and middle- income countries, maternal, morbidity, mortality, out- of- hospital deliveries, 
pregnancy
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1  |  INTRODUC TION

The international community has long recognized the importance of 
reducing maternal morbidity and mortality, as set forth in the 2000 
United Nations' Millennium Development Goals and continued in 
the 2015 Sustainable Development Goals. This focus has been as-
sociated with important declines, as the number of annual global 
maternal deaths has fallen from about 532 000 in 1990 to 303 000 
in 2015.1 As maternal mortality falls, a more nuanced approach is 
needed to understand the various forms of morbidity that affect the 
short-  and long- term health of women.

There are few published data on the various forms of maternal 
morbidity. Though WHO estimates that 15% of pregnancies will be 
associated with some adverse outcome, more data are needed to im-
prove our understanding of key morbidities.2,3 In order to standard-
ize analysis of maternal morbidity, WHO developed the maternal 
near- miss criteria.4 Numerous studies have been published globally 
on maternal near- miss with rates in the range of 0.6%– 15%. An anal-
ysis from the Global Network for Women's and Children's Health 
Research Maternal Newborn Health Registry (GN MNHR) found a 
rate of maternal near- miss of approximately 4% using modified WHO 
criteria.5,6 However, the WHO maternal near- miss criteria rely on 
data from hospital settings and are difficult to apply in low- resource 
settings, especially for out- of- hospital births.6– 8 Given that an esti-
mated 22% of births still occur outside of hospitals worldwide, it is 
essential to include data from these births when estimating mater-
nal morbidity and mortality.2 Additionally, near- miss events include 
only the most severe forms of maternal morbidity and fail to take 
into account other adverse pregnancy outcomes that, although not 
life- threatening, may significantly impact women and their families.7

The aim of the present study was to estimate the incidence of 
maternal morbidity within a population- based cohort that includes 
a large proportion of out- of- hospital deliveries. Individual and 

composite rates of morbidity are examined across different delivery 
locations and types of providers to help understand the environ-
ment in which these outcomes are taking place. Finally, these rates 
are compared to published data from a variety of global contexts.

2  |  MATERIAL S AND METHODS

The present analysis was conducted using data from the GN MNHR 
between January 2015 and December 2020. The GN is a research 
partnership between U.S.- based academic institutions and institu-
tions based in low-  and middle- income countries (LMICs). In 2008, 
the Global Network initiated the MNHR, a prospective, population- 
based perinatal registry.9 The GN MNHR data for this study are from 
communities at seven sites across six low- income countries (Ubangi 
province, Democratic Republic of the Congo [DRC]; Chimaltenango, 
Guatemala; Nagpur site, Maharashtra State, India; Belagavi, 
Karnataka State, India; western Kenya; Thatta District, Pakistan; and 
Lusaka, Zambia). This analysis includes data collected after 2015, 
when important changes were made to the data collection methods 
within the GN to strengthen the classification of maternal cause of 
death. Data from the Bangladesh site are not included, as the site 
joined the registry in 2019.9

The methods and data quality monitoring of the GN MNHR have 
been published elsewhere.9,10 In general, each site identified eight or 
more geographically defined communities, each of which represents 
the catchment area of a primary healthcare center, with approxi-
mately 300– 500 annual births each. The objective of the GN MNHR 
is to enroll pregnant women by 20 weeks of pregnancy and to obtain 
data on pregnancy interventions and outcomes for all deliveries that 
take place within the catchment area. Community health workers or 
nurses are recruited from the local community to identify and track 
pregnancy outcomes in coordination with community leaders, birth 
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attendants, and other healthcare workers. All pregnant women who 
provide consent are enrolled in the MNHR. Once a pregnant woman 
is identified, consented, and enrolled, staff obtain basic health in-
formation at enrollment. For this analysis, women who were lost to 
follow- up before delivery and pregnancies lost at less than 20 weeks 
of gestation were excluded (Figure 1). Data are formally collected 
at three time- points: at initial antenatal enrollment, within 72 hours 
of delivery, and at 42 days postpartum, though additional informal 
visits are conducted to foster connection with the family.

Definitions used by the GN MNHR for maternal morbidity and 
mortality are shown in Table 1. These definitions are consistent with 
those developed by WHO.11 Maternal morbidities are self- reported 
or obtained from patient's own records by trained research staff at 
the specified time- points. Delivery facilities are classified as hospitals 
if they offer emergency obstetric or neonatal care services including 
provision of cesarean deliveries and safe blood transfusion. Facilities 
are defined as a clinic/health center if they are primarily an outpatient, 
non- hospital health facility without emergency obstetric or neonatal 
care. If deliveries occur outside of either of these facilities, including in 
transit to a facility, they are classified as home deliveries.

The GN MNHR has been approved by the institutional review 
board and ethics review board of all participating foreign and do-
mestic institutions.10 The present study was reviewed and approved 
by the GN MNHR steering committee with representation from all 
study sites. All women provided informed consent for participation, 
including use of de- identified data in future analysis.

3  |  RESULTS

Between January 2015 and December 2020, 301 122 pregnant women 
were enrolled in the MNHR at the seven sites, and 280 584 eligible preg-
nancy outcomes past 20 weeks were recorded (Figure 1). The number 
of delivery outcomes recorded at each site was in the range of approxi-
mately 36 000– 53 000. Most women were aged 20– 29 years, and only 
5.7% were of advanced maternal age (>35 years). The amount of school-
ing varied widely by site, with women having no formal schooling ranging 
from 1.3% at the Kenya site to 82.6% at the Pakistan site. Attendance to 
antenatal care was relatively high, with 62.7% of women attending four 
or more antenatal care visits and only 1.8% of women with no prenatal 
care (Table 2). Across all sites, one- third of deliveries were attended by a 
physician, although this varied from 1.9% in the DRC to 74.3% in Nagpur, 
India. A nurse, midwife, or community health worker attended 44% of 
deliveries overall, while 17% of deliveries were attended by traditional 
birth attendants. One in five births (19.5%) occurred at home, 37.3% in a 
clinic or health center, and 43.2% in a hospital (Table 2).

As shown in Table 3, rates of hemorrhage were similar across 
sites, with an average rate of severe antepartum hemorrhage of 
0.8% (range 0.2%– 2.0%) and a mean severe postpartum hemor-
rhage (PPH) rate of 1.2% (range 0.2%– 2.8%). Overall, hypertensive 
disease, including gestational hypertension, pre- eclampsia, and 
eclampsia, was reported to occur in 2.4% of all pregnancies (range 
0.1%– 4.4%) and perinatal/postpartum infections were reported to 
occur in 1.6% of pregnancies (range 0.3%– 3.8%). Obstructed labor/

F I G U R E  1  Consort diagram of women included for analysis
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failure to progress was noted in 5.8% of pregnancies overall (range 
3.2%– 9.7%). The rates of severe morbidities such as seizures/coma 
and obstetric fistula (data not shown) were too low to make mean-
ingful comparisons and so are not included here. Reported rates of 
morbidity were higher in hospital deliveries for all morbidities ex-
cept PPH and infection. When considering maternal morbidity by 
birth attendant, a similar trend of increased morbidity was seen with 
physician- attended deliveries (Table 4).

To understand larger trends in maternal risk, we determined 
the proportion of pregnancies that had at least one morbidity, and 
those that had two or more morbidities. Overall, 11.7% of pregnan-
cies had at least one morbidity, and 1.7% of pregnancies had two 
or more. This overall morbidity measure was substantially higher 
for hospital deliveries, with 19.8% of pregnancies with at least one 
morbidity and 2.5% with two or more. The same trend was seen for 
physician- attended deliveries, with at least one morbidity noted in 
23.6% of physician- attended deliveries and two or more morbidi-
ties noted in 2.8% of physician- attended deliveries (Table 4).

The overall maternal mortality ratio (MMR) was 138 per 100 000 
live births, which ranged widely across sites (Table 3). While Zambia 
and Kenya had MMRs close to 70 per 100 000 live births, the MMRs 
in the DRC and Pakistan were more than three times that. The high-
est MMR was observed in women who delivered without a medical 
professional (Family/Self/Other; 186 per 100 000) and was least in 
women delivering with a nurse, midwife, or other health worker (44 
per 100 000) (Table 4). Those delivering in clinics or health centers 
had one- third the MMR as those that delivered at home. However, 
as was observed with morbidity, the MMR among those delivering in 
hospitals or with physicians was substantially higher.

4  |  DISCUSSION

The present analysis of a prospective population- based cohort of 
approximately 280 000 pregnant women from six LMICs adds to the 

growing body of evidence regarding population level rates of direct 
maternal morbidities and reveals important differences in outcomes 
based on location of and type of provider at delivery. Comparisons 
between studies, however, are hampered by differences in defini-
tions of morbidities and in methods of measurement.

The rate of severe antepartum hemorrhage in the present study, 
0.8%, was lower than that found by the Alliance for Maternal and 
Newborn Health Improvement (AMANHI) group, though it is similar 
to findings of a systematic review of obstetric hemorrhage by Zafar 
et al.,12 which found an antepartum hemorrhage rate of 0.59% in 
LMICs. Findings from a population- based study in Malawi were also 
similar (1.3%).13 The rate of severe PPH observed in our study, 1.2%, 
is similar to other systematic reviews and population- based stud-
ies.3,12,14– 18 However, objectively measuring the amount of blood 
loss is difficult, and methods of measurement vary greatly between 
studies.15 Subjective measurement, even by trained health workers, 
is imprecise, and typically underestimates the amount of blood lost 
in situations of high- volume loss.19

Our measurement of hypertensive disease of pregnancy 
includes chronic hypertension, gestational hypertension, pre- 
eclampsia, and eclampsia and, at 2.4%, is lower than most pub-
lished estimates, which are in the range of 7%– 16%.14,20 This 
difference may be due to several factors: heterogeneity in the 
reporting of blood pressure and proteinuria measurements across 
different sites and infrequent access to these measurements in 
out- of- hospital births. Despite WHO's endorsement of routine 
blood pressure and proteinuria screening as essential prenatal 
care,21 these assessments are not always performed in Global 
Network settings. In addition, information about hypertension/
pre- eclampsia and eclampsia are self- reported and research staff 
may not have access to medical records, which limits differentia-
tion between types of hypertension. Interestingly, reported rates 
of hypertensive disease are much higher for hospital deliveries, 
4.7%, and for deliveries attended by physicians, 5.6%. While the 
underlying mechanism for this difference is unknown, it is likely 

TA B L E  1  GN MNHR standardized definitions of maternal morbidity and mortality

Maternal adverse outcome GN MNHR definition

Severe antepartum hemorrhage Self- reported blood loss >1000 ml after the 22nd week of pregnancy and before the onset of labor

Severe postpartum hemorrhage Self- reported blood loss of >1000 ml within 24 h after vaginal delivery, or > 1500 ml within 24 h after 
cesarean delivery

Evidence of hypertensive disease, 
pre- eclampsia/ eclampsia, coma

Systolic blood pressure ≥ 140 mm Hg and a diastolic blood pressure ≥ 90 mm Hg on two or more 
occasions after 20 weeks of pregnancy. If urine was assessed, substantial proteinuria was evidenced 
by +, ++, or +++

Severe infection or sepsis A serious illness with symptoms that can include fever, chills, rapid breathing, rapid heart rate, rash, 
confusion, and disorientation. Hypotension and cold, clammy skin can also occur

Transverse, oblique, or breech lie Orientation of the fetus perpendicular or at 45° to the long axis of the uterus, or orientation of the fetus 
where the buttocks, feet, or knees are presented first in the birth canal

Obstructed labor/failure to progress Regular, rhythmic, painful contractions accompanied by cervical dilation that lasts >12 h in multigravida 
or > 24 h in primigravida women

Maternal death Death of a woman during pregnancy or within 42 days of the end of a pregnancy from any cause related 
to or aggravated by the pregnancy, but not from accidental causes or assault, trauma, or suicide

Abbreviation: GN MNHR, Global Network for Women's and Children's Health Research Maternal Newborn Health Registry.
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due in part to more frequent evaluation of blood pressure in 
healthcare settings. In addition, women experiencing a complica-
tion, such as eclamptic seizures, are more likely to be brought to a 
hospital for delivery.

Global estimates of obstructed labor are in the range of 8%– 
11%,14,17,22 higher than the finding of 5.8% in the present study. 
Again, large differences are noted in the rate of obstructed labor 
based on delivery location and provider. The rate of obstructed labor 
in hospital births is noted to be 10.7% compared to a rate of 1.9% in 
home births, and obstructed labor occurred in 13.0% of physician- 
attended deliveries compared to 2.1% of nurse−/midwife- attended 

births. This is likely due to selection bias, as noted above, where 
women experiencing obstructed labor are more likely to be brought 
to a hospital and cared for by a physician.

Given that approximately one- quarter of deliveries globally 
still occur at home,2 including these deliveries in estimates of ma-
ternal morbidity is key to understanding how to address them. The 
increased maternal morbidity and mortality for both hospital and 
physician- attended deliveries in the present study likely represents 
two phenomena. First, women who are known to have high- risk con-
ditions before delivery are encouraged to deliver in hospitals and 
are also more likely to experience a variety of maternal morbidities. 

TA B L E  2  Maternal and delivery characteristics by sitea

Characteristics Overall DRC Zambia Kenya Guatemala Belagavi Nagpur Pakistan

Mothers 280 584 36 741 36 444 40 521 51 476 36 598 40 347 38 457

Maternal age (years) 280 533 36 739 36 441 40 477 51 476 36 598 40 346 38 456

<20 41 157 (14.7) 7639 (20.8) 8658 (23.8) 8864 (21.9) 8804 (17.1) 4479 (12.2) 1011 (2.5) 1702 (4.4)

20– 35 223 497 (79.7) 25 793 (70.2) 24 852 (68.2) 29 769 (73.5) 37 468 (72.8) 31 984 (87.4) 39 102 (96.9) 34 529 (89.8)

>35 15 879 (5.7) 3307 (9.0) 2931 (8.0) 1844 (4.6) 5204 (10.1) 135 (0.4) 233 (0.6) 2225 (5.8)

Maternal years of 
schooling

280 522 36 740 36 443 40 490 51 476 36 595 40 323 38 455

No formal schooling 59 361 (21.2) 13 479 (36.7) 2455 (6.7) 518 (1.3) 5900 (11.5) 4193 (11.5) 1053 (2.6) 31 763 (82.6)

1– 6 years 59 689 (21.3) 15 681 (42.7) 5943 (16.3) 5605 (13.8) 24 011 (46.6) 3674 (10.0) 1758 (4.4) 3017 (7.8)

7– 12 years 142 517 (50.8) 7479 (20.4) 27 468 (75.4) 30 559 (75.5) 17 525 (34.0) 25 091 (68.6) 31 205 (77.4) 3190 (8.3)

≥13 years 18 955 (6.8) 101 (0.3) 577 (1.6) 3808 (9.4) 4040 (7.8) 3637 (9.9) 6307 (15.6) 485 (1.3)

Parity 279 236 36 740 36 443 40 498 51 476 36 597 40 323 37 159

0 88 328 (31.6) 7023 (19.1) 11 412 (31.3) 13 492 (33.3) 15 624 (30.4) 13 347 (36.5) 20 304 (50.4) 7126 (19.2)

1– 2 115 882 (41.5) 11 140 (30.3) 14 592 (40.0) 15 911 (39.3) 21 014 (40.8) 20 696 (56.6) 19 211 (47.6) 13 318 (35.8)

>2 75 026 (26.9) 18 577 (50.6) 10 439 (28.6) 11 095 (27.4) 14 838 (28.8) 2554 (7.0) 808 (2.0) 16 715 (45.0)

Antenatal care visits 280 325 36 688 36 444 40 490 51 410 36 592 40 282 38 419

0 5134 (1.8) 1167 (3.2) 37 (0.1) 378 (0.9) 2290 (4.5) 12 (0.0) 23 (0.1) 1227 (3.2)

1– 3 99 545 (35.5) 18 632 (50.8) 15 932 (43.7) 14 779 (36.5) 17 333 (33.7) 8135 (22.2) 4204 (10.4) 20 530 (53.4)

≥4 175 646 (62.7) 16 889 (46.0) 20 475 (56.2) 25 333 (62.6) 31 787 (61.8) 28 445 (77.7) 36 055 (89.5) 16 662 (43.4)

Delivery attendant 280 440 36 712 36 433 40 507 51 469 36 591 40 331 38 397

Physician 95 305 (34.0) 681 (1.9) 1320 (3.6) 1425 (3.5) 31 457 (61.1) 19 430 (53.1) 29 905 (74.1) 11 087 (28.9)

Nurse/nurse 
midwife/LHW/
HW

123 826 (44.2) 27 571 (75.1) 29 864 (82.0) 31 968 (78.9) 277 (0.5) 16 443 (44.9) 10 264 (25.4) 7439 (19.4)

Traditional birth 
attendant

47 602 (17.0) 6681 (18.2) 1873 (5.1) 4411 (10.9) 19 460 (37.8) 85 (0.2) 32 (0.1) 15 060 (39.2)

Family/self/other 13 707 (4.9) 1779 (4.8) 3376 (9.3) 2703 (6.7) 275 (0.5) 633 (1.7) 130 (0.3) 4811 (12.5)

Delivery location 280 478 36 713 36 433 40 507 51 469 36 591 40 335 38 430

Hospital 121 058 (43.2) 3193 (8.7) 10 084 (27.7) 9681 (23.9) 29 501 (57.3) 21 601 (59.0) 31 581 (78.3) 15 417 (40.1)

Clinic/health center 104 681 (37.3) 26 636 (72.6) 21 014 (57.7) 22 542 (55.6) 197 (0.4) 14 116 (38.6) 8575 (21.3) 11 601 (30.2)

Home/other 54 739 (19.5) 6884 (18.8) 5335 (14.6) 8284 (20.5) 21 771 (42.3) 874 (2.4) 179 (0.4) 11 412 (29.7)

Delivery mode 280 476 36 711 36 433 40 507 51 469 36 591 40 335 38 430

Vaginal 234 174 (83.5) 36 136 (98.4) 35 729 (98.1) 39 392 (97.2) 35 782 (69.5) 27 641 (75.5) 26 950 (66.8) 32 544 (84.7)

Vaginal, assisted 739 (0.3) 83 (0.2) 48 (0.1) 49 (0.1) 12 (0.0) 261 (0.7) 95 (0.2) 191 (0.5)

Cesarean delivery 45 563 (16.2) 492 (1.3) 656 (1.8) 1066 (2.6) 15 675 (30.5) 8689 (23.7) 13 290 (32.9) 5695 (14.8)

Abbreviations: DRC, Democratic Republic of Congo; HW, health worker; LHW, lay- health worker.
aValues are given as number or number (percentage).
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Second, women who intend an out- of- hospital delivery may be 
brought to the hospital once a serious condition develops. This is 
demonstrated in the higher rates of obstructed labor seen in the 
hospital delivery group of the present study. There is a selection bias 
by which women who have developed or are in the process of de-
veloping an adverse outcome are brought to the hospital with little 
time left for prevention.

Interestingly, the morbidity rates are lowest in the group of 
women who deliver at non- hospital healthcare facilities. This same 
trend is seen in relation to delivering with a healthcare provider. 
While morbidity rates are highest among those delivering with 
physicians, this is likely based on the bias discussed above. Those 
delivering with nurses or midwives have lower reported rates of ma-
ternal morbidity. The underlying mechanisms for these trends are 
unknown and is an important area for further study. These findings 
support further investigation into the development of a system of 
levels of maternity care in LMICs, together with robust referral net-
works. Delays in recognition and transfer of women to higher levels 
of care are significant contributors to maternal morbidity, near- miss 
events, and even death, as has been demonstrated in prior stud-
ies.23,24 Yet, policies that encourage all women to deliver within hos-
pitals may lead to a lower quality of care for all patients in settings 
where facilities do not have the capacity to care for the volume of 
deliveries in the community.25

WHO has previously stated that 15% of women will experi-
ence some form of morbidity during pregnancy, though a system-
atic review by Gon et al.3 noted that the quality of available data 
on the majority of maternal morbidities were insufficient to make 
meaningful conclusions. Although our analysis included data from 
out- of- hospital deliveries, it is similarly limited by the quality of the 
data obtained. Overall, 11.7% of women were reported to have en-
countered at least one morbidity during pregnancy. Trends based 
on location of delivery and birth attendant remain similar; 19.8% 
of deliveries that occurred in a hospital had at least one morbidity, 
compared to 5.6% of deliveries in clinic/health centers. Of physician- 
attended deliveries, 23.6% had at least one reported morbidity, 
compared to 5.4% of nurse−/midwife- attended deliveries.

There are several strengths and limitations to this current analy-
sis. The MNHR sites use common definitions, training, and protocols 
for data collection. Yet there are significant variations in outcomes 
by site that may represent differences in reporting of morbidities, 
and underreporting is especially important for home deliveries. 
Though some outcomes— such as blood transfusion, hysterectomy, 
and dilation and curettage procedures— are objective, more proximal 
outcomes such as PPH are self- reported or from the patient's own 
records and thus susceptible to bias. It is challenging to incorporate 
objective laboratory data in large population- based studies where 
these measures are not routinely used, as has been noted in other 
similar studies.5,14 There are several strengths as well. The present 
dataset includes outcomes from a large proportion of out- of- hospital 
births for which little data are currently published from LMICs. 
Additionally, this is a true population- level cohort, including nearly 
99% of the pregnancies from the geographic areas included.TA
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In conclusion, estimates of maternal morbidity and mortality 
that exclude out- of- hospital deliveries may not estimate their 
true incidence. Our analysis shows important differences in ma-
ternal morbidity across delivery sites, with a trend towards lower 
morbidity in non- hospital healthcare facilities. Further investi-
gation should be undertaken to better understand this trend as 
it could have implications on policies and funding for maternal 
health care.
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Panamá, Guatemala City, Guatemala, 7 University of Colorado School of Medicine, Denver, CO, United

States of America, 8 Moi University School of Medicine, Eldoret, Kenya, 9 Indiana School of Medicine,

University of Indiana, Indianapolis, IN, United States of America, 10 Aga Khan University, Karachi, Pakistan,

11 Columbia University School of Medicine, New York, NY, United States of America, 12 University

Teaching Hospital, Lusaka, Zambia, 13 University of Alabama at Birmingham, Birmingham, AL, United

States of America, 14 KLE Academy Higher Education and Research, J N Medical College Belagavi,

Karnataka, India, 15 Thomas Jefferson University, Philadelphia, PA, United States of America, 16 Eunice

Kennedy Shriver National Institute of Child Health and Human Development, Bethesda, MD, United States of

America, 17 Department of Global Health, Boston University School of Public Health, Boston, MA, United

States of America

* cmb@rti.org

Abstract

Background

Globally, socioeconomic status (SES) is an important health determinant across a range of

health conditions and diseases. However, measuring SES within low- and middle-income

countries (LMICs) can be particularly challenging given the variation and diversity of LMIC

populations.

Objective

The current study investigates whether maternal SES as assessed by the newly developed

Global Network-SES Index is associated with pregnancy outcomes (stillbirths, perinatal

mortality, and neonatal mortality) in six LMICs: Democratic Republic of the Congo, Guate-

mala, India, Kenya, Pakistan, and Zambia.
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Methods

The analysis included data from 87,923 women enrolled in the Maternal and Newborn

Health Registry of the NICHD-funded Global Network for Women’s and Children’s Health

Research. Generalized estimating equations models were computed for each outcome by

SES level (high, moderate, or low) and controlling for site, maternal age, parity, years of

schooling, body mass index, and facility birth, including sampling cluster as a random effect.

Results

Women with low SES had significantly higher risks for stillbirth (p < 0.001), perinatal mortal-

ity (p = 0.001), and neonatal mortality (p = 0.005) than women with high SES. In addition,

those with moderate SES had significantly higher risks of stillbirth (p = 0.003) and perinatal

mortality (p = 0.008) in comparison to those with high SES.

Conclusion

The SES categories were associated with pregnancy outcomes, supporting the validity of

the index as a non–income-based measure of SES for use in studies of pregnancy out-

comes in LMICs.

Introduction

Income inequality has been on the rise globally. The U.N. Sustainable Development Goal 10 is

solely dedicated to reducing this inequality within and among countries. Globally, socioeco-

nomic status (SES) is an important health determinant across a range of health conditions and

diseases and plays a major role in maternal and child health outcomes [1]. SES of the house-

hold is a direct enabler to obtain quality health care because it allows better access and afford-

ability when a higher level of care is needed. SES also indirectly impacts health; higher level of

education, better access to clean water and sanitation, improved nutrition, and awareness of

healthy practices all reduce risk of household illnesses [2]. Thus, it has been observed that the

lower the SES of an individual, the worse their health status, secondary to the association of

low SES with reduced health-seeking behavior and limited options for accessibility and afford-

ability of good health care.

Economies in low- and middle-income countries (LMICs) are often fluid, informal, and

undocumented [3]. Identifying a common robust and reliable method to assess SES across dif-

ferent LMIC sites in a multisite study is particularly challenging given the variation and diver-

sity of the populations [4]. The method needs to reliably capture SES characteristics that are

likely to impact health outcomes both within and across sites. An SES index should be able to

economically position individuals in relation to other members of the community. In socialist

countries that make quality health care available and affordable to even those from lower SES,

the disparity in health outcomes among the high and low SES may not be easy to quantify [5].

Thus, there can be varying impacts of SES within and across countries. It is especially challeng-

ing to assess SES in LMICs and the extent of its impact on health outcomes [6]. Hence, it is

necessary to assess the impact of SES on health outcomes because SES may confound the

impact of interventions. SES assessment also helps to prioritize public health actions to those

who need it most.
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Since 2009, the Eunice Kennedy Shriver National Institute of Child Health and Human

Development’s (NICHD’s) Global Network (GN) for Women’s and Children’s Health

Research has supported a population-based Maternal and Newborn Health Registry (MNHR)

of pregnant women and their babies living in seven rural and semi-urban study sites across

three Asian, three sub-Saharan African, and one Central American country. In 2016, a ques-

tionnaire was added to collect data on items adapted from the Multidimensional Poverty

Index (MPI) assessed to be relevant to the study sites [7]. A brief index, the GN-SES Index

(GN-SESI) demonstrated good internal consistency and reliability [8]. The scores were signifi-

cantly associated with formal education, years of education, having received antenatal care,

and facility delivery [8]. Given prior research demonstrating a relationship of SES status with

health outcomes, we hypothesized that women with higher scores on the GN-SESI would have

better pregnancy outcomes. The objective of the current research is to evaluate the association

of the GN-SESI with MNHR pregnancy outcomes including occurrence of stillbirths, perinatal

mortality, and neonatal mortality in women enrolled in the MNHR.

Methods

Study design and setting

NICHD’s GN is a multisite research network that represents partnerships between U.S. and

international investigators. The GN-MNHR has been collecting prospective data on a popula-

tion-based sample of pregnant women and their babies since 2009. The details of the MNHR

have been previously published [9]. Since its inception, the MNHR has registered more than

750,000 pregnant women and their babies in rural and semi-urban communities in the follow-

ing countries by region: Africa (Democratic Republic of Congo [DRC], Kenya, and Zambia),

Asia (Belagavi [India], Nagpur [India], and Pakistan), and Central America (Guatemala). Each

site comprises between 6 and 24 distinct geographic locations (clusters) [9].

Throughout the study period, pregnant women within the defined geographic catchment

areas were recruited as early as possible during pregnancy (baseline assessment) and followed

through labor and delivery (birth assessment) to 42 days postpartum (outcome assessment) to

obtain maternal, fetal, and neonatal outcomes. Written informed consent was obtained for

enrollment in the study. For participants who were minors, verbal assent was obtained from

the minor and a written signature was obtained from a family member providing permission

for the minor to participate in the study.

The MNHR began collecting data on SES indicators, including items on living conditions

and household assets at all sites, in 2016. Specific training materials were developed for admin-

istration of the SES questions, and all study data were subject to the GN’s standard quality con-

trol procedures for outcome ascertainment [9].

Ethical approvals

The MNHR study and questions used to devise SES were reviewed and approved by all institu-

tions’ ethics review committees at each recruiting site and all U.S.-based partner institutions.

The study was registered at ClinicalTrials.gov (NCT01073475). A Data Safety Monitoring

Committee appointed by NICHD reviewed the study data on an annual basis.

Study participants

All women enrolled in MNHR were asked to complete the GN-SES Index questionnaire start-

ing in 2016. For this analysis, participants were included only if they had SES index scores.
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Women who experienced miscarriage or medical termination of pregnancy were excluded

from analyses.

Global Network SES index

The GN-SESI includes the following 12 items adapted from the MPI on housing conditions

and assets owned by the participant’s household: finished floor material, flush toilet, Liquid

Petroleum Gas/electricity for cooking fuel, improved source of drinking water, more than one

room in the home, electricity in home, television, refrigerator, smart phone, car, motorbike,

and bicycle [7]. Scores range from 0 to 100. Item response theory scoring was used to allow for

the inclusion of site-specific items while maintaining a common set of core items across the

sites, resulting in comparable scores that also account for site-level variability in indicators of

wealth [9]. We described the details of the index development and validation process in a pre-

vious paper [8] where the index demonstrated good internal consistency (alpha = 0.81) and

construct validity. For this analysis, we classified participants into three groups based on index

scores with each category representing one-third of the possible score range: 1) Low SES

(score < 33), 2) Moderate SES (score 33–66), and 3) High SES (score� 66). While similar

results were found when analyzing SES scores as a continuous variable, we divided scores into

these three categories to facilitate interpretation of results.

Outcome definitions

Stillbirths were defined as birth of a baby after 20 weeks/500 g that showed no signs of life at

birth (i.e., no gasping, breathing, heartbeat, or movement), regardless of fresh or macerated

appearance. Perinatal mortality was defined as a stillbirth or neonatal death at less than 7 days.

Neonatal mortality was defined as the death of a live-born baby before 28 days.

Statistical analysis

We compared demographic characteristics across the three levels (Low, Moderate, and High

SES) using chi-square tests for categorical variables and analyses of variance for continuous

variables. Cochran-Armitage trend tests were used to test for a linear trend in the proportions

of participants experiencing each outcome (stillbirth, perinatal mortality, neonatal mortality)

across the three SES levels. These proportions were converted to rates per 1,000 to allow for

comparisons with other sources of data regarding country-level outcomes.

To further examine the relationship between SES index and outcomes, we fit generalized

estimating equations models for each outcome by SES level, controlling for site, maternal age,

parity, years of schooling, WHO categories of body mass index (BMI) [10], and facility birth,

and including cluster as a random effect to account for nesting by cluster. We tested different

specifications for the working correlation structure for the models and selected the correlation

structure that produced the lowest QIC statistic [11].

Based on these models, we calculated adjusted relative risks and 95% confidence intervals

comparing risks of poor outcomes across SES levels. We applied a Benjamini-Hochberg

adjustment to control for Type 1 errors of the pairwise comparisons for each outcome. Analy-

ses were run for the overall sample and each site individually.

Results

A total of 94.435 women were consented for study participation and enrolled in the study and

were administered the SES questions from February 2016 to February 2020 (Fig 1). Women

with miscarriage or medical termination of pregnancy or who were missing data on the

PLOS ONE GN-SES Index and perinatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0272712 August 16, 2022 4 / 11

https://doi.org/10.1371/journal.pone.0272712


GN-SESI or delivery outcomes were excluded, resulting in a final sample size of 87,923

(93.1%). Of this sample, all 87,923 had data on stillbirth outcome, 87,773 had data on perinatal

mortality, and 85,659 had data on neonatal mortality.

Across all sites, 38,373 (44%) women had Low SES, 28,448 (32%) Moderate SES, and 21,102

(24%) High SES. Demographic characteristics by SES level are shown in Table 1. Mean (SD) of

maternal age in years varied significantly across the three SES levels with p< 0.001: Low

(25.45 (6.33)), Moderate (25.06 (5.58)), and High (24.71 (4.66)) (not shown). There were sig-

nificant differences across the SES levels for all the characteristics (p< 0.001) (Table 1). Those

Fig 1. CONSORT diagram of participant flow.

https://doi.org/10.1371/journal.pone.0272712.g001

PLOS ONE GN-SES Index and perinatal outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0272712 August 16, 2022 5 / 11

https://doi.org/10.1371/journal.pone.0272712.g001
https://doi.org/10.1371/journal.pone.0272712


with High SES had lower parity, more years of formal schooling, and greater likelihood of

delivering at a facility. Obesity rates were lower in the Low SES group. The distribution of par-

ticipants by site varied across the three SES categories. The Low SES group included more par-

ticipants from the African sites (DRC, Kenya, and Zambia) while the High SES group included

more participants from the Asian sites (India and Pakistan) and Guatemala.

Unadjusted percentages of participants with each outcome by site and SES level are shown

in Table 2. Higher rates of stillbirths and perinatal and neonatal mortality were observed across

all GN-SESI categories in Pakistan. Generally, higher SES was associated with lower rates of all

adverse outcomes among Guatemala and the Asian sites. Significant trends for decreasing per-

centages of stillbirths with increasing levels of SES were found for Guatemala (p< 0.001), Bela-

gavi, India (p = 0.021), Nagpur, India (p = 0.016), and Pakistan (p = 0.005). In addition, higher

SES was associated with lower percentages for perinatal mortality in Guatemala (p< 0.001),

Belagavi, India (p = 0.009), and Nagpur, India (p = 0.002). A similar relationship was found

for SES and neonatal mortality in Guatemala (p< 0.001) and Nagpur, India (p = 0.020).

Adjusted relative risks of outcomes by SES level are shown in Fig 2. Higher risks of stillbirth

were found among those with Low SES (RR (95% CI) = 1.30 (1.12, 1.51), p< 0.001) and Mod-

erate SES (RR (95% CI) = 1.23 (1.07, 1.41), p = 0.003) compared to those with High SES. A

similar pattern was found for perinatal mortality. Risks for perinatal mortality were higher

among those with Low SES (RR (95% CI) = 1.24 (1.09, 1.42), p = 0.001) and Moderate SES (RR

Table 1. Sample demographic characteristics by Socioeconomic Status (SES).

All (N = 87,923) Low (N = 38,373) Moderate (N = 28,448) High (N = 21,102) p-value

Characteristic N (%) N (%) N (%) N (%)

Parity

0 29,125 (33) 10,135 (26) 9,611 (34) 9,379 (44) < 0.001

1–2 36,388 (41) 13,802 (36) 12,762 (45) 9,824 (47)

3+ 22,383 (25) 14,413 (38) 6,072 (21) 1,898 (9)

Years of formal schooling

0 15,717 (18) 10,370 (27) 3,988 (14) 1,359 (6) < 0.001

1–6 18,514 (21) 10,152 (26) 6,216 (22) 2,146 (10)

7–12 46,909 (53) 16,912 (44) 16,755 (59) 13,242 (63)

> 12 6,763 (8) 930 (2) 1,485 (5) 4,348 (21)

Facility birth 72,088 (82) 29,430 (77) 23,326 (82) 19,332 (92) < 0.001

BMI

Underweight 13,749 (16) 4,149 (11) 4,903 (17) 4,697 (22) < 0.001

Normal 53,039 (61) 26,809 (71) 15,201 (54) 11,029 (52)

Overweight 15,833 (18) 5,970 (16) 6,105 (22) 3,758 (18)

Obese 4,882 (6) 1,082 (3) 2,192 (8) 1,608 (8)

Site

DRC 11,943 (14) 11,585 (30) 356 (1) 2 (0) < 0.001

Guatemala 16,760 (19) 3,096 (8) 8,503 (30) 5,161 (24)

India (Belagavi) 11,650 (13) 1,055 (3) 5,145 (18) 5,450 (26)

India (Nagpur) 13,675 (16) 1,126 (3) 4,875 (17) 7,674 (36)

Kenya 13,662 (16) 11,171 (29) 2,105 (7) 386 (2)

Pakistan 8,602 (10) 4,495 (12) 2,539 (9) 1,568 (7)

Zambia 11,631 (13) 5,845 (15) 4,925 (17) 861 (4)

Note: SES scores are categorized into levels as follows: Low (0–32), Moderate (33–66), and High (67–100). p-value is based on a chi-square test comparing demographics

across SES levels.

https://doi.org/10.1371/journal.pone.0272712.t001
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(95% CI) = 1.15 (1.04, 1.28), p = 0.008) in comparison to those with High SES. In addition,

risks of neonatal mortality were significantly higher for those with Low versus High SES (RR

(95% CI) = 1.31 (1.08, 1.58), p = 0.005) and with Low versus Moderate SES (RR (95% CI) =

1.16 (1.01, 1.34), p = 0.039). Site-specific analyses are shown in S1–S3 Figs.

Discussion

This study found that SES Index levels were associated with pregnancy outcomes among

women enrolled in the MNHR. Overall, women in the High SES category had distinctly better

pregnancy outcomes with lower rates of stillbirths, perinatal mortality, and neonatal mortality

than those in the Low and Moderate SES categories. All outcomes of stillbirth, perinatal mor-

tality, and neonatal mortality were similar in the Low and Moderate SES categories when

adjusted for site, maternal age, parity, years of schooling, BMI, and facility birth.

Demographic indicators such as mother’s age, years of education, family size, and family

economic status are common determinants of access to health care and consequently health

outcomes [12, 13]. Economic status evaluated by using family income is unreliable because of

poor reporting and non-availability of an authentic database of household income [14]. There-

fore, in multisite epidemiological and intervention studies in LMICs an alternate measure of

Table 2. Mortality rates per 1,000 by site and SES.

Linear Trend Test

Outcome Low Moderate High Z-statistic p-value

Stillbirth

Democratic Republic of the Congo 37.3 37.9 — — —

Guatemala 24.1 18.2 11.2 4.41 < 0.001

India (Belagavi) 38.4 22.5 21.7 2.31 0.021

India (Nagpur) 27.4 18.8 16.2 2.41 0.016

Kenya 17.9 22.8 — — —

Pakistan 52.0 50.5 30.9 2.83 0.005

Zambia 18.8 17.6 21.4 -0.05 0.963

Perinatal mortality (Stillbirth or neonatal mortality < 7 days)

Democratic Republic of the Congo 57.2 72.3 — — —

Guatemala 44.6 33.6 22.4 5.36 < 0.001

India (Belagavi) 62.4 39.6 37.9 2.62 0.009

India (Nagpur) 44.5 35.5 28.4 3.09 0.002

Kenya 29.7 31.6 — — —

Pakistan 98.9 93.1 81.4 1.76 0.078

Zambia 28.4 24.4 30.0 0.55 0.589

Neonatal mortality (< 28 days)

Democratic Republic of the Congo 21.1 33.1 — — —

Guatemala 33.2 22.8 13.9 5.58 < 0.001

India (Belagavi) 28.3 20.7 18.9 1.65 0.100

India (Nagpur) 24.3 19.4 15.5 2.32 0.020

Kenya 13.5 9.4 — — —

Pakistan 55.7 54.1 59.2 -0.34 0.736

Zambia 11.8 8.4 12.1 1.00 0.316

Note: P-value is based on a two-sided Cochran-Armitage trend test of the proportions of participants experiencing each outcome. Proportions were converted to

mortality rates per 1,000 to allow for comparisons with other sources of country-level statistics. Mortality rate was not estimated for high SES for the Democratic

Republic of the Congo and Kenya due to the small number of participants (< 5%) with high SES at these sites.

https://doi.org/10.1371/journal.pone.0272712.t002
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determining economic status of the family to assess its impact on health outcomes within and

across sites was needed [15–17].

The index was able to demographically distinguish those in High SES from those in Low or

Moderate SES. Participants from the High SES categories had more years of education and

lower parity. Higher SES of the GN-SESI was associated with higher education, increased fre-

quency of antenatal visits, and increased facility births was also demonstrated previously [8].

In our earlier study we demonstrated that for facility births, fewer antenatal visits and lower

levels of literacy were associated with lower levels of SES [9]. SES could indicate access to, and

health care utilization, which are dependent on literacy and quality of available health care.

However, women with High SES, who form a quarter of the population, may have lower rates

of literacy and anemia, higher parity and poor access and utilization of health care, and subop-

timal quality of care, which may have resulted in adverse neonatal and perinatal outcomes.

Kenya and Zambia had more participants from the Low SES category. The lack of trend in

neonatal outcomes in Zambia could be because despite the SES of a population, outcomes are

dependent on availability and quality of care, which is suboptimal in LMICs. This explanation

can also be used to justify the lack of trend in Pakistan for its neonatal outcomes. Among the

Asian sites, Pakistan’s study population consisted mainly of High SES with few from the Low

SES category. This suggests that even though households in Pakistan may have resources and

asset ownership, this may not be reflected in their health outcomes [18]. Perinatal mortality

was among the highest when compared to other GN sites. This could perhaps be because of

very low quality of medical care in many institutions in Pakistan, low literacy status, which

Fig 2. Adjusted relative risks (95% confidence intervals) of outcomes by SES: All sites. Relative risks are adjusted for SES category, site,

maternal age, parity, formal education level, BMI category, and facility birth.

https://doi.org/10.1371/journal.pone.0272712.g002
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influences hygiene and sanitation, use of alternative traditional forms of treatment that may

not be effective, inadequate maternal nutrition, and poor health care–seeking behavior [19–

21].

SES index was a reliable proxy for both income and quality of health care. Higher per capita

income is associated with better health outcomes and higher life expectancy at birth, and the

GN-SESI was able to validate this hypothesis. Our observations are also consistent with the

demographic health survey data of these countries despite the index being parsimonious and

pragmatic [22, 23]. However, Pakistan is an exception; the percentage of women in the High

SES category was not insignificant was comparatively lower when compared to other GN sites.

For DRC, the population was uniformly poor compared to other sites and had no participants

in the High SES category. The health care systems in DRC are suboptimal so the perinatal out-

comes in both the Low and Moderate SES categories were similar.

The strengths of the GN-SESI index are the following: It was developed from a population-

based registry at seven sites in South Asia, sub-Saharan Africa, and Central America using

item response theory parameters that ensured that the SES items selected using consensual

approach of site investigators worked well across the range of SES present at these sites. The

index obtained information on household assets, and the SES categories were found to be reli-

able and verifiable when compared to demographics known to be associated with those in dif-

ferent SES levels [24]. Furthermore, the index categories were differently associated with

pregnancy outcomes. High SES women had distinctly better outcomes than Moderate and

Low SES women where the outcomes tended to be similar. This index would therefore serve as

a reliable indicator that shows an association with participant outcomes. National SES indices

may not be applicable across countries or for a particular site within a country and so may

have limited association with the site population and its health outcomes. The index success-

fully addressed this gap and illustrated the need for developing study-specific indices of eco-

nomic status.

The limitations of the GN-SESI index are the following: Although it is relevant to the region

where the study was conducted, the GN-SESI metrics may not be representative of the country

in which our GN sites were based. Middle and Low SES were not as distinctly different in their

outcomes compared to High SES. These SES categorizations may not be comparable with

national data that use other measures of SES or to other study settings that may use other

methods to ascertain SES. Its applicability beyond the GN study sites needs to be assessed.

Also, in some sites such as Kenya, the available data were sparse.

In conclusion, the GN-SESI’s ratings of the economic status of sites were consistent with

the economic condition of those countries [8]. This asset class index was a reliable proxy for

income and quality health care as favorable pregnancy outcomes were observed with the High

SES category without asking intimidating questions about income.

Supporting information

S1 Fig. Adjusted relative risks (95% confidence intervals) of stillbirth by site and SES. Rela-

tive risks are adjusted for SES category, site, site by SES interaction, maternal age, parity, for-

mal education level, BMI category, and facility birth.

(TIF)

S2 Fig. Adjusted relative risks (95% confidence intervals) of perinatal mortality by site and

SES. Relative risks are adjusted for SES category, site, site by SES interaction, maternal age,

parity, formal education level, BMI category, and facility birth.

(TIF)
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S3 Fig. Adjusted relative risks (95% confidence intervals) of neonatal mortality by site and

SES. Relative risks are adjusted for SES category, site, site by SES interaction, maternal age,

parity, formal education level, BMI category, and facility birth.

(TIF)
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Summary
Background Preterm birth remains the major cause of neonatal death worldwide. South Asia contributes 
disproportionately to deaths among preterm births worldwide, yet few population-based studies have assessed the 
underlying causes of deaths. Novel evaluations, including histological and bacteriological assessments of placental 
and fetal tissues, facilitate more precise determination of the underlying causes of preterm deaths. We sought to 
assess underlying and contributing causes of preterm neonatal deaths in India and Pakistan.

Methods The project to understand and research preterm pregnancy outcomes and stillbirths in South Asia 
(PURPOSe) was a prospective cohort study done in three hospitals in Davangere, India, and two hospitals in 
Karachi, Pakistan. All pregnant females older than 14 years were screened at the time of presentation for delivery, 
and those with an expected or known preterm birth, defined as less than 37 weeks of gestation, were enrolled. 
Liveborn neonates with a weight of 1000 g or more who died by 28 days after birth were included in analyses. 
Placentas were collected and histologically evaluated. In addition, among all neonatal deaths, with consent, 
minimally invasive tissue sampling was performed for  histological analyses. PCR testing was  performed to assess 
microbial pathogens in the placental, blood, and fetal tissues collected. An independent panel reviewed available 
data, including clinical description of the case and all clinical maternal, fetal, and placental findings, and results of 
PCR bacteriological investigation and minimally invasive tissue sampling histology, from all eligible preterm 
neonates to determine the primary and contributing maternal, placental, and neonatal causes of death.

Findings Between July 1, 2018, and March 26, 2020, of the 3470 preterm neonates enrolled, 804 (23%) died by 28 days 
after birth, and, of those, 615 were eligible and had their cases reviewed by the panel. Primary maternal causes 
of neonatal death were hypertensive disease (204 [33%] of 615 cases), followed by maternal complication of 
pregnancy (76 [12%]) and preterm labour (76 [11%]), whereas the primary placental causes were maternal and fetal 
vascular malperfusion (172 [28%] of 615) and chorioamnionitis, funisitis, or both (149 [26%]). The primary neonatal 
cause of death was intrauterine hypoxia (212 [34%] of 615) followed by congenital infections (126 [20%]), neonatal 
infections (122 [20%]), and respiratory distress syndrome (126 [20%]).

Interpretation In south Asia, intrauterine hypoxia and congenital infections were the major causes of neonatal death 
among preterm babies. Maternal hypertensive disorders and placental disorders, especially maternal and fetal 
vascular malperfusion and placental abruption, substantially contributed to these deaths.

Funding Bill & Melinda Gates Foundation.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Most neonates who are born preterm in high-income 
countries now survive; however, preterm birth remains 
the major contributor to neonatal death globally.1–3 The 
Asian region contributes to more than half of all preterm 
births, and India alone contributes to nearly a quarter.3 
Although advances have been made in reducing child 
mortality in this region, the number of deaths attributed to 
preterm birth remains disproportionately high.4 So far, 
complications of prematurity have been classified as the 
major cause of child deaths, with little differentiation 
among the sub-causes of death in preterm babies, especially 
in low-income and middle-income countries (LMICs). 

Ambiguity persists because the cause-of-death estimates 
have frequently been based on verbal autopsy or clinical 
evaluation.5–7 These methods lack specificity, especially for 
differentiating intrapartum hypoxia from other respiratory 
disorders and from infectious conditions, which are among 
the most common causes of neonatal deaths.

To help improve accuracy of cause-of-death estimation, 
minimally invasive tissue sampling (MITS) can facilitate 
histological and microbiological evaluations of selected 
tissues.8–10 For preterm neonatal deaths, histological 
evaluation of the placenta might also have an important 
role in determining the cause of death because various 
placental conditions can contribute to preterm neonatal 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2214-109X(22)00384-9&domain=pdf


Articles

e1576 www.thelancet.com/lancetgh   Vol 10   November 2022

deaths.11 However, placentas are rarely evaluated as part 
of neonatal death investigations.

Two recent studies used MITS to evaluate causes of 
death in neonates. One study from Ethiopia, which 
was done in preterm newborn babies admitted to a 
neonatal intensive care unit, found the major causes 
of death to be respiratory distress syndrome (45%), 
neonatal infections (30%), and asphyxia (14%).12 The 
Child Health and Mortality Surveillance (CHAMPS) 
study, which was done in seven LMICs (primarily in 
African sites), found the leading cause of neonatal death 
to be complications of prematurity (42%).13 Both studies 
did not routinely evaluate placental histology.

The main aim of the project to understand and 
research preterm pregnancy outcomes and stillbirths in 
South Asia (PURPOSe) was to improve the accuracy in 
determining the specific causes of death in preterm 
neonates born in India and Pakistan.14 Although 
PURPOSe included causes of death for both preterm 
liveborn deaths and stillbirths, we report the results of 
the cause-of-death analyses for preterm neonates. 

Methods
Study design and population
PURPOSe was a prospective cohort study done in 
two south Asian sites, one in Davangere, India 
(three hospitals providing public and private services), and 
one in Karachi, Pakistan (one public maternity and 

one children’s referral hospital). Detailed study 
methodology has been published.14–16

At participating study hospitals, research staff screened 
all pregnant females older than 14 years at the time of 
presentation for delivery. Pregnant females with an 
expected or known preterm birth, defined as less than 
37 weeks of gestation, were approached for enrolment at 
the time of admission to hospital. Girls aged 14 years or 
younger and those who did not provide consent were 
excluded. Preterm neonates with a weight of 1000 g or 
more who died by 28 days after birth were included 
in analyses.

The study was reviewed and approved by the ethics 
review committees at participating sites: the Aga Khan 
University (Karachi, Pakistan), KLE Academy of Higher 
Education and Research (Belagavi, India), JJM Medical 
College (Davangere, India), and Research Triangle 
Insititute International (Durham, NC, USA). All women 
provided informed written consent for themselves and 
their neonate (or neonates) before participation in 
the study.

Data collection
At the time of delivery, study staff recorded results of 
the physical examination, medical and obstetric history, 
and the clinical status and procedures conducted 
during the current delivery. Gestational age was based 
on clinical ultrasound or, when unavailable, was 

Research in context

Evidence before this study
We searched PubMed for research articles published in English 
between May 2, 2012, and May 1, 2022, using the terms 
”neonatal death” OR “fetal death” OR “perinatal mortality” OR 
“preterm birth” AND “low- and middle-income countries” OR 
“developing countries” OR “Asia”. In low-income and middle-
income countries (LMICs), preterm birth remains a major 
contributor to neonatal mortality. Although childhood 
mortality has declined, neonatal mortality has not shown a 
similar decrease. The ability to address neonatal mortality in 
preterm infants is hampered by the absence of accurate cause-
of-death data in LMICs. When causes are available, a substantial 
proportion of the reports from LMICs have been based on 
verbal autopsy, with the deaths attributed to prematurity 
without differentiating the sub-causes. Recent advances in 
cause-of death investigations, including minimally invasive 
tissue sampling for histological examination and pathogen 
identification by PCR, have improved the ability to determine 
more granular understanding of the causes of death, especially 
in LMICs. However, so far, few studies have examined the 
underlying causes of death among preterm births in LMICs.

Added value of this study
The project to understand and research preterm pregnancy 
outcomes and stillbirths in South Asia (PURPOSe), one of the 

largest prospective studies of preterm neonatal mortality from 
south Asia so far, included detailed assessment of all preterm 
neonatal deaths, including placental assessment, physical 
examination, and histological evaluation of neonatal tissues. 
Placental and fetal tissues were also tested for a wide range of 
pathogens by PCR. Expert panelists reviewed all available data 
presented in standardised format to determine the primary and 
contributing maternal, placental, and fetal causes based on the 
tenth revision of the WHO International Classification of 
Diseases Perinatal Mortality classification.

Implications of all the available evidence
The techniques used for this study, which was conducted in 
hospitals with a range of resources, can inform future efforts to 
more accurately determine cause of death. Our results suggest 
that to achieve substantial reductions in preterm neonatal 
deaths, more attention should be paid to improving obstetric 
care and among preterm births in LMIC settings. The major 
finding from this study is that intrauterine hypoxia is among 
the most important causes of preterm neonatal mortality. 
Improving obstetric care around delivery as well as neonatal 
resuscitation should have an important effect on neonatal 
deaths resulting from intrauterine hypoxia. 
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determined by last menstrual period and by clinical 
assessment based on the American College of  
Obstetricians and Gynecologists recommendations for 
estimating pregnancy due date and gestational age.17 
The placenta and umbilical cord blood were collected 
for all deliveries.18 Placentas were collected and 
evaluated in a fresh state. Tissue samples were taken 
for microscopic examination from the umbilical cord, 
fetal membranes, and the placental disc as well as 
additional samples of any lesions present.19 Trained 
pathologists did a gross evaluation and evaluation of 
the histopathology of placentas using the Amsterdam 
Consensus criteria.20

Newborn babies were weighed and their lengths were 
measured after delivery by trained staff. In addition, for 
neonatal deaths, a physical examination was conducted 
at the time of death. With additional consent, trained 
study staff conducted a MITS, which included needle 
biopsy using asceptic techniques to collect at least two 
tissues samples in each of lung, liver, and brain tissues, 
as well as 8 mL of blood and cerebrospinal fluid, which 
were collected using standardised procedures.21 MITS 
samples were assessed using histological and molecular 
microbiological methods.22 The TaqMan Array Card 
(ThermoFisher, Waltham, MA, USA) PCR testing, 
which was developed and validated by the US Centers 
for Disease Control and Prevention for 75 pathogens, 

was used to evaluate organisms in the fetal tissues, 
umbilical cord, membrane, and placental tissues.23 At 
the Indian site, with additional consent, a standardised 
complete autopsy was also performed. For infants who 
died after discharge, a verbal autopsy was performed in 
sites in India and Pakistan.

Cause-of-death determination
The cause (or causes) of death for preterm infants 
with a birthweight of 1000 g or more was determined by 
an independent panel in India and a separate one 
in Pakistan. The panelists determined the primary 
maternal, placental, and neonatal causes of death and 
the contributing causes using standard procedures 
described in detail elsewhere.15,16 These panels comprised 
obstetricians, paediatricians, pathologists, micro-
biologists, and other clinicians.

For each case, a pair of panelists, who were not directly 
involved with the conduct of the study, reviewed the cases. 
A brief clinical description of the case and all positive 
clinical maternal, fetal, and placental findings, and results 
of the PCR bacteriological investigation and MITS 
histology were included in each report. Additionally, 
reference weight measures including the 10th percentile 
for gestational age based on the INTERGROWTH-21st 
criteria24 and mean placental weight for gestational age 
were presented in a standardised data report. Each pair of 
panelists reviewed their cases, with any discrepancies 
resolved through discussion among the team. Causes of 
death used nomenclature from the tenth revision of the 
International Classification of Diseases Perinatal Mortality 

Figure: Study profile

560 not enrolled (103 from India; 457 from
Pakistan)

 394 did not meet gestational age criteria
  (103 from India; 291 from Pakistan)
 165 consent not given (all from

Pakistan)
 1 withdrawn from study (from

Pakistan)

2666 alive at age of 28 days (1703 from India;
963 from Pakistan)

189 birthweight <1000 g (95 from India;
94 from Pakistan) 

4030 infants screened at delivery (2135 from India; 
1895 from Pakistan)

3470 enrolled (2032 from India; 1438 from 
Pakistan)

804 died by age of 28 days (329 from India; 
475 from Pakistan)

615 included in cause-of-death review (234 from 
India; 381 from Pakistan)
235 minimally invasive tissue sampling 

evaluation completed (138 from India; 
97 from Pakistan)

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Gestational age, weeks

20 to <28 68 (11%) 20 (9%) 48 (13%)

28 to <32 248 (40%) 80 (34%) 168 (44%)

32 to <37 299 (49%) 134 (57%) 165 (43%)

Birthweight, g

1000–1499 288 (47%) 135 (58%) 153 (40%)

1500–2499 289 (47%) 88 (38%) 201 (53%)

≥2500 38 (6%) 11 (5%) 27 (7%)

Fetal growth restriction (IUGR)* 132 (22%) 79 (34%) 53 (14%)

Admitted to NICU 484 (79%) 197 (84%) 287 (75%)

Age at death, days

<1 123 (20%) 54 (23%) 69 (18%)

1–3 247 (40%) 78 (33%) 169 (44%)

4–6 105 (17%) 43 (18%) 62 (16%)

≥7 136 (22%) 59 (25%) 77 (20%)

Missing 4 (1%) 0 4 (1%)

Data are n (%). Percentages might not sum to 100% as a result of rounding. 
IUGR=intrauterine growth retardation. NICU=neonatal intensive care unit. *Fetal 
growth restriction is defined as a birthweight of less than the INTERGROWTH-21st24 
10th percentile weight, which is not available for gestational age of less than 
24 weeks or 43 weeks or more, and for fetuses missing sex or birthweight data.

Table 1: Neonatal death characteristics
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system.25 Using this system, infectious causes of death 
were identified as congenital infections (ie, those acquired 
before delivery) and neonatal infections (ie, those 
determined to have been acquired following delivery).

Statistical analysis
The planned study sample size was 350 deceased preterm 
neonates in both India and Pakistan to provide sufficient 
precision to detect causes of death that contributed to 
20% or more of the deaths with 95% power. To achieve 

the required sample size, based on reported mortality 
rates, we attempted to screen and enrol all pregnant 
females admitted to study hospitals in preterm labour or 
scheduled for a preterm delivery. All data were entered 
and reviewed at each site. Descriptive analyses were 
performed using SAS (version 9.4).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. 

Results
Between July 1, 2018, and March 26, 2020, 4030 liveborn 
neonates of women presenting in preterm labour or for 
preterm delivery (ie, born before 37 weeks of gestation) 
were screened and 3636 of those neonates were eligible; 
consent was obtained from the mothers of 3470, and 
they were enrolled in the study (figure). Of the preterm 
neonates enrolled, 615 died by the age of 28 days and 
had a birthweight of 1000 g or more, and their deaths 
were reviewed by the independent panel. Among the 
deaths reviewed, 615 had clinical and physical 
evaluations completed, 582 had a placental evaluation 
(histology and PCR), 246 had MITS (histology and 
PCR), 105 had a verbal autopsy, and 64 had a full 
perinatal autopsy. Because of multiple births, these 
neonates came from 559 pregnancies, with a cause-of-
death review included in the analyses of cause of 
preterm neonatal death.

68 (11%) of the 615 reviewed cases were 20 to <28 weeks 
gestational age, 248 (40%) were 28 to <32 weeks ges-
tational age, and 299 (49%) were 32 to <37 weeks (table 1). 
Furthermore, 288 (47%) neonates weighed 1000–1499 g, 
289 (47%) weighed 1500 to <2500 g, and 38 (6%) weighed 
2500 g or more. 132 (22%) preterm neonates were 
diagnosed with fetal growth restriction. 123 (20%) of the 
deaths occurred within 24 h of delivery, 247 (40%) at 
1–3 days, 105 (17%) at 4–6 days, and 136 (22%) at 7–28 days. 
Among the neonatal deaths, 484 (79%) of the infants had 

Overall 
(n=559)

India 
(n=214)

Pakistan 
(n=345)

Multiple pregnancy 43 (8%) 13 (6%) 30 (9%)

Maternal age at delivery, years

>14 to 20 38 (7%) 17 (8%) 21 (6%)

>20 to 25 248 (44%) 116 (54%) 132 (38%)

>25 to 30 191 (34%) 63 (29%) 128 (37%)

>30 82 (15%) 18 (8%) 64 (19%)

Maternal education

No formal schooling 184/556 (33%) 25/211 (12%) 159 (46%)

1–8 years 158/556 (28%) 72/211 (34%) 86 (25%)

9–12 years 186/556 (33%) 95/211 (45%) 91 (26%)

>12 years 28/556 (5%) 19/211 (9%) 9 (3%)

Maternal occupation

Homemaker 540 (97%) 205 (96%) 335 (97%)

Government or 
company

2 (<1%) 1 (<1%) 1 (<1%)

Self-employed 1 (<1%) 1 (<1%) 0

Farmer 6 (1%) 5 (2%) 1 (<1%)

Other 10 (2%) 2 (1%) 8 (2%)

Gravida

0 186 (33%) 82 (38%) 104 (30%)

1–3 287 (51%) 123 (57%) 164 (48%)

>3 86 (15%) 9 (4%) 77 (22%)

Data are n (%) or n/N (%). Percentages might not sum to 100% as a result of 
rounding. 

Table 2: Maternal baseline characteristics 

Primary maternal cause Contributing maternal causes*

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Eclampsia, pre-eclampsia, or other hypertensive disorder 204 (33%) 77 (33%) 127 (33%) 25 (4%) 13 (6%) 12 (3%)

Other maternal complications of pregnancy 76 (12%) 30 (13%) 46 (12%) 106 (17%) 43 (18%) 63 (17%)

Preterm labour 70 (11%) 33 (14%) 37 (10%) 64 (10%) 31 (13%) 33 (9%)

Other complications of labour and delivery 31 (5%) 11 (5%) 20 (5%) 22 (4%) 12 (5%) 10 (3%)

Maternal infectious and parasitic disease 30 (5%) 4 (2%) 26 (7%) 36 (6%) 4 (2%) 32 (8%)

Diabetes 9 (1%) 2 (1%) 7 (2%) 16 (3%) 6 (3%) 10 (3%)

Severe maternal infection 7 (1%) 2 (1%) 5 (1%) 4 (1%) 0 4 (1%)

Other maternal medical and surgical conditions 29 (5%) 3 (1%) 26 (7%) 130 (21%) 14 (6%) 116 (30%)

No maternal cause identified 159 (26%) 72 (31%) 87 (23%) 292 (47%) 132 (56%) 160 (42%)

Data are n (%). *More than one contributing cause possible.

Table 3: Primary and contributing maternal conditions related to neonatal death
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been admitted to the neonatal intensive care unit: 
197 (84%) of 234 in India and 287 (75%) of 381 in Pakistan.

248 (44%) of the 559 women with neonates in the study 
were aged 20–25 years at the time of delivery, and 
191 (34%) were 26–30 years (table 2). 184 (33%) of 
556 women had no formal schooling, which was more 
common in the Pakistani sites than in the Indian sites, 
whereas 344 (62%) of 556 mothers had 1–12 years of 
schooling. 19 (3%) women were employed outside the 
home, and the proportions were similar in both sites. 
186 (33%) women were primagravidas, 287 (52%) had 
one to three previous pregnancies, and 86 (15%) had 
more than three previous pregnancies.

Hypertensive disorders of pregnancy were the 
primary maternal cause of death in 204 (33%) of the 

615 cases, followed by maternal complications of 
pregnancy (76 [12%]) and preterm labour (70 [11%]; 
table 3). No primary maternal cause of death was identified 
for 159 (26%) cases. Important maternal conditions that 
contributed to the neonatal deaths included hypertensive 
disorders in pregnancy (25 [4%] cases), maternal medical 
and surgical conditions (130 [21%]; eg, hyperthyroidism 
or appendicitis), maternal complications of pregnancy 
(106 [17%]), and preterm labour (64 [10%]). No contributory 
maternal cause was found in 292 (47%) cases.

The placenta was collected and evaluated for 582 (95%) 
of the 615 cases (table 4). Primary placental causes of 
death determined by the panel were maternal or fetal 
vascular malperfusion (172 [28%] of 615 cases); 
chorioamnionitis, funisitis, or both (149 [25%]); and 

Primary placental cause Contributing placental causes*

Overall (n=615) India (n=234) Pakistan (n=381) Overall (n=615) India (n=234) Pakistan (n=381)

Placentas evaluated 582 (95%) 230 (98%) 352 (92%) 582 (95%) 230 (98%) 352 (92%)

Maternal or fetal vascular malperfusion 172/582 (30%) 80/230 (35%) 92/352 (26%) 70/582 (12%) 40/230 (17%) 30/352 (9%)

Chorioamnionitis, funisitis, or both 149/582 (26%) 44/230 (19%) 105/352 (30%) 83/582 (14%) 24/230 (10%) 59/352 (17%)

Placental abruption 38/582 (7%) 15/230 (7%) 23/352 (7%) 9/582 (2%) 5/230 (2%) 4/352 (1%)

Placenta previa 24/582 (4%) 3/230 (1%) 21/352 (6%) 3/582 (1%) 1/230 (<1%) 2/352 (1%)

Prolonged membrane rupture 1/582 (<1%) 1/230 (<1%) 0 6/582 (1%) 5/230 (2%) 1/352 (<1%)

Umbilical cord complication 0 0 0 3/582 (1%) 0 3/352 (1%)

Other complications of placenta, umbilical cord, and membranes 28/582 (5%) 6/230 (3%) 22/352 (6%) 36/582 (6%) 16/230 (7%) 20/352 (6%)

No placental cause identified 176/582 (30%) 84/230 (37%) 92/352 (26%) 422/582 (73%) 152/230 (66%) 270/352 (77%)

Data are n (%) or n/N (%). *More than one contributing cause possible.

Table 4: Primary and contributing placental conditions related to neonatal death

Primary neonatal cause Contributing neonatal causes*

Overall (n=615) India (n=234) Pakistan (n=381) Overall (n=615) India (n=234) Pakistan (n=381)

Non-infectious conditions 314 (51%) 113 (48%) 201 (53%) 387 (63%) 174 (74%) 213 (56%)

Intrauterine hypoxia 212/314 (68%) 57/113 (50%) 155/201 (77%) 138/387 (36%) 67/174 (39%) 71/213 (33%)

Respiratory distress syndrome (hyaline 
membrane disease)

63/314 (20%) 30/113 (27%) 33/201 (16%) 170/387 (44%) 108/174 (62%) 62/213 (29%)

Congenital malformations, deformations, 
and chromosomal abnormalities

28/314 (9%) 19/113 (17%) 9/201 (4%) 29/387 (7%) 14/174 (8%) 15/213 (7%)

Pulmonary haemorrhage 6/314 (2%) 5/113 (4%) 1/201 (<1%) 21/387 (5%) 19/174 (11%) 2/213 (1%)

Necrotising entercolitis 2/314 (1%) 2/113 (2%) 0 8/387 (2%) 7/174 (4%) 1/213 (<1%)

Intraventricular haemorrhage of the neonate 1/314 (<1%) 0 1/201 (<1%) 24/387 (6%) 20/174 (11%) 4/213 (2%)

Intracranial haemorrhage of the neonate 
unspecified

1/314 (<1%) 0 1/201 (<1%) 5/387 (1%) 5/174 (3%) 0

Meconium aspiration 1/314 (<1%) 0 1/201 (<1%) 3/387 (1%) 0 3/213 (1%)

Hypothermia (neonatal cold injury) 0 0 0 108/387 (28%) 3/174 (2%) 105/213 (49%)

Apnoea of prematurity 0 0 0 9/387 (2%) 9/174 (5%) 0

Disseminated intravascular coagulation 0 0 0 8/387 (2%) 8/174 (5%) 0

Neonatal anaemia 0 0 0 6/387 (2%) 4/174 (2%) 2/213 (1%)

Birth trauma 0 0 0 3/387 (1%) 1/174 (1%) 2/213 (1%)

Kernicterus 0 0 0 1/387 (<1%) 0 1/213 (<1%)

Congestive heart failure 0 0 0 1/387 (<1%) 0 1/213 (<1%)

Data are n (%) or n/N (%). *More than one contributing cause possible.

Table 5: Primary and non-primary neonatal cause of neonatal death
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placental abruption (38 [6·5%]). No primary placental 
cause of death was found in 176 (30%) cases. Common 
contributory placental causes of death included 
chorioamnionitis, funisitis, or both (83 [13·5%] cases) 
and maternal and fetal vascular malperfusion (70 [11%]). 
No contributing placental causes of death were found in 
422 (69%) cases, with similar distributions found in the 
Indian and Pakistani sites.

314 (51%) of the 615 deaths were attributed to non-
infectious conditions (table 5). Among the non-infectious 
causes of death, the leading cause was intrauterine 
hypoxia (212 [68%] of 314 cases), followed by respiratory 
distress syndrome (63 [20%]) and congenital malfor-
mations, deformations, and chromosomal abnormalities 
(28 [9%]). Congenital infections (126 [20%] of 615) and 
neonatal infections (122 [20%]) were identified as the 
primary cause of death for a substantial proportion of the 
cases. The most common organisms found in an internal 
organ by PCR for these deaths included Acinetobacter 
baumanii, Klebsiella pneumoniae, Escherichia coli, and 
shigella species (data not shown). Group B streptococcus 
was rarely found (four [2%] of 246 cases) by PCR analyses 
in any internal organ. For 53 (9%) of 615 cases, no primary 
neonatal cause of death could be identified.

To explore the inter-relationship between the most 
common cause of death from each category, we evaluated 
the primary cause of death from each domain (appendix). 
Among preterm neonates who died from the most 
common neonatal cause, intrauterine hypoxia, 91 (43%) 
of 212 also had maternal hypertensive disease and 
68 (32%) also had placental maternal malperfusion as 
causes of death.

Discussion
The PURPOSe study represents one of the largest 
prospective studies so far on the causes of preterm 
neonatal death from south Asia. Hypertensive disease 
was the primary maternal cause of nearly a third of the 
deaths. Placental and umbilical cord conditions were 
an important primary or contributing factor, mostly 
involving maternal and fetal placental malperfusion and 
chorioamnionitis, funisitis, or both. Among neonatal 
causes of death, about half were non-infectious, whereas 
about 40% were infectious.

The most common primary neonatal cause of death 
determined by the panel was intrauterine hypoxia, 
followed by congenital and neonatal infections, and 
finally respiratory distress syndrome. We observed that 
respiratory distress syndrome was designated as the 
primary cause of death less frequently than is generally 
reported. We believe that preterm infants with respiratory 
distress are often diagnosed with respiratory distress 
syndrome, but often without a confirmatory chest x-ray 
or presence of hyaline membranes on lung histology. If 
those findings are absent, other reasons for respiratory 
distress, including birth asphyxia and sepsis, are likely 
and can often be elucidated with more information, as 

was seen in the PURPOSe study. Because intrauterine 
hypoxia is the most common final pathway leading to 
preterm neonatal death, prevention and treatment of this 
condition should be a major focus of efforts to reduce 
preterm neonatal mortality.26 Improvements in both 
obstetric care and neonatal resuscitation will probably be 
required to reduce mortality from this condition.27

This study had prospective data collection in 
two countries with a range of quality of care, and with 
high-quality historical, histological, and microbial 
evaluation to inform the assessments. The inclusion of 
placental pathology is often crucial in determining cause 
of preterm neonatal deaths but is rarely obtained. 
Independent panelists had available a case report with 
key investigations summarised. Finally, the primary 
findings across the sites were similar. Another strength 
was the inclusion of maternal, placental, and neonatal 
causes of death to highlight the inter-relationship of 
conditions. For example, if a mother had hypertension, 
the placenta had vascular malperfusion, and the neonate 
had birth asphyxia, specific inclusion of each of these 
areas facilitated an understanding of the contribution of 
the maternal, placental, and neonatal causes of this death.

One of the study constraints was that maternal 
conditions were only collected at enrolment, usually 
before delivery, so there were potential limitations 
regarding the data on maternal conditions and gestational 
age ascertainment. Another limitation was the quality of 
data on conditions among those infants discharged 
home before death; however, this represented a small 
proportion of all neonatal deaths evaluated. Although the 
causes of preterm neonatal deaths were generally similar 
in India and Pakistan, we are aware that these findings 
might not be representative of other sites in India and 
Pakistan, in sites in other Asian countries, or in other 
LMICs worldwide. For this reason, it is important to 
determine causes of preterm neonatal death in multiple 
locations so the appropriate interventions can be 
introduced.

In contrast to high-resource settings, where almost all 
preterm newborn babies survive, prematurity remains a 
leading cause of neonatal death globally. Furthermore, 
in low-resource settings, complications of prematurity 
are often listed as the cause of death, with little 
understanding of the factors that could inform 
programmes to reduce these deaths. In PURPOSe, 
infants who were late preterm, and would be viable in 
high-income countries, comprised the majority of the 
preterm neonatal deaths. We found that maternal 
hypertensive disorders together with intrauterine 
hypoxia were the main maternal contributors to these 
deaths. Congenital and newborn infections were also 
important causes of death. Continuing to improve our 
understanding of causes of preterm neonatal deaths in 
these settings is important to developing effective 
strategies to reduce this important contributor to global 
infant mortality.

See Online for appendix
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Original Article

IntroductIon

Patients undergo orthodontic treatment for various purposes, 
of which dental esthetics is an important reason. Physical 
attractiveness as well as self-esteem is crucial factors which 
depend on dental esthetics.[1,2] Orthodontic treatment has 
innumerable such benefits both functional and visual which 
usually outweigh their disadvantages, but these appliances also 
cause unwanted complications.

In 1996, Behrents defined iatrogenics as harm which is 
unintentionally induced by treatment.[3] This can even occur 
during any orthodontic treatment due to negligence of the 
orthodontist. The knowledge and foresight to predict and 
explain patients about any possible iatrogenics during an 
orthodontic treatment will not only help in dealing with them 
but also will form a baseline for an efficient and ethical practice.

subjects and Methods

A questionnaire survey was conducted on orthodontists 
and final-year orthodontic postgraduate students residing/
practicing/studying in India for a period of 3 months from 
December 2020 to February 2021.

A minimum sample size of 80 was derived using the “Sample 
size for Frequency in a Population” formula.

Knowledge Regarding Orthodontic Iatrogenics, Challenges, and 
Management Strategies among Orthodontists and Orthodontic 

Postgraduate Students: A Questionnaire Survey
Amit B. Nilgar, Tanvi Shukla, Pooja S. Dhagavkar1, Devyani V. Desai

Department of Orthodontics and Dentofacial Orthopaedics, KLE’s Vishwanath Katti Institute of Dental Sciences, 1Department of Public Health, Jawaharlal Nehru 
Medical College, KAHER, Belagavi, Karnataka, India

Context: Negligence or improper care during orthodontic treatment results in various unwanted complications due to the orthodontic 
appliances. Iatrogenics is a situation that leads to reversible or irreversible damage to patients’ health which is unintentionally induced by 
treatment. The knowledge and foresight to predict any iatrogenic incident will help an orthodontist to avoid any greater complications in 
the predicted outcome of orthodontic treatment. Aim: The aim of the study was to assess the knowledge of orthodontists and orthodontic 
postgraduate students regarding iatrogenics, its challenges, and management strategies. Settings and Design: An online questionnaire survey. 
Subjects and Methods: A predesigned pretested questionnaire on awareness, challenges, and management domains regarding iatrogenics, 
involved during orthodontic treatment, was circulated using Google Forms among orthodontists and orthodontic postgraduate students. 
Statistical Analysis Used: Responses of the participants were entered in excel and were assessed using descriptive and frequency statistics in 
SPSS (version 20). Results: It was observed that only 10% of participants had sufficient knowledge regarding iatrogenics which can possibly 
occur during any orthodontic treatment, its challenges as well as the management. Only half of the participants were trained to handle these 
kinds of situations. Conclusions: Orthodontists and orthodontic postgraduate students had an average to poor knowledge regarding iatrogenics 
involved in orthodontic treatment, its challenges, and management strategies.

Keywords: Challenges, iatrogenic causes, knowledge, management, orthodontists, questionnaire survey
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Sample size (n) = 

[ ]( )
[ ] [ ]( )2

DEFF × Np 1 p

d × N 1 + p × 1 pZ21- /2

−

− −α
Where, N = population size (for finite population correction 
factor) (Barreto and Feitosa[4]) =100

p = Hypothesized % frequency of outcome factor in the 
population = 50%

d = Confidence limits as % of 100 (absolute ± -%) =5%

DEFF = Design effect (for cluster surveys) =1

Z1−α/2 = Critical value at confidence level of 95%, α is 0.05, 
and the critical value is 1.96.

All orthodontists working as teaching faculty as well as in 
a clinical setup, and all orthodontic postgraduate students 
studying in either government or private dental institutes who 
gave consent were included in the study, while dentists with 
diploma in orthodontics, professionals, and/or students residing 
overseas and the 1st- and 2nd-year postgraduate students were 
excluded.

Data were collected using a predesigned questionnaire. The 
questionnaire was made in English language. A pilot study was 
conducted on 10% of the total sample size who were not included 
in the main study to assess the reliability of the questionnaire. 
The questionnaire was then validated by experts in the field of 
orthodontics and necessary modifications were made.

The questionnaire consisted of three parts
a. Consent form

 It was the first page of the Google Forms, and the 
subsequent pages could be accessed only after the 
consent form was filled by the participants.

b. Sociodemographic details
 It included details such as age, gender, the type 

of setup participants worked at or were presently 
studying, and the state they belonged to.

c. Main questionnaire which was divided into three domains
•	 Awareness domain – to test knowledge on the topic 

“Iatrogenics in Orthodontics”
•	 Challenge’s domain – to understand the problems 

encountered due to iatrogenics during orthodontic 
treatment

•	 Management domain – to assess the skill of 
participants when dealing with iatrogenic problems.

E-mail ids of included participants were obtained, and the 
questionnaire was circulated among them online through 
Google Forms. The study participants were also contacted 
individually for responses. Strict confidentiality of the 
participants’ information was maintained during the study by 
coding the names of all the participants.

Data entry was done in Microsoft Excel and it was analyzed in 
SPSS version 20 software by IBM, United States. Frequency 
and percentage were used to analyze the level of knowledge 
and attitude. Chi = square test was used to find associations.

results

A large number of study participants belonged to the age 
group of 21–30 years. Majority of them were females and 
most of them were students from a private institutional 
setup [Table 1].

More than half (67.1%) of the participants were aware 
about the meaning of iatrogenics in orthodontics. Majority 
of them (71.8%) knew about the contributing factors and 
thought that it was necessary to create awareness about 
iatrogenics (88.2%), but only half of them (51.8%) were trained 
for dealing with iatrogenic incidents [Table 2].

In the challenges domain, 51.7% of the participants answered 
that iatrogenic incident during orthodontic treatments can occur 
due to multiple causes. It was noticed that only 51.8% and 
62.4% of the participants knew about slow-release intraoral 
fluoride release devices and debonding forces, respectively, 
and hence there was less than average knowledge among the 
participants regarding advances in dentistry which might help 
in decreasing iatrogenic incidences [Table 3].

In the management domain, it was observed that 100% of the 
participants believed that it was essential to take a pretreatment 
consent from the patient, out of which 58.8% of them believed 
that the consent should ideally be signed by the patient if 
he/she is above 18 years of age and if below 18 years of 
age, then the parent or guardian should sign the consent. In 

Table 1: Sociodemographic distribution of study 
participants

Parameters Distribution of participants (%)
Age

21-30 65 (76.5)
31-40 12 (14.1)
41-50 8 (9.4)

Gender
Male 35 (41.2)
Female 50 (58.8)

Type of setup
Student (government) 7 (8.2)
Teaching faculty (government) 2 (2.4)
Clinic (government) 1 (1.2)
Student (private) 54 (63.5)
Teaching faculty (private) 10 (11.8)
Clinic (private) 11 (12.9)

State
Karnataka 26 (30.6)
Maharashtra 30 (35.3)
Bihar 3 (3.5)
Gujarat 6 (7.1)
Kerala 2 (2.4)
Madhya Pradesh 4 (4.7)
Tamil Nadu 3 (3.5)
West Bengal 5 (5.9)
Rajasthan 2 (2.4)
Uttar Pradesh 4 (4.7)
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situations where one has a mentally compromised patient, 
it was observed that 37.6% of the participants were of the 
opinion that the consent has to be signed by the nominated 
representative or relative or friend of the patient. About the 
precautions to be taken to avoid iatrogenic incidents, 57.6% of 
the participants answered that adequate time for diagnosis and 
treatment planning, formulating reminder methods for patients 
with orthodontic auxiliaries, and keeping a regular follow-up 
will help minimize iatrogenic incidents. Methods which were 
individually practiced to prevent damage to intraoral soft 
tissues included almost half (54.2%) of the participants cutting 
short the distal ends of orthodontic wires, use of bumper sleeves 
on wires that are long spanning, and giving the patients wax 
so that mucosal irritation can be avoided [Table 4].

Majority of the study participants (68.2%) had an average 
knowledge regarding iatrogenics in orthodontic treatment, 
its challenges, and management strategies while very few of 
them (10.7%) showed good knowledge [Figure 1].

dIscussIon

In the present study, it was observed that majority of the 
participants only had average knowledge regarding iatrogenics 
in orthodontics and only half of the participants had received 
any training regarding this subject. Hence, it is extremely 
essential to implement various strategies to increase the 
cognitive as well as skill-based knowledge and awareness of 
orthodontic fraternity in this field.

A research was conducted by Barreto and Feitosa on 100 
subjects for a 6-month long time period by evaluating pre- 
and post-treatment records and dividing the patients into 
various groups. It was found that more than 50% of the cases 
were affected by iatrogenics or relapse which illustrates the 
increased frequency of such incidents.[4] Thus, decreasing them 

should be a priority. The study also reported patients with some 
degrees of iatrogenics who were originally treated by dentists 
trained according to all required standards. Majority of the 
participants in this study agreed that iatrogenic incidents occur 
even when the orthodontist is well trained.[4]

According to Greco, the large number of orthodontics training 
courses resulted in dentists whose attitudes were not consistent 
with health promotion and this seriously affected the patient’s 
treatment and outcomes.[5]

As expressed by Barreto and Feitosa, orthodontic records of 
patients with iatrogenic problems should be impeccable.[4] 
Nearly all participants (95.3%) in the current study agreed 
that it was important to keep previous and current records 
of patients who had iatrogenic problems. The study also 
concluded that personalized informed consent should be the 
principal instrument to be adopted while treating orthodontic 
patients with iatrogenic problems to ensure that treatments are 
clear and transparent.[4] In the present study, multiple responses 
were obtained when the participants were asked about consent 
forms and who should sign it indicating confusion regarding 
the legal aspects and precautions to be followed while treating 
iatrogenic cases was not clear.

Table 2: Distribution of participants in awareness domain

Questions Distribution of participants (%)
What does “Iatrogenics in orthodontics” mean?

Something unintentionally induced by orthodontic treatment 57 (67.1)
Something intentionally induced by orthodontic treatment 28 (32.9)

What contributes to orthodontic iatrogenics?
Inadequate choice of orthodontic procedures/lack of instruments and equipment’s 5 (5.9)
Incorrect diagnosis 2 (2.4)
Inadequate treatment modality 4 (4.7)
Inappropriate follow up 13 (15.3)
All of the above 61 (71.8)

Can iatrogenic incidents occur even when the orthodontist is well trained?
Yes 74 (87.1)
No 11 (12.9)

It is important to create awareness about this topic?
Yes 75 (88.2)
No 10 (11.8)

Are you trained for dealing with iatrogenic incidents in orthodontics?
Yes 44 (51.8)
No 41 (48.2)
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68.20%

10.70%

0.00%
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Figure 1: Distribution of participants according to overall knowledge score
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Table 3: Distribution of participants in challenges domain

Questions Distribution of 
participants (%)

What are the problems caused due to orthodontic iatrogenic incidents?
Posttreatment root resorption 23 (27.1)
Occlusal plane changes/wear of tooth surfaces 4 (4.7)
Periodontal problems/caries susceptibility 5 (5.9)
TMJ problems 9 (10.6)
Multiple causes 44 (51.7)

Patients have a higher incidence of white spot lesions 5 years after completing orthodontic treatment, than untreated patients
Yes 54 (63.5)
No 31 (36.5)

Are you aware of the recently developed slow- release intraoral fluoride release devices?
Yes 44 (51.8)
No 41 (48.2)

What duration are they capable of releasing small amounts of fluoride?
Not applicable 38 (44.7)
6 months 25 (29.4)
10 months 2 (2.4)
12 months 10 (11.8)
2 years 10 (11.8)

Do you know about debonding forces?
Yes 53 (62.4)
No 32 (37.6)

What is the ideal instrument for debonding?
Not applicable 27 (31.8)
LODI 22 (25.9)
SC 6 (7.1)
HR 1 (1.2)
BRP 29 (34.1)

Debonding forces should be lower than ______
Not applicable 8 (9.4)
13 MPa 32 (37.6)
25 MPa 8 (9.4)
9.7 MPa 22 (25.9)
2 MPa 15 (17.6)

True for bracket slot placement
Perpendicular to the long axis of the tooth 24 (28.2)
Parallel to the long axis of the tooth 31 (36.5)
Perpendicular to the incisal edge/occlusal surface of the tooth 11 (12.9)
Parallel to the incisal edge/occlusal surface of the tooth 5 (5.9)
Multiple responses 14 (7.1)

Which among these iatrogenic/s have you encountered the most in your clinical practice?
Root resorption 4 (4.7)
Periodontitis 15 (17.6)
Midline discrepancy 2 (2.4)
Occlusal plane changes 10 (11.8)
Mucosal irritation from brackets and distal end of wire 11 (12.9)
Swallowing of orthodontic auxiliaries 1 (1.2)
Multiple causes 42 (49.4)

TMJ: Temporomandibular joint, LODI: Lift off debonding instrument, SC: Straight cutter plier, HR: How plier, BRP: Bracket removal plier

Sanders in his study had found that patients did not pose 
any significant periodontal risk when orthodontic treatment 
was done using optimum forces, if the patients had excellent 
oral hygiene and no preexisting periodontal disorders.[6] In 
agreement to this, only 5.9% of the participants in this study 

had answered that periodontal problems were caused due to 
orthodontic iatrogenic incidents, while very few (17.6%) had 
encountered periodontitis as iatrogenics during orthodontic 
treatment in their clinical practice. Orthodontic iatrogenics 
cannot be attributed to one single cause.
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Table 4: Distribution of participants in management domain
Questions Distribution of 

participants (%)
Is it important to keep previous and current records of patients who had iatrogenic problems?

Yes 81 (95.3)
No 4 (4.7)

Who in your opinion can discontinue/debond the existing orthodontic auxiliary?
Patient himself/herself 7 (8.2)
Next attending orthodontist with a prior consent from the patient 17 (20.0)
Orthodontist who was treating the patient previously 28 (32.9)
None of the above 3 (3.5)
Multiple answers 30 (35.3)

Who should ideally sign consent?
Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s parent if the patient is under 18 years of age 10 (11.8)
Patient’s guardian always 4 (4.7)
Patient’s family physician 2 (2.4)
All of the above are correct 10 (11.8)
Multiple answers 61 (58.8)

In a clinical setup you have a mentally compromised/challenged patient, whom would you preferably give authority to 
sign consent?

Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s relatives/friends/nominated representative 32 (37.6)
Patient’s parent if the patient is under 18 years of age 15 (17.6)
All of the above are correct 30 (35.3)
Multiple responses 1 (1.2)

What can be done to avoid iatrogenic instances?
Adequate time for diagnosis and treatment planning 6 (7.1)
Formulate reminder methods for patients with orthodontic auxiliaries 12 (14.1)
Keep a regular follow up 18 (21.2)
All of the above 49 (57.6)

In patient with fixed appliance patients’ lozenges containing xylitol significantly reduce dental plaque acidity?
Yes 52 (61.2)
No 33 (38.8)

The severity of a black triangle formed due to the coronal and gingival relation is decreased by paralleling divergent roots
Yes 62 (72.9)
No 23 (27.1)

If any root resorption is found what is the remedy advocated?
An inactive phase of 4-6 months before resumption of orthodontic treatment 57 (67.1) 
An inactive phase of 12-15 months before resumption of orthodontic treatment 16 (18.8)
An active phase of 4-6 months after resumption of orthodontic treatment 12 (14.1)

Do you think that after orthodontic treatment root resorption rarely results in significant morbidity and that when active 
forces are ceased the resorptive process also ceases?

Yes 65 (76.5)
No 20 (23.5)

Have you performed enamel stripping/inter proximal reduction in your practice?
Yes 63 (74.1)
No 22 (25.9)

If yes, what according to you should be the recommended method of enamel stripping
Not answered 21 (24.7)
Using abrasive strips 27 (31.8)
Using diamond bur 3 (3.5)
Using diamond bur followed by polishing 11 (12.9)
Using abrasive strips followed by polishing 23 (27.1)

What among these are the methods practiced by you to prevent damage to intra oral tissues?
Cutting short the distal ends of the wire 7 (8.2)
Use of bumper sleeves on wires which are long spanning 3 (3.5)
Giving patients wax to avoid mucosal irritation caused due to brackets/wires 29 (34.1)
Multiple answers 46 (54.2)
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Gencay et al. presented a case report of the inadvertent use 
of coiled spring which caused resorption of labial alveolar 
bone plate and stripping of gingival tissue,[7] but majority of 
the participants in this study agreed that root resorption after 
orthodontic therapy rarely results in significant morbidity and 
that cessation of active forces also ceases root resorption.

Meeran in their article recognized that orthodontic patients 
were at a higher risk of decalcification or caries. They stated 
that the incidence of accidental tooth fracture can be avoided 
by applying debonding forces lower than 13 MPa and that 
there is a minimal risk of harmful side effects on the marginal 
tissue as long as movement of teeth is within the envelope of 
the alveolar process.[8] More than half of the participants in this 
study agreed that the incidence of white spot lesions (WSLs) 
indicating decalcification was higher in patients 5 years after 
completing the orthodontic treatment, while less than half of 
the participants (37.6%) were aware about the optimum force 
which could be applied during debonding.

Majority of the participants also agreed that, in patients with 
fixed orthodontic appliances, lozenges containing xylitol can 
significantly reduce the acidity of dental plaque as stated in 
the study by Meeran.[8]

Sangamesh and Kallury also stated that orthodontic patients 
have significantly more WSLs than nonorthodontic patients. 
The authors also found sufficient evidence to suggest that 
glass ionomer cement is more effective than composite resin 
in preventing WSL.[9]

Ozcelik et al. had presented cases on iatrogenics in orthodontics 
which concluded that they were mainly caused due to improper 
placement of the orthodontic appliances.[10]

Most of the participants in this study agreed that, when the 
roots of teeth are paralleling divergent, the severity of a 
black triangle formed due to the coronal and gingival relation 
decreases. Syed et al. in their review on iarogenic damage to 
the periodontium caused by orthodontic treatment procedure 
stated that black triangle or open gingival embrasure can occur 
as a complication in about 1/3 of all adult patients undergoing 
orthodontic treatment.[11]

Various studies have shown that the use of fluoride in toothpastes 
or rinses helps reduce decalcification and WSLs during 
orthodontic treatment.[12,13] Nearly half of the participants (48.2%) 
in this study were unaware of the recently developed slow-release 
intraoral fluoride release devices which are very effective in 
remineralizing the incipient lesions and preventing WSLs after 
orthodontic treatment which shows that the knowledge regarding 
recent developments in this field was insufficient.

conclusIons

It can be thus concluded that orthodontists and orthodontic 
postgraduate students had average-to-poor knowledge about 

iatrogenics in orthodontics. Only half of them had received 
any training to handle iatrogenic situations and practiced 
any preventive measures to avoid iatrogenic incidents 
while treating orthodontic patients. Knowledge regarding 
advances in dentistry which might help in decreasing the 
incidences of iatrogenics was also average. However, results 
of the study cannot be extrapolated due to it being carried 
on a small scale. Interventional studies can be planned to 
assess any change in knowledge regarding the subject. 
Including iatrogenics as a subject in undergraduate and 
postgraduate curriculum, conducting workshops lectures 
as well as case-based presentations and educating dentists 
about developing an efficient record keeping systems can 
be done to increase the awareness and knowledge regarding 
iatrogenics.
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Prevalence of chronic periodontitis 
among the residents of PHC in Belagavi 
and its association with systemic 
disease – A cross‑sectional study
Dronesh Chettri, Anjana Bagewadi1, Mubashir Angolkar

Abstract:
BACKGROUND: Chronic periodontitis is much more common than the general public realizes. In 
the US, about 80% of adults have at least one attachment loss site and about 35% of the population 
suffers from severe chronic periodontitis. Surprisingly, only a small portion of this population seeks 
periodontal care. In terms of oral health treatment, India has a lot of inequalities, and periodontitis 
affects 95% of the population. In rural areas, the dentist‑to‑population ratio of about 1:200000 
necessitates the development of dental infrastructure at the primary health‑care level. Periodontitis 
affects about 20%–50% of the global population.
METHODS: This cross‑sectional analysis was done to determine the spread of chronic periodontitis 
and its association with systemic disease. A total number of 146 individuals comprising of both 
sexes ≥40 years of age were selected from two areas in Vantmuri, Belagavi. Age, sex, family history, 
smoking and alcohol habits, systemic disease, etc., were recorded by giving a questionnaire. The 
investigation was done to assess body mass index, BOP, CAL, DMFT, OHI, etc., Chronic periodontitis 
was assessed along with its association with systemic disease. The information collected was entered 
into Microsoft Excel and evaluated with the help of SPSS 26.
RESULTS: It was evident from the sample population that periodontal disease (41.78%) was 
highly prevalent. Periodontitis was found to be significantly correlated with age, cigarette/beedi 
smoking (regular), and OHI scores among study participants (P < 0.05).
CONCLUSION: More research into the underlying mechanisms and risk factors of chronic 
periodontitis, as well as its link to systemic diseases, is required.
Keywords:
Age, chronic periodontitis, smoking, systemic diseases, type 2 diabetes

Introduction

Periodontal disease is a curable disease of 
inflammation of the periodontium, and 

its advanced condition is characterized by 
loss of periodontal bone and destruction of 
the surrounding alveolar ligament.[1,2] About 
800 strains of bacteria have been identified 
in the oral cavity and it is thought that 
complex interactions of bacterial infection 
and the retaining response, altered by 

behavioral factors such as smoking, can 
lead to periodontal disease. In addition 
to the effects on the oral cavity, research 
shows that periodontitis is responsible 
for chronic diseases such as heart disease 
and diabetes. Acute periodontitis typically 
affects 5%–15% of any person globally and 
is also responsible for loss of teeth and 
surrounding tissues.[3] Bacterial plaque 
products cause direct damage and the 
introduction of antibodies into inflammatory 
and immune responses cause indirect 
damage.[4] Measurement of loss of attachment 
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of the periodontal ligament is in periodontitis according 
to the Canadian Health Measures Survey 2007–2009. The 
National Health and Nutrition Examination Survey was 
performed to measure periodontal disease in the U.S. 
which determined attachment loss and pocket depth in 
six areas of all teeth (excluding third particles). Chronic 
periodontitis, also called adult periodontitis, is a contagious 
disease which is caused by bacteria of plaque dentistry, 
which leads to further damage to the supporting tissue of 
teeth, namely gingival, periodontal ligament, cementum, 
and therefore alveolar bone. Porphyromonas gingivalis is 
a bacterium often associated with chronic periodontitis 
and is responsible for promoting inflammatory responses 
associated with tissue destruction in some areas.[5]

In general population, chronic periodontitis is more 
common and prevalent. In US, approximately 80% adults 
have minimum one site with loss of attachment. 35% of 
the US population is affected by it badly.

Only a small percent of these population needs 
regular care from time to time. India suffers from price 
differences in health care and 95% of Indians suffer from 
periodontitis. In the last 10 years, an alarming increase 
in the prevalence of periodontitis in India has attracted 
interest from various parts of the country. Dental ratio 
and population of approximately 1:200000 in rural 
areas require the construction of dental infrastructure 
at the primary level of a health‑care facility. Only 19% 
increase in the risk of the disorder is probably caused by 
periodontitis, with this estimated risk increase reaching 
44% in people aged 65 and over. Type two people with 
diabetes who have severe forms of periodontitis have a 
risk of 3.2 times more risk than people who do not have 
or have mild periodontitis.[6] In total, periodontitis affects 
about 20%–50% of people worldwide.

Objectives
1. Find how common chronic periodontitis is
2. To determine the parameters that enhance the risk of 

chronic periodontitis and their relationship
3. To find a connection between periodontitis and 

systemic diseases.

Methods

The study was performed to assess the prevalence of 
chronic periodontitis among the PHCs residents in 
Vantmuri, Belagavi and its association with systemic 
diseases. A total of 146 participants comprising of both 
sexes ≥40 years of age were selected from 2 areas in 
Vantmuri, Belagavi.

Inclusion criteria
1. Individual ≥40 years of age
2. Individual giving informed consent.

Exclusion criteria
1. Physically or mentally compromised patients
2. Pregnant women
3. Edentulous individual.

Chronic periodontitis
1. Localized form – ≤30% of sites affected
2. Generalized form – 30% of sites affected.

Sample size
Sample size was calculated based on the previous 
study conducted by Balaji et al. in Chennai, Tamil 
Nadu. The study found that the prevalence of chronic 
periodontitis among adult population ≥40 years of 
age was 42.3% with 95% confidence interval (CI) and 
8% of relative precision. Calculated sample size was 
146.

Sampling methods: Simple random sampling
Data collection methods
In the study area, total number of 146 individuals 
comprising of both sexes ≥40 years of age were selected 
from two areas in Vantmuri, Belagavi. After obtaining 
informed consent information on sociodemographic 
details, various risk factors for periodontitis such as 
smoking behavior, alcohol consumption, and brushing 
habits were collected using predesigned questionnaire. 
Height was measured in centimeter and weight was 
measured using weighing machine in kilogram. The 
suggested classification for Asian populations was used 
to classify body mass index. Investigation for chronic 
periodontitis was also done which includes the presence 
of plague, calculus, BOP, gingival recession, CAL, 
DMFT score, OHI, and patient periodontal index using 
armamentarium as discussed below.

Data analysis
Data were entered in IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. (Armonk, NY: 
IBM Corp.). Descriptive statistics such as average and 
proportions were calculated and 95% CI was calculated 
appropriately. Binary logistic regression was used to 
find the association between one dependent and two or 
more independent variables. P < 0.05 was considered as 
statistically significant.

Ethical considerations
An informed consent was taken from each participant 
before the data collection. Those who were illiterate, 
thumb impression were taken in front of a witness. All 
information collected was kept confidential. All the study 
subjects who had severe chronic periodontitis and/or 
systemic disease as well as poor OHI were referred to a 
secondary level/tertiary level hospital for getting their 
further check‑up and treatment. Ethical Clearance was 
obtained from JNMC Institutional Ethics Committee on 
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cigarette/beedi smokers were found in 61.64% of 
the participants in this sample. This means that a 
large number of them have minimized or stopped 
smoking. The present cigarette smoking was found 
to have the highest incidence of moderate to extreme 
periodontitis (25.7%), whereas previous cigarette 
smokers and nonsmokers have 20.2% and 10.1%, 
respectively, in related studies (13.1%).[7] The current 
study found no connection between respiratory disease 
and chronic periodontitis, but a systematic analysis found 
very little evidence which depicted a weak link (OR: 2.0) 
between COPD and oral health.[8] The prevalence of 
periodontitis in a Brazilian rural population ranged from 
24.4% to 83%.[9] A total of 15.8% of the 146 participants 
in the current study had systemic diseases. Cigarette/
beedi smoking (regular), ages 30–50 and 50–70, general 
age, and OHI score were found to be significantly 
correlated with periodontitis among the participants. 
19 out of 423 chronic periodontitis participants (4.5%) 
were suffering from hypertension, and out of 423 chronic 
periodontitis participants, 25 (5.9%) suffered from type 2 
diabetes in previous studies. Periodontitis was found 
to be significantly correlated with pan chewing, DMFT 
scores, cigarette smoking, OHI scores, age, and PISA 
scores among urban participants.[10] A similar study was 
conducted in a representative sample from both urban 
and rural districts of Tamil Nadu, and it was found that 
the rural population had 59.8% prevalence rates and the 
42.35% group had the highest number of cases of chronic 
in the urban population. Female participants were found 
to be more prevalent than male participants in this study 
and the 50–70 age periodontitis. Females, too, had higher 
chronic periodontitis than males.

Limitations
The study’s main drawback was that since it did not use 
the PISA classification system, it was unable to find an 
association between periodontitis and systemic disease. 
This index provides an indirect clinical marker of the 
inflammation due to chronic periodontitis by quantifying 
the inflamed surface present in periodontal tissues. The 

Table 2: In the sample population, binary logistic regression analysis was performed with the presence/absence 
of periodontitis as the dependent variable and the participant’s personal habits as the independent variables
Variable OR 95% CI P
Smoking 0.500 0.096‑2.602 0.410
Gutka 1.037 0.257‑4.192 0.959
Tobacco chewing 0.556 0.098‑3.148 0.507
Tobacco chewing, gutka 1.167 0.200‑6.805 0.864
Tobacco chewing, smoking 1.333 0.088‑20.108 0.835
Smoking, gutka 0.001 0.001‑0.10 0.999
Tobacco chewing, gutka, and smoking 1.216 0.301‑4.913 0.784
No 0.276 0.728‑3.031 1.486
Cigarette/beedi smoking (former and occasional) 1.594 0.359‑7.072 0.540
Cigarette/beedi smoking (regular) 0.430 0.204‑0.909 0.027
Never smoked 0.686 0.144‑3.269 0.636
OR: Odds ratio, CI: Confidence interval

Human Subjects Research with Ref no. MDC DOME/404 
dated 17.7.2020.

Results

In the present study, a total number of 146 participants 
comprising of both sexes ≥40 years of age were selected 
from 2 areas in Vantmuri, Belagavi. Table 1 shows binary 
logistic regression analysis done on the sample population 
(with the presence/absence of periodontitis as the 
dependent variable) and various risk factors as independent 
variables. Age (P = 0.001) and OHI score (P = 0.001) 
possess a statistically significant association (P < 0.05) with 
periodontitis spread in the study population, irrespective 
of the other risk factors assessed. In Table 2, it was found 
that cigarette/beedi smoking – regular (P = 0.027) – had an 
association which is statistically significant with periodontitis 
prevalence in the study population, irrespective of the other 
risk factors assessed. In Table 3, it showed that participant 
aged 30–50 (P = 0.041) and 50–70 (P = 0.013) had statistically 
significant associations in the sample population.

Discussion

Chronic periodontitis was found to be very common 
in the current research (41.78%). Former/occasional 

Table 1: In the sample population, binary logistic 
regression analysis was performed (with periodontitis 
as the dependent variable)
Variable OR 95% CI P
Age 0.438 0.279‑0.688 0.001
Male participants 0.575 0.290‑1.140 0.113
Female participants 1.738 0.877‑3.444 0.113
Systemic disease (hypertension, diabetes, 
IHD, CHD, chronic bronchitis, etc.)

0.747 0.306‑1.826 0.523

Alcohol consumption 1.130 0.663‑1.925 0.654
DMFT score 2.118 0.641‑7.000 0.218
OHI 0.108 0.050‑0.232 0.001
OR: Odds ratio, CI: Confidence interval, DMFT: Decayed missing and filled 
teeth, OHI: Oral hygiene index, IHD: Ischemic heart disease, CHD: Coronary 
heart disease
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procedure is complicated, and it necessitates a significant 
amount of time, experience, and ability. Only a few 
studies have been done on this topic.

Conclusion

Even though we found out from the study that 
periodontal disease was highly prevalent (41.78%); more 
research into the underlying mechanisms and risk factors 
of chronic periodontitis, as well as its link to systemic 
diseases, is required.
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Background: Tuberculosis (TB) is still the most common infectious disease globally, affecting

1.5 million people per year. Prior to COVID-19 outbreak, India was struggling with a rampant

attack of Tuberculosis. With the surge of COVID-19 implementation of all national health

programs including NTEP was disrupted. Prioritization of services, the challenges to reaching

all typesof communities and the roleof stigmatization, and thepossibility of increaseddisease

transmission were few problems in the implementation of DOTS during the lockdown.

Aim: To assess effect of pandemic on DOTS treatment during COVID-19 lockdown.

Methods: A cross-sectional study was conducted among 254 tuberculosis patients who were

under DOTS during Covid-19 lockdown in Belagavi district. Participants who were on DOTS

during 2019e2021 period.

Result: Of 254 participants, only 5 (2.0%) were supervised while taking drugs, 67 (26.4%) of

subject's empty blister packs were taken back by health personnel and 106 (41.7%) par-

ticipants were regularly followed up for treatment by health department. The variables like

gender, literacy status, socioeconomic status, and occupation were all significantly asso-

ciated with hampered access to DOTS during the lockdown period at p < 0.05.

Conclusion: This study concluded that the participants had hampered accessibilities to

DOTS during lockdown.

© 2022 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.
outbreak of TB, which had infected 2.64 million Indians in

1. Introduction

Tuberculosis (TB) is still the most common infectious illness

in the world, affecting 1.5 million people per year.1 India is the

world's largest TB burden country.2 Before COVID-19

becoming a global pandemic, India was struggling with an
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2019 and killed almost 4,50,000 individuals. That's approxi-

mately 1000 TB mortality every day.3

China first disclosed a group of instances of uncommon

pneumonia associatedwith SARS-CoV-21 on Dec 31, 2019. The

incidence of COVID-19 cases across India had begun to rise
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since Mar 2020. India declared a lockdown to control it from

Mar 25, 2020.4

India had achieved tremendous effort toward its goal of

eliminating tuberculosis until March 24, 2020. When the

country-wide lockdown was imposed due to COVID-19, it

disrupted all important strategic interventions, resulting in a

nearly 60% reduction in TB case detection during lockdown

time.5 Similarly, about 5.7 lakh instances (62% decline in no-

tifications) were unable to be notified against the expected

objective of NTEP from January to June 2020.5

During lock-down times, health facilities observed a

reduction in the proportion of patients undergoing treatment

on time due to the fear of getting SARS-CoV-2 virus infection.

This might have had serious difficulties for tuberculosis con-

trol, particularly drug-resistant TB. The re-allocation of testing

facilities and health care services to combat COVID-19 may

have affected TB detection and treatment unintentionally.

Other difficulties may have arisen under the TB program as a

result of the pandemic, including a shortage of finance for

Tuberculosis intervention, disruptions in utilization, and

accessibility to drugs and supply.6 Reduced availability of

conventional modes of transportation and increased trans-

portation expenses constituted hurdles to accessing health-

care centers for both healthcare practitioners and patients.7

Lockdown has caused delays in diagnosis, treatment, and

disease transfer to household contacts. It also has created

disruption in treatment as many employees migrated back to

their native places.3 Even routine activities like TB case

detection, active case finding, contact tracing, etc were held

up not only in India but also in other countries. Different vir-

tual approaches were considered to provide services.5 The

World Health Organization (WHO) recently released statistics

from more than 80 nations that revealed a 21% drop in treat-

ment during the 1st year of the pandemic compared to 2019.

More than 469 million people had been infected with COVID-

19 as of March 22, 2022, with over 6 million deaths. (WHO

Report 2022) The COVID-19 pandemic has now surpassed all

other health concerns around the planet. Hence this aims to

assess the Effect of pandemic on DOTS treatment during

COVID-19 lockdown.
2. Methodology

The present study was cross-sectional study conducted be-

tweenNovember 2021 to April 2022. This studywas conducted

in 3 talukas of Belagavi (Hukkeri, Gokak & Belagavi). The

sample size was calculated using the formula n ¼ Z2 pq/d2

where p ¼ drop of TB case notification during covid-19,5 with

precision of 10% and 95% of CI. Assuming 5% attrition the

calculated sample size was 254.

Proportionate sampling technique was used to select par-

ticipants from 3 talukas and from each taluka participants

were recruited using simple random sampling after line

listing. Data collection carried out by using a semi-structured

questionnaire. Data obtained were tabulated, chi-square test

was used to assess the effect of pandemic on DOTS treatment

during lockdown.
Please cite this article as: Kabbur S et al., Effect of pandemic on DOT
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2.1. Inclusion criteria

� Patients enrolled for treatment under NTEP (RNTCP)

programme.

� Tuberculosis patients who were above 18 years above and

willing to give informed consent.
2.2. Exclusion criteria

� Patients who were seriously ill.

� Patients who were not under DOTS during the lockdown

period.
2.3. Ethical committee

� Ethical clearance was obtained from the Institutional

Ethical Committee (I.E.C) of J.N. Medical College, KAHER,

Belagavi. Ref no: MDC/DOME/263

� Permission was taken from State Task Force Operational

Research Committee, NTEP to conduct a study. Ref no:

LWSTC/NTEP/PPM/07/2021-22
3. Results

This present study was conducted between November 2021 to

April 2022. Study included total 254 participants. Table 1

shows that the participant's ages ranged from >18 to 83

years. Most of the participants 147 (57.9%) were males and 107

(42.1%) were females. The majority of them, that is 83 (32.7%)

had completed their primary education, 30 (11.8%) partici-

pants had completed their graduation, 94 (37%) of them had

completed their higher secondary education, and 47 (18.5%)

were illiterate. 105 (41.3%) were from joint families, and 149

(58.7%) were from nuclear families, majority were from rural

region 175 (68.9%) and 79 (31.1%) inhabited urban regions.

Out of 254 participants 241 received DOTS treatment, only

5 (2.0%) of the all participants were supervised by a DOTS

provider while taking drug, only 5 (2.0%) were supervised

during the lockdown, 67 (26.4%) of participants empty blister

packs were collected by health personnel, 97 (38.2%) of par-

ticipants skipped their course one or more days, 119 (46.9%) of

participants said that they were disappointed due to inac-

cessibility, 136 (53.5%) had been communicated by health

personnel, Regular follow-up of treatment from the health

department was 106 (41.7%) (Table 2).

� There were 7 questions related to hampered access to

DOTS, mean of these 7 questions was considered to cate-

gorize in to three categories based on the mean and stan-

dard deviation (SD)

� Among 254 participants, the mean and SD of hampered

access to DOTS was 4.6 and 1.27 during lockdown.

� Among all participants 15 had low hampered access to

DOTS during lockdown. Similarly, 225 participants during
S treatment during COVID-19 lockdown- A cross-sectional study,
01
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Table 1 e Demographic details of the study participants.

Variable Category Frequency %

Age � 30 93 36.6

31e42 59 23.2

43e54 42 16.5

55e66 45 17.7

67e78 14 5.5

Gender Male 147 57.9

Female 107 42.1

Literacy status Illiterate 47 18.5

Primary 83 32.7

Secondary 94 37

Graduate and above 30 11.8

Occupation Labour 21 8.3

Agriculture 74 29.1

Private employee 42 16.5

Government employee 8 3.1

Others 109 42.9

Socio economic status Upper class 15 5.9

Upper middle class 82 32.3

Middle class 91 35.8

Lower middle class 61 24.0

Lower class 5 2.0

Type of Family Joint Family 105 41.3

Nuclear Family 149 58.7

Residency Rural 175 68.9

Urban 79 31.1

Type of house Pucca 71 28.0

Kaccha 183 72.0

i n d i a n j o u r n a l o f t u b e r c u l o s i s x x x ( x x x x ) x x x 3
lockdown were in the category of average hampered.

Similarly, 14 were high hampered.

During lockdown gender, occupation, literacy status, and

socioeconomic status are the variables that are statistically

significantly associated with hampered access to DOTS at

p < 0.05 (Table 3). The remaining variables like age, type of

family, type of house, and residency status were not statically

significant.
4. Discussion

This chapter provides an insight into the discussions of the

study's major findings while comparing it to the findings

proposed in the previous studies.
Table 2 e Distribution of participants experiences during lockd

Sl No Questions

1) Did you receive DOTS treatment?

2) Did the DOTS provider come to supervise while taking d

3) Have empty blister packs been taken back by health pers

giving medicine?

4) Did you ever discontinue taking TB drugs?

5) Due to the inaccessibility of DOTS drugs were you depre

disappointed?

6) Is there any Regular communication with health person

7) Is there any Regular follow up treatment from the health

Please cite this article as: Kabbur S et al., Effect of pandemic on DOTS
Indian Journal of Tuberculosis, https://doi.org/10.1016/j.ijtb.2022.09.0
4.1. Socio-demographic variables of participants

In the present study, the age of participants was in the range

of 18e83 years. Surveys conducted in Brazil, Italy reported that

study participants’ age was between 18 and 60 years.8,9

In our study majority are males, similarly a study con-

ducted in Zambia had 53% male participants and 47% fe-

males,10 but a study in Brazil had 57% female participants and

the remaining were male.8

The present study revealed that majority had completed

primary and secondary education (32.7%, 37%), few studies

had similar findings.8,11

In this study 8.3% were laborers, 29.1% were agriculturists,

16.5% were private employees and 3.1% were government

employees. Another study conducted in Ethiopia shows that

19.8% were laborers by occupation, 17.0% were government

employees and 0.9% were agriculturists.12

4.2. During lockdown variable

In our study, 69.5% of patients or their family members feared

to reach the hospital during lockdown, according to the other

study carried out by Alexandra J. Zimmer et al 55% of partic-

ipants expressed that they had fear for to visit the hospital.10

Study conducted in Ethiopia shows that 81.6% of participants

expressed they were treated differently during Covid time.12

Among all 5.1% of participants experienced challenges in

accessing DOTS TB treatment in our study, but 49% of par-

ticipants had difficulty to access of TB treatment in a study

conducted by Alexandra J. Zimmer et al.10

In the present study,most of the patients underwent Chest

X-rays (33%) to confirm their TB, but a study conducted by the

WHO European region expressed that, six countries used

GeneXpert machines for COVID-19 testing instead of diag-

nostic testing for TB.13

In the current study, 86.2% of participants expressed they

were panicked about being infected with coronavirus. In other

studies, most of the participants feared contracting

Coronavirus.9,10

In the current study, 9.85% of participants missed their

follow up test at the end of their treatment course, which is

less as compared to study conducted in Ethiopia where 41% of

their participants missed their follow up test.12
own.

During lockdown

Yes No

Fq % Fq %

241 94.9 13 5.1

rugs? 5 2.0 249 98.0

onnel while 67 26.4 187 73.6

97 38.2 157 61.8

ssed/ 119 46.9 135 53.1

nel? 136 53.5 118 46.5

department 106 41.7 148 58.3

treatment during COVID-19 lockdown- A cross-sectional study,
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Table 3 e Association between Socio-demographic data with During Lockdown variables of Hampered access.

Sl no Variables During Lockdown Chi-square p-Value

Low Average High

1 Age in years � 30 3 81 9 10.010 0.440

31e42 4 52 3

43e54 2 40 0

55e66 5 39 1

67e78 1 12 1

79þ 0 1 0

2 Gender Male 8 133 6 14.563 0.021*

Female 7 92 8

3 Occupation Labor 1 19 1 13.481 0.006**

Agriculture 3 71 0

Private employee 3 35 4

Govt employee 2 5 1

Others 6 95 8

4 type of family Joint 6 92 7 2.463 0.793

Nuclear 9 133 7

5 type of house Pucca 4 62 5 3.449 0.799

Kaccha 11 163 9

6 Residence Rural 9 155 11 1.166 0.558

Urban 6 70 3

7 literacy status Illiterate 1 45 1 16.973 0.001**

Primary Education 9 72 2

Secondary education 1 85 8

Degree and above 4 23 3

8 socio economic status Upper class 4 10 1 19.844 0.011*

Upper middle class 6 70 6

Middle class 4 84 3

Lower middle class 0 57 4

Lower class 1 4 0

Bold values are statistically significant values (<0.005).

i n d i a n j o u r n a l o f t u b e r c u l o s i s x x x ( x x x x ) x x x4
5. Recommendation

It can be recommended that there should be a doorstep supply

of medicines or special transportation facility for the vulner-

able population like pregnant women, bedridden, and elderly

people during a special situation like pandemic lockdowns.
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Abstract 

Background :The anatomical basis and variations of shape and size of glenoid cavity of scapula is of fundamental 
importance in understanding the rotator cuff disease, shoulder dislocation and to decide the proper size of the 
glenoid component in the shoulder arthroplasty The factors which pose to shoulder instability include 
abnormalities in the size, shape, and orientation of the articular surfaces; disruptions of the capsule, gleno-humeral 
ligaments, or labrum; the inadequacy of the short rotator muscles, particularly the subscapularis.  
Objective: We studied Morphometrical diameters and shapes of the glenoid cavity with labrum attached and 
without labrum. Therefore, glenoid dimensions and version are vital while a surgeon prepares to resurface the 
glenoid during shoulder arthroplasty and discuss the clinical correlation in detail. 

Material and Methods: The study was done on 21 human cadavers (42 shoulder joints), paired adult human 
scapulae. Measurement of superior to inferior diameter(mm) of the glenoid cavity with labrum attached ( A-B mm) 
and without  labrum attached ( a-b mm). Measurement of Anterior to posterior diameter(mm) of the glenoid cavity 
of lower side with labrum attached (C-D mm) and without labrum attached (c-d mm). Measurement of Anterior to 
posterior diameter(mm) of the glenoid cavity of lower side. Measurement of Anterior to posterior diameter(mm) 
of the glenoid cavity of upper side with labrum attached ( E-F mm) and without labrum attached (e-f mm). shape 
of the Glenoid Cavity and Thickness of the glenoid labrum were measured. 
Results: Of the 21 human cadavers (14 Male and 7 Female) , (42 shoulder joints) respectively. It was also observed 
that A-P diameter with labrum was higher in males as compared to females and the thickness of labrum was higher 
in females. A-P diameter of glenoid cavity without labrum was significantly higher in males as compared to females. 
Right side (P=0.05), and Left side (P=0.0216) ) Comparison of with and without labrum groups with respect to 
shape right  
Out of the total 42 glenoid cavity samples examined with labrum in 14 males, the incidence of IC shape was 33.33 
percent, O- 23.81 percent, P-were 9.52 percent, and round were 0.00 percent. And without labrum in males were 
observed to have incidence of IC shape was 33.33 percent, O- 23.8 1percent, P-were 9.52 percent, and round were 
0.00 percent. 
Conclusions: The glenoid dimensions and version are vital while a surgeon prepares to resurface the glenoid 
during shoulder arthroplasty and clinical correlation in detail. 
 
Keywords: Glenoid cavity, Glenoid labrum, Arthroplasty, Implant, Prosthesis, Cadavers. 

DOI Number: 10.14704/nq.2022.20.9.NQ44204       Neuro Quantology 2022; 20(9):1768-1775 

 

Introduction 
The study was done to determine various 
anthropometric measurements of scapula and 
glenoid cavity including the variations of its 
shape. The vertical diameter of the glenoid 
cavity is the longest and it is broader below than 
above. The surface is covered with hyaline 
cartilage in the fresh state and its slightly raised 

margins give attachment to a fibrocartilaginous 
structure –The glenoid labrum which deepens 
the cavity. 
 
The scapula is a thin, triangular plate of bone 
which lies at a tangent to the posterolateral 
surface of the thorax. It has a long, slightly 
thickened, medial border which meets the thin, 
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Concave, superior border at the superior angle 
and markedly thickened lateral border at the 
inferior angle. The lateral angle is the thickest 
part of the bone. It is truncated, the end forming 
the shallow, pear- shape glenoid cavity which is 
continuous with the rest of the neck, and faces 
anterolaterally to articulate with the 
hemispherical head of the humerus.1 
The glenoid rim presents a small notch on its 
anterior and upper part. 
(1) The glenoid notch prevents the attachment 

of fibro-cartilaginous glenoidal labrum to 
the glenoidal rim, which can be detached 
leading to Bankart, s lesion 

 
A knowledge of the shape and morphometry of 
glenoid fossa is essential for treating glenohumeral 
osteoarthritis. 2 The glenoid rim presents a small 
notch on its anterior and upper part.  The 
glenoid notch prevents the attachment of fibro-
cartilaginous glenoidal labrum to the glenoidal 
rim, which can be detached leading to Bankart, s 
lesion.3 

 
The anatomical basis and variations of shape 
and size of glenoid cavity of scapula is of 
fundamental importance in understanding the 
rotator cuff disease, shoulder dislocation and to 
decide the proper size of the glenoid component 
in the shoulder arthroplasty. Total shoulder 
replacement is also being used as treatment. (1) 
Today’s gold standard for primary glenoid 
replacement is a cemented all-polyethylene 
component t .4 The GC provides a vertical axis 
for the movement of the head of humerus during 
abduction and when the arm is raised to the 
shoulder height, the head slides into the smaller 
upper part of glenoid cavity which is deepened 
by glenoid labrum. 5 The glenoid rim presents a 
notch in its antero-superior part, due to which 
various shapes of glenoid cavity are described 
like pear-shaped, oval or inverted comma shape 
. 6,7,8. Studies done on soft tissue specimens have 
shown that when the glenoid notch is distinct, 
the glenoid labrum is often not attached to the 
rim of the glenoid at the site of the notch. This 
can be a predisposing factor in anterior 
dislocation of shoulder joint. Studies have also 
reported that the glenoid inclination is 
associated with full thickness rotator cuff tears. 
The basic modalities of treatment include repair 
of labrum, reinforcement of capsule by an 
overlapping repair and rearrangement of 

anterior muscles. Total shoulder repair is also 
being used as treatment .9 the factors 
contributing to stability the shoulder joint are 
the deepening of the glenoid cavity by the 
glenoid labrum; the suprahumeral support 
provided by the coracoacromial arch, the 
capsule is strengthened by the fusion of tendons 
of rotator cuff muscles and glenohumeral and 
coracohumeral ligaments. 10 The two most 
common shoulder pathologies that necessitate 
surgery are instability, such as recurrent 
anterior dislocation of the shoulder. 11 The 
Gleno-humeral joint is a multi-axial ball-socket 
synovial joint. In 75% of subjects, the glenoid 
fossa is retro tilted to about 7.4 degrees in 
relationship to the plane of the scapula. This 
relationship is important in maintaining 
horizontal stability of the joint and hence 
counteracting tendency toward anterior 
displacement of the humeral head .12,13,14. The 
normal glenoid morphology is described as pear 
shaped and only when glenoid loose enough 
anterior-inferior bone assume the shape of an 
inverted pear. A bone loss of more than 21% 
would cause instability despite soft tissue 
repair. 15.  The factors which pose to shoulder 
instability include abnormalities in the size, 
shape, and orientation of the articular surfaces; 
disruptions of the capsule, gleno-humeral 
ligaments, or labrum; the inadequacy of the 
short rotator muscles, particularly the 
subscapularis. 16,17. Joint instability subsequent 
to shoulder arthroplasty is one of the common 
complications reported to occur in up to 18.2% 
of cases.18 Glenoid component fixing without 
correction of glenoid version and can lead to 
decentring of metallic humerus ball resulting in 
wearing of glenoid component and failure; 
rocking horse phenomenon. 19. 

 

Therefore, glenoid dimensions and version are 
vital while a surgeon prepares to resurface the 
glenoid during shoulder arthroplasty.20 

 

Materials and methods 
 
Study design: Observational study 
 
Study setting: This study was conducted in the 
Department of Anatomy, Jawaharlal Nehru 
Medical College Belagavi Karnataka India.  
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Study participants: The study was done on 21 
human cadavers (42 shoulder joints), paired 
with adult human scapulae. Ethical Considerations: 
Prior written consent was obtained, and legal 
documentation was completed by the body 
donors, expressing self-willingness to donate 
their body to the medical field. 
 
Inclusion criteria: Shoulder joints with: 
Different shapes of glenoid cavity, with the 
fibrocartilaginous glenoid labrum. 
 
Exclusion criteria: Shoulder joints with: 
Presence of irregularity in the cartilage. 
Presence of marginal ossification and/ or 
osteophytes. 
 
Methods: Deep surgical incision was taken at 30 
degrees to 45-degrees positions with the 
coracoid process and deltopectoral groove as 
land marks. The study was conducted in 2017 to 
2018. 
 
The measurements of glenoid fossa and glenoid 
labrum were taken. 
 Measurement of superior to inferior 

diameter(mm) of the glenoid cavity with 
labrum attached (i.e., A-B mm).  

 Measurement of superior to inferior 
diameter(mm) of the glenoid cavity without 
labrum attached (i.e., a-b mm). 

 Measurement of Anterior to posterior 
diameter(mm) of the glenoid cavity of lower 
side with labrum attached (i.e., C-D mm). 

 Measurement of Anterior to posterior 
diameter(mm) of the glenoid cavity of lower 
side without labrum attached (i.e. c-d mm). 

 Measurement of Anterior to posterior 
diameter(mm) of the glenoid cavity of upper 
side with labrum attached (i.e. E-F mm). 

 Measurement of Anterior to posterior 
diameter(mm) of the glenoid cavity of upper 
side without labrum attached (i.e. e-f mm). 

 Observation of the shape of the Glenoid Cavity. 
 Thickness of the glenoid labrum 

 
 
 
 
 
 
 

RESULTS     
Table: 1. Comparison of male and females in with labrum 
group with respect to different parameters by independent 
t test 

 
 

 
 
1) According to the readings and the below 
table,  
S-I (AB) diameter of the glenoid cavity on the 
right side with labrum varied of male 36.82 and 
female 35.49 respectively. And on left 36.17 and 
34.11 between male and female respectively. 
 
The A-P (CD) of glenoid cavity with labrum on 
right side with labrum varied from male 27.90 
and female 26.77 respectively. And on left side it 
varied from 29.04 and 26.95 in between males 
and females respectively. 
 
The A-P (EF) diameter of glenoid cavity with 
labrum on the right side of male 24.61 and 
female 22.66. And that on the left side it varied 
from 23.72 to 21.39 in between male and female 
respectively. 
 
It was observed that S-I diameter with labrum 
was higher in males as compared to females 
It was also observed that A-p diameter with 
labrum was higher in males as compared to 
females. 
It was observed that the thickness of labrum 
was higher in females. 
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Table: 2) Comparison of male and females in without 
labrum group with respect to different parameters by 
independent t test 

 
*p<0.05 
 

 
 
2) According to the readings and the below 
table,  
S-I (AB) diameter of the glenoid cavity on the 
right side without labrum varied of male 38.15 
and female 35.76 respectively. And on left 37.91 
and 34.00 between male and female 
respectively. 
 
The A-P (CD) of glenoid cavity without labrum 
on right side varied from male 28.50 and female 
24.45 respectively. And on left side it varied 
from 27.72 and 24.76 in between males and 
females respectively. 
 
The A-P (EF) diameter of glenoid cavity without 
labrum on the right side of male 22.94 and 
female 21.88. And that on the left side it varied 
from 23.37 to 19.70 in between male and female 
respectively. It is observed that S-I diameter of 
the glenoid cavity without labrum was 
significantly higher in males as compared to 
females. (P=0.0285) 
 
It was also observed that A-P diameter of 
glenoid cavity without labrum was significantly 
higer in males as compared to females. Right 
side (P=0.05), and Left side (P=0.0216) 
 

Table 3: Comparison of male and females with respect to 
different parameters as a whole by independent t test   

 
*p<0.05 
 

 
 
3) In the present study the superior to inferior 
(AB) diameter of the glenoid cavity on the right 
side of both the male 37.49mm  and female to 
35.63 mm on and average respectively. 
 
And on the left side the superior to inferior (AB) 
diameter varied from male 37.04mm, and 
female was 34.06mm. In this study Anterior to 
posterior (CD) glenoid diameter on the right 
side of both male 28.20mm and female 25.61 
mm. And on the left side it varied i.e of male 
28.38mm in males and females25.86. In this 
study Anterior to posterior (EF) glenoid 
diameter on the right side of both male 
23.77mm and female 22.27 mm. And on to the 
left side of male 23.54 and that of females 
20.54 .It is observed that the vertical diameter 
was significantly higher  in males than in 
females (P=0.0201 and P=0.0316 respectively) 
 
It was also observed that A-P diameter was 
significantly higher in males as compared to 
females (P=0.0316) 
 
It was also observed that the thickness of 
glenoid labrum was higher in females. 
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Table 4: Comparison of with and without labrum groups 
with respect to shape right 

 
 
Figure: Comparison of with and without labrum groups 
with respect to shape right 

 
 
4) Comparison of with and without labrum 
groups with respect to shape right. 
 
Out of the total 42 glenoid cavity samples 
examined with labrum in 14 males, the 
incidence of IC shape was 33.33 percent, O- 
23.81 percent, P-were 9.52 percent, and round 
were 0.00 percent. 
 
And without labrum in males were observed to 
have incidence of IC shape was 33.33 percent, O- 
23.8 1percent, P-were 9.52 percent, and round 
were 0.00 percent. 
 
It was observed that there was no significant 
variations of the shape of the right side of the 
glenoid cavity without labrum in the males. 
 
When the same was observed in the females, the 
incidence of the shapes calculated with labrum 
of right side were IC shape was 4.76 percent, O- 
9.52 percent, P-were 14.29 percent, and round 
were 4.76 percent. 
 
And without labrum were IC shape was 4.76 
percent, O- 9.52 percent, P-were 14.29 percent, 
and round were 0.00 percent of the right side. 
 
From this it can be interpretated that the most 

common shapes observed in the males with 
labrum were   IC shape was 14.2 percent, P-were 
21.43 percent, of the right side. 
Whereas the most common shapes observed in 
the females with labrum were IC shape was 25 
percent, O-were 17.86 percent, of the right side. 
 
In females the incidence with labrum the shape 
of the glenoid cavity was: 
Were IC shape was 2.5 percent, O- 17.86 
percent, P-7.14 percent, and R -0.00 percent. 
And without labrum the incidence was IC shape 
was 2.5 percent, O- 17.86 percent, P-7.14 
percent, R-0.00 percent.  
 
From this it can be interpretated that on the left 
glenoid cavities examined of both male and 
female, the most common shapes observed in 
males with and without labrum were oval and 
pear shaped. 
 
And in females it was IC and oval with and 
without labrum respectively 
 
Table: 5Comparison of with and without labrum groups 
with respect to Shape left 

 
 
Figure: Comparison of with and without labrum groups 
with respect to Shape left 

 
 
5) Comparison of with and without labrum 
groups with respect to Shape left 
 
Comparison of male and females glenoid 
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cavities in with and without labrum groups with 
respect to the shape of left glenoid cavities were 
observed in males IC- 7.14%, O-14.29%, P-
21.43%, R-7.14%, these parameters were with 
labrum. 
 
And without labrum were observed to be in 
males IC- 7.14%, O-14.29%, P-21.43%, R-7.14%, 
these parameters were with labrum. 
 
So it can be interpretated that without labrum in 
males was also the same with respect to the 
males and females. 
 
Table:  6 Comparison of with and without labrum groups 
with respect to different parameters by independent t test 

 

 
 
6) Superior to inferior diameter of right (AB) 
glenoid cavity with labrum mean was observed 
36.38 and superior to inferior of right same 
without labrum mean was observed 37.35 and 
mean of superior to inferior left with labrum 
was 35.48 and without labrum was 36.60. 
 
 The mean values for Anterior to posterior right 
was (CD) of glenoid cavity with labrum was 
27.53 and without labrum was 27.15 and that of 
left with labrum was 28.34 and without labrum 
was 26.73. 
 
The mean values for Anterior to posterior of 
glenoid cavity right with labrum (EF) was 23.96 
and without labrum was 22.58 and that of left 
labrum was 22.94 and without labrum was 

22.14. 
Discussion:  
In our study, the most common shapes observed 
in the males with labrum were IC shape was 14.2 
percent, P-were 21.43 percent, of the right side. 
Whereas the most common shapes observed in 
the females with labrum were IC shape was 25 
percent, O-were 17.86 percent, of the right side. 
In females the incidence with labrum the shape 
of the glenoid cavity was: were IC shape was 2.5 
percent, O- 17.86 percent, P-7.14 percent, and R 
-0.00 percent. And without labrum the incidence 
was IC shape was 2.5 percent, O- 17.86 percent, 
P-7.14 percent, R-0.00 percent.  From this it can 
be interpretated that on the left glenoid cavities 
examined of both male and female, the most 
common shapes observed in males with and 
without labrum were oval and pear shaped. And 
in females it was IC and oval with and without 
labrum respectively. 
 
Table 1 Comparison of Superior to inferior diameter of 
right and left glenoid cavity by various author studies. 

 
 
Table 2 Comparison of Anterior to posterior diameter of 
the glenoid cavity by different Authors 

 
 
Table 1 Comparison of Superior to inferior 
diameter of right and left glenoid cavity by 
various author studies. 
 
Table 3 Comparison of Anterior to posterior diameter of 
upper side (i.e, E-F ) of glenoid cavity with other studies. 
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Table 4 Comparison of shapes of the glenoid cavity by 
different authors. 
In our present study one more shape Round was observed 
in one of left shoulder i.e 4.7% 

 
 
Conclusions:  
The anterior superior notch has deficient 
attachment of Glenoid labrum, the stability of 
the shoulder joint is weak and unstable at this 
point. So the orthopedic surgeons during 
shoulder joint arthroplasty can design a Glenoid 
cavity of oval shape or pear shape with the intact 
Glenoid labrum. So that stability of the shoulder 
joint is maintained. Therefore, glenoid 
dimensions and version are vital while a 
surgeon prepares to resurface the glenoid 
during shoulder arthroplasty and clinical 
correlation. 
 
References: 
CunninghamsManual of practical Anatomy 15 th edition 
Gupta S, Magotra R, Kour M. Morphometric analysis of 

Glenoid Fossa of Scapula. Journal of Evolution of 
Medical and Dental Sciences.2015; Vol. 4, Issue 45, June 
04; Page: 7761-7766, DOI:  

      10.14260/jemds/2015/1129 
Prescher A, Klumpen T. The glenoid notch and its relation 

to the shape of the glenoid cavity of the scapula. J 
Anat.1997;190:457-460. 

Karelse A, Kegels L, De Wilde L. The pillars of the 
scapula.Clin Anat. 2007;20; 392-399. 

Gandhi K, Verma V, Ubbaida S, Satpute S. The Glenoid 
Cavity: its morphology and clinical significance. Int. J. 
Curr. Res. Med. Sci. 2015; 1(6): 1-5 

Moore KL, Dalley AF, Agur AM. Clinical oriented anatomy. 
6th Ed. Lippincott Wiliams& Wilkins, Philadelphia, 
2010. 

Standring S, Gray’s Anatomy. TITLE?. 40th Ed., New 
York,Churchill Livingstone. 2008:794-821.  

Breathnach AS. Frazer’s Anatomy of the human skeleton, 
6th ed. London: J and A Churchill ltd, 1965:pp. 63-70. 

Chhabra N, Prakash S, Mishra B K. AN ANATOMICAL STUDY 
OF GLENOID CAVITY: ITS IMPORTANCE IN SHOULDER 
PROSTHESIS. International Journal of Anatomy and 
Research, 2015, Vol 3(3):1419-24. ISSN 2321- 4287 
DOI:  

       http://dx.doi.org/10.16965/ijar.2015.252 
GirishV.Patil, Sanjeev I. Kolagi & Umesh Ramdurg. 

Morphometrical Study of Scapular GlenoidCavities. 
Global Journal of Medical Research: Orthopedicand 
Musculoskeletal System. Vol 14 Issue 2; International 

Research JournalPublisher: Global Journals Inc. 
(USA)ISSN: 2249-4618  

Surgical exposures in orthopaedics the anatomical 
approach by Stanley hoppenfeld Peitdeboer 3 rd 
edition 

Sarrafian SK. Gross and functional anatomy of theshoulde. 
ClinOrthop1983;173:11-18 

Saha AK. Dynamic stability of the glenohumeraljoint. 
ActaOrthopScand 1971;42:491-505. 

Saha AK. Mechanics of elevation of glenohumeraljoint: Its 
application in rehabilitation of flail shoulderin upper 
brachial plexus injuries and poliomyelitisand in 
replacement of the upper humerus byprosthesis. 
ActaOrthopScand 1973; 44:668-678. 

Burkhart SS, DeBeer JF. Traumatic glenohumeral bone 
defects and their relationship to failure of arthroscopic 
bankartre pairs: significance of the inverted pear 
glenoid and the humeral engaging Hill-sachs lesion. 
Arthroscopy. 2000;16:677-694 

Frankel VH, Nordin M (eds). Basic Biomechanics of the 
Skeletal System. Victor Hirsch Frankel Lippincott 
Williams & Wilkins, 2001. 

Reeves B: Experiments on the tensile strength of the 
anterior capsular structures of the shoulder in man.J 
Bone Joint Surg [Br]. 1968;50:858-865. 

Moeckel BH, Altchek DW, Warren RF, Wickiewicz TL, Dines 
DM. Instability of the shoulder after arthroplasty.J Bone 
Joint Surg Am 1993;75(4):492-497. 

Walch G et al, Glenoid morphology in OA. 
Walchclassification., J Arthroplasty, 1999; 14:756-760 

Stability of the shoulder joint: Cadaver study of stabilizing 
structuresJørgenOvesen& Strange Nielsen To cite this 
article: JørgenOvesen& Strange Nielsen (1985) 
Stability of the shoulder joint: Cadaver study of 
stabilizing structures, Acta Ortho paedica Scandinavica, 
56:2, 149-151, DOI: 10.3109/17453678508994342 To 
link to this article:   

       http://dx.doi.org/10.3109/17453678508994342 
Mamatha T, Pai SR, Murlimanju BV, Kalthur SG, Pai MM, 

Kumar B.Morphometry of Glenoid Cavity.Online J 
Health Allied Scs. 2011;10(3):7 URL:  

       http://www.ojhas.org/issue39/2011-3-7.htm 
Moore KL, Dalley AF, Agur A M. Clinical Oriented Anatomy. 

6th . Lippincott Williams and Wilkins, Philadelphia, 
2010. 

Sinnatamby CS. Last’s Anatomy, Regional and Applied 
2006.11th ed. London: Churchill Livingstone; pp. 50-52. 

Yu JS, Greenway G, Resnick D. Osteochondral defect of the 
glenoid Fossa: Cross-sectional imaging features. 
Radiol1998;206:35-40. 

Kate Deepali R, Ajari A, Chandanwale A, Bahetee B H , 
Babhulkar A. OSSEOUS ANATOMY OF GLENOID: 
CADAVERIC STUDY. 2016. International Journal of 
Anatomy and Research; Vol 4(2):2473-79. ISSN 2321-
4287DOI:  

       http://dx.doi.org/10.16965/ijar.2016.242. 
Shewale S N, Laeeque MD , Sukre S B , Patil S C. 

MORPHOMETRIC STUDY OF GLENOID CAVITIES OF 
SCAPULAE IN MARATHWADA POPULATION. International 
Journal of Anatomy and Research, 2017, Vol 
5(2.1):3759-65. ISSN 2321-4287 DOI:  

       https://dx.doi.org/10.16965/ijar.2017.169. 
Kumar Mahto1, Omar S. Dimensions of Glenoid Fossa of 

Scapula. Implications in the Biomechanics of an 

http://dx.doi.org/10.16965/ijar.2015.252
http://dx.doi.org/10.3109/17453678508994342
http://www.ojhas.org/issue39/2011-3-7.htm
http://dx.doi.org/10.16965/ijar.2016.242
https://dx.doi.org/10.16965/ijar.2017.169


Neuro Quantology | August 2022 | Volume 20 | Issue 9 | Page 1768-1775 | doi: 10.14704/nq.2022.20.9.NQ44204 
Syeda Noorulain, Athyusha Korvi, Dr. Sai Sailesh Kumar Goothy, A Study of serum cortisol levels in psoriasis and its association with the 
severity of the disease 

 

1775 

Implant Design 2015, Katihar Medical College, Katihar, 
Bihar, India DOI: 10.17354/ijss/2015/324 

ANDREAS PRESCHER AND THOMAS KLU.  The glenoid 
notch and its relation to the shape of the glenoid cavity 
of the scapula MPEN. Institute of Anatomy, RWTH 
Aachen, Germany .1997; 190, pp. 457-460. 

Gurusharan Singh Dhindsa .A study of Morphology of the 
Glenoid Cavity. Medical and Dental Sciences 2014; 
Page:7036-7043, 

AbduelmenemAlashkham, AbdulrahmanAlraddadi, Roger 
Soames , Morphometric parameters of the Glenoid 
Fossa with the labrum attached.Centre for Anatomy 
and Human identification, University of Dundee, 
Dundee. United Kingdom, Human Anatomy Department, 
Faculty of Medicine, University of Zawia, Zawia, 
Libya.2016, 8(2): 93-97 

 

Photographs 
1. Superior to inferior diameter  with glenoidal 
labrum attached.(i.e, A-B) no-Right 

 



Perception of undergraduate medical students 

 

617 

Turkish Online Journal of Qualitative Inquiry (TOJQI) 

Volume 13, Issue 1, January 2022: 617-626 

 

 

Perception of undergraduate medical students to the existing learning 

environment, India 

  

Dr.  Aruna Kumari Yerraa, Dr.Bhagyashri R Hungund b,Dr.Madhuri.Taranikanti c, 

Dr.Sudha Bala d 

 
a Assistant Professor , Department of Obstetrics & Gynaecology, ESIC Medical College,  Hyderabad, 

Telangana, India 
b   Professor, Department of Pathology, JNMC, Belagavi, Karnataka, India. 

c  Additional Professor , Department of Physiology,  All India Institute of Medical Sciences, Bibinagar, 

Hyderabad, Telangana, India 
d Assistant Professor , Department of  Community Medicine, ESIC Medical College,  Hyderabad, Telangana, 

India 

 

Abstract 

 The learning environment of a medical institution is measurable and can be changed to enhance the 

quality of medical education. DREEM (Dundee Ready Education Environment Measure) is a valid 

and reliable tool to measure the learning environment. The study aims to know the perception of 

medical students about the existing learning environment and to find the problem areas in it. A cross-

sectional study was conducted on 300 medical students of the third, sixth and seventh semesters, 

studying at ESIC Medical College. DREEM questionnaire was used to know the students' perception 

of the existing learning environment. Descriptive statistics and one-way ANOVA were used to analyze 

the data.  Overall mean DREEM score for all academic years was 123.90 + 21.6. Mean domain scores 

of, Students' Perception of Learning (SPL), Students' Perception of Teachers (SPT), Students' 

Academic Self Perception (SASP), Students' Perception of Atmosphere (SPA), Students' Social Self 

Performance (SSSP) were 30.79+5.42, 28.01+4.96, 20.87+4.24, 30.33+6.71, 16.74+4.20 respectively. 

Comparison of the mean domain scores among three semesters was found to be statistically significant. 

The items, the teaching over emphasized factual learning (q25), unable to memorize the required 

content (q27), and the stress of the course (q42) had mean item scores of 1.68,1.87 and 1.98 

respectively.  This study showed that the majority of students had "more positive than negative" 

perceptions, interpreting that the institution provides a reasonably good learning environment. 

However, it identifies certain problem areas that need to be addressed to enhance the quality of medical 

education. 

Keywords:  Learning environment, DREEM, Problem areas 
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1. Introduction   

Every medical student must have an opportunity to learn in a positive environment, enjoy the learning 

process, feel comfortable, and content within it. The learning environment of an institute is defined as 

everything that is happening in the classroom, department, faculty, or university (Genn JM,2001). It 

includes the educational, physical, social, and psychological aspects of the medical course that plays a 

significant role in the professional and moral development of the medical students( Kennedy C, 

2013).It involves the students' perceptions of the available support structures, level of autonomy in 

their learning, their emotional response, and the inherent meaning they find in the education process 

(Marshall RE,1978). 

A positive learning environment fosters a healthy relationship between teachers and students. It 

encourages self-directed learning among the students and has an impact on students' perception of 

wellbeing( Roff S, 2005), academic achievements(Jamaiah I, 2008) and their future aspirations. An 

excellent educational environment reflects a quality curriculum. Thus, all medical education programs 

should emphasize on improving their learning atmospheres. Various tools including qualitative 

approaches by Seabrook (SeabrookM.A,2004)and questionnaires by Audin (Audin, K., Davy, J. & 

Barkham, M, 2003) have been utilized for evaluating the learning environment of an institution. But 

the most reliable and valid tool for assessing the learning environment of an institution is the one 

developed by an international Delphi panel in Dundee, Scotland called DREEM-Dundee Ready 

Education Environment Measure (Roff S,2005). DREEM not only finds the perception of medical 

students about the learning environment but also compares them across students of various phases of 

the MBBS course. It also finds the strengths and deficiencies in the learning environment. A systematic 

review, by Soemantri concluded that DREEM is the best tool for evaluating medical students' 

perceptions of the learning environment . (Soemantri D, Herrera C, Riquelme A, 2010). 

2.Significance Of The Study  

The students' perception of various components of the learning environment and their influence on the 

learning process is variable. Thus, if we evaluate how various elements in the learning environment of 

a given institution are perceived by the students and teachers, we can modify them, to enhance the 

quality of medical education.  

3.Review Of Related Studies 

Riquelma Etal in their study reported that the school's educational climate was generally perceived 

positively by students, although they viewed the school's social environment less favourably. Specific 

areas identified by students as needing improvement included an overloaded curriculum and 

inadequate student supports. (Riquelme A, Oporto M, Oporto J, Méndez J I, Viviani P, Salech F, 

Chianale J, Moreno R, Sánchez I, 2009). 

Kohli concluded in their study using the DREEM questionnaire  that improvement is required across 

all domains of the educational environment at their institution and Students, particularly of the eighth 

semester, perceived the teaching negatively. The lowest scores were given to the support system, 

burdensome course content, and factual learning; thus, a hybrid curriculum that includes problem-

based learning might provide students with stimulating learning; structured clinical teaching with 
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specific curricular objectives, as well as mentoring of senior students by faculty and near-peers, might 

improve the learning environment for senior students(Kohli V and Dhaliwal U , 2013).  

4.Objectives Of The Study 

 1. To know the medical students' perception of the existing learning environment 

2.To compare the perceptions among the students' in different phases of the MBBS course and  

3.To find the strengths and weaknesses in the existing learning environment. 

5.Hypotheses Of The Study  

•  Medical students perceptions about the existing environment are moderate 

• There is no significant difference between  perceptions  of learning environment and different 

phases of the MBBS Course 

• There is no significant difference in strengths and weaknesses of the existing learning 

environment 

6.Population And Sample  

 A cross-sectional study was conducted in the Department of Medical Education at ESIC Medical 

College, Telangana, India during November- December 2019.Employees State Insurance Corporation 

(ESIC) Medical College, under the aegis of ESI Corporation, Ministry of Labour and Employment, 

Government of India, is an MCI permitted Medical College and Hospital located in Hyderabad, 

Telangana, a southern state in India. The College which is affiliated to Kaloji Narayana Rao University 

of Health Sciences, Warangal was approved by the Medical Council of India (MCI) in the year 2016 

and has an intake of 100 students every year. Presently this Medical College caters to 400 medical 

students in different phases of the MBBS course. All the students (regular batch and repeaters) who 

have passed at least one of the university examinations in the past 3 years (3rd, 6th, and 7th semesters 

of MBBS course) were included in the study. (N=300)Institutional Ethical Clearance was obtained 

(IEC No-ESICMC/F0144/11-2019). 

Procedure and Data Collection 

The students were oriented about the study through a didactic lecture. An online DREEM questionnaire 

was generated and shared through WhatsApp and Email to all the students who consented to the study. 

The responses were collected through the same process. DREEM is a 50-item closed question 

questionnaire in which each item (question) falls into one of the 5 domains, Students Perception of 

Learning (SPL), Students Perception of Teachers (SPT), Students Academic Self Perception (SASP), 

Students Perception of Atmosphere (SPA), Students Social Self Performance (SSSP). Each item is 

marked on a 5-point Likert scale- scoring 4 for Strongly Agree (SA), 3 for Agree (A), 2 for Uncertain 

(U), 1 for Disagree (D), and 0 for Strongly Disagree (SD). 9 out of 50 items (Questions 4, 8, 9, 17, 25, 

35, 39, 48, and 50) are negative statements and scored in the reverse order (0-strongly agree to 4-

strongly disagree). 
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The responses were analyzed at 3 levels- overall mean DREEM scores, the mean scores for each 

domain, and the mean scores for each item. The maximum overall DREEM score calculated was 200 

while the maximum domain scores were 48, 44, 32, 48, and 28 for SPL, SPT, SASP, SPA, and SSSP 

respectively. Interpretation of the learning environment was done using the guide given by Roff in 

2002. A score of 0 – 50 indicated a "very poor, 51–100 an environment with ''plenty of problems, 101 

to 150 an environment which is' 'more positive than negative,'' while 151 – 200 indicated an "excellent" 

environment. All the scores were calculated and compared among the 3 academic year students. 

Specific strengths and weaknesses in the learning environment were assessed by interpreting the mean 

scores of individual items in the questionnaire. Items with a mean score of 3.5 or more were considered 

as strengths and those with a mean score of 2 or less were considered as problem areas in the learning 

environment.  

6.1.Statistical Techniques Used in the Present Study 

 Descriptive statistics such as frequency, mean and standard deviation, and one-way ANOVA for 

comparisons were used. 

6.2.Data Analysis and Interpretation  

 Out of 300 medical students, 263 participated in the study with a response rate of 87.6%. The overall 

mean DREEM score was 123.90+21.6. Out of 263 students 212 (80.6%) students perceived that the 

existing learning environment was more positive than negative, 2/263 (0.8%) felt that it had plenty of 

problems, 23/263 (8.7%) perceived that the learning environment was excellent. Comparisons among 

different phases of the MBBS course showed that 71(79%),77(81%), and 64(82%) of the students from 

the third, sixth and seventh semesters had overall positive perceptions about the learning environment. 

Analysis of mean domain scores was done for different semesters and compared. Table 1 gives the 

details of semester wise comparisons of SPL, SPT, and SASP.  

Table 1: Semester wise interpretation of subscale scores in SPL, SPT and SASP 

        Domain  3rd semester 

(n=90) 

6th semester 

(n=95) 

7th semester 

(n=78) 

SPL 

• Very Poor  

• Teaching Viewed negatively 

• A more positive approach 

• Teaching highly thought of 

 

  0 (0%) 

  4 (5%) 

71(79%) 

15(16%) 

 

  1(1%) 

10(11%) 

76(80%) 

  8(8%) 

 

  1 (1%) 

13(17%) 

61(78%) 

  3(4%) 

SPT 

• Abysmal 

• In need of some retraining  

• Moving in the right direction 

• Model Teachers 

 

   1(1%) 

   3(3%) 

 67(75%) 

 19(21%) 

 

 1(1%) 

 8(8%) 

82(86%) 

  4(5%) 

 

 1(1%) 

 7(9%) 

67(86%) 

  3(4%) 

SASP 

• Feeling of total failure 

• Many negative aspects 

• Feeling of more on positive side 

• Confident 

 

  0(0%) 

  7(8%) 

61(68%) 

22(24%) 

 

 

  0(0%) 

  8(8%) 

75(79%) 

12(13%) 

 

  2(3%) 

14(18%) 

54(69%) 

  8(10%) 
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The study found that 71(79%) students in the 3rd semester, 76(80%) in the 6th semester and 61(78%) 

in the 7th semester had a more positive perception about learning (SPL). 67(75%), 82(86%), and 

67(86%) students in 3rd, 6th, and 7th semesters respectively considered that teaching was moving in 

the right direction. Students' academic self-perception was felt more on the positive side among 

61(68%), 75(79%), and 54(69%) students in the 3rd, 6th, and 7th semesters respectively. Students' 

Perception of the atmosphere (SPA) and Student's Social Self-Perception (SSSP) for all three 

semesters is detailed in Figure 1 and Figure 2. 

Fig 1: Semester wise interpretation of scores for student’s perception of atmosphere 

 

Fig 2: Semester Wise interpretation of Scores for Students Social Self Performance 

 



          Dr.Aruna Kumari Yerra, Dr.Bhagyasri R.Hungund, Dr.Madhuri Taranikanti, Dr.Sudha Bala 

 

622 

Comparison of the overall mean DREEM score and domain mean scores across different semesters 

Semester wise analysis of overall DREEM mean scores showed that the highest mean score was 

reported in 3rd followed by 6th and 7th-semester students. Comparison of the domain mean scores 

showed a statistically significant association among the students of different semesters. The details are 

represented in Table 2. 

Table 2 Semester wise comparisons of overall and domain mean score 

Items (questions) with highest and lowest mean scores in each domain 

DREEM inventory considers items with a mean score of 3.5 or more as positive points i.e., strengths 

in the learning environment, and those with a mean score of 2 or less as problem areas that need to be 

addressed. The main strengths in the learning environment according to our study are the students' 

confidence about passing their examination (q10), teachers' are knowledgeable (q2), and learning 

empathy in the professional course(q31) with mean item scores of 3.94,3.84 and 3.74 respectively.  

Problem areas identified in our study are teaching over emphasized factual learning (q25), unable to 

memorize the required (q 27), and stress of the course (q42) with mean item scores of 1.68, 1.87 and 

1.98 respectively (Figure 3) 

 

 

 

Domains 3rd semester 

   (n=90) 

 6th semester 

    (n=95) 

 7th semester 

   (n=78) 

  Total  

 (n=263) 

p value 

SPL 32.53+5.14 30.81+5.26 28.75+5.27 30.79+5.42 0.0001 

SPT 29.87+5.51 27.83+5.51 26.10+4.24 28.01+4.96 0.0002 

SASP 22.26+3.87 20.67+3.64 19.50+4.83 20.87+4.24 0.008 

SPA 29.91+5.62 28.63+5.68 27.11+5.14 30.33+6.71 0.005 

SSSP 17.57+3.61 16.67+3.81 15.92+2.82 16.74+4.20 0.005 

Overall score 132.1+21.2 123.01+20.38 115.50+20.16 123.90+21.6 0.0001 
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Figure 3: Items with mean scores of < 2 : Problem areas 

 

This study was conducted to know the perception of medical students to the learning environment in 

a medical college which has received a Letter of Permission from the Medical Council of India in 

2016. Our Medical College which is located in the heart of the city, not only caters to MBBS students 

with general merit (eligibility through an all India common entrance test) but also children of insured 

persons with ESI corporation. Thus, it has students belonging to different socio-economic and 

geographic strata. 

DREEM inventory is used as an evaluation tool to detect deficiencies in the educational environment 

and to compare the experiences among different groups working in such a system. It is also been used 

to determine the relationship between the educational environment and other measures operating in it 

(Miles S, Swift, Leinster SJ, 2012).  

The response rate among the medical students belonging to the 3rd,6th, and 7th semester in our study 

was 87.6%. The overall mean DREEM score was found to be 123.90+21.6 which interprets that the 

students have "a more positive than negative" perception about our learning environment. 

Semester wise comparison of the mean domain scores for SPL was 32.53+5.14, 30.81+5.26, and 

28.75+5.27 for 3rd, 6th, and 7th semester respectively. Similar comparisons for SPT, SASP, SPA and 

SSSP for 3rd,6th and 7th semester was: (29.87+5.51, 27.83+5.51, 26.10+4.24), (22.26+3.87, 

20.67+3.64,19.50+4.83), (29.91+5.62, 28.63+5.68, 27.11+5.14), (17.57+3.61,16.67+3.81, 

15.92+2.82) respectively. These comparisons were statistically significant. The mean scores for each 

domain were found to be significantly higher in the 3rd semester followed by the 6th and 7th semesters. 

The domain with the highest mean score was SPL (30.79+5.42) followed by SPA and SPT. SSSP had 

the least mean domain score (16.74+4.20). 

Similar findings were reported in a study conducted by Tadessa et al. on 106 undergraduate students 

at Adis Ababa [Ethiopia]. The overall mean DREEM score was 130.73 interpreting a positive 

perception of the students to their learning environment. SPL had the highest mean domain score 

(31.73) followed by SPA (31.53) and SPT (29,08) (Ayalew Zewdie Tadesse, Selamawit Alemayehu 

and Dejene Tagesse, 2019)  On the contrary, a study conducted by Arezou Farajpour among medical 

students of Iran, found an overall mean DREEM score of 93.7+23.4 interpreting that the students had 
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mixed perceptions about their learning environment ranging from an environment with plenty of 

problems to a more positive environment. The highest mean domain score found in this study was 

student's perception of educational environment 22+7 followed by SPT 22+5.8, SPA 18.5+7, SSSP 

15.5+4, and the least SASP 15.4+5.4(Farajpour A, Raisolsadat SMA, S Moghadam S, Mostafavian Z, 

2017).   Riqulme et al in their study on Chile medical college students found a response rate of (90.5%). 

The overall mean DREEM score was 127.5+20.9 and the domain with the highest mean score was 

SASP (22.3 + 4.1). The domain with the lowest mean score was SSSP (15.9 +4.0) which is similar to 

our study. The overall mean scores were significantly lower for 5th-year medical students (119.3 + 

20.2) compared to 3rd and 4th-year students -128.8 + 21 & 132.5 +19.7 respectively( Riquelme A, 

Oporto M, Oporto J, Méndez J I, Viviani P, Salech F, Chianale J, Moreno R, Sánchez I, 2009). Sandhya 

Sharma, in a study at a private Medical College of Udaipur [ Rajasthan], had reported a more positive 

perception of medical students to the educational environment with an overall mean DREEM score of 

118.39+13.97 and 112.46+21.19 among the students of 1st and 2nd-year medical course. SPT had the 

highest mean domain score followed by SPL and SPA. Both the groups were not satisfied with their 

Social Self-perception( Sharma S, Kaur M, 2016). 

The variation in the DREEM scores in different countries and settings can be explained by factors like 

curriculum adopted in government and private institutions, available infrastructure, and approach of 

the management to medical education.  

Our study focused on the items with the mean scores of >/= 3.5 and <2 to find the strengths and 

problem areas in the learning environment respectively. Three items with a mean score of >/=3.5 were- 

students' confidence about passing the exams, knowledgeable teachers, learning empathy in the 

medical profession. The items with a mean score <2 included- teaching over emphasized factual 

learning, unable to memorize the subject and stress during the medical course.  

Similar to ours, Varun Kohli in a study on undergraduate medical students of the University of Delhi, 

found three highest-rated items- knowledgeable teachers, having good friends, and confidence about 

passing exams. Poor support system for stressed students, unable to memorize, and over-emphasis on 

factual learning were identified as problem areas in his study( . Kohli V and Dhaliwal U , 2013). Patil 

AA and Chaudhari VL in their study at Terna Medical College, Navi Mumbai found that none of the 

items had scores above 3.5. However, the positive points identified by the students were the teachers 

are knowledgeable, students have good friends, and their confidence about passing the exams. The 

problem areas observed in their study were authoritative teachers, overemphasis on factual learning 

and more teacher-centered learning( Patil AA and Chaudhari VL, 2016). In the study mentioned 

earlier, which was conducted at Adis Ababa, Ethiopia documented that the items with a mean score of 

< 2 required immediate intervention. These include- the course organizers ridiculing their students, the 

problem of cheating in the course, and lack of a good support system for stressed out students( Ayalew 

Zewdie Tadesse, Selamawit Alemayehu and Dejene Tagesse, 2019). 

The SPL domain of our study identified that teaching overemphasized factual learning. This could 

have been due to the practice of traditional methods of learning in some of the departments of the 

college. Innovative teaching methods like problem and case-based learning can be introduced to make 

learning more interesting for the students. Our study also identifies the difficulty of the students to 

memorize everything which could be due to the overloaded syllabus and the traditional assessment 
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methods. Stressful experiences of the students can be reduced by strengthening the social support 

system of the institute. Emotional fatigue of the students can be reduced by encouraging peer 

mentoring and also by enhancing the mentee-mentor relationship. 

7. Recommendations 

We recommend that innovative teaching and learning methods to be implemented to make learning 

more interesting for the students. Students should be encouraged for self-directed learning to raise 

confidence levels. Teachers should be motivated to refreshen their knowledge and skills by 

participating in internal and external faculty development programs. Peer mentoring and social support 

should be extended to all students to yield productive learning. This is the pioneer study in our medical 

college and hence serves as a study to evaluate the changing trends in the learning environment over a 

period of time. 

 The results are not conclusive as it is a cross-sectional study and is a reflection of medical students 

during the study period. These reflections might change over a period of time. To get a better picture 

of the learning environment, there is a need to sustain such studies. Despite using DREEM inventory 

in its original form and a simplified language, the response rate of the students was 87.6%. This could 

be because the DREEM inventory was digitally circulated to the students and the researcher was not 

available to clarify their doubts at the time of submission. 

8. Conclusions 

Our study had the majority of the item scores in "a more positive than negative" range interpreting that 

the institution provides a reasonably good educational environment. It also identifies certain problem 

areas that need to be addressed to enhance the quality of medical education in the institution.  
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Comparison of efficacy of filter paper 
cyanmethemoglobin method with 
automated hematology analyzer for 
estimation of hemoglobin
Lalit Kumar, Ranjit Kangle

Abstract:
BACKGROUND: Screening of hemoglobin (Hb) before blood donation is one among the vital tests. 
It is performed to select a blood donor to prevent the collection of blood from an anemic person. 
However, no accurate, cost‑effective, reliable, and standardized method is available to estimate Hb.
OBJECTIVE: The aim is to evaluate the efficacy of filter paper cyanmethemoglobin (FPCH) method 
with the automated hematology analyzer in the estimation of Hb concentration for screening of a 
suitable donor.
METHODOLOGY: This was a cross‑sectional study in which the blood samples of 2000 patients 
visiting KLE’s Dr. Prabhakar Kore Charitable Hospital, Belagavi, were collected in vials and directly 
estimated for Hb using automated hematology analyzer. To evaluate the efficacy of FPCH, 20 μL of 
blood sample was transferred onto Whatman filter paper and dried at room temperature. After drying, 
it was placed in 5 mL of Drabkin’s solution for 30 min. Optical density was estimated by measuring 
the absorbance. Data were analyzed using  SPSS version 20. The correlation coefficient, paired 
t‑test, and difference between the means of both the methods were calculated.
RESULTS: The mean Hb estimated by FPCH was 11.25 g/dL and automated hematology analyzer 
gave 11.35 g/dL. The difference in the means of both the methods was 0.1 g/dL. Paired t‑test was done 
to test the level of significance and the result was 8.151 (95% confidence interval: 0.08–0.13 g/dL, 
P < 0.001). The correlation coefficient was found to be 0.976 (P < 0.001).
CONCLUSION: FPCH is an efficient method, which is comparable to the automated hematology 
analyzers for Hb estimation. It could be used as an alternative screening tool for detection of Hb in 
a blood donation camp.
Keywords:
Automated hematology analyzer, filter paper cyanmethemoglobin, hemoglobin

Introduction

Hemoglobin (Hb) is a two‑way, iron‑
containing, and oxygen‑transporting 

carrier protein found in the red blood cells 
(RBCs). It is made up of four connected globin 
chains: two alpha‑ and two beta‑globin 
chains. Porphyrin is an iron‑containing 
heme compound, which is vital for the 

transportation of gasses. Hb helps in 
transportation of oxygen from lungs to the 
tissues and carbon dioxide from tissues 
to the lungs. Carbon dioxide binds to the 
globin protein as carbaminohemoglobin.[1] 
It maintains the shape of the RBCs; if the 
Hb structure is abnormal, it can interfere 
with the flow and function of RBCs. It 
constitutes approximately 90% of the RBC’s 
dry weight.[2,3]

Anemia is the deficiency of Hb in the RBC. 
According to a survey conducted by the 
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World Health Organization (WHO) in 93 countries 
around the world, 1.62 billion people have been affected 
from anemia. Iron deficiency anemia (IDA) is the most 
common cause of anemia. It is a serious health problem, 
as it affects the development, work performance, and 
behavior of an individual.[4‑6] IDA can be treated by oral 
supplementation of iron, which has proved to improve 
the overall status of health.[7] Therefore, it is vital to 
estimate Hb to eliminate anemia. However, due to lack of 
proper standard methods for estimating Hb in the rural 
and some inaccessible areas in developing countries, 
multitudes of people are suffering from anemia.[8]

A simple, cost‑effective yet reliable, and accurate 
method to determine Hb level is the need of the 
hour. Numerous methods and devices based on 
different principles are available such as Sahli’s acid 
hematin method, hemoglobin color scale (HCS), filter 
paper cyanmethemoglobin (FPCH), and automated 
hematology analyzer.[8,9] In our study, the efficacy of 
FPCH method and automated cell counter using sodium 
lauryl sulfate (SLS) method is compared to estimate Hb 
levels in terms of accuracy, cost, and reliability.

Methodology

This 12‑month, cross‑sectional study was conducted 
at KLE’s Dr. Prabhakar Kore Charitable Hospital and 
Medical Research Centre, Belagavi, between January 2014 
and December 2014. A total of 2000 patients were studied 
after obtaining their consent. Patients undergoing routine 
blood investigation at the Department of Pathology 
of KLE’s Dr. Prabhakar Kore Charitable Hospital and 
Medical Research Centre, Belagavi, were included 
in the study. Clotted and hemolyzed blood samples 
were excluded from the study. Ethical clearance was 
obtained before the commencement of study from 
the Institutional Ethics Committee of Human Subjects 
Research, Jawaharlal Nehru Medical College, Belagavi.

The blood (2 mL) was collected from all the study 
participants following aseptic precautions in an 
ethylenediaminetetraacetic acid (EDTA) Vacutainer 
tube from the patients. To eliminate investigator bias, 
single‑blinding was done and samples were coded 
using random six digit code. The Hb level of the coded 
sample was estimated using the five‑part automated 
hematology analyzer, which undergoes daily quality 
control tests. For FPCH method, the blood sample (20 μL) 
was transferred onto Whatman filter paper and dried at 
room temperature. The dried samples were individually 
placed in 5 mL of Drabkin’s solution in a test tube for 
30 min. The optical density (OD) is read using a digital 
colorimeter at an absorbance wavelength of 540 nm. It 
was calibrated to zero using distilled water. First, the 
standard for the cyanmethemoglobin was estimated 

and recorded. After 30 min, the OD of the samples was 
recorded. Hb values for indirect cyanmethemoglobin 
method were calculated using the formula:

� � 540

540

A of test sample
Hb g /L = ×

A of standard

Dilution factor(251)
concentration of standard ×

1000

Where,

A540 of test sample: absorbance of the test sample at 
540 nm.

A540 of standard: absorbance of the Hb standard at 
540 nm.

Concentration of  standard:  concentration of 
hemiglobincyanide (HiCN) in the solution; it is taken 
as 60 mg/dL

Dilution factor was taken as 251 (20 μL of blood plus 
5 mL of reagent).[10]

All the data obtained were tabulated on Microsoft Excel 
spreadsheet and analyzed using  SPSS version 20 (SPSS, 
Inc., Chicago, IL). The correlation coefficient between the 
two methods was calculated and paired t‑test was used 
to determine the difference between the mean values of 
the two methods.

Results

A total of 2000 patients were studied for 12 months. 
Patients were from all walks of life with age varying 
from day 1 infant to 92 years adult. The majority of the 
patients were between the age of 11 and 60 years (75.7%). 
Out of 2000 patients, 965 (48.25%) were women and 
1035 (51.75%) were men.

According to the WHO recommendation for classification 
of anemia in various age‑groups, the patients were 
allotted different subgroups according to their age and 
Hb values. On the basis of age, patients were divided 
into age‑groups such as 6–59 months, 5–11 years, and 
12–14 years. Patients aged more than 15 years were 
subdivided into groups of men, women, and pregnant 
women. Furthermore, based on the Hb values estimated 
by automated hematology analyzer and FPCH, each 
group was further divided into normal, mild, moderate, 
and severe anemia as per the recommendations of the 
WHO.[11]

The outcome of this study suggests that 66.7%, 56.1%, 
and 64.7% of children between the age of 6–59 months; 
5–11 years; and 12–14 years of age were anemic, 
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respectively. Among the adults, 62% of men, 67% of 
women, and 67% of nonpregnant women were found 
to be moderately anemic. The mean Hb value estimated 
for FPCH and automated hematology analyzer was 
11.25 g/dL (standard deviation [SD] ±2.55 g/dL) and 
11.35 g/dL (SD ± 2.51 g/dl), respectively. The difference 
in the means of both the methods was 0.1 g/dL. This 
signifies that values obtained from the FPCH method 
are equivalent to the value provided by hematology 
analyzer. The level of significance was tested by paired 
t‑test and the result was 8.151 (95% confidence interval: 
0.08–0.13 g/dL, P < 0.001). Correlation coefficient was 
found to be 0.976 [P < 0.001; Table 1 and Figure 1]. The 
percentage of the difference between the Hb values of 
both the methods was calculated. The majority of the 
results showed a variation of ± 10.0%, signifying good 
correlation between the two methods.

Discussion

In India, anemia is a public health concern, which affects 
mainly preschool children and women of reproductive 
age. Low level of Hb is an apprehension among the 
young children, as it could result in impaired cognitive 
performance, motor development, and make them 
susceptible to infections. In pregnant women, anemia 
can result in premature delivery, prenatal death, and 
low birth weight.[12]

The present study was conducted to compare the Hb 
values estimated by FPCH method with the values 
assessed by the current reference standard, that is, 
automated hematology analyzer that utilizes SLS method 
and also to estimate the prevalence of anemia in the 
study population. According to the study done in the 
Department of Virology of Hospital for Children NHS 
Trust, London, authors stated that the dried blood spots 
could also be used as a medium for various investigations 
such as testing for human immunodeficiency virus, 
human T‑lymphotropic virus 1, hepatitis C virus, and 
Toxoplasma gondii.[13] We have used the dried blood spots 
to effectively transfer the blood samples in a labeled 

Table 1: Comparison of filter paper cyanmethemoglobin 
method and automated hematology analyzer for 
hemoglobin estimation

FPCH method Automated 
analyzer

Mean Hb (g/dL)±SD 11.25±2.55 11.35±2.51
Conclusions P

Differences in 
means (g/dL)

0.10

Paired t‑test 8.15 (95% CI: 0.08‑0.13) <0.001
Pearson’s correlation 
coefficient (r)

0.976 <0.001

SD = Standard deviation, CI = Confidence interval, FPCH = Filter paper 
cyanmethemoglobin, Hb = Hemoglobin

bag and used the samples on a later date to estimate Hb 
values of the same sample. The estimated Hb values 
derived from the said samples on filter paper were 
comparable to the gold standard used in the study. As 
the authors of the above article mentioned, the use of 
dried blood spots lead to reduction of risks.[13]

Multiple studies have been conducted in India using 
FPCH method to estimate the Hb values and in the 
process detect anemia in the population. A study 
conducted by Aggarwal et al. to test the validity of 
anemia by palmar pallor used the FPCH method as a 
reference standard to detect the levels of Hb.[14] Two 
studies conducted in rural Wardha, India, proved the 
utility of FPCH method for the detection of anemia in 
rural setup.[15,16] Toteja et al. conducted a study in several 
states of India to detect the prevalence of anemia in 
pregnant women and adolescent girls.[17]

FPCH method makes it convenient and easy to collect 
samples in any condition. With the use of lancets to 
draw the blood and storage on a filter paper, the need to 
carry syringes and tubes is eliminated. Furthermore, the 
need to carry a temperature‑controlled storage container 
for the EDTA tubes with samples is not required. Hb 
estimation by indirect cyanmethemoglobin has high 
sensitivity and specificity of 76%, as compared to the 
commonly used method for estimation of Hb in rural 
areas, that is, HCS method that has a lower sensitivity 
and specificity of approximately 50%. A small variation 
is noticed between capillary and venous samples; while 
sensitivity to detect anemia remains the same in both, 
specificity is mildly reduced in capillary samples. The 
coefficient of variation for FPCH method is 11.38%.[9]

Shah et al. compared Hb estimation by a noncyanide 
method with HiCN method. They found out an excellent 
correlation (r = 0.98, P < 0.001) between the noncyanide 
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method and HiCN method.[18] In our study, we compared 
HiCN method with automated hematology analyzer, 
which utilized a noncyanide method for determination 
of Hb. We also found similar correlations (r = 0.98, 
P < 0.001).

Another study published in the Journal of Clinical and 
Diagnostic Research by Chakravarthy et al., estimated 
Hb values in 2000 patients using HiCN method with 
Drabkin’s reagent, and compared it to SLS reagent. Their 
patients’ age ranged from day 1 to 88 years, whereas Hb 
levels ranged from 3.8 g/dL to 20 g/dL. The Pearson’s 
correlation coefficient was reported as 0.98 with 
P < 0.001.[19] We also studied Hb values in 2000 patients 
for 1 year and their age ranged from newborns to 
92 years. The Hb values varied from 2.0 to 20.4 g/dL. 
The Pearson’s correlation coefficient was calculated 
and it matched with the above mentioned study. The 
“r” value was 0.98 with P < 0.001, which signifies 
excellent correlation.

I n  t h e  y e a r  2 0 0 0 ,  A z i m  e t  a l .  c o m p a r e d 
cyanmethemoglobin method and automated cell 
counter for accuracy, cost‑effectiveness, suitability, 
and feasibility. They found that both methods 
were accurate and precise, but FPCH method was 
relatively cheaper. The cost for Hb estimation 
using automated analyzer was Rs. 50/test, whereas 
cost for FPCH method was just Rs. 3.5/test. Hb 
level was increased by 0.85% when measured by 
cyanmethemoglobin method compared to automated 
analyzer. The difference in the mean Hb of both the 
tests was 0.1 g/dL and coefficient of variation was 
2.7% as compared to controls for cyanmethemoglobin 
method. Maintenance of automated analyzer caused 
frequent problems, whereas FPCH method required 
negligible maintenance.[20] In our study, we had similar 
conclusions. The mean Hb by FPCH method and 
automated hematology analyzer was 11.25 ± 2.55 g/dL 
and 11.35 ± 2.51 g/dL, respectively. The difference in 
mean Hb was 0.1 g/dL. However, in our study, the 
Hb value was decreased by 0.88% when measured 
by FPCH method as compared to the automated 
hematology analyzer. Furthermore, the cost for Hb 
estimation using automated analyzer was Rs. 50/test, 
whereas cost for FPCH method was just Rs. 10/test.

FPCH method costs lesser than HemoCue, which costs 
Rs. 35/test.[21] The results between both the methods are 
comparable.[22] Few studies conducted in India show that 
HemoCue overestimates the Hb values by about 2 g/dl. 
The hot and humid climate and duration of opening of 
microcuvette box also affects the Hb values estimated 
by HemoCue.[23,24] Copper sulfate method is also another 
cheap and commonly used alternative to HemoCue for 
detection of Hb. A study done by Samuel Antwi‑Baffour 

shows that using copper sulfate method underestimates 
the Hb, leading to increase in deferral of prospective 
blood donors.[25]

All the data obtained highlight that statistically strong 
significant correlation exists between the Hb values 
estimated by FPCH method and automated hematology 
analyzer.

Conclusion

FPCH is an efficient method, which is comparable to the 
automated hematology analyzers for Hb estimation. The 
FPCH method along with dried blood spots could be used 
in mass population‑based surveys and for mass screening 
of blood donors before conducting blood donation camps. 
It could be a valuable asset in a resource‑poor setting of a 
blood donation camp as the results obtained are reliable, 
reproducible, and cost‑effective.
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Grading of prostate cancer: Evolution 
and changing concepts
Vijayalaxmi M. Dhorigol, Ranjit P. Kangle

Abstract:

Grading system for prostatic cancer (PC) was first described in1966 by Dr. Donald Gleason. 
Over the years, histologic, clinical diagnosis and management of PCa have evolved, leading to 
revisions of the Gleason system first by the International Society of Urological Pathology (ISUP) in 
2005 and more recently in 2014. Unlike the original Gleason score (GS) ranging from 2 to 10, the 
current system no longer assign Scores 2–5, the lowest score being 6. The new grading system 
of 2014 proposed Five Grade Groups based on revised GS which produces a smaller number 
of grades with the most significant prognostic differences and may contribute to a decrease in 
the overtreatment of low‑grade PC detected by prostate‑specific antigen screening. This review 
provides an update on the evolution and revision of the Gleason grading system, with a discussion 
on the deficiencies, benefits, and limitations of the revised and new grading system of ISUP 2005, 
2014, and 2019.
Keywords:

Gleason grade, Gleason score, prostate cancer, new grading system, International Society of 
Urological Pathology, needle core biopsies, radical prostatectomy

Introduction

Prostate cancer (PC) is the most common 
cancer among males in the United 

States in the year 2016 (21% of all cancers) 
and is responsible for 8% of cancer 
deaths among men.[1,2] Gleason grading 
system is one of the most important and 
powerful prognostic predictors in PC. 
PC grading is done using the Gleason 
scoring (GS) system. Accurate grading 
plays a very important role in prognosis 
and therapy. Gleason grading system has 
evolved significantly over the years and 
continues to be modified and revised to 
remain relevant in modern practice. It was 
first revised in 2005 and recently l at the 
2014 International Society of Urological 
Pathology (ISUP) Consensus Conference 
on Gleason Grading of PC, which allows 
for a more accurate prognostic and risk 
stratification.[2]

Diagnosis of Prostatic 
Adenocarcinoma

Microscopically, prostatic adenocarcinomas 
exhibit a wide spectrum of appearances. 
They have different architectural patterns. 
The major patterns include medium 
or small glands, cribriform, [3] diffuse 
infiltration, and poorly formed glands.[4] 
A more specific feature of carcinoma is the 
presence of either a linear row of atypical 
glands traversing the width of the core or 
small atypical glands which are seen on 
both sides of a benign‑appearing gland. 
Basal cells are absent. The most widely 
recognized cytological feature of prostate 
adenocarcinoma is prominent nucleoli. 
The presence of glomerulations, mucinous 
fibroplasia, and perineural invasion when 
circumferential is considered to be the 
three strong indicators of malignancy in 
prostate.[4,5] The diagnosis of cancer should 
not be based on anyone criterion alone. 
Instead, always rely on a combination of 
important features.
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Grading of Prostate Cancer‑ General 
Aspects

Gleason grading should not be applied in cases with 
a therapy effect. Regression grading is not routinely 
done.[5] It is on the patterns and their admixture, as seen 
on low‑power examination, that the Gleason grading 
system is primarily based. The predominant “primary” 
tumor pattern and the “secondary” pattern are graded 
from 1 to 5. When both are added, we get the Gleason 
score (GS) or sum. In case the tumor has a single pattern 
throughout, the final score is obtained by multiplying 
the grade by 2.[6] Tumors with tertiary or minor pattern 
is reported only if it is of a higher grade.[7,8] In biopsies, 
the minor high‑grade pattern is incorporated into the 
GS. Gleason patterns 1 to 2 are not clinically meaningful 
in modern practice, so the grading system effectively 
begins at GS 3 + 3.

In most cases, for grading the tumor, the use of × 4 
objective is ideal except for few cases that require × 10 
objectives, to define back‑to‑back glands and fused 
glands. Especially Gleason Pattern 3 must be identified 
at × 4, so that overgrading can be avoided. Because 
small well‑formed glands when cut tangentially may 
appear as poorly formed glands on a higher power. GS 
is usually reported as an equation, for example, 3 + 4 = 
7, to avoid confusion.

When multiple cores are submitted and are positive 
for malignancy, Gleason grade in each core may be 
different. When the cores are sent in different containers 
or location designated by inking, grades of each core 
should be reported separately. It is observed that, when 
the cores exhibit different grades, the correlation between 
the highest GS and stage is found to be better than the 
frequent grade or the average score among the cores, 
when assessed on RP.[9‑12] However, an overall GS can be 
reported when multiple fragmented cores are submitted 
in a single container [Figures 1‑5].

Evolution of Gleason Grading System

A unique grading system for prostatic adenocarcinoma 
was first created by Dr. Donald Gleason and Veterans 
Administration Cooperative Urologic Research Group 
in 1966, based on architectural pattern of the tumor.[13] 
He demonstrated 5 prognostic patterns by drawing a 
simple diagram. Later in 1974, Gleason and Mellinger, 
based on a study of larger number of patients, further 
modified definition of pattern 4. The overall grade of the 
carcinoma was not the highest grade noted. Instead, GS 
ranging from 2 to 10 was proposed which represented the 
sum of 2 most common grade patterns. It was observed 
that increase in score was associated with increase in 
mortality related to cancer.[14]

Significant changes were introduced in 2005 at the ISUP 
conference with further modifications in 2014. The 
resulting grading system is referred to as the “ISUP 
modified Gleason grading system.”

Need for Modification of Original Gleason 
Grading System

Way back in 1974, few biopsies were taken using a thick 
gauge needle after identifying an area abnormality on 
palpation. With the advent of needle core biopsies, grading 
on multiple needle cores submitted from different areas of 
prostate, grading multiple nodules on the same prostate, 
reporting of the tertiary patterns had to be addressed. With 
the use of immunohistochemistry, diagnosis of adenosis 
and cribriform high‑grade PIN could be made confidently. 
New patterns and new histological variants of prostate 
adenocarcinoma were identified. Hence, there was a need 
to adapt the Gleason system to modern practice.

Changes as per the 2005 International 
Society of Urological Pathology Consensus 

Conference

A group of leading urological pathologists from all over 
the world gathered at the United States and Canadian 
Academy Pathology Meeting in 2005, to achieve 
consensus in controversial areas related to the Gleason 
grading system.[15,16]

The diagnosis of GS 2–5 should not be made on needle 
core biopsy, as these scores do not correlate well or poor 
reproducibility was noted when compared with the 
grades in radical prostatectomy.[17,18] This leads to gradual 
disappearance of GS 2‑4; reporting of GS 5 decreasing 
from 12.2% to 0.3% on needle biopsy. Even with limited 
cancer on TURP (stage T1a), the prognosis in cases of 
GS 2–4 did not differ much when compared to score 
5‑6. Hence, it was thought that GS less than 6 does not 
carry much clinical significance and it frequently occurs 
in the transition and anterior zones of the prostate. It 
was agreed that Gleason cribriform pattern 3 carcinoma 
should never be diagnosed. Gleason pattern 4 should be 
assigned to areas exhibiting glands which are ill‑defined 
and do not have well‑formed lumina.

Using modified grading system, the proportion of needle 
biopsies with GS of 6 reduced and Gleasons score 7 
increased. Based on this grading system, organ‑confined 
prostate cancer with GS 6 and negative margins are 
virtually 100% curable.

Gleason pattern 3
In this pattern, well‑formed glands of varying sizes 
are seen, forming discrete units, infiltrating into and 
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amidst the normal‑appearing prostatic glands. The 
outlines of these glands can be easily traced. Even when 

biopsies show only a small focus exhibiting pattern 3, 
a GS 3 + 3 = 6 can be given by assigning primary and 
secondary patterns, as it is likely to find the same on 
radical prostatectomy in such cases.[19]

Gleason pattern 4
Contain ill‑formed, fused, or cribriform glands. 
Unless overtly cribriform, Gleason pattern 4 should 
be cautiously assigned to areas where glands appear 
complex when associated with perineural invasion and 
mucinous fibroplasias.[20]

In the original grading system, glands which exhibited 
regular cribriform pattern were included in Gleason 
pattern 3, while those with irregular ragged edges in 
pattern 4. It was observed that biochemical changes, 
positive margins, extraprostatic extension, recurrence, and 
cancer‑related mortality were associated with cribriform 
pattern.[21‑25] Hence, cribriform pattern and poorly formed 

Figure 3: Gleason pattern 4. Show fused glands (H and E, ×100)

Figure 1: Prostate adenocarcinoma-Gleason pattern 3. Show well formed, 

individual glands of varying sizes (H and E, ×100)

Figure 2: Gleason pattern 4. Show Cribriform pattern, neoplastic cells running 

across the core (H and E, ×100)

Figure 4: Gleason pattern-5. Show comedonecrosis within solid nests and 

cribriform glands (H and E, ×100)

Figure 5: Gleason pattern 5. Show cells as cords invading the stroma (H and E, ×100)
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glands should be Gleason pattern 4. With this, the 
Gleason grade on biopsy and on radical prostatectomy 
correlated well. Furthermore, the prediction of tumor 
volume, margins, prostatectomy stage, and biochemical 
recurrence improved.[26‑30] Glomeruloid morphology 
was considered when cribriform structures were seen 
within the lumen of dilated glands with a single point of 
attachment, as the structure resembles a glomerulus in 
the kidney.[31] However, there was no agreement on what 
grade to assign to this morphology. Later, it was found 
that in most of the cases, Gleason pattern 4 or higher grade 
was associated with these structures.[32]

Gleason pattern 5
Assigned when there is the presence of cords of 
cells, solid nests, single cells, tumor cells in sheets, or 
occasional gland space formation. Cribriform glands 
or solid nests with comedonecrosis also represent this 
pattern. There is no notable change in Gleason pattern 
5 in modern practice.

Reporting Limited Secondary Patterns and 
Tertiary Patterns

When <5% of tumor area in a high‑grade cancer is 
occupied by lower‑grade patterns, they should be 
ignored. If on a needle core biopsy, 96% is Gleason 
pattern 4 and only 4% constitute Gleason pattern 3, it is 
to be reported as GS 8 (4 + 4), which would have been 
4 + 3 = 7 according to original system. However, the same 
is not true for secondary pattern of a higher grade. If, 96% 
is Gleason pattern 3 and only 4% constitute pattern 4, it 
should be reported as 3 + 4 = 7.

On needle biopsies, a third pattern (Tertiary pattern) if 
present is of lower grade, should be ignored. Tumors 
with patterns 3, 4, and 5 are categorized as high‑grade 
tumors with GS constituting 8‑10, wherein sum of the 
primary pattern and highest grade is considered. This 
is in contrast to the old system, where sum of the most 
prevalent and second most prevalent patterns would 
be considered.

In radical prostatectomies (RP) which may have 
multifocal tumors, every dominant nodule must be 
assigned a separate GS. Experts define a tertiary pattern 
for RP, when a third component is present and exhibits 
a pattern higher than the primary and secondary 
pattern, and constitute <5% of the entire tumor tissue. 
However, if it occupies >5% of the tumor, record it as 
the secondary pattern. The GS in RP is given as sum of 
primary and secondary patterns with a comment on 
the tertiary pattern. As on needle biopsy, if the most 
common and highest Gleason pattern is added in these 
RP specimens, the result does not represent the tumor 
behavior accurately.[15,21]

Risk of recurrence increases and lies between GS 
category without a tertiary pattern and the subsequent 
higher GS category, when tertiary RP Gleason patterns 
are present. The current score can then be reported with 
the modified score as, GS 3 + 4 = 7 with tertiary pattern 
5 (GS 7.5). The presence of tertiary patterns is usually 
associated with biochemical recurrence and higher 
pathological stage when compared to those without 
tertiary patterns.[20,21]

Clinical risk stratification
Risk stratification for the management of prostate 
cancer patients can be developed by using GS, Clinical 
stage and prostate‑specific antigen (PSA). D’Amico 
classification system and National Comprehensive 
Cancer Network[33] are the most widely used risk 
stratification systems. Based on GS, can be categorized 
as low risk (GS: 2–6), intermediate‑risk (GS: 7), and high 
risk (GS: 8–10).[20]

The 2014 IUSP Modified New Grading 
System[2]

Since the scoring ranged from 2 to 10, the score of 6 
though assigned the lowest, gave a false implication to 
the patients as having an aggressive cancer or cancer with 
intermediate prognosis. Assuming a similar prognosis, 
scores being incorrectly grouped together was observed 
for therapeutic purposes. This became particularly 
important for the Gleason’s score 7 since those with score 
4 + 3 had 3‑fold increased risk of incidence of metastasis 
at diagnosis and significantly worse prognosis than score 
3 + 4. Patients with GS4 + 3 prostate cancers have higher 
PSA levels at diagnosis.[34]

Hence, a new grading system was proposed by Epstein 
JI in 2013. This was based on data from John Hopkins 
Hospital grading them into 5 Grade groups according to 
prognosis, which was validated in a multi‑institutional 
study and consensus obtained for adopting it in the 2014 
consensus conference. More recently, two studies have 
provided some validating data for ISUP grading based 
on a variety of outcomes.[35,36]

This new system with group grades has been accepted 
by the WHO 2016 Edition on Pathology and Genetics. 
It is recommended that new grading system be 
used along with Gleason grading, for example, GS 
3 + 4 = 7 (Grade Group 2).

Benefits
The newgrading system gave more accurate 
stratification, simplified the number of grading 
categories to only 5 group grades (1‑5), with a scope for 
different pattern combinations. It reduced the possibility 
of overtreatment of indolent cancer, with Grade group 1 
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being considered the lowest against Gleasons score 6 
with the potential to reduce overtreatment of indolent 
prostate cancer.[37,38]

Current guidelines, recent changes, and limitations
The ISUP 2014 New grading system comprises 5 
Grade Groups based on the modified GS groups.
• Grade Group 1: GS ≤6
• Grade Group 2: GS 3 + 4 = 7
• Grade Group 3: GS 4 + 3 = 7
• Grade Group 4: GS 8
• Grade Group 5: GS s 9 and 10

The grade groups of the new grading system accurately 
predict the progression as compared to GS‑based 
risk stratification categories. The prognostic curves 
were similar on biopsy (where patients received 
radiation and/or hormonal therapy) as well as radical 
prostatectomy. However, as higher‑grade cancer which 
may not be sampled may be present in approximately 
20% of cases,[39] follow‑up is still needed. A grade group 
when higher indicates a greater chance of disease 
which is not organ‑confined and worse outcome. 
New grading system strongly correlated with AJCC 
staging system and prostate cancer‑specific mortality 
in biopsy specimens taken from population treated 
conservatively.[40]

Grading for Variants

Grading of the variants of prostate adenocarcinoma was 
proposed as follows.[2,4,20,41]

Atrophic pattern, pseudohyperplastic adenocarcinoma, 
and PIN‑like adenocarcinoma ‑ Gleason pattern 3.

F o a m y  g l a n d  c a r c i n o m a ,  C o l l a g e n o u s 
micronodules ‑ Based on the underlying architecture, 
usually GS 7.

Vacuoles ‑ when present in single cells of Gleason pattern 
5, may mimick a true signet ring cell carcinoma.

Glomeruloid morphology ‑ Gleason pattern 4.

Intraductal carcinoma ‑ not graded but mention its 
association with high‑grade invasive cancer.

Mucinous adenocarcinoma ‑ applied ignoring the 
mucin ‑ GS s of 7 or 8.

Ductal adenocarcinoma ‑ Gleason pattern 4 or 5 with 
necrosis.

Pleomorphic giant cell adenocarcinoma ‑ GS of 9.

Small cell carcinoma ‑ not graded.

Limitations
GS 8 indicate a combination of patterns 3 and 5, 5 and 3, 
or 4 and 4. The former two combinations of GS 8 have 
less favorable outcome than the latter.[42] However, the 
new grading system classify all these combinations 
under Grade group 4. Hence, tumors containing pattern 
5 should be reclassified or grouped under Grade group 5.

In GS 7 tumors, low proportions of pattern 4 have a 
relatively favorable outcome, similar to Grade 1 (3 + 3) 
tumors. Hence, the percentage of pattern 4 may influence 
the prognosis and is of significance. Reporting of 
percentage of pattern 4 present is important in IUSP 
grade2 cases (3 + 4) where a small volume of pattern 
4 is present, which may be important to determine the 
necessity for active surveillance

Lot of new data due to development in imaging lead 
to certain modifications by the 2019 ISUP consensus.[43] 
Following are the recommendations given. For all GS 
7 biopsies, the % of GP4 has to be reported. The term 
“minor” is preferred to “tertiary.” In biopsies, minor 
pattern with higher grade to be included in GS so that 
prediction of prostatectomy lesions is better whereas 
in RPs if the tumor contains >5% tertiary pattern it has 
to be reported in GS grading. If <5%, then mention as 
minor pattern along with the grade. The IDC grade 
has to be incorporated in GS when associated with an 
invasive component. If no invasive component then at 
least mention its presence and the significance. For each 
biopsy site, a separate GS is to be reported. However, 
aggregate GS can be reported for each suspicious lesion 
in magnetic resonance imaging.

Artificial intelligence (AI) has a role to play in the 
diagnosis of prostate cancer. AI prescribes the biopsies, 
creates algorithms, and improves efficacy in diagnosis, 
quantification of tumor, and grading. However, it could 
be a challenge to handle urothelial, rectal carcinomas, or 
lymphomas.

According to few studies, there is an overlap with respect 
to prognosis, between individual grades.[2,36] Whether 
predictive accuracy of new grade groups is greater than 
the old grading, still remains unclear. According to a 
validation study, the accuracies of prognostic models are 
not improved by new grade groups when compared to 
the current three‑tier classification.[44‑46]

Summary

The Gleason Grading of the prostatic adenocarcinoma 
with its evolution and ISUP modifications in 2005, 2014, 
and 2019 continues to be a powerful predictor of prognosis 
in Prostatic adenocarcinomas. The New prognostic Grade 
grouping is simpler, more accurately reflects the prostate 
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cancer biology, provides better understanding, and 
improves reproducibility. The WHO recommends the 
use of a new grading system in conjunction with Gleason 
score. Biochemical recurrence and adverse pathology 
are predicted when the percentage of Gleason grade 4 
disease increase in biopsies. The New grading system 
with its modifications will be of great help to assist 
clinicians to determine different therapeutic strategies for 
prostatic adenocarcinoma patients. Moreover, ML‑based 
systems might be of help in future not only to support 
grading but also in identifying the prognostic markers 
based on newer patterns and stromal features.
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Background: Cerebral venous thrombosis (CVT) is an uncommon
cause of stroke and shares common risk factors with arterial
strokes such as hyperhomocysteinemia, tobacco, alcohol, drugs,
and hypercoagulable state. These risk factors can alter both
arterial and venous health leading to the occurrence of
atherosclerosis in CVT patients.
Aims: To evaluate carotid hemodynamics in CVT patients.
Settings and Design: Prospective hospital-based case-control
study.
Methods: This study included 50 consecutive CVT patients and
50 healthy controls. The demographic data, vascular risk factors,
clinical data, biochemical, and radiological parameters were
recorded. Carotid sonography was performed in CVT patients
within the first 24 h of admission.
Statistical Analysis: MedCalc 17.
Results: The age of the patients was 35.04 ± 9.48 years and the
controls 38.88 ± 10.41 years with male preponderance in both
groups. Risk factors for atherosclerosis among patients included
hyperhomocysteinemia (40 patients), diabetes mellitus (4
patients), hypertension (9 patients), alcohol (17 patients), and
tobacco (21 patients). Eight patients had abnormal carotid
sonography. Six had nonflow-limiting plaques, one had carotid
occlusion, two had increased intimal-medial thickness, and one
had increased peak systolic velocity. Among the controls, three
subjects had nonflow-limiting plaques. There was no difference
in carotid hemodynamic parameters between controls and
patients; and those with normal and elevated homocysteine.
Conclusion: This is the first study to our knowledge looking at
carotid health in venous strokes. The relative risk for carotid
atherosclerosis in CVT patients is higher and requires long-term
follow-up for the initiation of preventive measures.

Keywords: Carotid atherosclerosis, carotid ultrasonography,
cerebral venous sinus thrombosis, hyperhomocysteinemia
Key Message: CVT is common in younger individuals and shares
common risk factors with carotid atherosclerosis and arterial
strokes. The study of carotid abnormalities is essential to
substantiate the risk for arterial strokes in such patients
especially with secondary prevention.
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Cerebral venous thrombosis (CVT) involving dural venous
sinuses and cortical veins is a less common cause of stroke and
accounts for up to 5% of all ischemic and hemorrhagic strokes.[1],
[2] CVT has multifactorial etiology including infections, trauma,
drugs, hormones, puerperal state, malignancy, hypercoagulable
states, and so on.[3],[4],[21] Arterial and venous strokes share
some common causative factors such as tobacco, alcohol, drugs,
and hypercoagulable states.[3],[5],[22],[23],[24] Venous sinus
thrombosis results predominantly by the interplay of
erythrocytes and fibrin whereas the arterial thrombosis results
from atherosclerosis and platelet aggregation. Atherosclerosis is
postulated to produce inflammation and predispose to venous
thrombosis.[6],[7] Studies have shown an association of carotid
atherosclerosis and venous thrombosis in middle-aged and
elderly individuals.[5]

Hyperhomocysteinemia is a risk factor for atherosclerosis,
coronary, and cerebrovascular disease.[7],[8],[9]

Hyperhomocysteinemia is associated with carotid arterial
disease and has been reported to correlate with the degree of
carotid atherosclerosis.[7],[8],[9],[25],[26],[27],[28],[29] We postulated
that multiple risk factors could alter both venous and arterial
health resulting in concurrent CVT and carotid atherosclerosis.
Identification of carotid atherosclerosis in patients with CVT
necessitates long-term follow-up, therapeutic modifications, and
control of risk factors. Hence, we undertook this study to
evaluate carotid hemodynamics in patients with CVT.

 » Methods  

We prospectively enrolled consecutive radiologically confirmed
CVT patients admitted in the university teaching hospital
between December 2016 and March 2018. Informed consent was
taken from the caregivers or the participants. Patients with a
history of symptomatic atherosclerosis (ischemic stroke,
transient ischemic attack, acute myocardial infarction, or
intermittent claudication) and those who declined participation
were excluded. The study was approved by the institutional
ethical committee.

The imaging modality of choice was magnetic resonance imaging
(MRI) with magnetic resonance venogram (MRV) using SIEMENS
Magnetom Symphony 1.5 T scanner. Unstable patients and those
with contraindications for MRI underwent computerized
tomography of the brain before and after intravenous contrast
using the SIEMENS Somatom Sensation 64-slice scanner. The
demographic data, presence of vascular risk factors, clinical
presentation, and neurological examination findings were
recorded in all patients. Data including the site of infarction,
sinuses involved, presence of hemorrhage, biochemical tests
including serum homocysteine, and treatment modalities were
obtained. All recruited patients received parenteral



anticoagulation with either unfractionated or low-molecular-
weight heparin followed by oral anticoagulants.[10] Data on the
presence of hypertension, diabetes mellitus, smoking, and
alcohol consumption were documented.

Fifty age and gender-matched controls were randomly selected
after obtaining written informed consent. These included
asymptomatic healthy employees working in the institution and
relatives of the patients who had no clinical evidence, history, or
risk factors for venous thromboembolism or atherosclerosis.

Carotid sonography

Carotid sonography was performed in all the patients within 24 h
after enrolment by an experienced radiologist who was unaware
of the patients' diagnosis. Carotid sonography was carried out
with standardized methods[11] using GE Voluson P8. B - mode
imaging was done at 8 to 11 MHz and color doppler imaging at 6
MHz. All subjects were examined in the supine position with the
neck rotated to the opposite side by 45°. The following segments
were examined: carotid trunk, common carotid artery, carotid
bifurcation, vertebral, and external and internal carotid arteries.
The parameters studied were peak systolic, end-diastolic
velocities, and intimal medial thickness. The peak systolic and
end-diastolic velocities were expressed in centimeters per
second. The percentage of vessel occlusion was classified as
stenosis up to 50%, 50 to 69%, more than 70% and near or
complete occlusion.[12] The plaque was defined as a protrusion
extending into the vessel lumen by at least 2 mm from the border
between the adventitial and medial layers. The intimal medial
thickness was measured 2 to 3 cm proximal to the carotid
bifurcation and was expressed in millimeters.

Statistical analysis

Sonographic data of patients were compared with the control
subjects and between patients with normal and elevated
homocysteine using Student's t-test. Chi-Square test was used to
compare the incidence of carotid sonographic abnormalities
between the patients and control subjects. The odds ratio was
calculated amongst patients with hyperhomocysteinemia and
carotid abnormalities. Statistical analyses were performed with
MedCalc 17.

 » Results  

Fifty-eight patients with CVT were admitted during the study
period. Among these patients, four were excluded due to
declined consent for the study. Two patients required emergency
decompressive craniectomy, one patient was on mechanical
ventilation and one patient had an arterial stroke in the past. The
remaining 50 patients were included in the study whose age was
35.04 ± 9.48 years (range 19–55) with the majority of the patients
belonging to 25 to 34 years. Fifty healthy individuals were



included as control subjects for the carotid ultrasound study
(38.88 ± 10.41 years, range 21–55). There was male
preponderance among the patients and controls (80% and 74%,
respectively). The risk factors for atherosclerosis among the
patients included diabetes mellitus (4 patients), hypertension (9
patients), alcohol (17 patients), and tobacco (21 patients).

The most common presentation was raised intracranial tension
including headache and vomiting (43 patients). Twenty-five
patients presented with seizures among whom 20 had
generalized seizures and five had focal onset seizures. Two
patients presented with status epilepticus and 12 patients had
seizures in clusters. Twenty patients had altered consciousness at
admission and the commonest neurological deficit was
hemiparesis (17 patients) followed by language dysfunction (15
patients) and cranial nerve deficit (8 patients). Nineteen patients
(38%) had no neurological deficit. Papilledema was found in 37
patients (74%). Venous hemorrhagic infarction was present in 29
patients.

Among the patients, 21 (42%) had thrombosis of three or more
venous sinuses and five patients (10%) had cortical vein
thrombosis. Transverse sinus was most commonly involved (36
patients) followed by sigmoid sinus (33 patients), and superior
sagittal sinus (30 patients). Serum homocysteine was elevated in
40 patients and normal in 10 patients. Hyperhomocysteinemia
was mild (15 to 30 μmol/L) in 16, moderate (30.1 to 50 μmol/L in
13, and severe (>50.1 μmol/L) in 11 patients.

Carotid hemodynamics

Eight patients had abnormal carotid ultrasound examinations.
Six had non-flow limiting plaques, one patient had right carotid
occlusion, and one patient had increased peak systolic velocity
without plaque. Among these patients, two had increased intima-
media thickness. Non-flow limiting plaques were present in the
carotid bulb in four patients and common carotid artery two
patients. Carotid plaques were present on the right side in four
patients and the left side in one patient. One patient had bilateral
plaques. Comorbidities in these eight patients were isolated
hypertension in two patients and hypertension with diabetes in
one patient. There was no significant difference between other
vascular risk factors including the use of tobacco and alcohol.
Amongst the controls, two had bilateral carotid bulb non-flow-
limiting plaques and one had left carotid bulb plaque. There was
no statistically significant difference amongst patients and
controls [Table 1] in the presence of the plaques or increased
intima-media thickness (P = 0.110). However, the relative risk of
developing carotid atherosclerosis in a patient with CVT was
higher than the control subjects (RR = 1.54; 95% confidence
interval 1.0092 to 2.3535; P = 0.0453).

Table 1: Showing carotid
hemodynamic data in the patients
and control subjects

Click here to view
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Six of the eight patients (75%) with abnormal carotid ultrasound
were found to have elevated serum homocysteine levels (Odds
ratio, 0.7; 95% confidence interval, 0.1 to 4.1) which was not
statistically significant [Table 2]. There was no significant
difference between the patients and the control subjects in the
carotid flow velocities and between the patients with normal and
elevated serum homocysteine.

Table 2: Showing the carotid
hemodynamics in CVT patients with
normal and elevated serum
homocysteine levels

Click here to view

 » Discussion  

Arterial and venous strokes share common risk factors such as
hyperhomocysteinemia, alcohol, and tobacco. Venous thrombosis
is common in younger individuals and treatment includes
modification of the risk factors in addition to anticoagulation
therapy. Elevated serum homocysteine level is an independent
risk factor for both arterial and venous strokes and can be
substantially reduced by combined folic acid and B-vitamin
therapy.

Serum homocysteine levels in Asian Indians have been
demonstrated to be higher than in western countries.[4],[13] This
may be due to low intakes of vitamin B12 and folate with their
subsequent deficiencies, higher prevalence of intestinal
infections and tropical sprue causing malabsorption and
undernutrition. This probably might be one of the reasons for
the higher prevalence of CVT in the Indian subcontinent.

The availability of noninvasive ultrasound imaging methods has
made it possible to study risk factors for arteriosclerosis of the
extracranial carotid artery in large populations.
Ultrasonographic findings of carotid artery arteriosclerosis have
proved to be a useful predictor of systemic atherothrombosis,
especially coronary heart disease and cerebrovascular disease.
[14],[15],[30],[31] Hyperhomocysteinemia has been demonstrated to
increase the risk of carotid stenosis by up to 25%.[8]

To our knowledge, ours is the first study evaluating the
extracranial carotid atherosclerosis in patients presenting with
venous strokes. As both stroke types share common vascular risk
factors, we looked for the presence of carotid atherosclerosis in
patients with CVT using carotid ultrasonography. We also
compared the carotid sonography findings amongst the patients
with or without elevated homocysteine levels.

In the present study, the percentage of serum
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hyperhomocysteinemia in patients with CVT was high (80%). This
finding was consistent with the study done by Martinelli et al.
who showed a four-fold increase in the risk of CVT in patients
with elevated serum homocysteine levels.[16] Similar results
regarding the association between serum homocysteine and CVT
have been documented previously.[17],[18] Serum
hyperhomocysteinemia is also a risk factor for carotid and
coronary atherosclerosis.[19],[20] A cross-sectional study done by
Jacob et al. showed the risk of carotid stenosis as measured by
carotid ultrasonography is up to 25% in subjects with increased
serum homocysteine levels as compared to normal subjects.[8],
[32],[33],[34],[35],[36] This premature cerebral, peripheral, and
coronary atherosclerosis is secondary to the damage caused to
the endothelial cells by excess homocysteine in the blood
resulting in an increased risk of thrombosis. The serum levels of
homocysteine can rise due to deficiency of vitamin B12 or
cystathionine beta-synthase which disrupts folate and
methionine pathway, respectively.

An earlier study in elderly subjects with spontaneous deep
venous thrombosis demonstrated carotid plaques in 47.1% with
an odds ratio of 2.3. The higher incidence of carotid plaques in
this study was likely due to the study population being elderly.[6],
[37],[38] In contrast, in our study, the CVT patients were younger
and only 16% had carotid atherosclerosis. The difference in the
age of the study population could have contributed to the
difference. Asymptomatic Polyvascular Abnormalities
Community study (APAC) which evaluated 5393 participants aged
above 40 years who were clinically free of vascular disorders
identified 361 persons with asymptomatic carotid artery disease
(6.69%). The strong association of asymptomatic carotid artery
disease with increasing serum homocysteine levels was
demonstrated.[9]

This is the first study to the best of our knowledge addressing the
carotid health in CVT. We did not find a significant association
between carotid sonographic abnormalities and
hyperhomocysteinemia in CVT. This difference may be due to the
small sample size and younger age group of our study
population. This also raises the contribution of additional
aetiologies of CVT like thrombotic states, e.g., deficiency of
protein C and S, lupus anticoagulant, and factor V Leiden which
may not alter the carotid endothelial function. However, the
relative risk of developing carotid atherosclerosis was higher
amongst the patients who presented with venous stroke. Our
study aimed to find out the percentage of carotid atherosclerosis
in patients presenting with venous thrombosis who share
common risk factors and are at high risk for developing an
arterial stroke. This study, thus, warrants further research
including long-term follow-up and serial monitoring of carotid
Doppler findings to provide insight regarding the initiation of
preventive measures such as lifestyle modification and lipid-
lowering agents in patients presenting with venous strokes.
Limitations of our study included the nonavailability of lipid
profile in the patients.



 » Conclusion  

Patients with venous strokes share common risk factors with
arterial strokes and are at higher risk of developing carotid
atherosclerosis. However, there is no increase in carotid
abnormalities in CVT patients with hyperhomocysteinemia.
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Background:  The fundamental principle of ayurveda is the tridosha theory (three doshas). These dosha are the
causative and governing bio-energies responsible for the formation of body constitution. The vata dosha dominant
personality  have classical features like a small body frame when compared to kapha with large body built and
broad anatomical structures. Pittaja   body constitution has medium body built with reddish colouration and sharp
features.
Aim: This study aimed to correlate the radial artery intima-media thickness (IMT) and luminal diameter (LD) and
further study its association with different body constitution (prakriti) and check the difference between the groups
of prakriti.
Methods: This  observational  cross-sectional  study  was  done  between  May  2021  and  June  2021  in  the
Department of Radiology, KLE Prabhakar Kore Charitable Hospital, Belagavi. Non-randomly selected volunteers
≥23 ±5years (n = 35) were divided into body constitution (prakriti) groups and evaluated for the IMT, LD (luminal
diameter)  of  the radial  artery using B-mode ultrasonography.  Pearson’s co-relation was used to test  the co-
relation between the luminal  diameter and intimae media thickness of  distal  radial  artery.  Chi-square test  of
independence was used to check the association between luminal diameter and intimae media thickness of distal
radial artery with body constitution. One-way ANOVA was used to study the difference between the groups of
prakriti.
Results: The mean luminal diameter (LD) in vataja body constitution (5%) was 1.450 ± 0.495 mm, pittaja body
constitution  (11%)  was  1.750±0.10  mm,  kaphaja constitution  (11%)  was  1.70±  0.30  mm,  vatapittaja body
constitution (11%) was 4.15±0.47 mm,  vatakaphaja body constitution (26%) was 1.64±0.83 mm,  pittakaphaja
constitution (23%) as 2.3±0.15 mm and  samadhatuja constitution (11%) had 1.8±0.189 mm. The mean intima
media thickness (IMT) in  vataja body constitution (5%) was 0.05± 0 mm,  pittaja body constitution (11%) was
0.03±0 mm, kaphaja constitution (11%) was 0.05± 0.014 mm, vatapittaja body constitution (11%) was 0.107±0.09
mm, vatakaphaja body constitution (26%) was 0.83±0.07 mm, pittakaphaja constitution (23%) was 0.313±0.006
mm and samadhatuja constitution (11%) had 0.350 ± 0.012 mm.
As per the analysis a low positive Pearson’s correlation was found between IMT and LD (r = 0.254) between the
luminal diameter (LD) and intima medial thickness (IMT) of distal radial artery.  Chi square test of independence
has shown significant association between DRA dimensions (IMT, LD) and body constitution (prakriti), palpatory
blood vessel consistency. Among the observed values the vatakaphaja  body constitution (0.83±0.07  mm) had
increased intima media thickness (IMT). Among all  the observed values the  vatapittaja body constitution had
broadest  DRA  luminal  diameter  (LD)  of  4.15±0.47mm.  One  way  ANOVA  showed  no  significant  difference
between the groups of prakiti and IMT, LD of distal radial artery.
Conclusion: As per the observations of the present study different body constitution (prakriti) did not show any
significant impact on distal radial artery dimensions (IMT and LD) as there are various factors like hormones,
neural, blood volume regulators involved in vascular constriction and dilation. The prakriti assessment is a strong
marker for prediction and the early diagnosis of diseases. This body constitution (prakriti) of an individual is the
basic constituent on which the pulse wave variability of distal radial artery (DRA) acts. 

Key words:  Distal radial artery, Intima-media thickness, Luminal diameter, Naadi Pariksha, Prakriti, Ultra-
sonography
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Distal Radial Artery Dimensions...

Arterial  pulse  examination  is  the  most  ancient

practices in the history of  traditional medicine practiced

all over the globe. Many superficial palpated arteries are

listed in this examination. Among all arteries, the distal

radial artery is the best for the pulse examination hence

this is named as “Jeeva Naadi( represents life)” (Murthy,

1997).

In  Ayurveda  the  panchamahabhoota  theory,  three

doshas theory  -vata,  pitta,  kapha (representing  the

transport  functions,  metabolic  functions,  accumulation

functions of the body respectively), are the fundamentals

of body functioning. The arterial  pulse wave variability

(PWV)  signifies  the  physiological  components  like

doshas  (various  bio-chemical  regulatory  factors).

Various naadi features  like  feeble  pulse,  a  thin,  low-

pressure pulse is seen in  vataja naadi, high pressure,

warm pulse felt  in  pittaja naadi,  medium pressure and

volume with slow pulse felt  in  kaphaja naadi (Pandey,

2019) . The pulse wave variability is represented through

many  factors  like  pulse  rate,  rhythm,  pulse  wave

amplitude,  arterial  luminal  diameter,  arterial  intima

media  thickness.  The  perception  of  pulse  waves

depends  on  the  blood  vessel  consistency.  The  blood

vessel  consistency  in  vataja  body  constitution  as  per

classical text has increased the number of blood vessel

networks,  with  small  arterial  lumen,  pittaja  body

constitution will have a medium arterial lumen,  kaphaja

body constitution had broad arterial lumen (Govindaraj

et al., 2015). In Ayurveda, body constitution (Prakriti) is

a thoughtful phenotype that is determined on the basis

of  physical,  physiological,  psychological,  and

behavioural  traits.  There  are  seven  types  of Prakriti

mentioned in the classics (Bhushan, et al., 2005). Earlier

studies have reported association of Prakriti with various

single  nucleotide  polymorphisms  in  HLA-DRB1,

inflammatory and oxidative stress-related genes (Juyal

et  al. 2012),  CD markers  for  blood  cells  (Rotti  et  al.

2014; Rotti et al. 2014a). Studies have reported the risk

of cardiovascular risk factors associated with vatakapha

and  kapha body constitution (Mahalle,  Kulkarni  2012).

The  Prakriti (genetic body constitution) of an individual

was  determined  using  Naadi  vijyana (pulse-based

diagnosis)  by  age-old  Ayurveda  physicians  (Dey,

Pahwa, 2014).

The objective of this study is to study the co-relation

between LD (luminal  diameter)  and IMT (intima-media

thickness)  of  the  distal  radial  artery,  study  the

association  between  the  distal  radial  arterial  luminal

diameters,  intimae  media  thickness  with  the  different

body constitution (Prakriti),  and study the difference of

LD,IMT  of  distal  radial  artery  between  the  groups  of

Prakriti in healthy middle-age volunteers. 

MATERIALS AND METHODS

Study design and site: 

This  observational  cross-sectional  study  was  done

between  May  2021  and  June  2021  in  the  Radiology

Department  of  Radiology,  KLE  Prabhakar  Kore

Charitable  Hospital  Belagavi.  This  institutional  ethical

clearance was obtained and CTRI registration was done

for  his  study  (CTRI  /2021/04/032940).  The  non-

randomly selected volunteers ≥23 ±5years old (n = 35)

were divided into body constitution (Prakriti) groups and

evaluated  for  the  body  constitution  (Prakriti )  using  a

questionnaire,  IMT  (intimae  medial  thickness),

LD(luminal diameter) of the radial artery were measured

by B-mode ultrasonography.  

Prakriti evaluation:

The  body  constitution  (Prakriti)  of  the  healthy

volunteers  was  assessed  using  a  validated

questionnaire  based  on  physical,  physiological,  and

psychological  characteristics  by  an  expert  Ayurveda

physician  (Rastogi,  2012;  Ghodke  et  al.,  2011).  The

Prakriti features were given a score of one each and the

total  %  (percentage) was  considered,  if  any  specific

Prakriti was allotted a score  ≥of 60 %, then dominance

of  single  dosha was  considered.  If  there  is  a

predominance of two  dosha  score of  each ≥40% then

the  combination  of  two  dosha  was  considered.  The

volunteers were recruited only after 80% concordance of

questionnaire  results  with  clinical  evaluation  by

Ayurveda physician (Table 1).

Participants screening and study population:

Total  of  40  healthy  volunteers  was  screened  for

Prakriti assessment and USG for distal radial artery. 

Inclusion criteria: Healthy volunteers of both male
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and  female  gender  ≥23±5years,  whose  Prakriti

assessment  was  done  without  any  bias,  whose distal

radial artery parameters were obtained with USG were

included in the study.

Exclusion  criteria:  The  volunteers  whose  blood

vessel  wall  had  very  thin  consistency,  which  got

compressed in B-mode ultrasonography, and unhealthy

volunteers  with  or  without  medications  were  excluded

from the study. 

Ultrasound  Doppler  to  obtain  DRA  (distal  radial

artery) Pulse data: 

The  apparently  healthy  volunteers  fulfilling  the

inclusion criteria were asked to relax for 10 minutes and

later  pulse  examination  was  done  using  3hz  B-mode

ultrasonography  probe  at  3  sites  on  the  distal  radial

artery.  The standard  three  finger  examination  method

(index  finger  for  vata  sthana,  middle  finger  for  pitta

sthana,  ring finger  for  kapha sthana)  explained in the

classics was followed which states that the pulse data

must be collected from the three consecutive sites from

2.1 ± 0.5cm (1 angula) (Shirodkar, Mehmod, 2014) from

the wrist joint representing vata (the distal part near the

wrist  joint  examined  by  index  finger),  pitta  (middle

finger),  kapha sthana(ring finger). As per the classical

guidelines male volunteers radial pulse was examined in

the  right  hand  and  female  volunteers  pulse  was

examined in the left hand. The volunteers were palpated

manually  for  pulse  parameters  like  pulse  rate,  pulse

rhythm,  blood  vessel  consistency  (elastic  thin,  elastic

soft  with a medium consistency,  and elastic thick and

broad in palpation). The volunteer’s distal radial arterial

pulse  data  namely  IMT,  LD  (luminal  diameter)  was

captured through a B-mode ultrasound Doppler probe by

an  expert  radiologist.  The  probe  was  specially

positioned transversely such that individual data from 3

consecutive sites can be captured. The data obtained

was  statically  analyzed  using  the  chi-square  test  of

independence  for  testing  the  association  between the

IMT,  LD (luminal  diameter)  of  distal  radial  artery  and

body constitution (prakriti) of the same individual.

Statistical analysis: 

The  observed  data  was  statically  analysed  using

SPSS  software.  The  Pearson’s  Co-relation  test  was

used to study the co-relation of IMT and LD of the distal

artery  in  a  2X2  table.  Further  Chi-square  test  of

independence  was  used  to  study  the  association  of

different body constitution with IMT and LD of the distal

radial artery. One-way ANOVA test was used to test the

difference between the means of luminal diameters and

means  of  IMT  (intima-media-thickness)  in  between

different groups of prakriti.

OBSERVATIONS

Distribution  of  volunteer’s  in  different  body

constitution (prakriti):

Total 35 volunteers fulfilled the inclusion criteria were

distributed in 7 categories of prakriti 6% vataja, 11 % in

pittaja,  11%  in  kaphaja,  11%  in  vatapittaja,  26%  in

vatakaphajaprakriti,  22%  in  pittakaphaja  and  11%

samadhatuja prakriti. (Table 2)

Among  35  volunteers  selected  for  the  study  the

intimae medial thickness (IMT) of distal radial artery for

vata prakriti is 0.05±0 mm,  pitta prakriti is 0.03±0 mm,

kapha prakriti  is 0.05±0.014 mm.  Vatapitta prakriti has

0.107±0.09 mm,  Vatakapha prakriti has 1.6±0.083 mm,

Pittakapha prakriti has 0.313±0.006 mm,  Samadhatuja

Prakriti has 0.350 ± 0.012 mm.

Among  35  volunteers  selected  for  the  study  the

luminal  diameter  (LD)  of  distal  radial  artery  for  vata

prakriti is 1.450±0.049 mm, pitta prakriti is 1.750±0.010

mm,  kapha prakriti is  1.70±0.03 mm.  Vatapitta prakriti

has 4.15±0.048 mm,  Vatakapha prakriti  has 1.6±0.083

mm,  Pittakapha  prakriti has  2.313±1.5  mm,

Samadhatuja Prakriti has 2.0 ±0.189 mm.

RESULTS 

Association  between  different  body  constitution

(prakriti) and Distal Radial arterial diameter

Among 35 healthy volunteers 2 volunteers of  vataja

prakriti had average diameter of  0.14cm, 4 volunteers

pittaja  prakriti had  average  diameter  of  0.57cm,  4

volunteers  kaphaja  prakriti had  average  diameter  of

0.15cm,  4  volunteers  vatapittaja  prakriti had  average

diameter of 0.41cm, 9 volunteers vatapittaja prakriti had

average diameter of 0.16cm, 8 volunteers  pittakaphaja

prakriti had average diameter of  0.23cm, 4 volunteers

samadhatuja prakriti had average diameter of 0.17cm.

(Table 3).
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The  Pearson  chi-square  test  of  independence  for

analysing  the  association  between  palpatory  blood

vessel consistency type and arterial diameter on USG is

0.35  with  degree  of  freedom  180  at  5%  level  of

significance. The obtained chi-square value is less than

the  α-value,  hence  shows  significant  results.  Thus

rejecting  the  null  hypothesis.  This  shows  there  is

association between the body constitution (prakriti) and

distal radial arterial luminal diameter on USG (Fig. 1)

Association between Prakriti  and IMT(intima media

thickness) of distal radial artery

Among 35 healthy volunteers, 2 volunteers of vataja

prakriti had  an  average IMT of  0.05mm, 4  volunteers

pittaja  prakriti had  an  average  IMT  of  0.03mm, 4

volunteers  kaphaja prakriti  had  an  average  IMT  of

0.05mm, 4 volunteers vatapittaja prakriti had an average

IMT of 0.1mm, 9 volunteers vatakaphaja prakriti had an

average  IMT  of  0.08mm, 8  volunteers pittakaphaja

prakriti had  an  average IMT of  0.03mm, 4  volunteers

samadhatuja  prakrati  had  average  IMT  of  0.03mm.

(Table 4)

The  Pearson  chi-square  test  of  independence  for

analysing  the  association  between  palpatory  blood

vessel consistency type and arterial diameter on USG is

0.153  with  degree  of  freedom  156  at  5%  level  of

significance. The obtained chi-square value is less than

the  α-value,  hence  shows  significant  results.  Thus

rejecting  the  null  hypothesis.  This  shows  there  is

association between the prakriti type and arterial intima

media thickness (IMT) in USG (Fig.2)

Co-relation  between  luminal  diameter  (LD)  and

intima medial thickness (IMT) of distal radial artery.

Pearsons’s  Co-relation  shows  low  positive  co-

relation (r = 0.254) between the luminal diameter (LD)

and intima medial thickness (IMT) of distal radial artery.

Testing difference between and within the groups:

A one-way ANOVA revealed  that  there  was  not  a

statistically significant difference in [luminal diameter of

DRA] between at least two groups of F [between groups

df(degree of freedom) =6, within groups df= 28 ] = [F-

1.099, p = 0.05). The one-way ANOVA for IMT of DRA

revealed  that  there  was  not  a  statistically  significant

difference in  [  IMT of  DRA]  between the at  least  two

groups F (between groups df =26, within groups df= 32 )

= [F- 2.919, p = 0.05). Thus One way ANOVA shows no

difference seen in  LD,  IMT of  distal  radial  artery  with

different prakriti.

Table. 1. Prakriti evaluation questionnaire (Rastogi, 2012)

Body Constitution
Vata dominant Pitta dominant Kapha dominant

Inspection 
(Darshana 
Pariksha )

1.Emaciated,
2.Short body frame
3.Cracked skin 
4.Tendency of Tremors and  shivering
5.Prominent veins and Tendons

1. Clear skin, early wrinkles
2. Yellowish tinged 
3.Delicate body 
4. red marks, pimples,    
5.Black moles

1. Compact body
2.Well built, plump
3.Clear skin 
4. Though joints
5.Firm thick curly hairs

Palpation
(Sparshana 
Pariksha )

6. Very dry skin, 
7. Dry dusty  hairs 

6. Soft muscles 
7. Coppery soft hairs

6. oily, smooth skin
7. cold  temperature

Interrogation 
(Prashna 
Pariksha)

8. Dry Voice 
9. Low pitch voive
10. Obstructed voice
11. Less sleep
12. Less appetite 
13. Irregular eating 
14.Quick movements
15.Talkative
16. Less memory 
17. Quick to understand
18. Less stress tolerance
19.Restless
20.Cracking in joints

8.High pitch voice 
9. Increased sweating,
10. Increased urine 
11.Increased fluid intake 
12. High appetite
13. Voracious eater 
14. Moderate sleep
15. Hostile debator 
16. Quick temper
17.Moderate spiritual
18. Moderate materialistic
19.Very aggressive
     Low tolerance
20.Foul smell 

8. Pleasant voice
9.Soft voice
10.Minimum sweating
11.Sticky sweating 
12. Slow movements
13.Slow eaters
14. Less thirst 
15. Less appetite.
16.slow to begin 
17. Excessive       Paitence
18.Determined
19. High stress tolerance
20. Calm
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Table 2. Distribution of volunteer’s in different body constitution (prakriti)

Body constitution(prakriti) No. of volunteers Mean LD* ±SD# Mean IMT˥ ±SD

Vata prakrati 2 1.450±0.049 mm 0.050±0.000 mm

Pitta prakrati 4 1.750±0.010 mm 0.030±0.000 mm

Kapha prakriti 4 1.700±0.030 mm 0.050±0.014 mm

Vatapitta prakrati 4 4.150±0.048 mm 0.107±0.090 mm

Vatakapha prakriti 9 1.600±0.083 mm 0.830±0.070 mm

Pittakapha prakriti 8 2.313±1.500 mm 0.313±0.006 mm

Samadhatuja prakriti 4 2.000±0.189 mm 0.350±0.012 mm

*LD-luminal Diameter, #-S.D- standard deviation, ˥- IMT-intima-media thickness

      

Figure1. USG distal radial artery

Table 3. Chi-square test to check the association b/w Prakriti and LD.

Value Df Asymptotic Significance (2-sided)

Pearson Chi-Square 186.991a 180 0.345

Likelihood Ratio 121.281 180 1.000

Graph 1: Association b/w Prakriti and LD.
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Table 4. Chi-square test to check the association b/w Prakriti and IMT

Value df Asymptotic Significance (2-sided)

Pearson Chi-Square 174.109a 156 0.153

Likelihood Ratio 112.963 156 0.996

∆ Intima media thickness

Graph  2: Association b/w Prakriti and IMT

DISCUSSION

In the present study, distal radial artery dimensions

were  observed  using  B–mode  ultrasonography.  The

correlation of luminal diameter (LD) and intimae media

thickness (IMT) of the artery was studied and further, the

association  between  body  constitution  (Prakriti) and

DRA luminal diameter (LD) and intima-media thickness

(IMT)  was  analysed  in  this  study.  Earlier  studies  by

Norimastu et al. (2019) on measurement of distal radial

artery (DRA) with ultrasonography stated that the distal

radial  artery (DRA)  vessel  diameter  in  the  anatomical

snuffbox (2.6 ± 0.5 mm) was significantly smaller than

that  of  the  proximal  radial  artery  (PRA)  which  is  the

conventional puncture site (3.1 ± 0.4 mm) of the radial

artery  (Norimatsu  et  al.,  2019). Some  difference  in

vessel luminal diameter between the DRA and PRA was

0.5 ± 0.4 mm, and the DRA/PRA ratio was 0.8 ± 0.1.

Although the vessel diameter of the DRA was positively

correlated with that of the PRA (r = 0.66, p < 0.0001).

Takayuki et al 2019 studied the ultrasonography of the

distal radial artery (DRA) on male and female volunteers

before angiography on 120 patients.  In male patients,

the conventional puncture (CRA) site of the radial artery

had diameters of 2.62 ± 0.60 mm and DRA was 2.04 ±

0.43 mm. In females, these diameters at CRA were 2.44

± 0.51 mm and DRA was 1.96 ± 0.44 mm (Takayuki et

al., 2019). 

Tarif et al. (2010) studied the size of the radial artery

with a mean diameter of the right artery of 2.3±0.4mm

and  a  left  radial  artery  was  2.2±0.4mm. The  factors

which influence the size of radial artery dimensions like

male sex, diabetes mellitus, and smoking were enlisted.

The  other  factors  like  body  size  parameters  height,

weight,  body mass index have low positive correlation

with  the  radial  arterial  dimensions  (r=0.28,  r-=  0.07,

r=0.30)  respectively  (Tarif  et  al.,  2010). The  present

study  focuses  on  the  association  between  the  body

constitution and IMT, LD of the Distal Radial artery. The

mean luminal diameter observed in  vataja Prakriti with

small and narrow blood vessel (alpa) was smaller (1.450

±  0.495  mm)  than  the pittaja body  constitution  with

medium blood vessel diameter (2.050±0.1mm), kaphaja
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constitution with broad blood vessel lumen didn’t show

marked results (2.0± 0.3mm). Among all the  vatapittaja

body  constitution  had  a  more  luminal  diameter  of

4.15±0.47mm,  vatakaphaja body  constitution  was

1.64±0.83mm,  pittakaphaja constitution  was

2.3±0.15mm  and  samadhatuja constitution  had

1.8±0.189mm.

The  mean  intima-media  thickness  (IMT)  in  vataja

body constitution which is believed to have narrow blood

vessels  had  0.05±0  mm  of  thickness,  pittaja body

constitution with soft  elastic  blood vessels had IMT of

0.03±0 mm, kaphaja constitution with thick elastic blood

vessel had thicker IMT of 0.05± 0.014 mm, vatapittaja

body constitution had 0.107±0.09 mm, vatakaphaja body

constitution had 0.83±0.07 mm, pittakaphaja constitution

was 0.313±0.006 mm and samadhatuja constitution had

0.350±0.012 mm.  Among  the  observed  values,  the

vatakaphaja  body constitution was 0.83±0.07 mm had

increased  thickness.  Earlier  studies  have  shown  that

obese  volunteers  had  increased  IMT  and  decreased

pulse  wave  velocity  as  felt  in  kaphaja  naadi  (pulse)

(Dangardt,  2008). The One-way ANOVA has shown no

significant difference in luminal diameter, IMT of DRA in

different prakriti. But as per the observation the values of

F  (ANOVA)  for  IMT  are  nearing  significance,  which

shows that there may be some difference seen in IMT of

distal radial artery between the prakriti. Thus the further

scope of study is to conduct the same study with more

sample size.

CONCLUSION

The  study  had  observed  that  high  resolution

ultrasonography  is  the  convenient  tool  that  can  be

adapted  to  study  the  IMT and LD of  the  distal  radial

artery.  Further  the  observations  have  shown  that

vatapittaja body constitution had more luminal diameter

of  4.15±0.47mm,  vatakaphaja  body  constitution  was

0.83±0.07mm  had  increased  intimae  media  thickness

(IMT). One way ANOVA shows prakiti (body constitution

of an individual) had a no significant role in judging the

luminal  diameter,  intima-media  thickness  of  the  distal

radial.  As  per  the  observations  of  the  present  study,

there  is  a  scope  of  difference  of  IMT  (intima-media

thickness)  between  the  prakriti,  which  can  be  further

scope of study with more sample size.
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with computed tomography for the diagnosis of 

maxillofacial fractures – A prospective study
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IntroductIon

Maxillofacial injuries are quite common following road 
traffic accidents (RTA), fall, and assault. If  a clinical 
examination reveals the existence of  a fracture of  the 
facial skeleton, standard evaluation in the form of  imaging 
techniques is done for obtaining the final diagnosis.[1] For 

a long time, computed tomography (CT) is considered 
the gold standard for maxillofacial fracture diagnosis 
and is used as the first modality. However, it has certain 
limitations such as access to facilities, high cost, and 
radiation exposure.[2]

A B S T R A C T

Objectives: The objective of this study was to evaluate the diagnostic accuracy of ultrasonography (USG) if it can be used as a 
primary diagnostic method for maxillofacial trauma and to determine the sensitivity and specificity of USG verified with a computed 
tomography (CT) scan. Materials and Methods: This study was a comparative prospective study that consisted of a total of 
32 patients. Patients reported to the Trauma Care and Emergency Center of KLES Dr. Prabhakar Kore Hospital with maxillofacial 
trauma during October 2018–September 2020 were included in the study. Following a CT scan, based on the inclusion criterion, the 
patient underwent an ultrasonographic examination of any maxillofacial fracture that had been confirmed by a CT scan to verify it. 
Sensitivity and specificity were calculated to establish the accuracy of USG. Results: A total of14 sites were selected in the maxillofacial 
region. Out of all the 14 anatomical landmarks, nine were able to detect all the fractures on USG with 100% sensitivity and specificity. 
Intracapsular condyle fractures were not seen on USG. The region where all the fractures were not identified on USG was medial wall 
and floor of the orbit, one nondisplaced ramus fracture. Conclusions: The overall sensitivity observed for the diagnosis of maxillofacial 
fracture was 85.21% and specificity observed was 100%. In conclusion, USG can be a handy, diagnostic, additional, noninvasive, 
and inexpensive tool in the detection of maxillofacial fractures when compared to CT in the primary health‑care center. Furthermore, 
studies should be conducted with a considerable amount of sample size as the literature mentions limited work regarding USG as a 
primary technique in maxillofacial fractures detection.
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On the other hand, ultrasonography (USG) has been widely 
used in medical fields due to its remarkable features such 
as nonradiation, quick, and painless technique. To date, 
the use of  ultrasound is known for its use associated with 
soft‑tissue lesions and pathology.[3] The role of  USG in 
maxillofacial trauma is less widely recognized. USG uses 
high‑frequency ultrasonic waves, which are transmitted to 
the body and dispersed through the tissues by a transducer, 
and echoes are reflected on the screen for the diagnostic 
purpose.[2] The recent technological advancements can now 
transmit ultrasound waves to bony lesions and fractures 
of  the maxillofacial region. The use of  ultrasound for 
the assessment of  maxillofacial fractures is therefore 
emerging.[1,2] As ultrasound is a cost‑effective, noninvasive, 
and easily available imaging technique, it can be used 
as a primary investigative imaging method. This study 
determined the diagnostic accuracy of  ultrasound and was 
verified with CT for the detection of  maxillofacial fractures.

MaterIals and Methods

Patients reporting to Trauma Care and Emergency Center 
of  KLES Dr. Prabhakar Kore Hospital with maxillofacial 
trauma following a RTA, fall, assault, etc., during the 
October 2018–September 2020 were included in the 
study. This study was a comparative prospective study 
which consisted total of  32 patients. All the patients 
were explained the procedure and an informed consent 
was signed by them. The study protocol was approved 
by the ethical committee board of  the institution. As 
first‑line imaging, CT of  the facial skeleton was carried out 
and examined to establish a diagnosis. Later, the patient 
underwent ultrasound examination of  the affected region.

Inclusion criteria
1. Maxillofacial injuries with bone fractures
2. All age groups
3. Both male and female.

Exclusion criteria
Patients with any medical or surgical emergency were 
excluded from the study.

Methodology
Thirty‑two patients (27 males and five females) presented 
with clinically diagnosed injuries to the maxillofacial region 
were included in the study. CT of  the facial skeleton with a 
three‑dimensional reconstruction was taken and examined, 
to establish a diagnosis. The patients were subjected to an 
ultrasound examination of  the affected regions using GE 
Voluson P8 ultrasound machine with linear probe (5‑7MHz) 
and curvilinear probe (7‑12MHz) [Figure 1]. CT scans were 

done with GE Voluson EVO‑Germany (Assembled in 
India). The results of  CT scans and USG were summarized 
by two different radiologists. The radiologist conducting 

the USG investigation was blinded to the findings of  the 
CT scan examination.

Patients selected were clinically examined to determine the 

area for carrying out the USG. The linear/curvilinear probe 
used for USG was cleaned and Medi gel ultrasound jelly 
was placed over the affected area and on the probe. The 

probe was applied on the affected area for the diagnosis 

of  underlying fracture. In case of  patients with contused 

lacerated wounds or any form of  abrasion, they were given 

primary care before any investigation was carried out. Care 

was taken to ensure that no pressure was exerted, with 

minimum mobilization of  the patient during the procedure. 
Absolute care was taken to perform the scan with total 
precautions to prevent any infection due to the scan, in 

the patients who had skin injuries.

results

A total of  32 patients were selected based on the inclusion 
criteria. The age group was classified into three categories: 
≤30 years, 31–40 years, and ≥41 years. According to the 
age group, 16 of  32 (50%) were below 30 years of  age. 
There were eight patients in the age group of  31–40 years 

and eight patients were above 40 years of  age [Table 1]. 

Of  the 32 patients selected, 27 were males and five were 
females. The majority of  the patient, i.e., 27 of  32 had a 

history of  RTA, four patients had a history of  fall and one 
patient gave a history of  assault. The mean age for selected 

patients was 35.78 ± 14.21 years as shown in Table 1.

The sites which were fractured on CT scans and identified 
on USG with 100% accuracy were frontal bone, lateral 
wall of  the orbit, anterior wall of  maxillary sinus, roof  

of  the orbit, zygomatic arch, zygomatic bone, nasal 
bone, symphysis/parasymphysis, and angle of  mandible, 

respectively [Figure 2]. In this study, the sensitivity and 

specificity for all these sites were 100%.

Table 1: Age-wise distribution of patients selected in the 

study

n (%)

Age groups (years)
≤30 16 (50.00)
31–40 8 (25.00)
≥41 8 (25.00)
Total 32 (100.00)

Mean age±SD age 35.78±14.21

SD: Standard deviation
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In this study, it was found that nine out of  14 sites taken up 

for the ultrasound examination were able to identify all the 

fractures with 100% accuracy which were verified with CT 
scans. Only in the cases of  condylar/subcondylar region, 

floor of  the orbit, medial wall of  the orbit, and body and 
ramus of  mandible all the fractures were not seen with the 

help of  ultrasound. The visualization of  the posterior wall 
of  maxillary sinus was not possible with the help of  linear 

probe in cases of  midface fractures. However, fracture of  
the anterior wall of  the maxillary sinus was easily identified 
using a convex probe with low resolution (2‑5 MHz).

Fractures of  the floor of  the orbit were identified in 10 
of  12 cases, respectively [Figure 3]. The sensitivity and 

specificity of  the same were 83.33% and 100%, respectively. 
Fractures of  the medial wall of  the orbit were seen in five 
of  seven cases. The sensitivity and specificity were 71.43% 
and 100%, respectively. There was no false‑positive case 
reported. The remaining fractures could not be identified 
due to the poor sound wave penetration in cases of  orbital 

fractures. Subcutaneous edema and hematoma were used 

as a guide to spot the fracture location.

The fractures in case of  the body of  the mandible were 

identified in two of  three cases with sensitivity and 

specificity were 66.67% and 100%, respectively. The ramus 

of  mandible showed fracture in one of  two cases with 

50% sensitivity. Each fracture of  the ramus and body 
of  mandible were undisplaced fractures of  mono‑cortex 

which was diagnosed on CT scan and was not identified 
on USG. The fracture of  the condyle/subcondyle region 
was identified in one of  four cases which gave sensitivity 
and specificity of  33.33% and 100%, respectively. The 
negative predictive value of  93.55% indicated that three 
of  four cases were false negative [Figure 4].

dIscussIon

USG is a diagnostic technique that is noninvasive and does 
not contain ionizing radiation. It is a quick and painless 
technique and has no known harmful effect on the body. 
When it was applied to head‑and‑neck medicine, it was 

limited to the imagery of  superficial structures of  the 
head and neck and was considered to have a limited role in 

bone lesions.[4] On the other hand, CT was introduced in 

the 1970s and it has become an important tool in medical 

imaging to supplement X‑rays and USG.

Many literature studies have already identified the 

possibility of  ultrasonographic fracture visualization in the 
maxillofacial region.[5] USG has its own set of  advantages 
when compared to CT scans such as no exposure to 

radiation, painless technique and inexpensive. and easy 
availability, patient cooperation required is less and there 
is no requirement of  patient positioning.[4] Second, USG is 
portable which makes it available intraoperatively to check 

the reduction of  the fracture in cases of  isolated zygomatic 

Figure 1: Placement of straight transducer probe

Figure 2: (a) Nasal bone fracture – CT Axial. (b) Nasal bone fracture – USG. 
CT: Computed tomography, USG: Ultrasonography

ba

Figure 3: (a) Orbital floor fracture-3D. (b) Orbital floor fracture – USG. 
USG: Ultrasonography. 3D: Three‑dimensional

ba

Figure 4: (a) Left condylar neck fracture‑3D. (b) Left condylar neck fracture 
– USG. USG: Ultrasonography. 3D: Three‑dimensional

ba
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arch fractures and nasal bone fractures. However, ultrasound 
cannot penetrate deeper bony structures, and thus its use is 
only restricted to superficial facial landmarks.[3]

Ord et al. used ultrasound for the first time in 1981 to 
detect orbital wall fractures.[6] In that study, USG showed 
95% sensitivity to screen all the fractures.[2] In the literature, 
the lowest sensitivity found for the identification of  medial 
and lateral wall fractures in the literature was 56% and 
88%, respectively, while the lowest specificity was 90% 
and 87%, respectively. The precision for detecting orbital 
wall fractures typically varies from 90% to 100%.[4] In 
the present study, medial orbital wall fracture showed the 
values for sensitivity and specificity of  71.43% and 100%, 
respectively. For the lateral orbital wall, the sensitivity and 
specificity were 100%, i.e., all fractures were identified.

The orbital floor fracture has their sensitivity and specificity 
varying from 85% to 100% and 57% to 100%, respectively, 
and accuracy varies from 86% to 98%.[1,7‑9] It was repeatedly 
found out that orbital floor fractures beyond 4 cm to the 
orbital margin which is present posteriorly, are poorly 
identified by ultrasound.[1] The current study showed us the 
sensitivity and specificity of  83.33% and 100%, respectively, 
for orbital floor fracture. Using a curved array transducer, 
recently published results demonstrated good to excellent 
reliability in the diagnosis of  orbital fractures involving 
the infraorbital rim and the orbital floor.[10] The literature 
mentioned little work on orbital roof  fractures. The present 
study showed a sensitivity and specificity of  100% for the 
diagnosis of  orbital roof  fracture. The overall diagnostic 
accuracy for all orbital wall fractures was seen ranging 
from 90% to 100% which shows a good reliability.[7,8,10,11] 
In patients with only minor clinical symptoms, ultrasound 
could be used to rule out a fracture. USG of  the medial 
orbital wall and floor of  orbit fracture requires highly 
experienced investigators.

Nasal bone, frontal bone, and zygomatic arch fractures have 
100% precision in the ultrasound detection of  fractures 
shown in the literature.[6] In 2019, Rajeev et al. conducted 
an analysis in which ultrasound identified all the fractures 
at some anatomical landmarks, i.e., the zygomatic arch, the 
frontal sinus (anterior wall), infraorbital margin, roof  of  
the orbit, and mandibular symphysis/parasymphysis and 
mandibular angle.[3] The current study showed a similar 
result in diagnosing fractures with 100% accuracy at all 
these sites.

In this contemporary study, fractures of  the anterolateral 
wall of  the maxillary sinus and zygoma (malar bone) 
were detected easily by ultrasound with a sensitivity 

and specificity of  100%. This is in agreement with a 
study conducted by McCann et al.[1] who concluded that 
ultrasound as an initial examination is a valuable method 
in imaging facial injuries, which may help to cut down on 
the total number of  radiographs required for the detection 
of  zygomatic‑orbital complex fractures.

Kleinheinz et al.[12] and Friedrich et al.[13] reported 
ultrasonographic sensitivity and specificity of  100% and 
100%, respectively, and 66% and 52%, respectively, in the 
detection of  mandibular subcondylar/ramus fractures. 
In our study, the mandibular ramus and condylar/
subcondylar region showed the sensitivity of  50% and 
33.33%, respectively, while it showed the specificity of  
100%. Only in one case of  the subcondylar fracture, it was 
identified on ultrasound because there was subluxation 
of  temporomandibular joint. Other fractures seen on CT 
scan were condylar head and intracapsular fracture of  
condyles. Friedrich et al.[13] highlighted the shortcomings 
of  ultrasound to detect intracapsular condylar fractures 
due to its overlap by the zygomatic arch.

A systematic review conducted by Adeyemo and Akadiri 
has mentioned the factors affecting the credibility of  USG 
in maxillofacial trauma:[4]

1. Expertise of  sonographer
2. Transducer’s type and its resolution
3. Lack of  a traditional facial skeleton scanning technique
4. Visualization in real‑time is better than hard copy 

interpretation
5. Ultrasound evaluation from the time of  injury.

The systematic review also mentioned limitations of  
ultrasound imaging in maxillofacial fractures which 
included;[4]

1. Inability to represent multiple facial fractures that are 
complex in nature. In this study, all the fractures were 
identified even in patients with pan facial fractures

2. Difficulty in detecting undisplaced fractures. In the 
present study, all the fractures were identified by USG 
except in the case of  one ramus fracture which was 
undisplaced

3. Not able to investigate posterior orbital floor ≥4 cm. 
Orbital floor fractures were not seen in some cases as 
they were present posteriorly in the current study

4. Inability to detect the intracapsular fracture of  condyles 
due to the overlapping of  the zygomatic arch.

conclusIons

In this study, the overall sensitivity observed for diagnosis 
of  maxillofacial fracture was 85.21% and the specificity 
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observed was 100%. Fractures of  the nasal bone, 
uncomplicated orbital wall fractures, anterior maxillary wall 
of  maxillary sinus, zygomatic arch fractures, mandibular 
fractures of  symphysis/parasymphysis, and body and 
angle were readily detected on ultrasound. USG shows 
favorable results in the detection of  extracapsular 
subcondylar fractures, but maxillofacial surgeons must 
know its shortcomings in undisplaced fractures, complex 
maxillofacial fractures, posterior orbital floor fractures, 
and intracapsular mandibular condyle fractures. The 
sonographic techniques need to be upgraded and special 
transducer probes should be made for certain regions to 
detect fractures without any difficulty. The maxillofacial 
surgeons should be trained for the use of  ultrasound 
so that intraoperative and postoperative reduction of  
fractures can be checked and radiation exposure can be 
avoided. USG gives a good utility in the diagnosis and 
treatment of  maxillofacial trauma. If  properly developed 
and implemented, the relative advantages of  USG over 
CT could minimize the use of  CT scans for exclusive 
circumstances and thus revolutionize maxillofacial imaging 
in trauma care.

Furthermore, studies should be conducted with a 
considerable amount of  sample size as the literature 
mentions limited work regarding USG as a primary 
technique in maxillofacial fractures detection. Furthermore, 
it should be validated as a procedure along with CT scans 
and conventional radiographs in medicolegal cases for 
detection of  fractures.

In conclusion, USG can be a handy, diagnostic, additional, 
noninvasive, and inexpensive tool in the detection of  
maxillofacial fractures when compared to CT in primary 
health‑care centers.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

references

1. McCann PJ, Brocklebank LM, Ayoub AF. Assessment of zygomatico‑orbital 

complex fractures using ultrasonography. Br J Oral Maxillofac Surg 

2000;38:525‑9.

2. Sreeram MP, Mandava R, Ravindran C, Elengkumaran S. Use of 

ultrasound as a screening tool in the maxillofacial fractures. Int Med 

J 2016;3:573‑7.

3. Rajeev A, Pai KM, Smriti K, Kadavigere R, Kamath AT, Gadicherla S, 

et al. Diagnostic accuracy of ultrasonography in the assessment 

of facial fractures. Pesqui Bras Odontopediatria Clín Integr 

2019;19:e4832.

4. Adeyemo WL, Akadiri OA. A systematic review of the diagnostic role 

of ultrasonography in maxillofacial fractures. Int J Oral Maxillofac Surg 

2011;40:655‑61.

5. Reddy VK, Shaik M, Sasthrulu G. Ultra sonography in zygomatic arch 

fractures. Int J Recent Sci Res 2016;7:12102‑5.

6. Ord RA, Le May M, Duncan JG, Moos KF. Computerized tomography 

and B‑scan ultrasonography in the diagnosis of fractures of the medial 

orbital wall. Plast Reconstr Surg 1981;67:281‑8.

7. Jank S, Emshoff R, Etzelsdorfer M, Strobl H, Nicasi A, Norer B. The 

diagnostic value of ultrasonography in the detection of orbital floor 

fractures with a curved array transducer. Int J Oral Maxillofac Surg 

2004;33:13‑8.

8. Jank S, Deibl M, Strobl H, Oberrauch A, Nicasi A, Missmann M, et al. 

Interrater reliability of sonographic examinations of orbital fractures. 

Eur J Radiol 2005;54:344‑51.

9. Jenkins CN, Thuau H. Ultrasound imaging in assessment of fractures 

of the orbital floor. Clin Radiol 1997;52:708‑11.

10. Jank S, Deibl M, Strobl H, Oberrauch A, Nicasi A, Missmann M, et al. 

Interrater reliability in the ultrasound diagnosis of medial and lateral 

orbital wall fractures with a curved array transducer. J Oral Maxillofac 

Surg 2006;64:68‑73.

11. Forrest CR, Lata AC, Marcuzzi DW, Bailey MH. The role of orbital 

ultrasound in the diagnosis of orbital fractures. Plast Reconstr Surg 

1993;92:28‑34.

12. Kleinheinz J, Anastassov GE, Joos U. Ultrasonographic versus 

conventional diagnostic procedures in dislocated subcondylar 

mandibular fractures. J Craniomaxillofac Trauma 1997;3:40‑2.

13. Friedrich RE, Plambeck K, Bartel‑Friedrich S, Giese M, Schmelzle R. 

Limitations of B‑scan ultrasound for diagnosing fractures of the 

mandibular condyle and ramus. Clin Oral Investig 2001;5:11‑6.

[Downloaded free from http://www.joomr.org on Wednesday, October 5, 2022, IP: 243.242.226.81]



© 2021 Journal of Medical Ultrasound | Published by Wolters Kluwer - Medknow94

Original Article

introduCtion

Acute respiratory failure (ARF) is a life-threatening condition 
and continues to be one of the leading factors for admission 
of patients to intensive care unit (ICU).[1,2] The in-hospital 
mortality due to ARF was 33%–37%, and the associated 
health-care expenses were as high as US$54 billion annually 
in the US alone.[3,4] ARF is a key symptom of most cardiac 
and respiratory diseases such as cardiogenic pulmonary 
edema, chronic obstructive pulmonary disease (COPD), 
community-acquired pneumonia and pulmonary embolism 
which themselves are associated with poor prognosis.[5]

The imaging technicalities incompatible with the ICU 
infrastructure along with the inconvenience caused to 
patients during chest radiography highlight the need for 
an alternative.[6] Bedside lung ultrasound as a point of 
care diagnostic is non-invasive, easily repeatable, widely 
available, and suitable for the ICU environment.[7] Bedside 

Lung Ultrasound in Emergency (BLUE) protocol described 
by Lichtenstein and Meziere is becoming an emerging tool in 
critical care that can complement clinical evaluation, showing 
great promise especially for the dyspneic or hypoxemic 
patients.[8] By drastically curtailing the diagnosis time and 
providing clear evidence, the BLUE protocol can augment a 
diagnostician’s decision-making during exigencies.[9]

Considering the multifarious nature of ARF and the vacuum in 
literature pertaining to efficiency and relevance of the BLUE 
protocol in a sizeable local population in India, this study 
was designed. The primary objective of this study was to 
establish diagnostic accuracy of bedside thoracic ultrasound in 
pulmonary edema, pneumothorax, COPD/asthma, pulmonary 
thromboembolism, pneumonia, and adult respiratory distress 
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Background: The multifactorial etiology of acute respiratory failure (ARF) often complicates diagnosis at an early stage of clinical presentation. 
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syndrome (ARDS). In addition to which, parameters such 
as sensitivity, specificity, predictive values, and area under 
receiver operating characteristic (ROC) plot were also 
assessed.

MEthods

This 1-year cross-sectional study was conducted at the 
department of radiodiagnosis in a tertiary care hospital and 
medical research center from January 2017 to December 
2017. Patients above 18 years of age admitted to ICU 
with ARF were included in the study. ARF is clinically 
characterized by a respiratory rate above 30 breaths/min or 
PaO2 <55 mm Hg or oxygen saturation <92% with pulse 
oximeter or PaCO2 >45 mm Hg with an arterial pH <7.3.[10] 
Exclusion criteria included patients with ARF of unusual 
etiology including chronic diffuse interstitial disease, 
fat embolism, tracheal stenosis, unidentified diagnosis 
posthospitalization, progression preventing conclusion, proven 
lung malignancy, and having required intubation before 
admission. A total of 130 patients fulfilling the selection criteria 
were studied. The calculated sample size was based on the 
prevalence rate of 28% for ARF among patients consecutively 
admitted to the ICU, in the 3 years preceding the study. Thus, 
a sample size of 130 subjects was obtained for this study. The 
ethical clearance was obtained from the institutional ethics 
committee (approval no. MDC/DOME/75 obtained on Oct. 
17th, 2016), before the initiation of the study. Written informed 
consent was acquired from patients or patient’s relatives.

The baseline data were recorded using a pro forma by a single 
observer to oversee the study. Clinical diagnosis was conducted 
by the ICU personnel, based on a respiratory rate exceeding 30 
breaths per min with deranged arterial blood gases. Laboratory 
tests such as TLC and blood culture were done to assess the 
infectious profile. Ultrasonography (USG) of the lungs was 
performed using a linear and curvilinear probe of ALPINON 
ECUBE i7 machine with patients in a semirecumbent position, 
or supine if intubated. In the case of dyspneic patients, an 
emergency ultrasound protocol was conducted to diagnose 
ARF and included a venous analysis in appropriate cases.

The ultrasound areas included in the BLUE protocol in a 
supine patient are the anterior chest wall (zone 1), lateral 
wall (zone 2), and posterolateral chest wall (zone 3) using a 
short probe, by moving the patient only minimally. Six areas 
of investigation are derived as each wall consists of upper 
and lower halves. The BLUE-protocol connects signs and 
associates them with a specific location, thereby culminating 
in seven profiles, namely, A-profile, A’-profile, B-profile, 
B’-profile, C-profile, A/B-profile, and PLAPS-profile. The 
A-profile associates anterior lung-sliding with A-lines. 
The A’-profile is an A-profile with abolished lung-sliding. The 
B-profile associates anterior lung sliding with lung rockets. 
The B’-profile is a B-profile with abolished lung sliding. 
The C-profile indicates lung consolidation. The A/B profile 
is a half A-profile at one lung, a half B-profile at another. 

The PLAPS-profile connotes posterolateral alveolar and/or 
pleural syndrome.[1] The B-profile (anterior interstitial disease 
and lung sliding) indicates pulmonary edema, whereas the 
B’-profile  (lung sliding abolished) indicates pneumonia. The 
A/B profile (asymmetric anterior interstitial syndrome) and 
the C-profile  (anterior consolidation) indicate pneumonia, 
as does the A-profile  plus PLAPS. The A profile plus venous 
thrombosis indicates pulmonary embolism. A normal profile 
indicates COPD/asthma.[1] Conclusive diagnosis for all 
patients was established by clinical and radiological (computed 
tomography) examinations which is considered to be the gold 
standard for ARF and investigative (infectious profile, COPD 
by functional tests) data.[11] A radiologist with considerable 
experience compared the lung USG findings with the final 
diagnosis made by ICU team before the patient was discharged.

Diagnostic criteria for different types of acute respiratory 
failure
Two distinct criteria of the ultrasound profile were employed 
to detect pulmonary edema; criterion 1 consisted of observance 
of bilateral B3 lines and absence of lung sliding, and criterion 
2 consisted of observance bilateral B3 lines and presence of 
lung sliding.[1,12,13] With regard to detection of pneumothorax, 
three distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of absence of lung sliding, presence of 
A line, barcode sign, and lung point, criterion 2 consisted of 
absence of lung sliding, presence of A line, and barcode sign, 
and criteria 3 consisted of absence of lung sliding and presence 
of A line.[1,12,13] In regard to detection of COPD/asthma, two 
distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of observance of lung sliding and bilateral 
A lines, whereas criterion 2 consisted of absence of bilateral 
lung sliding and presence of bilateral A line.[1,12,13] In the case 
of pulmonary thromboembolism, a single distinct criterion 
of the ultrasound profile was employed; criterion 1 consisted 
of observance bilateral A Lines, bilateral lung sliding, and 
deep venous thrombosis.[1,12,13] For detecting pneumonia, 
four distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of presence of B7 lines, absence of 
consolidation, and presence of lung sliding; criterion 2 
consisted of presence of B7 lines, absence of consolidation, 
and absence of lung sliding; criteria 3 consisted of observance 
of consolidation and B7 lines; and criterion 4 consisted of 
observance of consolidation, bilateral A line, and absence of 
B lines.[1,12,13] In reference to diagnosis of ARDS, two distinct 
criteria of the ultrasound profile were employed; criterion 1 
consisted of observance of bilateral lung sliding and bilateral 
B3 lines, whereas criterion 2 consisted of bilateral lung sliding, 
bilateral B3 lines, and consolidation.[1,12,13]

Statistical analysis of the collected datasets was done using 
R software version 3.6.1 and Microsoft Excel. Categorical 
variables were expressed in the form of frequencies. 
Continuous variables were presented as mean ± standard 
deviation values. The standard criteria for various respiratory 
disorders were compared using sensitivity, specificity, area 
under ROC curve, and diagnostic accuracy.
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rEsults

Out of the 130 enrolled patients, 83 were male. The mean age 
was 49.28 ± 14.9 years among the cohort of 46.70–51.87 years. 
Breathlessness was the chief complaint (56.15%) followed by 
cough with fever (25.38%). Other ancillary symptoms noted 
include cough (7.69%), cough with breathlessness (6.15%), 
cough with sputum (1.54%), fever with breathlessness (1.54%), 
fever (0.77%), and hemoptysis (0.77%). Pneumonia was the 
most common cause of ARF observed in this study, followed by 
pulmonary edema, COPD/Asthma, pneumothorax, pulmonary 
thromboembolism, and ARDS.

Subjects with criteria 2 were 6.87 times more likely to have 
pulmonary edema. A substantial agreement between criteria 
2 and the final diagnosis regarding pulmonary edema was 
observed as per Cohen’s kappa [Table 1]. An almost perfect 
agreement was noted between USG findings and final 
diagnosis. The BLUE protocol had an overall diagnostic 
accuracy of 95.38% in the diagnosis of pulmonary edema.

No differences emerged between criteria 2, USG, and 
the final diagnosis in the classification of pneumothorax 
[Table 1 and Figure 1]. An almost perfect agreement and 
substantial agreement were noted between criteria 1 and criteria 
2 with final diagnosis, respectively.

In comparison to criteria 1 and 2 for COPD diagnosis, 
the BLUE protocol had a higher diagnostic accuracy of 
96.92% [Table 2]. In the case of pulmonary thromboembolism, 

Table 1: Confusion matrix for ultrasound profiles used in diagnosing pulmonary edema and pneumothorax

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
Pulmonary 
edema

Criteria 1*
Yes 0 0 0 (0.13) 100 (96-100) - 79 (71-86) - - 78.46
No 28 102

Criteria 2
Yes 28 14 100 (88-100) 86 (78-92) 67 (50-80) 100 (96-100) 0.8333 

(0.7612-0.9055)
0.7303 89.23

No 0 88
USG

Yes 28 6 100 (88-100) 94 (88-98) 82 (65-93) 100 (96-100) 0.9118 
(0.8467-0.9768)

0.8733 95.38
No 0 96

Pneumothorax Criteria 1*
Yes 15 0 88 (64-99) 100 (97-100) 100 (78-100) 98 (94-100) 0.9913 

(0.9793-1)
0.9287 98.46

No 2 113
Criteria 2

Yes 17 0 100 (80-100) 100 (97-100) 100 (80-100) 100 (97-100) 1 1 100
No 0 113

Criteria 3*
Yes 17 4 100 (80-100) 96 (91-99) 81 (58-95) 100 (97-100) 0.9048 

(0.8187-0.9908)
0.877 96.92

No 0 109
USG

Yes 17 0 100 (80-100) 100 (97-100) 100 (80-100) 100 (97-100) 1 1 100
No 0 113

*ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category. 
ROC: Receiver operating characteristic, USG: Ultrasonography

a perfect agreement was observed between criterion 1 and the 
BLUE protocol as per kappa test results, with an equivalent 
diagnostic accuracy of 99.23% [Table 2].

As depicted by Table 3, in the pneumonia cases, criterion 
2 performed better than other criteria. Kappa coefficient 
indicated that their substantial agreement was present between 
criteria 3 and final diagnosis, whereas criteria 1, 2, and 4 were 
in fair agreement with the final diagnosis. An almost perfect 
agreement between USG diagnosis and final diagnosis was 
determined by the kappa coefficient.

Among cases of ARDS, there was a substantial agreement 
between criteria 2, and USG each with the final diagnosis. A 
fair agreement was seen between criteria 1 and final diagnosis 
according to Kappa test results [Table 3 and Figure 2].

disCussion

The modality chosen for the diagnosis of ARF in adults is 
not only contingent on the clinical presentation but also 
on the available resources and patient’s medical status, 
which significantly affects the feasibility of examining lung 
disorders.[14]

In this study, patients were aged between 18 and 81 years 
and the chief complaint noted at the time of admission 
was breathlessness. The primary clinical diagnosis among 
most patients was found to be pneumonia. These findings 
are in consonance with the research done by Wallbridge 
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et al., wherein 17 out of 50 patients were diagnosed with 
pneumonia.[15] Breathlessness is one of the most common 
and telling symptoms of pneumonia; however, it can also be 

a result of myriad of other factors.[16] With a mortality rate of 
5%–10%, the accurate and timely diagnosis of pneumonia 
becomes imperative.[16]

Table 2: Comparison of ultrasound profiles used for diagnosing chronic obstructive pulmonary disease/asthma and 
pulmonary thromboembolism

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
COPD/asthma Criteria 1*

Yes 13 17 76 (50-93) 85 (77-91) 43 (25-63) 96 (90-99) 0.6967 
(0.6044-0.7889)

0.4636 83.85
No 4 96

Criteria 2
Yes 3 1 18 (4-43) 99 (95-100) 75 (19-99) 89 (82-94) 0.8194 

(0.5729-1)
0.2482 88.46

No 14 112
USG

Yes 14 1 82 (57-96) 99 (95-100) 93 (68-100) 97 (93-99) 0.9536 
(0.8667-1)

0.2482 96.92
No 3 112

Pulmonary 
thromboembolism

Criteria 1*
Yes 12 0 92 (64-100) 100 (97-100) 100 (74-100) 99 (95-100) 0.9958 

(0.9875-1)
0.95575 99.23

No 1 117
USG

Yes 12 0 92 (64-100) 100 (97-100) 100 (74-100) 99 (95-100) 0.9958 
(0.9875-1)

0.95575 99.23
No 1 117

ROC: Receiver operating characteristic, USG: Ultrasonography, COPD: Chronic obstructive pulmonary disease. *ROC curve, kappa value, positive 
likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category

Table 3: Comparison of ultrasound profiles used for diagnosing pneumonia and acute respiratory distress syndrome

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
Pneumonia Criteria 1

Yes 3 1 8 (2-22) 99 (94-100) 75 (19-57) 73 (64-81) 0.7401 
(0.492-0.9881)

0.0961 73.08
No 34 92

Criteria 2
Yes 3 0 8 (2-22) 100 (96-100) 100 (29-100) 73 (65-81) 0.8661 

(0.8275-0.9048)
0.112 73.85

No 34 93
Criteria 3

Yes 26 12 70 (53-84) 87 (79-93) 68 (51-82) 88 (80-94) 0.7823 
(0.7004-0.8643)

0.569 82.31
No 11 81

Criteria 4
Yes 5 2 14 (5-29) 98 (92-100) 71 (29-96) 74 (65-81) 0.7271 

(0.5422-0.9119)
0.15 73.85

No 32 91
USG

Yes 37 8 100 (91-100) 91 (84-96) 82 (68-92) 100 (96-100) 0.9111 
(0.8546-0.9676)

0.858 93.85
No 0 85

Acute 
respiratory 
distress 
syndrome

Criteria 1*
Yes 13 17 76 (50,93) 85 (77-91) 43 (25-63) 96 (90-99) 0.6967 

(0.6044-0.7889)
0.4636 77.69

No 4 96
Criteria 2

Yes 3 1 18 (4-43) 99 (95-100) 75 (19-99) 89 (82-94) 0.8194 
(0.5729-1)

0.2482 94.62
No 14 112

USG
Yes 14 1 82 (57-96) 99 (95-100) 93 (68-100) 97 (93-99) 0.9536 

(0.8667-1)
0.2482 95.38

No 3 112
ROC: Receiver operating characteristic, USG: Ultrasonography. *ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be 
calculated for above criteria 1 because it has only one category
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In this study, 28 patients were finally diagnosed with pulmonary 
edema. The BLUE protocol diagnosis made at admission 
displayed good agreement with the final diagnosis with a 
diagnostic accuracy of 95.38% for pulmonary edema. Anterior 
predominant bilateral B3 lines with absent A lines (B-profile) 
were observed in all 28 cases. B-profile with preserved 
lung sliding had a sensitivity of 100.0% for the detection of 
pulmonary edema with a specificity of 94% and diagnostic 
accuracy of 89.23% in good agreement with a study conducted 
by Lichtenstein and Meziere,[1] which showed a sensitivity of 
97% and specificity of 95%. All patients with pulmonary edema 
had preserved lung sliding, and thus absence of lung sliding had 
100% specificity in ruling out pulmonary edema. The B-profile 
characterizes pulmonary edema with high accuracy.[1]

In the present study, 17 patients were finally diagnosed with 
pneumothorax. The BLUE protocol diagnosis made at admission 
had a perfect agreement with final diagnosis along with a 
diagnostic accuracy of 100% in the case of pneumothorax. Chest 
X-ray detected pneumothorax in 11 cases; thus, ultrasound had 
a greater diagnostic accuracy in detecting pneumothorax. In the 
current study, abolished anterior lung sliding was associated 
with anterior-predominant A lines and barcode sign was seen in 
all pneumothorax cases, correlating with a study conducted by 
Lichtenstein and Menu, demonstrating absence of lung sliding 
in all patients diagnosed with pneumothorax.[17] The presence 
of lung point was noted in 15 cases, with sensitivity of 88.2% 
and specificity of 100%, similar to a study by Lichtenstein et al., 
which reported a sensitivity of 79% and specificity of 100%.[18] 
A study by Raimondi et al. detected a higher sensitivity and 
specificity of 100% among A’-profile  and lung point.[19]

The absence of both lung sliding and B lines was seen in all 
cases of pneumothorax, thereby producing a specificity of 

100%; however, the same profile can rarely be seen in COPD 
and thus it had a slightly lower specificity of 99%. COPD and 
asthma are bronchial diseases assumed to yield a normal lung 
surface. COPD formed the diagnosis for 17 patients, out of 
which in 13 cases, anterior-predominant bilateral A lines with 
lung sliding and no PLAPS were observed. In three cases, the 
same pattern with abolished lung sliding (without lung point) 
was seen. Anterior-predominant bilateral B lines were present in 
one case, and PLAPS was seen in 2 cases. Predominant anterior 
A lines without PLAPS and with lung sliding (normal profile) 
had a sensitivity of 76% and specificity of 85%, in correlation 
to a study by Ghanem et al. who found A-profile to have 86% 
sensitivity and 96% specificity.[20] Lichtenstein and Meziere 
also reported a comparable sensitivity of 89% and specificity 
of 97%.[1] In the current study, BLUE protocol had an overall 
diagnostic accuracy of 96.92% in the diagnosis of COPD. 
X-ray had a diagnostic accuracy of 100% in the diagnosis of 
COPD.

In this study, 13 patients were diagnosed with pulmonary 
thromboembolism. None of the patients with anterior 
interstitial patterns had pulmonary embolism. All patients had 
anterior-predominant A lines with lung sliding. Twelve patients 
had venous thrombosis. Predominant anterior bilateral A lines 
plus venous thrombosis criterion had a sensitivity of 92% and 
specificity of 100%, correlating with a study conducted by 
Lichtenstein and Meziere, demonstrating a sensitivity of 81% 
and specificity of 99%.[1] There was a good agreement with 
BLUE protocol diagnosis, with an overall diagnostic accuracy 
of 99.23% ultrasound, correlating with a study by Silva et al., 
which showed a diagnostic accuracy of 0.81 ± 0.17.[2]

Among the study cohort, 42 patients who presented with 
ARF were finally diagnosed to have pneumonia. Patients 

Figure 1: Ultrasound and chest X‑ray of a female patient aged 
about 50 years presenting with sudden onset of breathlessness, 
postbronchoscopy. (a) A lines and barcode sign in the ultrasound of the 
right lung and (b) right peripheral radiolucent area in the chest X‑ray with 
no vascular markings consistent with right pneumothorax. A male patient 
presenting with hemoptysis: (c) A lines in the right lung ultrasound and 
(d) superficial femoral vein thrombus in Doppler of the left leg

dc

ba

Figure 2: Ultrasound of the left lung of male patient aged 62 years 
presenting with cough and breathlessness: (a) Normal B lines and 
(b) consolidation in the lung. A female patient aged 48 years presenting 
with breathlessness: (c) Diffuse bilateral B lines in left lung ultrasound 
and (d) homogenous opacities in bilateral lower zones and perihilar 
opacities in the chest X‑ray indicating acute respiratory distress syndrome

dc

ba
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with pneumonia in this study presented with various profiles 
as described below.

B‑profile  (preserved lung sliding + B 7 lines)
This profile had a sensitivity of 8% and specificity of 99% in 
diagnosing pneumonia, which was similar to a study conducted 
by Lichtenstein and Meziere, who reported a sensitivity of 
14.5% and specificity of 100%.[1]

B’‑profile  (abolished lung sliding + B 7 lines)
This profile had a low sensitivity of 8%, but specificity of 
100% for the diagnosis of pneumonia. This is in congruence 
to the findings of Lichtenstein and Meziere who found the 
sensitivity and specificity of the B’-profile to be 11% and 
100%, respectively.[1] Similarly, a study by Agmy et al. reported 
a specificity of 100%.[21]

Consolidation profile (consolidation + B 7 lines)
The presence of consolidation had a higher sensitivity of 
70% and specificity of 87% in the diagnosis of pneumonia. 
The presence of focal B lines is explained by the presence of 
fluid due to inflammatory changes. In a study conducted by 
Nazerian et al., consolidation profile had a sensitivity of 82.8% 
and specificity of 95.5%.[22] Agmy et al. also demonstrated this 
profile to have a sensitivity of 81% and specificity of 100%.[21]

Consolidation + A‑profile 
This profile had a sensitivity of 14% and specificity of 98%. 
In a study conducted by Lichtenstein and Meziere, this profile 
had a sensitivity of 42% and specificity of 96%.[1]

The diagnostic accuracy of the four characteristic signs of 
pneumonia was lower than 93.85% accuracy rate of the 
bedside lung ultrasound. The sensitivity and specificity of the 
BLUE protocol in diagnosing pneumonia noted by the present 
study are similar to the corresponding values of 88% and 90% 
reported by Dexheimer Neto et al. Correlation between the two 
studies differing in sample sizes further reinforces the validity 
bedside lung ultrasound as an effective diagnostic tool for 
pneumonia in the ICU.[8]

All 13 patients diagnosed with ARDS presented with bilateral 
symmetrical B lines and preserved lung sliding in our study. 
Bilateral lung sliding + bilateral symmetrical B lines had 
a sensitivity of 100% in the diagnosis of ARDS; however, 
similar pattern also indicated pulmonary edema and thus had 
a lower specificity of 75% in the diagnosis of ARDS. Out of 
the 13 patients, 7 patients also had consolidation along with 
preserved lung sliding and bilateral symmetrical B lines; thus, 
this pattern had a specificity of 99%. However, it showed a 
lower sensitivity (54%) in the diagnosis of ARDS. BLUE 
protocol had a low sensitivity (54%) in the diagnosis of ARDS; 
however, it had a high specificity (100%) and diagnostic 
accuracy (95.38%). In a study conducted by Leblanc et al., 
USG had a sensitivity of 58% and specificity of 96%.[23]

Several recent studies have expounded the use of bedside 
lung ultrasound in detecting an omnibus of COVID-19 
complications in a timely manner, while precluding 

contamination and radiation risks. Amidst a raging pandemic 
that targets the respiratory tract, it becomes exponentially 
crucial to delineate the use and diagnostic accuracy of 
beside lung ultrasound in mapping the myriad presentation 
of ARF.[24-27] With the limited infrastructural and financial 
resources of many affected regions worldwide, reliance on 
bedside lung ultrasound can go a long way in tiding over 
this health crisis.[27]

Use of ultrasound has been greatly increasing in critically 
ill patients. There are multiple advantageous like quick 
examinations by the bedside to answer specific clinical queries, 
no need to move the patients to ICU, and reduced exposure 
to ionizing radiation.[28] Ultrasound technique has found 
several applications in pre-hospital setting, one of them is 
aeromedical transport. Ultrasound technique has the potential 
to collaborate the in-hospital physicians to get ready for the 
trauma patients and to recognize intra-peritoneal bleeding 
in the field. Ultrasound technique can be helpful in military 
situations and disasters for patients’ triage, as well as the 
rapid assessment. One research involving adult population 
concluded that critical care ultrasound can be successfully used 
for discovering the nontraumatic pneumothorax. Furthermore, 
critical care ultrasound is often performed before paracentesis 
for identification of optimal needle insertion point and depth, 
as well as for recognition of ascites.[29]

Few limitations of this study include possibility of interoperator 
discrepancies and missed opportunity of including pleural 
effusion as a distinct category, an important contributor 
to ARF. Furthermore, ARDS and severe pneumonia were 
not differentiated clinically, which is an important aspect. 
Nevertheless, this study is noteworthy in its attempt to 
replicate results in a reasonable sample size of a wide age 
range and delineated representation of almost all profiles 
outlined in the BLUE protocol with respect to the Indian 
scenario. The often-elusive pulmonary embolism was also 
aptly detected by the ultrasound in the presence of deep vein 
thrombosis. Lung ultrasound was also useful in differentiating 
pulmonary edema and ARDS. These findings will help in 
providing a comprehensive understanding of the bedside 
lung ultrasound’s diagnostic accuracy across multiple forms 
of ARF.

ConClusion

Based on the observations, this study infers that the BLUE 
protocol is a feasible tool, convenient for ICU usage, and 
imperative for the immediate diagnosis of conditions 
manifesting as ARF. Future studies can explore the efficiency 
of bedside ultrasound in patients with multiple ARF diagnoses 
in monocentric experimental design.
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INTRODUCTION

Coughing up of blood is a dramatic symptom of lung disease when present clinically, its 
seriousness compounded by the nature of the underlying pathology causing it. Hemoptysis 
is the expectoration of blood from the airways or lung parenchyma below the level of the 
glottis.[1,2] While several disease conditions have been listed as being capable of causing 
hemoptysis – pneumonia, inflammation in the lower respiratory system, chronic obstructive 
pulmonary disease, bronchiectasis, cystic fibrosis and neoplasia in the respiratory tree, and 
tuberculosis and its sequelae emerge as the leading cause for hemoptysis in resource-limited 
settings like India.[1-4] Percutaneous transthoracic needle biopsies of lung masses have also been 
associated with hemoptysis as a procedure-related complication.[5] In a case report, pulmonary 
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Objectives: e objective of this study was to evaluate the role of Gelfoam as an effective embolizing agent in 
patients with hemoptysis presenting to a tertiary care center in developing nations.

Material and Methods: A retrospective analysis of data from 30 patients treated by Interventional radiologist at 
St. John’s Medical College, Bangalore, India, was performed. e study included 22 males (73.3%) and 8 (26.65%) 
female patients. Gelfoam was used as the sole embolizing agent and arteries with features of abnormal blush 
and hypertrophy were targeted. Analysis of the etiology, immediate, and short-term outcome and complications, 
when present, was performed. e median follow-up period was 45 days following an embolization procedure at 
this center.

Results: A high short-term efficacy was noted following embolization procedures with Gelfoam as the sole agent. 
Twenty-eight out of 30 procedures were deemed successful, and post-tubercular changes were noted to be the 
cause for hemoptysis in 23 patients. e high short-term efficacy (93.3%), evidenced by a complete stoppage of 
hemoptysis, along with a relatively low rate of complications (spinal cord ischemia in only 2.3%), strengthens the 
position of Gelfoam as the sole embolizing agent in a resource-limited setting.
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actinomycosis has been documented as a cause for recurrent 
hemoptysis,[6] while fistulous communication between 
the aorta and tracheobronchial tree can also result in large 
volume, life-threatening hemoptysis.[7] Hemoptysis is termed 
life-threatening when the volume of blood is clinically large 
enough to bring about respiratory compromise. An 80% 
mortality rate is associated with life-threatening hemoptysis 
related mainly to asphyxiation.[8]

Diagnosing the source of bleeding

Hemoptysis most commonly occurs from the bronchial 
artery and its branches with non-bronchial systemic 
(NBS) arteries being involved mainly by tubercular 
etiology.[9,10] Multidetector computed tomography (CT) 
enabled CT angiography is the imaging modality preferred 
for the diagnosis of hemoptysis. It enables relatively accurate 
localization of the source of hemorrhage – bronchial or NBS 
vessels, provides information about the number and origin 
of the arteries, and also allows evaluation of the etiology of 
hemoptysis.[11,12]

Embolization and embolizing agents

Bronchial or NBS vessel embolization has become a safe 
and effective method in tackling potentially catastrophic 
hemorrhage in addition to negotiating the morbidity 
associated with open surgical procedures to check 
hemorrhage.[11-14] e embolization of the bleeding vessel is 
carried out by first obtaining access into the arterial system 
through the femoral artery. Usually, 5 Fr sheath is commonly 
used through which either Cobra or Simmons catheters were 
used. e bronchial arteries are cannulated, and a selective 
arteriogram (ideally digital subtraction angiography) is then 
performed.[15] Low to iso-osmolar non-ionic contrast agents 
are preferred as ionic agents are associated with a higher 
incidence of transverse myelitis.[14]

Vascular hypertrophy and tortuosity, hypervascularity, 
aneurysm formation, neovascularity, and shunting (bronchial 
artery to the pulmonary vein or bronchial artery to pulmonary 
artery) seen on initial arteriography indicate the source of 
bleeding. ese initial angiographic runs can be used as 
roadmaps during definitive embolization later. It is essential 
to identify the artery of Adamkiewicz (with its typical hairpin 
configuration), when present, as accidental blockage of the 
artery results in catastrophic neurological deficits.[14,15]

A variety of embolization agents are available – polyvinyl 
alcohol (PVA) (PVA particle with diameters ranging from 250 
to 500 microns), microspheres (500–700 microns), n-butyl-2-
cyanoacrylate, ethylene vinyl alcohol polymer, Gelfoam, and 
Gelfoam in combination with micro coils.[14-19] Superselective 
embolization is carried out using microcatheters passed into 
the larger catheter in a coaxial fashion.

MATERIAL AND METHODS

Embolization using Gelfoam-experiences at this center

A trained interventional radiologist performed all 
embolization procedures in the hospital catheterization 
laboratory. Arterial access was gained through a femoral 
puncture. Preliminary descending thoracic aortogram 
provided useful information regarding bronchial artery 
origins and anatomy. e cobra-type curved catheters/
Simmons catheters were used for selective catheterization of 
the bronchial artery.

Once the bronchial artery was selectively catheterized, an 
angiogram was performed, which enabled the detection 
of the bleeding vessel and localization of the artery of 
Adamkiewicz. Digital subtraction images were obtained after 
the injection of iodinated contrast. Abnormal vascularity 
was identified in the form of the presence of hypertrophied 
vessels, abnormal vascular blush, areas of arteriovenous 
shunting, and foci of active extravasation.

Gelfoam powder was mixed with dilute iodinated contrast 
and injected as a slurry without the need for a microcatheter. 
e commonly embolized arteries included the bronchial 
arteries, intercostal arteries, and lateral thoracic artery 
branches. Embolization was discontinued with early signs 
of reflux or stasis. All the patients were then observed in a 
surgical or respiratory care unit for a minimum period of 24–
48 h for immediate control of the bleeding post-procedure 
and recurrence or any complication.

RESULTS

On immediate follow-up (within 48 h post-procedure), 
total cessation of hemoptysis was achieved in 27 patients. 
Partial response with regression in hemoptysis was 
noted in 3 patients, which slowly improved with medical 
management [Table  1]. A single major complication was 
noted, where a patient developed paraparesis following the 
interventional procedure due to spinal cord ischemia. Care 
had been taken to avoid the artery Adamkiewicz and the 
other spinal arteries; however, spinal ischemia could have 
been caused by the opening of the spinal collateral during 
the process of embolization. e weakness, however, 
was transient, and the patient gradually improved with 
physiotherapy and medical management and regained 
Grade 4 power around 3 weeks after the procedure. Other 
minor complications noted were chest discomfort (12) and 
puncture site hematoma (1).

Repeat bronchial artery embolization (BAE) was required in 
one patient due to the opening of a prominent feeder, leading 
to recurrence of significant hemoptysis (this occurred 2 
weeks following the procedure) [Figure 1]. It was necessary to 
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undertake a second embolization procedure for the patient; 
embolization was carried out using PVA particles with no 
further episodes of bleeding following the second procedure.

DISCUSSION

Near-complete control of hemoptysis was achieved in 27 
patients (90%) following BAE. We compared our data with 
other prominently cited published literature regarding the 
BAE with gel foam that focused on the immediate bleeding 
control rate. e immediate success rates were lower up 
to the year 2000 (generally <90%). Higher success rates 
following this could be attributed to newer advances in 
medical therapy and the availability of better catheter and the 
cath-lab systems.

e complication rates, as seen in these studies, have generally 
shown a declining trend over the years.[20-22] Our study had 
one major complication in the form of spinal cord ischemia 
leading to transient paraparesis. Other minor complications 

were chest discomfort and puncture site hematoma. Repeat 
BAE was required in a patient due to the opening up of a 
prominent feeder, leading to recurrence of significant bleed 2 
weeks following the procedure. Overall, these results show an 
excellent safety profile of the procedure with a low incidence 
of clinically significant complications.

Limitations

e present study was a retrospective one from a single 
center with follow-up carried out for a maximum period of 
only 3 months.

CONCLUSION

e study reiterates BAE to be an effective technique to 
control acute, life-threatening hemoptysis. Previous studies 
have concluded that PVA is preferred over Gelfoam, with 
Gelfoam even being recommended as a supplementary 
agent following embolization with PVA due to its temporary 
occlusive effect. It is imperative still to note that the 
requirement of a microcatheter system for use with PVA 
particles coupled with the higher cost of the particles itself 
raises the financial burden of an embolization procedure. 
Considering the majority of patients with hemoptysis due to 
tuberculosis belong to lower strata of society, and expensive 
embolization procedures may not be within reach of those in 
greatest need. With a high percentage of complete occlusion 
of target vessels following initial embolization and low risk of 
major complications resulting from non-target embolization, 

Figure 1: (a-d) Selective bronchial artery angiograms showing a dilated right bronchial artery with abnormal hypervascularity and tortuosity.

Table 1: Clinical outcomes of our study in comparison to previous 
studies.

Year Study Number of 
patients

Immediate 
control (%)

1977 Remy et al.[18] 104 84
1996 Ramakantan et al.[19] 140 73
1999 Mohan et al.[20] 45 97.7
2018 Study of our centre 30 90

dcba
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as noted in this study, Gelfoam may even be considered 
as a sole and primary embolization agent in developing 
nations like India where embolization with PVA particles or 
embospheres is still reserved for the privileged.
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Abstract 

 
Vaginal bleeding in pregnancy is a common presentation in emergency obstetric care 

facilities. The acuity of the symptoms may vary from occasional spotting to severe 

hemorrhage associated with cramping and abdominal pain.100 patients with bleeding per 

vagina in pregnancy underwent ultrasound examination of the abdomen and pelvis conducted 

using curvilinear transducer of 3.5-5 MHz and transvaginal transducer of 5-9 MHz. The 

patients progress was followed up clinically and sonographically, when necessary. Of the 100 

patients, maximum patients presenting with per vaginal bleeding were those of abortions 

(44%), with it being the commonest cause of bleeding in the first trimester (87.5%). The other 

condition encountered in the first trimester was ectopic pregnancy (12.5%), in which 

ultrasonography could detect the cases with an accuracy of 100%. The most common cause 

of bleeding in the second trimester was also abortion (44.4%) followed by placenta previa 

(33.3%). The type of placenta previa frequently encountered in this study was low lying 

placenta previa. Other causes included molar pregnancies and placental abruptions. In the 

third trimester, placental abruption was diagnosed in most of the cases (59.38%) with only 

21.7% cases of abruption placenta cases showing favourable outcome. Ultrasonography 

should be the primary modality of investigation to determine the cause of bleeding in a case 

of antepartum hemorrhage. 

 

Keywords: Bleeding per vagina, sonography, antepartum hemorrhage 

 

Introduction 

 

In cases of abortion, threatened or inevitable, ultrasonic examination provides a good index of 

the residual contents of the uterus necessitating evacuation or may indicate that curettage is 

not necessary because the uterus, though bulky, is now empty. On the other hand pregnancy 

maybe observed to be continuing. This simple diagnostic procedure in doubtful cases may 

help to reduce the number of unnecessary operations. It may, on the other hand, indicate 

continuing treatment in cases where abortion is only threatened [1]. 

One in every thirteen women presenting to the emergency department (ED) in their first 

trimester of pregnancy with abdominal or pelvic pain or vaginal bleeding will eventually be  
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diagnosed with an ectopic pregnancy. Because the history and physical exam are unreliable 

for detecting or excluding the presence of an ectopic pregnancy, ultrasound has become more 

than just an adjunctive diagnostic tool [2]. 

Because of the complex sequence of events that accompany first trimester development, it is 

not unusual for complications to occur. Approximately 15% of clinically recognized 

pregnancies are spontaneously miscarried; the loss rate is estimated at two to three times 

higher with very early and often clinically unrecognized pregnancy [3]. 

Vaginal spotting or frank bleeding is very common and is experienced by approximately 25% 

of patients during the first few weeks of pregnancy. 

The findings at ultrasound examination in patients with threatened abortion are often both 

crucial and pivotal because, in most cases, the sonographic findings not only can determine 

the precise diagnosis but can also be used to guide therapy [4]. 

The word abortion derives from the Latin aboriri-to miscarry. According to the New Shorter 

Oxford Dictionary (2002), abortion is premature birth before a live birth is possible, and in 

this sense it is synonymous with miscarriage. It also means an induced pregnancy termination 

to destroy the fetus. Clinical Classification of Spontaneous Abortion. 

Spontaneous abortion can be classified clinically a number of ways. Commonly used 

subgroups include threatened, inevitable, incomplete, and missed abortion. Septic abortion is 

the condition when the products of conception and uterus are infected. Finally, recurrent 

miscarriage-also termed recurrent pregnancy loss-describes consecutive early losses with 

implied similar etiology [5]. 

Several studies have demonstrated that, ultrasound at 16 to 18 weeks can identify patients 

with greater risk for placenta previa and exclude the diagnosis in most of the cases [1]. 

Any vaginal bleeding during the second and third trimesters of pregnancy is abnormal (the 

last 6 months of a 9-month pregnancy) & involves concerns different from bleeding in the 

first 3 months of your pregnancy. Hemorrhage is the most common cause of death of the 

mother after the 28th week of pregnancy. It complicates about 4% of all pregnancies. 

Bleeding in the second and third trimesters is less common. Bleeding restricted by the 

placenta, the amniotic or chorionic membranes or both has characteristic sonographic features 

that are important to recognize because the prognosis varies with location. The most common 

cause of late-pregnancy bleeding is problems with the placenta (placenta previa and placental 

abruption). Some bleeding can also be due to an abnormal cervix or vagina [6]. 

Many clinical problems are ascribed to placenta and sonography is the only non-invasive 

means of evaluating placenta [2]. 

Where clinically indicated in the third trimester, ultrasound is routinely used to assess fetal 

well-being, the examination is also sometimes useful for supporting suspected placental 

bleeding in the absence of overt clinical signs and symptoms. 

 

Methodology 

 

This was a prospective study included statistically significant sample size was 100 patients. 

The source population in the present study included all pregnant patients who were referred to 

our department and underwent ultrasonography (TAS/TVS) of the abdomen/pelvis for 

evaluation of bleeding per vagina during various stages of pregnancy. All the patients 

presented to the Department of Obstetrics & Gynaecology, and after eliciting appropriate 

clinical history, followed by a detailed clinical examination, the patients were referred to our 

department for the imaging evaluation of suspected bleeding per vagina.  

The study protocol included a ‘Pro forma’ for each patient which included patient’s name, 

age, sex and hospital ID No. A detailed history of the patient regarding the nature and 

duration of clinical symptoms was evaluated. A detailed general and systemic examination 

was performed in all the patients. All the patients underwent routine and specific clinical and 
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biochemical investigations and were referred for ultrasonographic evaluation of abdomen and 

pelvis. 

 

Imaging criteria 

 

Ultrasound examination was performed with real-time gray scale and Colour Doppler unit 

transabdominal ultrasound was performed in all patients. Transvaginal ultrasound was done 

in these patients in whom transabdominal ultrasound provided no conclusive diagnosis. For 

transabdominal ultrasound, 3.5 MHz transducer was used and for trans-vaginal sonography 5 

to 9 MHz transducer was used.  

Patients were asked to lie down in supine position. Patient’s abdomen was exposed. After 

application of coupling medium, the transducer was placed over the area to be examined. 

Longitudinal and transverse scans were performed over lower abdomen. In early pregnancy, 

the full bladder technique was adopted for better visualization of uterus, when transabdominal 

scan was performed.  

In late pregnancy the scan was performed on the distended abdomen for visualization of fetal 

cardiac activity, placental position, retroplacental area and internal Os.  

 

Transvaginal ultrasound was performed when:  

a) Fetal cardiac activity was not evident on transabdominal scan.  

b) Intrauterine sac was not identified on transabdominal scan in patients with clinical 

suspicion of ectopic pregnancy.  

c) The adnexa was not satisfactory visualized on transabdominal scan in patients with 

clinically suspected ectopic pregnancy.  

d) When placental margin was not satisfactorily seen in relation to internal os, on 

transabdominal scan.  

 

The follow-up ultrasound examination was done in future course of pregnancy, in patients 

with placenta previa detected in second trimester and in patients with retroplacental 

hemorrhage or abruption placenta detected in second trimester.  

The interval between the subsequent serial scans depended on the severity of condition, some 

were followed up for every week and some were followed up after 4 to 6 weeks.  

 

Results 

 
Table1: Conditions diagnosed on transvaginal and transabdominal Sonography 

 

Conditions TVS TAS Total 

Abortions 18 26 44 

Hydatidiform mole 0 4 4 

Placenta previa 0 25 25 

Abruptio Placenta 0 23 23 

Ectopic Pregnancy 1 3 4 

Total 19 81 100 

² = 24.5; p<0.001 Very highly significant 
 

Transvaginal sonography was conducted when the diagnosis made by transabdominal 

sonography was doubtful or in conclusive. 

In the present study 19 cases required transvaginal sonography and 81 cases could be 

diagnosed by transabdominal sonography. 

Maximum cases diagnosed by transvaginal sonography were abortions which were 

encountered in the first trimester. 
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1 case of ectopic pregnancy was in conclusive on transabdominal sonography which was 

diagnosed on TVS. 

 

 
 

Fig 1: Blighted ovum (Irregular gestational sac of mean sac diameter of >25 mm with no fetal pole of 

yolk sac) 
 

 
 

Fig 2: Incomplete Abortion (Enlarged uterus with ill-defined gestational sac with hyper to mixed 

echogenic area within it, with an open internal os) 
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Fig 3: Missed Abortion (A normal intrauterine gestational sac with a fetal pole of crown rump length 

(CRL) corresponding to 8 weeks showing no cardiac activity) 
 

 
 

Fig 3a: Threatened Abortion 
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Fig 3b: Threatened Abortion 

 

 
 

Fig 4a: Ruptured Ectopic Pregnancy (8 weeks amenorrhea with PV spotting showing a lesion in the 

right adnexa) 
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Fig 4b: Ruptured Ectopic Pregnancy (Free fluid noted in the hepato renal pouch in the same patient 

proved with exp laparotomy-n rt salpingectomy ampullary ectopic) 

 

 
 

Fig 5: Complete Hydatidiform Mole (Uterine cavity filled with echogenic lesion with cystic spaces, 

snow storm appearance with no evidence of fetal pole. The lesion shows vascularity on Doppler 

study) 
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Fig 6: Complete Hydatidiform Mole WITH Myometrial Invasion 

 

 
 

Fig 7: Sub Amniotic Hemorrhage (Hypoechoic lesion seen in the subamniotic region. The volume of 

the bleed was less than 55 ml, it progressed to term with a viable fetus and a favourable outcome with 

vaginal delivery) 
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Fig 8: Abruptio Placenta (Large sub chorionic hemorrhage in the form of Mixed to hyperechogenic 

lesion in the sub chorionic region) 

 

 
 

Fig 9: Retro Placental Clots with Intra Placental Hemorrhage (Hypoechoic lesion noted behind the 

placenta with a mixed echoic lesion within the placenta) 
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Fig 10a: Abruptio Placenta 

 

 
 

Fig 10b: Abruptio Placenta 
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Fig 11: Low Lying Placenta Previa (Placental margin 2 cms away from the internal os in a patient 

presenting with bleeding per vagina at 30 weeks of gestational age, underwent an Em LSCS and 

delivered a live fetus) 
 

 
 

Fig 12: Marginal Placenta Previa (Placental margin just encroaching the internal cervical os in a 

patient of gestational age of 36 weeks with per vaginal bleeding. She underwent Em LSCS and 

delivered a live term baby) 
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Fig 13: Marginal/Partial Placenta Previa (Placental margin just encroaching the tip of the internal os) 

 

 
 

Fig 14: Complete Placenta Previa (Placenta completely covering the internal os in a pregnancy of 36w 

2 days) 
 

Discussion 

 

In the present study 12 cases of incomplete abortion were detected by ultrasonography. In all 

these cases there was evidence of an open cervical internal os with internal echoes and 

thickened irregular endometrium with fluid in the uterine cavity. 

4 cases of complete abortion were diagnosed on ultrasonography, imaging showed an 

enlarged uterus without a fetal pole or gestational sac. The internal os was closed in most of 

the cases. Endometrial core was thickened in these cases suggesting decidual reaction. 

In two patients presenting with bleeding per vagina in pregnancy, low placed gestational sac 

with open internal os was noted with an irregular gestational sac. A diagnosis of inevitable 

abortion was made in these two cases. 

In all the cases of abortions, the management was based on the ultrasound findings of the age 

of the gestation. All cases below 12 weeks were managed with manual vacuum aspiration and 
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those after 12 weeks required MTP and dilatation and curettage accordingly. 

Complete abortion did not require any procedure and were managed with antibiotics to 

prevent infections. 

The present study showed 4 cases of hydatidiform mole. 3 out of which were complete and 

one was partial. One of the three complete molar pregnancy required transvaginal 

sonography. 

All the patients with molar pregnancy were between 20-30 years of age and two of them were 

primigravida (50%) which was in line with the study conducted by Malhotra S. 

3 cases of complete hydatidiform mole showed an enlarged uterus containing echogenic 

tissue with multiple cystic ‘snowstorm’ appearance on ultrasound, the cysts ranged between 

0.7 to 2 cms. No evidence of fetal pole or placenta were seen in these cases. 

1 case of the hydatidiform mole showed abnormally enlarged placenta with an average 

measurement of 4.5 cms and multiple distributed cystic areas. Fetal pole was detected with no 

cardiac activity. 

All the cases of molar pregnancy underwent suction evacuation. 

In this study of 100 cases, 25 cases are placenta previa cases. 12 which were detected in the 

second trimester and 13 which were detected in the third trimester. 

Out of the 12 placenta previa cases detected in the second trimester, 7 were partial placenta 

previa cases, 4 were low lying placenta previa and 1 was complete placenta previa. 9 cases 

out of these 12 cases showed placental migration (75%) on follow up scans, which was done 

at 34 weeks. 

13 placenta previa cases were detected in the third trimester, out of which 9 were low lying 

and 4 were complete placenta previa cases. 

16 cases of the placenta previa cases needed emergency caesarean section, one case at 28 

weeks. One case of complete placenta previa showed intrauterine death with absent cardiac 

activity. 

 
Table 2: Placental migration (comparison with other studies) 

 

Author Year Percentage 

MS Gilliesol et al. [7] 1982 63.00 

Gallagher et al. [8] 1987 92.15 

Ancona et al. [9] 1990 80.00 

Lauria et al. [10] 1996 86.00 

Taipale et al. [11] 1997 95.00 

Present study 2009 75.00 

 

The conversion rate of placenta previa has been studied by various authors detected in the 

second trimester to term. The present study shows a conversion rate of 75% which can be 

correlated with the study of the other authors. 

In the present study 23 cases of abruption placenta were diagnosed sonographically. 

Retroplacental/subchorionic/subamniotic and intraplacental hematoma with a variable 

amount of placental, marginal separation was detected in these cases. 

4 cases were detected in the second trimester and 19 cases in the third trimester. The outcome 

was unfavourable (IUD/ spontaneous abortion) outcome was seen in the follow up scan in 18 

cases (78.2%), i.e. 1 in the second trimester and 17 in the third trimester. 5 cases were with 

favourable outcomes, one which was detected in the second trimester and followed upto 

delivery. All these cases underwent emergency caesarean sections, the cases which 

progressed till term and had favourable outcomes, 5 cases (21.8%) had a clot volume of less 

than 55 ml. This finding was correlated with the study conducted by other authors mentioned 

in the table below. 
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Table 3: Significance of clot volume in outcome of cases of abruption placenta (favourable outcome) 
 

Author Year Volume 

Sauerbrei [12] 1986 <60 ml 

Nyberg [13] 1987 <60 ml 

Present Study 2009 <55 ml 

 

In the 18 cases with unfavourable outcomes, the clot volume was between 55 and 90 ml. 

Variable amount of placental marginal separation was found in all the cases, but in cases with 

favourable outcome, the separation was minimal and in cases with unfavourable outcome, 

considerable separation was seen. These findings correlate with the study done by Nyberg. 

4 cases of ectopic pregnancy was seen in this study. All the cases presented with bleeding in 

the first trimester of pregnancy. One case was detected with evidence of fetal cardiac 

activity.3 cases were ruptured ectopic pregnancy. On imaging, free fluid with internal echoes 

was seen in the peritoneal cavity with an adnexal mass.  

All the cases of ectopic pregnancy underwent exploratory laparotomy and the diagnosis was 

confirmed. The present study could diagnose all the cases of ectopic pregnancies. 100%. This 

can be correlated with the studies conducted by various other authors. 

 
Table 4: Accuracy of Ultrasonography in detection of Ectopic  

Pregnancy 
 

Author Year Percentage 

Levi S [14] 1980 95.00 

Piiroinen [15] 1981 71.00 

Gleicher [16] 1983 89.00 

Present study 2009 100.00 

 

Conclusion 

 

 The study to evaluate the causes of bleeding per vagina in pregnancy comprised a total of 

100 cases. 

 All the patients underwent transabdominal sonography. Transvaginal sonography was 

done when in doubt or inconclusive result on TAS 

 The second commonest condition presenting with per vaginal bleeding in the second 

trimester was placenta previa 33.4%. 

 Among the types of placenta previa, low lying placenta previa was the most common 

(69.2%). 

 The most common cause of bleeding in the third trimester according to this study was 

abruption placenta (59.38%). 

 The fetal outcome of placental abruption was unfavourable in most of the cases (78.2%). 

 All the cases of molar pregnancy were diagnosed in the second trimester. 
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Introduction
Placenta accreta spectrum is characterized 
by abnormal placental adherence to the 
myometrium.[1] Depending on the depth 
of trophoblastic growth, it is classified 
into placenta accreta (villi attached to the 
myometrium), placenta increta (villi invading 
the myometrium), and placenta percreta (villi 
penetrate through the myometrium and 
to or through the serosa).[2] Although the 
presentation of a placenta accreta after a 
dilatation and curettage (D&C) procedure 
is extremely rare, it is clinically significant 
in that it can cause postevacuation profuse 
and prolonged bleeding, making clinical 
management difficult.[1] Furthermore, 
the retained trophoblastic tissue and an 
accompanying hematoma can get entrapped 
in the myometrium and mimic an unusual 
uterine mass lesion.[1]

This report describes a case of placenta 
increta that caused prolonged bleeding after 
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Abstract
Placenta accreta spectrum, is characterized by abnormal placental adherence to the myometrium. 
Depending on the depth of trophoblastic growth, it is classified into placenta accreta, placenta increta, 
and placenta percreta. This condition is associated with life‑threatening hemorrhage, resulting in 
high maternal and neonatal morbidity and mortality. Placenta accreta usually presents with vaginal 
bleeding during difficult placental removal in the third trimester. Placenta accreta spectrum is very 
rarely present in the first trimester. Severe forms may complicate first‑trimester pregnancy losses, 
causing profuse postcurettage hemorrhage. A 28‑year‑old lady with one living issue by cesarean 
section who had undergone a dilatation and curettage (D&C) 2 months ago for missed abortion, came 
with the complaints of prolonged vaginal bleeding following the procedure. On pelvic examination, 
the uterus was bulky, partly firm on one side, and soft on the other. Ultrasound examination revealed 
it to be a bicornuate uterus with retained products in one of the horns. Magnetic resonance imagining 
was suggestive of lateral cervical fibroid. Diagnostic laparoscopy revealed it to be a left lateral 
cervical mass. Total laparoscopic hysterectomy was performed. On histopathological examination, 
specimen revealed necrotic placenta infiltrating the endocervix and isthmus. Placenta accreta is a rare 
problem and difficult to diagnose in the first trimester. It can occur when there are risk factors or if 
there are ultrasound markers of the first trimester suspicious of the adherent placenta. A diagnosis 
of placenta accreta spectrum needs to be considered when there is post‑D&C prolonged or heavy 
vaginal bleeding.
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first‑trimester abortion, and was identified 
by magnetic resonance imagining (MRI) 
as a heterogeneous mass in the cervical 
region.

Case Report
A 28‑year‑old lady  with one living issue 
by cesarean section who had undergone a 
D&C 2 months ago for missed abortion, 
came with the complaints of prolonged 
vaginal bleeding. There was no pain 
abdomen, fever, or vaginal discharge. 
Her past cycles were normal. She 
was a known case of diabetes on oral 
hypoglycemic drugs. Clinically, her vitals 
were stable at the time of presentation 
to the hospital. Pelvic examination 
showed bleeding from the cervical os. 
On bimanual examination, the uterus 
was bulky, partly firm on one side, and 
soft on the other. Ultrasound revealed it 
to be a bicornuate uterus with retained 
products in one of the horns. Human 
chorionic gonadotropin (HCG) titer 
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was 52 mIU/ml. A lateral cervical mass approximately 
measuring 7.6 cm × 8.2 cm × 7.4 cm was detected on 
MRI suggestive of fibroid. Diagnostic laparoscopy 
revealed it to be a left lateral cervical mass. Total 
laparoscopic hysterectomy was performed. A mass at 
the uterocervical junction extending to the entire cervix 
more so on the left side was seen on gross examination 
of the hysterectomy specimen. The cut section showed 
a small area of necrotic tissue in the endocervical canal 
near the isthmic region as shown in Figure 1a.

On histopathological examination, the specimen revealed 
necrotic placenta infiltrating the endocervix and isthmus 
as shown in Figure 1b. There were no further episodes of 
vaginal bleeding postoperatively and HCG titer returned to 
normal after 3 weeks.

Discussion
Placenta accreta is an abnormality characterized by 
placental villi attaching to the uterine myometrium 
without intervening decidual membrane. Risk factors 
for placenta accreta include multiparity, placenta previa, 
prior cesarean section, prior D&C, and miscarriage.[3,4] 
Placenta accreta spectrum is very rare before 20 weeks 
of gestation and still rare in the first trimester. Severe 
forms may complicate first and early second‑trimester 
pregnancy losses, causing profuse postcurettage 
hemorrhage. Ultrasound markers of placenta accreta 
syndrome in the first trimester are: implantation of a 
gestational sac in the lower uterine segment, multiple 
irregular vascular spaces in and around the placenta, 
and cesarean scar implantation of the gestational sac.[5] 
The case being reported is a placenta increta in the first 
trimester. She presented with prolonged vaginal bleeding 
postdilatation and ‑evacuation. The elevated HCG 

titers with MRI suggestive of cervical fibroid made 
the diagnosis difficult. A diagnostic laparoscopy was 
performed which revealed a left lateral cervical mass. 
As per the insistence of the patient for hysterectomy 
before the planned operative procedure, a hysterectomy 
was performed. The intraoperative and postoperative 
periods were uneventful. A good dissection and clearance 
were possible laparoscopically evident by the symptoms 
subsiding and serum beta HCG titers being normal, 
2 weeks posthysterectomy. A report showing necrotic 
placenta infiltrating the isthmus and the endocervix 
on histopathology, we could arrive at the diagnosis 
of placenta increta. Very few cases of first‑trimester 
abortion complicated with placenta accreta are reported 
in the literature.[6] Majority of the cases in the literature 
presented as profuse hemorrhage during D&C or the 
immediate postoperative period. However, none of the 
cases had a cervical mass.

Conclusion
Placenta accreta is a rare problem and difficult to diagnose 
in the first trimester, especially without ultrasound 
markers.[5] However, a diagnosis of placenta accreta needs 
to be considered when associated with risk factors and with 
the clinical presentation of prolonged or profuse vaginal 
bleeding following D&C.
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Background: Dengue fever is the most prevalent mosquito-borne viral disease in the world, with 390 mil-
lion dengue infections occurring every year. There is an unmet medical need to develop a safe, effective
and affordable dengue vaccine against all four Dengue serotype viruses-DENV1, DENV-2, DENV-3 and
DENV-4. Panacea Biotec Ltd (PBL) has developed a cell culture-derived, live-attenuated, lyophilized
Tetravalent Dengue Vaccine (TDV). Here, in phase I/II study we assessed the safety and immunogenicity
of single dose ‘Dengue Tetravalent Vaccine’ in healthy Indian adults.
Methods: In the study, 100 healthy adult volunteers aged 18–60 years were enrolled. The participants
were allocated to TDV and placebo groups in 3:1 ratio, i.e. 75 participants to TDV group and 25 partici-
pants to the placebo group. Enrolled participants were administered a single dose of 0.5 ml of the test
vaccine / placebo by subcutaneous route. Primary outcome for safety included all solicited AEs up to
21 days, unsolicited AEs up to 28 days and all AEs/serious adverse events (SAEs) till day 90 post-
vaccination. For immunogenicity assessment the primary outcome was seroconversion & seropositivity
rate by PRNT50 to all four serotype till 90 days.
Results: Overall, 100 subjects were vaccinated out of which 8 subjects (5 subjects in vaccine group and 3
subjects in placebo group) dropped out from the study. The most commonly reported solicited local AE
was pain and most common solicited systemic AE was headache and fever. No SAE was reported during
the study. There was no statistically significant difference between TDV and placebo groups in terms of
AEs. Of the 92 subjects who completed all scheduled visits in the study, 59 (81.9%) achieved seroconver-
sion for DENV-1, 56 (77.8%) for DENV-2; 59 (81.9%) for DENV-3 and 57 (79.2%) for DENV-4 in TDV group.
The seroconversion rate in the TDV group was statistically significant (p < 0.001) compared to placebo.
Clinical trial registration: CTRI/2017/02/007923.

� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Dengue is a mosquito-borne viral disease which manifests a
wide spectrum of clinical presentations that ranges from fever,
headache, muscle pain, arthralgia, rash, nausea and vomiting [1]
to more severe presentation like Dengue Hemorrhagic Fever
(DHF) and Dengue Shock Syndrome (DSS) [2,3]. DHF/DSS can
threaten a patient’s life by increasing vascular permeability and
shock. The Dengue virus is a single-stranded RNA virus of the
genus Flavivirus with four serotypes[2] DENV-1, DENV-2, DENV-
3, and DENV-4, all of which circulate globally and in recent years,
most endemic countries are reporting circulation of all serotypes
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[4]. In India, Aedes aegypti is the main mosquito vector in urban
areas; however, Aedes albopictus is also found in many states [5].

According to World Health Organization (WHO), the global inci-
dence of dengue has grown dramatically in recent decades and
about half of the world’s population is at risk for dengue [2]. As
per a cartographic model, it was estimated 390 million dengue
virus infections/year (CI: 284–528), among which 96 million (CI:
67–136) manifest clinically [6]. Another study of dengue estimates
3.9 billion people are at risk of dengue infection [7]. Despite a risk
of infection existing in 129 countries, [8] 70% of the actual burden
of dengue is in Asia [6]. As per the estimates, 1–2 million persons
are hospitalized with severe illnesses, including DHF/DSS, and
0.1–5% die [6–8]. Dengue causes about 20,000 deaths/year [9]. In
India around 157,315 cases of confirmed dengue with 166 deaths
due to dengue were reported in 2019 [10].

There is no known specific antiviral treatment for dengue/sev-
ere dengue, the management is symptomatic and supportive [5].
The financial, social, and individual cost of dengue is significant
[11]. Given the dramatic urban growth and lack of adequate
surveillance for dengue in tropical developing countries, it is likely
that the true disease burden of dengue is underestimated. A unique
feature of dengue is that initial infection (primary infection) by any
one of the DENV serotype can offer protection (homotypic) against
subsequent infection by that serotype alone. While such protection
is generally presumed to be life-long, protection against heteroty-
pic DENVs is transient. When such cross-protection wanes, a sub-
sequent infection (secondary infection) by a different DENV
serotype can actually result in severe dengue disease [17]. Epi-
demiological evidence suggests that secondary infections correlate
with an increased risk of severe dengue disease [12]. Antibody
dependent enhancement of infection (ADE) is thought to be a sig-
nificant contributor to pathophysiology [20]. In this scenario, the
strategic administration of a safe and efficacious Tetravalent Den-
gue Vaccine (TDV) which will protect against all four serotypes can
be a game changer and can reduce the global dengue burden [12].
As per WHO, the first and only licensed dengue vaccine, Sanofi Pas-
teur’s Dengvaxia� (CYD-TDV) has been shown to be efficacious and
safe in clinical trials in persons who have had a dengue virus infec-
tion in the past (seropositive individuals), but carries an increased
risk of hospitalization and severe dengue in those who experience
their first natural infection after vaccination (seronegative individ-
uals) [13]

The experimental dengue vaccine used in Phase I/II clinical trial
is prepared on a cell culture based technology developed at Pana-
cea Biotec using the four recombinant live-attenuated dengue
virus serotypes- DENV-1, DENV-2, DENV-3 and DENV-4 from
National Institute of Health, USA. Viruses were grown on mam-
malian cells (Vero). The cells were infected with a single serotype
with required multiplicity of infection (MOI). The production pro-
cess was optimized using cell factory systems (Corning Cell BIND)
with multiple harvests and the final product designated Dengue
Tetravalent Vaccine, Live Attenuated (Recombinant, Lyophilized).
Several NIH studies have evaluated each of candidate vaccine
viruses in juvenile rhesus monkeys [22] and in the novel rodent
model consisting of severe combined immunodeficiency (SCID)
mice bearing intraperitoneal tumors of the human liver cell line
HuH-7 [26–29]. Replication of these candidate vaccine viruses in
the SCID-HuH-7 mouse model was compared with that of their
wild type parent viruses. The tetravalent vaccine admixture eli-
cited neutralizing antibody titers against the component vaccine
viruses. It was safe and well tolerated in rhesus monkeys, and eli-
cited antibody responses against the component viruses. The vac-
cine also has previously been shown to confer complete
protection against dengue in a human challenge model [23]Based
on the research and development, the final vaccine for clinical
use was manufactured at Panacea Biotec’s WHO complied GMP
2

facility. The final formulation had a potency of not less than 3
log10 plaque-forming units for each dengue virus serotype per
0�5 ml dose.

Multiple clinical trials have been done by NIH on individual
monovalent as well as tetravalent dengue vaccines in flavivirus
naïve and experienced individuals. Monovalent and Tetravalent
Dengue Vaccine phase I trials have been done on more than 700
and 200 participants using different formulations respectively
[14] Though all the tetravalent vaccine formulations were found
to be safe and immunogenic, two candidate vaccine admixtures,
namely TV003 and TV005, showed best safety and immunogenicity
profile [15]. The Dengue Tetravalent Vaccine described in this
study is based on NIH TV003 liquid admixture vaccine.

A phase I/II study was conducted with an aim to assess the
safety and immunogenicity of a single dose, subcutaneous TDV lyo-
philized formulation in healthy adults in India.
Materials and methods

Cells and viruses

The live attenuated Tetravalent Dengue Vaccine (TDV) has been
developed using Vero cell line as cell substrate. The WHO Vero cell
line [16] (10–87) has been subjected to broad range of tests to
establish its suitability for vaccine production. Food and Drug
Administration (FDA) is custodian of supply of WHO Vero 10–87
cell line. US-FDA has approved Panacea Biotec’s request and for-
warded the same to ATCC for shipping of WHO Vero cell line
(10–87) to Panacea Biotec Limited. Accordingly, Panacea Biotec
imported Vero cells and prepared Master Cell Bank (MCB) and
Working Cell Bank (WCB) in a GMP facility. Cells were grown in
SFM4 MegaVir (Hyclone) medium and cultured in incubators set
at 37 �C with 5% CO2 and passaged every 2–3 days.

Dr. Stephen S. Whitehead and team at the laboratory of Infec-
tious diseases, National Institute of Allergy and Infectious Diseases
(NIAID), located at National Institute of Health (NIH), Bethesda,
MD, USA has generated attenuated Dengue vaccine viruses by
employing two genetic engineering strategies. As a first strategy,
DENV-1, DENV-3 and DENV-4 were attenuated by deleting 30
nucleotides (D30) in the 30 UTR of Dengue genome. Secondly, chi-
meric viruses were generated by replacing the antigenic structural
proteins (viz. prM and E) coding region of attenuated DENV-4 gen-
ome by that of another serotype. Attenuated DENV-2 was gener-
ated by this technology [24]. Site directed mutagenesis was used
to introduce point mutations in attenuated DENV-1, DENV-2,
DENV-3 and DENV-4 to produce a stable virus.

Panacea Biotec in-licensed the dengue vaccine viruses devel-
oped as above from the NIAID/NIH. The dengue vaccine viruses
received from the NIH, which have been selected for making a
tetravalent dengue vaccine were DENV-1 (rDEN-1D30-1545),
DENV-2 (rDEN-2/4 D 30(ME)-1495, 7163), DENV-3 (rDEN-3 D
30/31-7164) and DENV-4 (rDEN-4 D 30-7132, 7163, 8308).
Research seed lots for serotypes DENV-1, DENV-2, DENV-3 and
DENV-4 were prepared under GLP conditions to create a sufficient
source of virus required for upstream, downstream and analytical
method development. These viruses were also used for the devel-
opment of plaque reduction neutralization test (PRNT).
Vaccine

Vaccine development process
The experimental dengue vaccine used in Phase I/II clinical trial

was prepared on a cell culture based technology developed at
Panacea Biotec using the four recombinant live attenuated dengue
virus serotypes- DENV-1, DENV-2, DENV-3 and DENV-4 from
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National Institute of Health, USA. These viruses were propagated in
vero cells in SFM4MegaVir medium. The cells were infected with a
single serotype with required multiplicity of infection (MOI). The
production process was optimized using cell factory systems
(Corning Cell BIND) with multiple harvests. Further the upstream
harvests were downstream processed by filtration and diafiltra-
tion, followed by analytical testing. Through these processes drug
substance for each dengue serotype was prepared in GMP condi-
tions. Drug substance for each serotype was stored at
�80 �C ± 15 �C prior to thawing, formulation, and preparation of
vaccine containing 3.3 log10 plaque-forming units (PFU) of each
serotype. Final potency titers were confirmed by immunoplaque
assay. Sequencing study was carried out to determine, if there is
any variation in the nucleotide sequence of seed bank, drug sub-
stance and final vaccine. We found that the genetic mutation (D
30) is intact and the sequences at this site are similar to NIH
sequences.
Vaccine composition and administration
Each 0.5 ml dose of Dengue Tetravalent Vaccine, Live Attenu-

ated (Recombinant, Lyophilized) after reconstitution contains: (1)
Active Ingredients: not less than 3.0 log10 PFU of each of dengue
virus serotype 1 (rDEN-1D30), dengue virus serotype 2 (rDEN-
2/4D30), dengue virus serotype 3 (rDEN-3D30/31) and dengue
virus serotype 4 (rDEN-4D30). (2) Inactive Ingredients: Gelatin,
Mannitol, Trehalose, Sucrose, Monobasic Potassium Phosphate
(KH2PO4), Dibasic Potassium Phosphate (K2HPO4), Monosodium
glutamate, Dulbecco’s Modified Eagle’s Medium & Water for injec-
tion. Reconstitution fluid: To be reconstituted with sterile water for
injection. The lyophilized study drug product is to be stored at
5 ± 3 �C.

A 0.5 ml dose of the vaccine (Batch No. TDNV 01801) adminis-
tered as a single dose, subcutaneously using needles suited for sub-
cutaneous injection in the deltoid region of adults.
Study design and subjects

A double blind, placebo controlled, randomized phase I/II study
was conducted at 3 sites in India i.e. KLES, Dr Prabhakar Kore
Hospital & MRC, Belagavi (Karnataka), Pondicherry Institute of
Medical Sciences, Pondicherry and King George’s Medical Univer-
sity, Lucknow (Uttar Pradesh).

The study was conducted in accordance with the Declaration of
Helsinki (Seoul, 2013), New Drug and Clinical Trial Rules 2019
issued by Central Drug Standard Control Organization (CDSCO)
and Ethical Guidelines for Biomedical Research on Human Partici-
pants, issued by Indian Council of Medical Research (ICMR). The
study protocol, amendments, informed consent process/docu-
ments, and other information which were required for the study
were reviewed and approved by sites specific Ethics Committees
of each study sites.

In this study, between 31 Oct 2018 and 05 March 2019, 132
adult participants were screened, of whom 100 were enrolled.
Among the enrolled participants, 75 were randomly assigned to
the vaccine group and 25 were randomly assigned to the placebo
group (control). During the screening procedure, participants were
informed about the study procedure and explained in detail about
the risks associated with the vaccine trial. Written informed con-
sent was obtained from each participant and the process was
audio-video recorded. Subjects were screened on the basis of med-
ical history, physical examination, clinical laboratory tests which
included serum creatinine, alkaline phosphatase, AST, ALT, total
bilirubin, complete blood count plus differential white blood cell
count, PT/PTT. They were recruited based on predetermined set
of inclusion and exclusion criteria.
3

Randomization

Eligible subjects were healthy adults of age 18–60 years. They
were randomized to TDV & placebo in the ratio of 3:1. Accordingly
75 participants were assigned to TDV and 25 participants were
assigned to placebo. The randomization was done by an indepen-
dent biostatistician, who prepared the randomization list using
R/SAS� software version 9.4. Block randomization schedule was
generated with block size of four. The blinding of the investiga-
tional product was done in presence of a designated Quality Assur-
ance Personnel with utmost care. The labelling and packaging of
the TDV and placebo was done accordingly. The randomization
number with the allocated treatment was sealed in separate envel-
opes by an independent person not involved in the study and sup-
plied the envelopes to sponsor’s Quality Assurance-Clinical
Research Department and to the investigators to break the code
in case of any emergency situations. The study participants were
assigned a randomization number sequentially in the order of their
entry in the study by the site investigators. Both TDV and placebo
were identical in appearance. All study participants, site staff, per-
sons involved in assessing outcomes and data analysis were una-
ware of treatment assignments.

Screening of participants was done on visit 1 and eligible partic-
ipants were enrolled in the study. On visit-2 (day 0), the enrolled
participants received a single dose 0.5 ml of reconstituted TDV or
placebo by subcutaneous route at the deltoid region. Both TDV
and placebo were lyophilized formulation (powder), stored along
with diluent (sterile water for injection) at 2–8 �C at study sites.
The vaccine and placebo had to be reconstituted with diluent
before administration. Participants were observed at the study
sites for 30 min after vaccination and were given a digital ther-
mometer to measure body temperature, a scale to measure any
injection site induration and a diary card to note any adverse event
(AE). The participants were monitored on subsequent 6 visits to the
study sites (visit-3 to visit-8) on day 9, 12, 28, 56, 90 and 180.

During the post-vaccination visits, the participants were clini-
cally evaluated for any AEs and blood samples were collected to
monitor clinical lab parameters, viremia, serum plaque reduction
neutralization test (PRNT50). Urine pregnancy testing was done
for eligible females on specific visits. For safety and immunogenic-
ity assessment, the data were collected till day 180 post-
vaccination. However, participants will be followed up for 3 years,
post-vaccination to assess the occurrence of symptomatic dengue
cases. (Fig. 1)

Serological analysis

Analysis of Immunogenicity & viremia was performed at Bioan-
alytical Research Department (BARD), Panacea Biotec Ltd, Lalru,
Punjab, India. The primary immunogenicity outcomes were deter-
mination of PRNT50 titers to all four dengue serotypes at day 0, 28,
56, 90 in post-vaccination sera. The seroconversion & seropositivity
rate by PRNT50 to all four dengue serotypes were also determined.

Secondary outcome of immunogenicity was assessed by detec-
tion of neutralizing antibodies, on day 180 post vaccination, as
measured by PRNT50; Determination of the seroconversion rate
and seropositivity rate by PRNT50 test to DEN-1, DEN-2, DEN-3,
and DEN-4 viruses on study Day 180 post vaccination; Determina-
tion of the monovalent, bivalent, trivalent and tetravalent seropos-
itivity and seroconversion rate on study day 180 post vaccination.

Serum neutralizing antibody levels to DEN-1, DEN-2, DEN-3 and
DEN-4 was measured by plaque reduction neutralization test
(PRNT50) as per PRNT protocol from the NIAID-NIH. The reciprocal
of the lowest calculated dilution which reduced virus by 50%
(PRNT50) was reported as the neutralizing titre. For all the subjects,
an initial serum dilution of 1/5 was used for PRNT50 assays.



Fig. 1. Subject allocation and participation in the completion of the trial. Flow chart explaining subject participation (n = number of subject) and exclusions during
different phases of the study.
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Seropositivity was defined as PRNT50 cut off titers (�1/10) before
immunization and at any time point up to 180 days after vaccina-
tion (day 28, 56, 90 or 180).Seroconversion was defined as PRNT50
cut off (�1/10) for DENV-naïve subjects and four-fold or higher
increase in PRNT50 titre after immunization of dengue exposed
subjects. The viremia detection in participants vaccinated with a
single dose of TDV was done on post-vaccination serum samples
of days 9 and 12 by amplification and direct titration [19] of den-
gue virus on vero cell monolayer using immunoplaque assay.
Safety assessment

The primary safety outcomes were assessment of all solicited
AEs (Adverse Events) up to 21 days, unsolicited AEs up to 28 days
and all AEs/serious adverse events (SAEs) till day 90 post-
vaccination with respect to causality, severity and frequency.

Secondary outcomes – All solicited (local as well as systemic)
and unsolicited AEs between the two treatment groups were
recorded. Incidence, intensity and relationship to vaccination were
analyzed for each AE as per the study protocol. All AEs were dis-
4

played in tabular format, with line listings of individual adverse
events. Separate analysis was done for solicited and unsolicited
events, local and systemic solicited events and all AEs. Assessment
of AEs and SAEs occurring up to 180 days post vaccination, were
analyzed with respect to causality, severity and frequency. Assess-
ment was done to detect viremia (for each of the four vaccine
virus) on Days 9 and 12 post vaccination.
Statistical analysis

There was no formal sample size calculation done. However, a
sample size of 100 adult subjects was taken which was expected
to give reliable estimate for safety and immunogenicity of TDV.
The analysis of all safety and demographic outcomes was done
by intention to treat. The primary immunogenicity outcome was
assessed both by modified intention to treat, which included all
subjects who received one dose of vaccine or placebo and have at
least one post baseline immunogenicity assessment, as well as
per protocol (PP) set which included all subjects who completed
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all study visits with valid sample for immunogenicity assessments
and did not qualify for any major protocol deviation.

Statistical analysis was done in R/SAS� 9.4 software by an inde-
pendent biostatistician. All continuous variables were summarized
by number of observation, mean, standard deviation, median, min-
imum and maximum. Categorical variables were presented as fre-
quencies and percentages. All p-values reported was based on two-
sided tests, and p-values < 0.05 has been considered as statistically
significant.

A two sample t-test as well as analysis of covariance model
adjusted with baseline values was applied to compare the investi-
gational vaccine and placebo arm for mean peak neutralizing anti-
body titers (PRNT50) GMTs. chi-square/fishers exact test was used
for comparing seropositivity and seroconversion rate as well as
multivalent response. Data and Safety Monitoring Board (DSMB)
reviewed the 180 days post-vaccination safety data and immuno-
genicity data till day 90.
Results

In this study 132 healthy adult volunteers were screened, of
whom 100 eligible participants were enrolled in the study as per
the inclusion criteria between 31 Oct 2018 and 05 March 2019.
The participants were allocated to the TDV and placebo group in
3:1 ratio, i.e. 75 (75%) participants to TDV group and 25 (25%) par-
ticipants to placebo group. During course of the study 8 partici-
pants (5 in TVD group & 3 in placebo group) withdrew from the
study. No participant withdrew from the study due to adverse
event. 92 participants (70 in TDV group & 22 in placebo group)
who completed all scheduled visits were considered for immuno-
genicity analysis whereas safety was analyzed for 100 participants
who were administered the study vaccine.

Demographic characteristics of participants are presented in
Table 1.
Immunogenicity

For the study subjects, Geometric Mean Titers (GMTs) of neu-
tralizing antibodies increased against the all four dengue serotypes
following vaccination with TDV (Supplementary Table S2). Type
specific mean peak neutralizing antibody response was elicited
by single dose of TDV (Table 2). The neutralizing antibody peak
response was obtained at Day 90 for DENV-1 & Day 28 for
DENV-2, DENV-3 and DENV-4 (Supplementary Figure S1-S4). All
p values comparing mean peak neutralizing titer from vaccine to
placebo was highly significant.
Table 1
Demographic characteristics of study participants (n = 100).

Parameter Statistics Vac

Gender Male 48
Female 27

Age at the time of vaccination(in years) N 75
Mean 34.6
SD 9.72
Median 34.0
Minimum 18.0
Maximum 57.0

Weight(kg) N 75
Mean 64.1
SD 11.2
Median 65.0
Minimum 35.0
Maximum 90.0

Note: Respective header count was used as denominator for percentage calculation.
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The study showed that all the subjects remained seropositive to
each DENV serotype, throughout the study (till 180 days post-
vaccination). The seroconversion rate obtained in TDV group for
DENV-1 as 59(81.9%), for DENV-2 as 56(77.8%), for DENV-3 as 59
(81.9%) and for DENV-4 as 57(79.2%) whereas in placebo group
seroconversion rates obtained for DENV-1 as 8(33.3%), for DENV-
2 as 3(12.5%), for DENV-3 as 6(25.0%); and for DENV-4 as 5
(20.8%). The higher seroconversion rate in TDV group as compared
to placebo group was statistically significant (p < 0.0001) for all
four dengue serotypes. Maximum seroconversion was noted in
DENV-1 and DENV-3 followed by DENV-4 and then DENV-2.
(Table 3). In terms of valency of DENV response, �45% of the sub-
jects achieved tetravalent antibody response and � 37% of the sub-
ject achieved trivalent antibody response. Cumulatively � 81% of
the subjects achieved trivalent response or more (Supplementary
Table S1)
Safety Assessments:

During the follow up visits no clinically significant change in
vital signs were recorded and there was no clinically significant
effect on hematological and biochemical evaluation of the analyzed
subject’s blood samples during screening, day 9 and day 28. The
number and percentage of participants who reported any AE (so-
licited/unsolicited, local/systemic) during the trial were 51(68.0%)
and 16(64.0%) in TDV and placebo groups respectively. 27(36.0%)
participants in TDV group and 11(44.0%) participants in placebo
group reported solicited local AEs and 39(52.0%) participants in
TDV group and 12(48.0%) participants in placebo group reported
solicited systemic AEs. The proportion of participants with soli-
cited AEs overall and by severity are presented in Fig. 2. The most
common local solicited AE was pain followed by tenderness in both
the TDV and placebo groups. The most common systemic solicited
AE reported in the TDV group was headache followed by fever and
myalgia, whereas in the placebo group it was fever followed by
myalgia. There was no statistically significant difference between
TDV and placebo groups in terms of AEs (p < 0.05). All unsolicited
AEs resolved without sequelae except AEs related to eosinophilia
(5 events) and hypertension (2 events). No participant was with-
drawn from the study due to AE/SAE (Table 4).
Discussion

In the present phase I/II trial, a single dose of live attenuated
Tetravalent Dengue Vaccine of Panacea Biotec Ltd., was shown to
be safe and well tolerated in healthy adults. The vaccine induced
robust, balanced neutralizing antibody responses against the four
cine (N = 75) Placebo (N = 25) Overall (N = 100)

(64.0%) 13 (52.0%) 61 (61.0 %)
(36.0%) 12 (48.0%) 39 (39.0%)

25 100
1 29.80 33.41

7.22 9.36
29.0 31.0
20.0 18.0
53.0 57.0
25 100

5 58.79 62.81
4 7.44 10.65

58.3 62.5
43.0 35.0
70.0 90.0



Table 2
Mean peak neutralizing antibody response to each of DENV serotypes post vaccination.

Modified intention to treat

Serotype Vaccine (N = 72) Placebo (N = 24) p value Overall (N = 96)

DENV-1 1001.42 (29.60:5097.70) 442.05 (29.70:3919.20) 0.0037 816.26 (29.60:5097.70)
DENV-2 1630.54 (303.70:5116.50) 934.72 (96.50:4277.80) 0.0004 1418.79 (96.50:5116.50)
DENV-3 645.26 (48.80:4961.70) 206.65 (24.60:1163.10) 0.0017 485.41 (24.60:4961.70)
DENV-4 562.39 (63.70:4828.10) 265.41 (17.60:4236.20) 0.0023 466.13 (17.60:4828.10)

Per protocol

Serotype Vaccine (N=70) Placebo (N=22) p value Overall (N= 92)

DENV-1 1019.51 (29.60:5097.70) 446.22 (29.70:3919.20) 0.0073 836.72 (29.60:5097.70)
DENV-2 1624.83 (303.70:5116.50) 928.84 (96.50:4277.80) 0.0009 1421.45 (96.50:5116.50)
DENV-3 650.46 (77.10:4961.70) 183.07 (24.60:1163.10) 0.0030 480.35 (24.60:4961.70)
DENV-4 546.96 (63.70:4828.10) 235.54 (17.60:4236.20) 0.0059 447.16 (17.60:4828.10)

p-value from the Regression model adjusted with baseline values as covariate.

Table 3
Seroconversion rate of four DENV serotypes in vaccine and placebo group.

Modified intention to treat

Serotype Vaccine (N = 72) n (%) Placebo (N = 24) n (%) p value

DENV-1 59 (81.9%) 8 (33.3%) <0.0001
DENV-2 56 (77.8%) 3 (12.5%) <0.0001
DENV-3 59 (81.9%) 6 (25.0%) <0.0001
DENV-4 57 (79.2%) 5 (20.8%) <0.0001

Per protocol

Serotype Vaccine (N = 70) Placebo (N = 22) p value

DENV-1 58 (82.9%) 8 (36.4%) <0.0001
DENV-2 55 (78.6%) 3 (13.6%) <0.0001
DENV-3 57 (81.4%) 6 (27.3%) <0.0001
DENV-4 55 (78.6%) 5 (22.7%) <0.0001

Percentages were calculated using respective header count as denominator. p-value
was calculated using Chi-Square/Fisher Exact test.

Fig. 2. Proportion of participants with Solicited Adverse Events after vaccination w
[Days 1–5 for local events and Days 1–21 for systemic events] are shown with severity g
total percentage of participants reporting the adverse event. The severity grades (mild,
respective category.
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dengue virus serotypes. Other live attenuated recombinant
tetravalent dengue vaccine in development include Takeda vaccine
TAK-003, which is a live virus vaccine utilizing chimerization with
DENV-2 PDK-53 as the backbone. The DENV-2/-1, -2/-3, and -2/-4
chimeras are created by replacing the DENV-2 prM and E genes
with the respective genes from the other DENV serotypes, the
Butantan-DV and NIH vaccines which contain DENV-1, -3, and -4
backbones and a DENV-2/-4 chimera which has been made using
the DENV-4 backbone with DENV-2 prM and E replacing the
DENV-4 prM and E protein [26].

In this study, the most common solicited local AE was pain and
most common solicited systemic AE was headache and fever. In
fact, none of the adverse events recorded in the TDV group was
found to be statistically significant compared to placebo. Also no
SAEs were reported during the follow up period. There was no loss
to follow up, reported due to AE or SAE.
ith TDV or Placebo by Severity. Solicited adverse events collected postvaccination
rades [(TDV (N = 75), Placebo (N = 25)]. The height of the stacked bar represents the
moderate, severe) within the bar indicate the proportion of total attributed to each



Table 4
Adverse events (*AEs) reported during the trial, based on ITT.

Category Vaccine Group (N = 75)
Participants, n (%)

Placebo Group(N = 25)
Participants, n (%)

Total AEs reported 51 (68.0%) 16 (64.0%)
Solicited AEs 43 (57.3%) 15 (60.0%)
Unsolicited AEs 27 (36.0%) 6 (24.0%)
Solicited local AEs 27 (36.0%) 11 (44.0%)
Pain 23 (30.7%) 10 (40.0%)
Erythema / Redness 1 (1.3%) 1 (4.0%)
Induration / Swelling 1 (1.3%) 1 (4.0%)
Tenderness 9 (12.0%) 5 (20.0%)
Solicited systemic

AEs
39 (52.0%) 12 (48.0%)

Fever 22 (29.3%) 10 (40.0%)
Headache 31 (41.3%) 7 (28.0%)
Fatigue 15 (20.0%) 5 (20.0%)
Myalgia 22 (29.3%) 8 (32.0%)
Arthralgia 9 (12.0%) 4 (16.0%)
Rash 2 (2.7%) 0 (0.0%)
AEs leading to trial

discontinuation
0 (0.0%) 0 (0.0%)

Any SAE Reported 0 (0.0%) 0 (0.0%)
Deaths 0 (0.0%) 0 (0.0%)
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In a recent published study with an analogous vaccine namely
Butantan-DV (Step-A study), rash was the most frequent adverse
event recorded. Similarly, in NIH study at USA [21] rash was the
only AE which occurred significantly more in vaccine group as
compared to placebo. However, in the current Phase I/II study,
none of the adverse events was found to be statistically significant
compared to placebo.

In the current study, vaccine viremia was not detected in any
participant, presumably due to the binding of pre-existing dengue
antibody to the circulating virus in the dengue exposed partici-
pants. In the Butantan-DV study low viremia was demonstrated
for DENV1, DENV2 and DENV3 and negligible for DENV4 [18] (p.
9). However in the NIH study, three-quarters of flavivirus naive
subjects experienced viremia following the first vaccination with
TV003. Subjects who were flavivirus-exposed prior to vaccination
with TV003, 76% of subjects became viremic. [20] (p.12).

Further in terms of immunogenicity, the study vaccine demon-
strated balanced, robust neutralizing antibody response to all den-
gue serotypes after a single dose. An increase in neutralizing
antibody GMT response was observed across all four serotypes in
the TDV group similar to that observed in Butantan and NIH vac-
cine groups in Butantan-DV study [18]. In terms of seroconversion,
the seroconversion rate varied between 77% and 82% across all four
serotypes in TDV group which was significantly higher than pla-
cebo. Overall cumulatively � 95% of the participants achieved mul-
tivalent antibody response in the present study. This response was
similar to that of Butantan-DV vaccine group and NIH vaccine
group in Butantan-DV vaccine studies [18].

The present study demonstrates safety, tolerability and robust
immunogenicity of the single dose of Panacea Biotec’s Dengue
Tetravalent Vaccine. Clinical trial sites that participated in the
study were amongst the dengue endemic regions in India. Further
it is important to note that in spite of higher pre-vaccination anti-
body titers (neutralizing antibody titers were more than 1:10 prior
to vaccination) in the dengue exposed population, a significantly
high number of participants were able to achieve seroconversion
(>4 fold rise).

The limitations of the current study was that adequate data
could not be generated for dengue naïve subjects and T cell
immune response could not be assessed in the study participants.
Panacea Biotec’s TDV vaccine is similar to NIH TV003. NIH has done
extensive clinical studies on TV003 including assessment of CD4
positive and CD8 positive T cell immune response [25,30]. Our vac-
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cine has undergone Phase I/II trial to look up mainly safety and
preliminary immunogenicity in terms of neutralizing antibody
titers. We further, plan to incorporate dengue naïve subjects and
assessment of T cell immune response in subsequent Phase III
studies.

Conclusion

To the best of our knowledge, this is the first study that has
investigated the safety and immunogenicity of Panacea Biotec’s
Tetravalent Dengue Vaccine (TDV) in Indian subjects. The study
demonstrated that the single dose of this vaccine was safe, well
tolerated and induced robust immune response in study partici-
pants. The vaccine promises to be a suitable candidate requiring
evaluation in phase III clinical trial.
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Introduction
Coronavirus disease (COVID‑19) is an 
infectious disease caused by a newly 
discovered coronavirus 2 (SARS‑CoV‑2) 
that had rapidly spread across the world. 
This disease was declared a “Pandemic” on 
March 11, 2020, by the WHO.[1]

It has affected a total of 219 countries 
as well as territories. It was reported 
that about 10 crore 9 lakh cases and 22 
lakh deaths occurred due to COVID‑19 
from the day China reported its first 
case in December 2019 to WHO.[2] India 
reported its first COVID case on January 
30, 2020, in Kerala.[2] Strict lockdown 
was enforced in the country by the 
government and other precautionary 
measures were adopted. On March 
24, 2020, a complete lockdown was 
announced by the Goa government until 
March 31, 2020. Meanwhile, first, three 
cases of COVID‑19 were detected in Goa 
on March 25, 2020.[3]
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Abstract
Background: During the COVID‑19 pandemic, social media (SM) use saw a sharp raise, especially 
for obtaining information regarding COVID‑19 during the lockdown. SM platforms also led to 
misinformation about the disease which caused negative psychological effects on individuals. 
Bank employees (BE) are special workgroups who experience various levels of mental stress at 
their workplace due to workload. During lockdown and till date many of the BE work from home 
which enabled them to use SM accordingly. Objective: The study was conducted to assess the 
stress levels and anxiety levels due to usage of SM in young BE during the COVID‑19 pandemic. 
Materials and Methods: In this cross‑sectional study, an online Google form questionnaire was 
distributed to the participants using convenient and snowball sampling method. The final sample 
consisted of 126 Goan young BE. Statistical analysis was performed using descriptive analysis. 
Results: The results of the study revealed that SM use had significant impact on the BE, with 
a potential negative effect on developing stress and anxiety. 10.3% (13) of the participants 
experienced low stress and 89.7% (113) experienced moderate stress. 51.6% (65) of the participants 
had mild anxiety, 10.3% (13) had moderate anxiety, and 38.1% (48) had severe anxiety. 
Conclusion: The present study concludes that increased SM use among the BE was associated with 
negative psychological outcomes. Anxiety and stress were associated with the time spent on using 
SM sites.
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The psychological stress during lockdown 
included fear of contracting the disease 
and dying, boredom and depression from 
being isolated.[4] During this period social 
media (SM) use saw a sharp increase mainly 
for the purpose of obtaining information 
regarding the same. According to the field 
of infodemiology, COVID‑19 has been 
referred to as the first SM infodemic.[5] In 
contrast, the pandemic also led to various 
issues on SM platforms like the false 
information spread, damaged genuineness 
of information, instability of news system 
and especially the health systems.[6]

Bank employees (BE) are special 
workgroup employees who experience 
various levels of psychological stress at 
their workplace due to the workload.[7] 
Many studies have proven that the stress 
rate among banking professionals was 
high.[8] Banks have developed an SM 
policy for their employees, restricting them 
to use SM other than for work purposes. 
However, during the lockdown and till date 
many of them worked from home which 
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enabled them to use SM accordingly.[9] However, there 
were no studies showing the impact of SM on young adults 
employed in banks during the COVID crisis, hence this 
study had been designed.

Materials and Methods
A cross‑sectional study was conducted between January and 
April 2021 among BE in various banks across Goa. The 
data collection procedures complied with the provisions of 
conducting research on human subjects. Ethical approval 
for this study was procured from JNMC Institutional Ethics 
Committee on Human subjects Research, J. N. Medical 
College, Belagavi, Karnataka, India.

The sample size estimated for the study was 190. For 
calculations, the confidence interval was set at 95% which 
meant an error estimate of 5%. The prevalence of the 
impact of SM in a study was 85.52.

Presently working BE between the age group of 
19–39 years were selected through nonprobability 
convenient sampling. Healthy young BE who could read 
and understand English and those who used SM were 
included while those nonwilling individuals were not 
excluded from the study.

To follow social distancing norms due to COVID‑19, the 
respondents were recruited online. Modified Google forms 
were developed to collect the required data. The survey 
URL was disseminated online through SM platforms like 
E‑mail and WhatsApp. It was an open enrolment and 
participants could complete the survey. The respondents 
were given a reminder, twice after they received the URL 
initially with a gap of 1 week each. The online responses 
were open from February to March 2021.

The questionnaire was in the English language. The form 
consisted of 6 sections of which the initial section of the 
Google form was informed consent including the study 
objective and asking for their willingness to be a part of 
this study. Section 2 in the survey aimed at obtaining the 
demographic details of the participants like age, gender, 
qualification, type of bank employed in and past medical 
history if any. Section 3 contained questions to obtain 
data on the use of SM like the platform used, news topics 
browsed and the categories of information shared, time 
spent over SM, etc.

The next section assessed the impact of SM on the 
participants’ sleep and fear/anxiety if any experienced. 
Section 5 had in it the Perceived Stress Scale‑10 containing 
10 questions with a scale of 0–4 for each question to assess 
the stress levels. For question numbers 4, 5, 7, and 8 the 
scores were reversed; 0 = 4, 1 = 3, 2 = 2, 3 = 1, 4 = 0 and 
these when added up gave a total score. The total scores 
extending between zero to thirteen were considered to be low 
stress, 14–26 to be moderate stress and 27–40 was considered 
to be high stress. Section 6 consisted of the Hamilton Anxiety 

Rating Scale (HAM‑A) of 14 questions. Each question 
independently scored on a five‑point ratio scale where zero 
indicated no anxiety, one indicated mild anxiety, 2 indicated 
moderate anxiety. Three indicated severe anxiety and 4 
indicated very severe anxiety. A total score was obtained by 
adding the scores of each question. The calculation yielded 
a score in the range of 0–56. A score of <17 suggested mild 
anxiety, 18–24 indicated mild‑moderate and that of 25–30 
suggested moderate‑severe anxiety.

Statistical analysis

The data were entered, compiled, and coded. The SPSS 
software, version 20.1 (IBM, United States) was made 
use of to analyze the coded data. The demographic profile 
was described with descriptive statistics. The relationship 
of SMU among the participants during the pandemic with 
that of stress and anxiety levels was assessed using the 
Chi‑square test.

Results
One hundred and twenty‑six (n = 126) BE participated in 
this study.

Out of 126 participants, more than half (55.56%) were 
males and the majority of them belonged to the age group 
of 24–28 years. 62.6% among them were graduates and 
70.7% were employed in bank other than the national or 
state bank [Table 1].

Majority of the participants used Whatsapp, browsed social 
news, and used the platforms for >2 h per day [Table 2].

A total of 73 participants thought that publishing news 
related to COVID‑19 on SM spread panic and fear among 
the people. About 80.15% of the participants felt that filters 
need to be set up and specific policy followed for SM 
during the humanitarian crisis [Table 3]

Table 1: Sociodemographic data (n=126)
Variable Frequency, n (%)
Gender

Male 70 (55.56)
Female 56 (44.44)

Age (years)
19‑23 11 (8.73)
24‑28 76 (60.27)
29‑33 31 (24.6)
34‑39 8 (6.4)

Education status
PhD 0
Masters 41 (32.5)
Graduation 79 (62.6)
High school 6 (4.9)

Type of bank
National bank 25 (19.8)
State bank 12 (9.5)
Others 89 (70.7)
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HAM‑A test scores show that majority of the participants 
felt anxious. The calculated mean score was 19.27 with a 
standard deviation (SD) of 13.91 [Table 4].

The overall calculated mean value was 19.27 (SD = 13.91). 
Among the participants, 51.6% had mild anxiety, 10.3% 
had moderate anxiety and 38.1% had severe anxiety 
levels [Table 5].

Majority of the participants had felt all the symptoms 
sometimes, mentioned under the scale. The analysis of the 
data gave a Mean score of 18 with SD of 4.26 [Table 6].

It was seen that 10.3% of the participants had low stress 
and 89.7% had moderate stress levels [Table 7].

Amongst the socio‑demographic variables, the type of 
bank in which the participants were employed was seen 
associated with stress. Simultaneously the feelings of 
disturbed sleep, of being stressed or anxious and having 
published information related to COVID‑19 over SM were 
associated with stress [Table 8].

The feeling of having disturbed sleep, of being stressed 
or anxious after reading and publishing information 
related to COVID‑19 were seen to be highly 
associated with the development of stress among the 
participants [Table 9].

It was seen that the time spent only on Whatsapp was 
associated with stress (P = 0.053) [Table 10].

The time spent over Instagram (P = 0.008) and 
Whatsapp (P = 0.013) was seen to be associated with 
anxiety among the participants [Table 11].

Discussion
This online cross‑sectional study conducted amid the 
young BE gave a response of 126 BE who agreed to be a 
part of the study. Data was collected through Google form 
questionnaires. The age of the majority of the participants 
was between 24 and 28 years, 62.6% were graduates 
whereas, 70.7% were employed in banks other than National 
and State banks. This study revealed that SM browsing had 
negative effect psychologically in the course COVID‑19 
pandemic amid the BE in terms of stress and anxiety.

In the present study, there were 55.56% of males and 
44.445 of females. A similar study in Kurdistan also 
showed a higher prevalence of males than females among 
the participants.[5] A study conducted in Iran also reported 
similar findings.[10]

The present study revealed that 60.27% of participants 
belonged to the age group of 24–28 years. A similar study 
by Dr. Moorthi et al., reported similar results (33.7%) 
belonging to the same age group.[11‑13]

In this study, majority of the participants were graduates. 
Similar study among BE showed majority of their 
participants as graduates.[11] Similar findings were seen in 
other studies as well.[5,14]

In the present study, majority (70.7%) of the participants 
were employed in banks other than that of national and 
state. Another study showed that majority of the participants 
were employed in nationalized banks.[11]

The present study showed that most of the participants 
used SM sites for 2–3 h per day during the COVID‑19 
pandemic. A study conducted in China reported that 18.2% 
of their participants used SM for almost 3 h a day.[15] 
A similar study in Bangladesh showed that 50% of their 
participants used SM for 2–4 h a day.[10]

The present study shows that most of the participants spent 
time using SM sites such as Facebook, Instagram, YouTube, 
and Whatsapp. Similar study conducted among students in 
India showed maximum use of YouTube, Whatsapp, and 
Instagram.[16] Another study conducted showed similar 
findings.[17‑19]

Table 3: Data related to use of social media
Variable Frequency (%)

Yes No Maybe
Do you think that publishing more news related to COVID‑19 on 
social media has spread fear and panic among people?

73 (57.93) 15 (11.90) 38 (30.15)

Do you think Goan pages, groups and accounts on social media 
covering COVID‑19 is good

61 (48.41) 25 (19.84) 40 (31.74)

Have you published any information and news related to 
COVID‑19 on social media

32 (25.39) 94 (74.60)

Do filters need to be set up for social media and a specific policy 
followed during humanitarian crisis such as spread of COVID‑19

101 (80.15) 25 (19.84)

COVID‑19: Corona virus disease‑2019

Table 2: Time spent on various social media sites per day
Social 
media

Frequency (%)
0‑1 h a days 2‑3 h a days 4‑5 h a days >5 h a days

Facebook 91 (72.22) 26 (20.63) 5 (3.96) 4 (3.1)
Instagram 85 (67.46) 30 (23.80) 6 (4.76) 5 (3.9)
Twitter 118 (93.65) 5 (3.968) 2 (1.58) 1 (0.7)
Snapchat 117 (92.85) 6 (4.761) 1 (0.79) 2 (1.5)
You tube 79 (62.69) 38 (30.15) 5 (3.96) 4 (3.1)
WhatsApp 46 (36.50) 37 (29.36) 23 (18.2) 20 (15.2)
Telegram 116 (92.06) 9 (7.142) 0 1 (0.7)
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In our study, the participants browsed social news very 
often. In another similar study, 76.4% of participants 

browsed health news whereas only 2.7% browsed social 
news.[5]

In the present study, the participants disseminated 
information related to the number of infections over SM 
sites. Similar study conducted showed that 26.6% of 
participants disseminated fake news about COVID‑19 over 
SM, whereas only 17.4% of the participants disseminated 
information relating to the number of infections.[5]

The present study showed that 51 participants experienced 
psychological effects after reading the information about 
COVID‑19 on SM. Similarly, another study showed that 
majority of the participants were affected psychologically.[5]

In our study, a total of 10.3% of participants had low 
stress and 89.7% had moderate stress. A study conducted 
in China reported mild stress in 49.37% of participants, 
moderate stress in 6.22% of participants, and severe stress 
in 11.45% of participants from SM use.[20] Many other 
studies reported similar findings among its participants.[15,21]

In the present study, 51.6% of the participants had mild 
anxiety, 10.3% had moderate anxiety levels and 38.1% 
of them had severe anxiety levels. A similar study 
conducted among parents in Bahrain showed that 18% of 
the participants had moderate‑severe anxiety symptoms.[22] 
Similar findings were observed in other studies as well.[10,17]

Stress development in the present study was associated with 
the type of bank the participants were employed in a similar 
study conducted in the United States showed association 
of stress development with the age of the participants.[21] 

Table 5: Percieved anxiety level
PSS Scores Frequency (%)
Mild anxiety severity 0‑17 65 (51.6)
Moderate anxiety severity 18‑24 13 (10.3)
Severe anxiety severity 25‑30 48 (38.1)
PSS: Perceived Stress Scale

Table 6: Data on Perceived Stress Scale‑10
Stress test: PSS 10 Frequency

Never Almost 
never

Sometimes Fairly 
often

Very 
often

During the pandemic, how often have you been upset after reading about 
COVID‑19‑related information

11 9 74 21 11

During the pandemic, how often did you feel that you were not able to control the 
important things in your life after reading about COVID‑19‑related information

19 15 62 18 12

During the pandemic, how often did you feel stressed and nervous after reading about 
COVID‑19‑related information

20 14 64 16 12

During the pandemic, how often did you feel confident about your ability in handling 
your personal problems after reading about COVID‑19‑related information

5 8 53 41 19

During the pandemic, how often did you feel that things were progressing your way 
after reading about COVID‑19 related information

10 10 68 22 16

During the pandemic, how often have you found that you could not cope with all the 
things that you had to do after reading about COVID‑19‑related information

26 16 58 12 14

During the pandemic, how often were you able to control disturbance in your life after 
reading about COVID‑19 related information

11 10 63 26 16

During the pandemic, how often did you feel that you were on top of the things after 
reading about COVID‑19 related information

18 17 62 19 10

During the pandemic, how often did you feel angered because of things happening 
outside your control after reading about COVID‑19‑related information

20 13 66 16 11

During the pandemic, how often did you feel difficulties were building up so much that 
you could not control them after reading about COVID‑19‑related information

22 17 70 9 8

COVID‑19: Coronavirus disease‑2019, PSS: Perceived Stress Scale

Table 4: Frequency distribution of Participants on 
Hamilton Anxiety Rating Scale (HAM‑A scores)

Anxiety (Variables) HAM‑A Score
0 1 2 3 4

Anxious mood 23 128 44 14 17
Tension 23 23 45 22 13
Fears 32 22 42 19 11
Insomnia 36 22 40 22 6
Intellectual 27 29 40 24 6
Depressed mood 31 28 34 25 8
Somatic (muscular) 46 23 36 16 5
Somatic (sensory) 57 16 30 19 4
Cardiovascular symptoms 59 18 31 12 6
Respiratory symptoms 63 16 24 16 7
Gastrointestinal symptoms 56 22 30 14 4
Genitourinary symptoms 63 16 26 15 6
Autonomic symptoms 57 23 27 11 8
Behaviour at interview 51 25 29 13 8
Anxiety test Mean SD
Hamilton Anxiety Rating Scale (HAM‑A) 19.27 13.91
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Another study showed age and gender associated with stress 
development among its participants.[23] Two more studies in 

Iran and in India also saw similar associations among the 
participants.[24,25]

In our study, there were no associations seen between 
sociodemographic variables and anxiety among the 
participants. However, a study conducted in India showed 
gender and employment status to be associated with 
anxiety.[25] Another study in Iran showed gender and marital 
status to be associated with anxiety development among 
the participants.[26]

Table 8: Association of impact scale measures and stress
Low stress Moderate stress High perceived stress χ2 P

Do you feel you were scared after reading the 
information related to COVID‑19 on social media?

Yes 0 22 0 4.255 0.119
No 5 23 0
Maybe 8 68 0

Do you feel your sleep was disturbed after reading the 
information related to COVID‑19 on social media

Yes 0 25 0 13.178 0.001**
No 13 53 0
Maybe 0 35 0

Do you feel you were stressed/anxious after reading 
the information about COVID‑19 on social media?

Yes 1 29 0 10.729 0.005**
No 10 35 0
Maybe 2 49 0

Have you published any information and news related 
to COVID‑19 on social media?

Yes 13 81 0 4.935 0.026*
No 0 32 0

*Significant, **Highly significant. COVID‑19: Coronavirus disease‑2019

Table 7: Stress levels among the participants
PSS Scores Frequency (%)
Low stress 0‑13 13 (10.3)
Moderate stress 14‑26 113 (89.7)
High perceived stress 27‑40 0
PSS: Perceived Stress Scale

Table 9: Association of impact scale measures and anxiety
Mild anxiety 

severity
Moderate 

anxiety severity
Severe anxiety 

severity
χ2 P

Do you feel you were scared after reading the 
information related to COVID‑19 on social media?

Yes 9 1 12 14.577 0.006**
No 22 0 6
Maybe 34 12 30

Do you feel your sleep was disturbed after reading the 
information related to COVID‑19 on social media?

Yes 6 4 15 29.581 0.000**
No 49 5 12
Maybe 10 4 21

Do you feel you were stressed/anxious after reading 
the information about COVID‑19 on social media?

Yes 13 1 16 18.886 0.001**
No 33 2 10
Maybe 19 10 22

Have you published any information and news related 
to COVID‑19 on social media?

Yes 51 12 31 5.205 0.074
No 14 1 17

**Highly significant. COVID‑19: Coronavirus disease‑2019
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The present study showed that having feelings of 
sleeplessness and being stressed or anxious were associated 
with stress development. Having published information or 
news related to COVID‑19 on SM was also seen associated 
with stress. Another study in India showed that difficulty in 
sleeping and inability to control the feeling of anxiety was 
associated with stress.[11]

The feeling of sleeplessness and of being scared, 
stressed or anxious was seen associated with anxiety 
among the participants after reading the information 
or news related to COVID‑19 on SM. A similar study 

among BE showed that difficulty in sleeping and 
being worried or anxious were associated with anxiety 
development.[11]

The time spent by the participants using SM sites like 
Whatsapp (>2 h a day) is seen to be associated with stress 
development among participants in the present study. 
Similar study conducted in China showed that more SM 
use led to higher stress levels among the participants.[27] 
Another study in China reported that SM exposure for more 
than 3 h was associated with increased stress levels.[15] 
Similar findings were seen in other studies as well.[28,29]

Table 10: Association between time spent on social media and stress
How often do you use social media Low stress Moderate stress High perceived stress χ2 P
Facebook (h a days)

0‑1 12 79 0 3.022 0.388
2‑3 1 25 0
4‑5 0 5 0
>5 0 4 0

Instagram (h a days)
0‑1 11 74 0 3.411 0.333
2‑3 1 29 0
4‑5 0 6 0
>5 1 4 0

Twitter (h a days)
0‑1 13 105 0 0.983 0.805
2‑3 0 5 0
4‑5 0 2 0
>5 0 1 0

Snapchat (h a days)
0‑1 13 104 0 1.115 0.773
2‑3 0 6 0
4‑5 0 1 0
>5 0 2 0

You tube (h a days)
0‑1 11 68 0 3.195 0.363
2‑3 2 36 0
4‑5 0 5 0
>5 0 4 0

WhatsApp (h a days)
0‑1 9 37 0 7.704 0.053*
2‑3 3 34 0
4‑5 0 23 0
>5 1 19 0

Telegram (h a days)
0‑1 13 103 0 1.250 0.535
2‑3 0 9 0
4‑5 0 0 0
>5 0 1 0

Others (h a days)
0‑1 13 95 0 2.416 0.491
2‑3 0 13 0
4‑5 0 4 0
>5 0 1 0

*Significant
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In the present study, time spent by the participants using 
SM sites like Whatsapp and Instagram (>2 h a day) is 
seen to be associated with higher anxiety levels among the 
participants. A study in Thailand showed that more hours of 
exposure per day to COVID‑19 related information led to 
increased severity of anxiety symptoms.[13] A similar study 
in Bangladesh revealed that participants using SM for more 
than 4 h per day had 1.52 times higher anxiety levels.[10] 
Similar findings were seen in other studies as well.[19,28,29]

Conclusion
The present study concludes that increased SM use among 
the BE was associated with negative psychological outcomes. 
The types of effects that SM has on BE varies with the age 
of BE and the type of banks they are working in whether 
national, state or others. Anxiety and stress were associated 
with the amount of time consumed browsing SM sites such 
as Facebook, Instagram, and Whatsapp. However, lesser 

Table 11: Association between time spent on social media and anxiety
How often do you use social media Mild anxiety severity Moderate anxiety severity Severe anxiety 

severity
χ2 P

Facebook (h per day)
0‑1 53 9 29 11.189 0.083
2‑3 11 3 12
4‑5 1 1 3
>5 0 0 4

Instagram (h per day)
0‑1 54 6 25 17.417 0.008**
2‑3 8 6 16
4‑5 2 0 4
>5 1 1 3

Twitter (h per day)
0‑1 64 12 42 7.283 0.295
2‑3 1 1 3
4‑5 0 0 2
>5 0 0 1

Snapchat (h per day)
0‑1 64 11 42 10.060 0.122
2‑3 1 2 3
4‑5 0 0 1
>5 0 0 2

You tube (h per day)
0‑1 43 5 31 10.536 0.104
2‑3 20 6 12
4‑5 1 2 2
>5 1 0 3

WhatsApp (h per day)
0‑1 29 2 15 16.229 0.013*
2‑3 24 4 9
4‑5 7 4 12
>5 5 3 12

Telegram (h per days)
0‑1 63 12 41 5.461 0.243
2‑3 2 1 6
4‑5
>5 0 0 1

Others (h per day)
0‑1 56 11 41 2.712 0.844
2‑3 7 2 4
4‑5 2 0 2
>5 0 0 1

*Significant, **Highly significant
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time consumed over SM information related to COVID‑19 
led to decreased psychological effects.

Limitations

More variables could have been included in the study 
design. Social and family dimensions could have added to 
the understanding.
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Abstract The burden of morbidity and mortality among infants is the highest in developing countries. The future 
economic growth of a country depends upon the well-being of the infants of today; hence, infants need 
the utmost attention of society through organized medical care and social activities. Feeding infants 
and young children properly are essential for their growth, development, nutritional status, health, and 
survival. Improper feeding practices may lead to irreversible outcomes like malnutrition, infectious diseases, 
attention deficit, memory failure, lower IQ, and lifelong poor cognitive and behavioral development. This 
review was taken to assess the cause, prevalence, and impact of various morbidities during infancies. 
The literature search covered both conceptual and specific literature. The specific literature search was 
on the assessment of morbidities among infants. Morbidities were further classified into diarrhea, acute 
respiratory infections (ARIs), and fever. Factors affecting each morbidity during the first year of life were 
classified as International and Indian studies. The studies were further categorized based on methodology 
as cross-sectional, prospective studies, systematic reviews, and meta-analysis. We conclude that the 
incidence of morbidities specifically ARIs, diarrhea, and fever have a debilitating effect on the growth 
and development of infants. Further research is required to assess the impact of morbidity on growth 
and development in children.
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INTRODUCTION

The word morbidity is derived from the Latin word 
“Morbidus” and was first used in 1656, which means 
diseased. It is defined as “the departure from physical, 
psychological wellbeing resulting from disease, illness or 

sickness, especially where the affected individual is aware 
of  his or her condition.” According to the World Health 
Organization (WHO), morbidity is measured in terms 
of  the number of  persons ill, Persons experiencing these 
illnesses, and duration of  illness. Medical Dictionary defines 
“morbidity” as a disease condition or state or the incidence 
and prevalence of  diseases in a community.[1,2] The literature 
is presented in the following sections [Figure 1].
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MORBIDITIES DURING INFANCY

Acute respiratory infections (ARIs) are the major cause 
of  morbidity among infants. Pneumonia is the single 
most important cause of  morbidity and mortality among 
infants globally. ARI forms sixty percent of  the pediatric 
outpatients department (OPD) and constitutes thirty 
percent of  all hospital admissions. Morbidity is defined as 
the presence of  diagnosed conditions and by utilization of  
health services[2] [Figure 2].

ETIOLOGY AND RISK FACTORS FOR MORBIDITY

The determinants of  childhood morbidity and survival 
were categorized into various groups of  studies as 
follows: education of  mothers, malnutrition, birth 
spacing, and family income [Table 1]. Diarrheal illness, 
enteric infections, and malnutrition among infants 
are correlated factors. Diarrheal diseases decrease the 
appetite and lead to malnutrition.[3] Diarrhea is the major 
cause of  mortality among under-five children globally. 
One in six under-five children dies due to diarrhea, and 
about 2.3 million deaths per year in India are attributed 
to it[4] [Figure 3].

The etiological factors of  ARI are classified as bacterial 
and viral. Causes of  acute fever are respiratory infections, 
gastroenteritis, otitis media, pneumonia, and urinary tract 
infections. Chronic causes of  fever include hepatitis, 
tuberculosis, abdominal abscesses, osteomyelitis, 
endocarditis, etc. Warning signs of  fever among 
infants less than 2  months include petechie, purpura, 
neck stiffness, difficulty in breathing, lethargy, and  
confusion.

UNDERLYING CAUSES OF MORBIDITIES

The risk factors for morbidities as per international studies 
are mothers’ literacy. Infants of  literate mothers had fewer 
incidences of  morbidity as compared to those of  illiterate 
mothers. Infants delivered after a gestational age of  37 
weeks showed less incidence of  morbidity as compared to 
those delivered before 37 weeks of  gestation. The age of  
the mother also had a significant impact on the number of  
episodes of  morbidity. The higher the age of  the mother, 
the lesser is the frequency of  morbidities.[5,6] Morbidities 
among mothers also had a significant impact on the infants. 
Mothers with maternal asthma and poor psychological 
health showed a higher incidence of  morbidities. 

18%

11%

7%5%

35%

Pneumonia

Diarrhea

Malaria

Injuries

Neonatal causes

Figure 2: Diagram showing leading causes morbidity and mortality 
among infants

Table 1: Determinants of childhood morbidity

Community level Individual level Economic resources

Urban Socioeconomic status Political attitude
Economic status Mothers autonomy Religious attitude
Availability of resources Educational status Women’s autonomy
Political attitude Type of family Occupational structure
Religious attitude Housing standards Knowledge
Women’s autonomy Sanitation  
Occupational status Birth interval  

Literature

Literature on Morbidity

Literature on Growth

Literature on Development

Conceptual Literature

National StudiesInternational Studies

Cross sectional studiesLongitudinal studies Systematic reviews and meta analysis

Interaction of Morbidity, Growth and Development

Figure 1: Flow of literature
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Multiparous mothers had a significantly higher incidence 
of  morbidities compared to primiparous. Socioeconomic, 
psychological, and cultural factors influencing morbidity 
among infants showed that low socioeconomic status was 
significantly associated with an increased frequency of  
morbidities among infants. Feeding practices adversely 
affect morbidities among infants. Proper feeding practices 
involve the initiation of  breastfeeding within 30 minutes 
of  delivery, exclusive breastfeeding for 6  months, and 
continued feeding for 2 years. Inadequate immunization 
and improper sanitation lead to an increased frequency of  
morbidity among infants.[7-9] Biological factors affecting 
morbidities among infants are as follows: globally, males 
showed a higher incidence of  morbidities, whereas in India 
female children had a higher incidence of  morbidities. 
Immunization with measles had a protective effect on 
the incidence of  morbidities. Increased birth order 
and decreased spacing harmed morbidities. Low birth 
weight of  less than 2500 g had a significant impact on the 
incidence of  morbidities. Maternal anxiety and depression 
had a significant impact on the incidence of  morbidities. 
Instillation of  oil into eyes, ears, and nose leads to increased 
morbidities among infants.[10,11]

HEALTH CONSEQUENCES OF MORBIDITY AND 
THEIR SIGNIFICANCE

Reduced appetite is the direct health consequence of  
morbidity. Underweight is significantly associated with 
ARI, whereas stunting is a long-term effect of  morbidity 
manifested during the second 6 months of  life. Diarrhea 
is significantly associated with being underweight, and ARI 
has a chronic impact on stunting among children.[12-17]

PREVENTION OF MORBIDITIES

The following factors contribute to preventing or reducing 
the incidence of  morbidities: (1) complete immunization, 

(2) proper sanitation and provision of  safe drinking 
water, (3) exclusive breastfeeding for 6 months, (4) timely 
treatment of  morbidities, (5) educating and treating 
mothers on care for the sick child, and (6) early initiation 
of  breastfeeding.[18-22]

GLOBAL STUDIES ON MORBIDITIES

Numerous longitudinal studies on infants in Indonesia, 
Kenya, and Mexican villages on the incidence of  morbidity 
and its impact on growth among infants show that a 
high incidence of  morbidities like ARI, diarrhea, and 
skin infections was associated with growth impairment. 
Morbidities also hurt the nutritional status of  infants leading 
to malnutrition as assessed by the presence of  stunting and 
underweight among them. The incidence of  these diseases 
is the highest during the first 6 months of  infancy.[23,24]

In a follow-up study to assess the incidence of  morbidity 
among infants in Bangladesh where children were followed 
up for 6  months after recovering from severe acute 
malnutrition, the common morbidities were significantly 
high among SAM (severe acute malnutrition) as compared 
to normal infants.[9,25]

A case-control study in Bangladesh to determine the 
long-term effect of  breastfeeding on Vitamin A deficiency 
among children aged 6 months to 3 years was improper 
breastfeeding, nonimmunization with measles vaccination, 
illiteracy, and low socioeconomic status.[10,26] Many systematic 
studies show the impact of  cultural practices on morbidities 
among infants. Cultural taboos restrict from adopting 
modern medical treatment for illnesses. Breastfeeding 
despite a proven positive impact on infant health is not 
practiced universally due to cultural beliefs and customs.[27,28]

In a cohort study at São Paulo, the information was 
extracted from more than two lakh records to study the 

Animal and human fecal 

matter contamination in and 

around water sources

Contamina�on of care givers 
hand by changing diapers of 
sick children

Use of contaminated water for 
drinking, food preparation and 

for irrigation
Contamination of food by 

caregivers without washing 
hands

Consumption of contaminated 
food and waterDiarrhea

Figure 3: Contributing factors of diarrheal diseases among infants
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determinants of  early infant morbidities. Multivariate 
logistic regression was used to assess the effect of  factors 
determining infant morbidity. The determinants of  infant 
morbidities were distal determinants which include race, 
mother’s literacy, and community factors. The parity and 
age of  the mother were less proximate determinants. More 
proximate determinants were gestational age, birth weight, 
and several prenatal visits.[29]

A prospective cohort study done in southern Brazil during 
2006–2008 found a positive association between postnatal 
abuse against women with the risk of  infant diarrhea and 
respiratory infections. Poisson regression with robust 
variance was used to estimate crude and relative risk at 95% 
confidence interval (CI). About 35% of  the mothers who 
were exposed to abuse during the pre-and postnatal period 
showed an increased incidence of  diarrhea (relative risk 
[RR] = 2.41, 95% CI = 1.27, 4.57) and respiratory infection 
(RR = 1.82, 95% CI = 1.23, 2.71) among infants.[28]

A cross-sectional hospital-based study to assess the causes 
and risk factors associated with infant morbidities had 
categorized as follows: Male gender showed a higher 
incidence of  morbidity compared to the female. Incidence 
of  morbidity increased with birth order and with decreased 
spacing. Factors that decrease the incidence of  morbidities 
were feeding of  colostrums, proper feeding practices, 
immunization, and full-term gestational age.[30-32] In a study 
carried out to study the relationship between breastfeeding 
and infant illness, the determinants of  infant illness were 
exclusive breastfeeding for the first 6 months which had 
a protective effect on illness compared to less breastfed 
infants.[33,34]

The cross-sectional study carried out in China and Uganda 
also revealed a positive association between postnatal 
abuse on diarrhea (odds ratio [OR] = 1.65) and respiratory 
infections (OR = 1.37) among infants. A 1-year longitudinal 
study on the impact of  maternal abuse on morbidity also 
showed a positive association between diarrhea (RR = 1.20) 
and respiratory infections (RR = 1.31).[11,35]

NATIONAL RESEARCH ON MORBIDITIES

A community-based cohort study was carried out in 
southern India showed low socioeconomic status was 
associated with an increased incidence of  morbidity. 
Primiparous children exhibited better growth compared to 
multiparous children.[36] The predictors of  morbidity among 
infants as per the longitudinal study carried out at Guntur 
were poor feeding practices such as exclusive breastfeeding, 
mothers’ education, and socioeconomic status. Morbidity 

was high during the second 6 months of  infancy compared 
to the first 6  months.[19] The determinants of  increased 
incidence of  diseases were poor feeding practices, low 
socioeconomic status, and improper sanitation.[37,38]

Longitudinal studies conducted in Delhi and south India 
among infants revealed that the incidence of  illness during 
the first year of  life was 4.27%. The morbidity rate was low 
during the first 6 months compared to the next 6 months. 
There was a positive correlation among socioeconomic 
status, literacy rate, and sex.[39,40] In a case-control study 
done among infants of  Dhaka, to study the association 
between Vitamin A  deficiencies and feeding practices, 
breastfed infants had a 74% reduced risk of  Vitamin 
A deficiency. Various studies conducted to assess the effect 
of  feeding practices on morbidity among infants revealed 
a higher incidence of  morbidity among partially breastfed 
and bottle-fed infants and a high risk of  complications 
was attributed to ARI and diarrhea.[40-42] A  follow-up 
community-based study done among LBW babies of  
Kolkata, focused to study morbidity patterns, revealed an 
increase in the episodes of  morbidities and hospitalization 
rate among LBWs.[43]

A prospective observational study carried out in Dandee 
to assess the effect of  breastfeeding among infants showed 
that proper breastfeeding habits had a positive effect on 
controlling gastrointestinal diseases, whereas they didn’t 
have much evidence of  a reduction in eczema, nappy 
rash, skin, eye, ear, and respiratory tract infections.[44,45] 
The important strategies for control of  diarrheal diseases 
among infants are proper infant feeding practices and 
environmental sanitation. Good breastfeeding practices 
eliminate exposure to food and water-borne infections and 
increase immunity and resistance to infections and proper 
environmental sanitation reduces exposure to fecal matter 
which eliminates enteric pathogens. A cross-sectional study 
to assess infant feeding and rearing practices among rural 
and urban infants of  Jammu showed various faulty feeding 
practices which included delayed initiation of  breastfeeding, 
administration of  prelacteal feeds, and early weaning 
practices. All these factors contributed to an increased 
incidence of  diarrhea and vomiting.[46]

LITERATURE ON IMPACT OF MORBIDITY

A longitudinal study on maternal and child health in 
urban slums of  Africa revealed a synergistic effect of  
morbidity and malnutrition among infants.[42] The effect  
of  morbidity on malnutrition showed the collective effect  
of  deprived nutritional status and morbidities. Malnourished 
children are prone to infections like diarrhea, malaria, and 
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fever. Morbidities further reduce the appetite leading to 
malnutrition. This further leads to deprivation of  growth 
and development leading to death. The bivariate analysis 
reveals a positive effect of  malnutrition on diarrhea.[47]

In a longitudinal prospective study carried out in 
Indonesia, the information on infant morbidity was 
assessed every week and anthropometry on monthly basis. 
The most prevalent morbidity was ARI (47%) followed 
by fever (14%) and diarrhea (13%). The duration of  these 
diseases was 14 ± 9  days for ARI, 6 ± 4  days for fever, 
and 7 ± 11  days for diarrhea. There was no statistical 
association between morbidity and growth during the 
first 6 months, whereas ARI was significantly associated 
with weight loss during the second half  phase of  infancy. 
The length was not statistically associated with any phase 
of  infancy.[48]

Various studies conducted to assess the effect of  morbidity 
from infectious diseases and physical growth of  infants 
revealed a positive association between morbidities and 
decreased average weight and length for age during infancy. 
Malnutrition was considerably higher among bottle-fed 
children than among breastfed children. In a longitudinal 
prospective study carried out to assess the impact of  
morbidity on malnutrition among children less than 
2 years of  age, morbidities were recorded every week and 

anthropometry on monthly basis. A total of  3932 episodes 
were recorded during the study period. Respiratory and 
gastrointestinal diseases were the most commonly noted 
diseases. The incidence of  morbidity was 12.5 illness/
child-year. Stunting was seen among one-third of  the 
children and two-thirds exhibited at least one episode of  
growth failure.[49-53] In a longitudinal study conducted in 
1973 among 500 infants attending the well-baby clinic, 
an increase was noticed in the average weight of  the baby 
of  6 months among exclusively breastfed, and a positive 
association was found between artificially fed infants and 
diarrhea and severe malnutrition[41] [Table 2].

A longitudinal study among infants in New York to assess 
the effect of  exclusive breastfeeding on morbidities revealed 
a statistically significant increase in the incidence of  
morbidities among infants with limited breastfeeds (<4½ 
months) and bottle feeds.[12]

Prospective studies carried out globally and in India showed 
the prevalence of  diarrhea to be high among non-breastfed 
infants. Multiple episodes of  otitis media were significantly 
associated with bottle feeding. A longitudinal study at the 
urban pediatric center, Puducherry to study feeding patterns 
and growth parameters showed a proper gain in weight 
among infants up to 7 months of  age who were exclusively 
breastfed[54-57] [Table 3].

Table 2 : Longitudinal studies showing morbidities among children[50-56]

Place and year of study Sample size Observation
Manila, Philippines 1985–87 1978 (<5 years) ARI: 6.1/child year  

LRI: 0.5/child year
Bangkok, Thailand 1986–87 674 (<5 years) ARI: 11.2/child year  

Mild URI:9/child year  
Moderate to severe URI: 2.2/child year  
LRI: 0.07/ child year

Rio de Janerio, Brazil 1987–89 229 (<2 years) ARI: 4.5/100 child weeks  
LRI: 0.8/100 child weeks

Saivador, Brazil 1989–90 84 (<40 months) Diarrhea: 2.8/child year
Nairobi, Kenya 1989–90 920 (3–37 months) Diarrhea: 3.5/child year
Fortaleza, Brazil 1989–93 71 (6–21 months) ARI: 10/child year  

Diarrhea: 7/child year  
Infective dermatitis: 1/child year  
Respiratory: 15%

Dhaka, Bangladesh 1999–2002 289 (2–5 years) Diarrhea: 1.8/child-year
Kiberia, Kenya 5794 (under five) children Incidence of ARI: 0.5/child-year  

Diarrhea: 0.7/child-year  
Fever: 0.09/child-year

Vellore, India 1965–67 110 (0–1year infants) Total morbidities:17.4/child-year  
ARI:6.9/child-year  
Diarrhea:4.7/child-year

Uma, Peru 1982–84 153 (0–11 months ) Diarrhea: 9.8 /child-year  
LRI: 1.0/ child year  
Otitis media: 0.8 / child year

Agartala, India 1992–93 400 (<5 years) ARI: 23/100 children   
Diarrhea: 6.3 %

Vellore, India 2002–2006 452 (<1 year) Total morbidity: 11.3/ child-year  
Respiratory: 7.1 /child-year  
GI: 1.6 /child-year
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The developmental milestones among infants were assessed 
using Trivandrum Development screening chart.[58] In a 
prospective follow-up study carried out in a hospital and 
community in Thiruvananthapuram children were subjected 
to stimulation package and nutritional management. The 
study revealed stimulation package to be more effective 
than nutritional management in influencing the positive 
effect on growth and development. There was also a 
positive correlation between environmental parameters, 
anthropometric scores, and IQ level.[59,60] A study conducted 
among under-five children in Thiruvananthapuram to 
assess the prevalence of  developmental delay, deformity, 
and disability revealed that a total of  2.48% of  children 
with developmental delay, deformity and disability and up 
to 2 years of  developmental delay were found to constitute 
2.31%.[61,62]

CONCLUSION

Diarrheal illness, enteric infections, and malnutrition 
among infants are correlated factors. Growth flattering 
and malnutrition among infants increases the severity and 

frequency of  diarrheal diseases. Diarrheal diseases decrease 
the appetite leading to malnutrition. One in six under-five 
children dies due to Diarrhea. Literature globally reveals the 
negative impact of  morbidity on growth and development 
among infants and under-five children. More longitudinal 
studies are required to assess the impact of  morbidity on 
the growth and development of  under-five children.
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Introduction. Following the withdrawal of Sabin type 2 from trivalent oral poliovirus vaccine (tOPV) in 2016, the introduction 
of ≥1 dose of inactivated poliovirus vaccine (IPV) in routine immunization was recommended, either as 1 full dose (0.5 mL, intra-
muscular) or 2 fractional doses of IPV (fIPV—0.1 mL, intradermal). India opted for fIPV. We conducted a comparative assessment 
of IPV and fIPV.

Methods. This was a 4-arm, open-label, multicenter, randomized controlled trial. Infants were enrolled and vaccines admin-
istered according to the study design, and the blood was drawn at age 6, 14, and 18 weeks for neutralization testing against all 3 
poliovirus types.

Results. Study enrolled 799 infants. The seroconversion against type 2 poliovirus with 2 fIPV doses was 85.8% (95% confidence 
interval [CI]: 80.1%-90.0%) when administered at age 6 and 14 weeks, 77.0% (95% CI: 70.5-82.5) when given at age 10 and 14 weeks, 
compared to 67.9% (95% CI: 60.4-74.6) following 1 full-dose IPV at age 14 weeks.

Conclusion. The study demonstrated the superiority of 2 fIPV doses over 1 full-dose IPV in India. Doses of fIPV given at 6 and 
14 weeks were more immunogenic than those given at 10 and 14 weeks.

Clinical Trial Registry of India (CTRI). Clinical trial registration number was CTRI/2017/02/007793.
Key words:  EPI schedule; fractional dose inactivated poliovirus vaccine; immunogenicity; India.

The World Health Assembly resolved in 1988 to eradicate po-
liomyelitis by the year 2000 [1]. Since the resolution, substan-
tial progress has been made towards eradication. Four of the 
six World Health Organization (WHO) Regions have been cer-
tified free of wild poliovirus (WPV) by Regional Certification 
Commissions [2], and the number of paralytic cases associated 
with WPV has decreased by >99% compared to the estimated 
cases before the launch of global polio eradication initiative 
(GPEI) [3]. The number of WPV type 1 (WPV1) cases reported 
in 2 WPV endemic countries of Pakistan and Afghanistan [4] in 
the year 2019 was 151 and 38, respectively (data as of February 2, 
2020). However, there has been a steep increase in the number of 

WPV1 cases in Pakistan compared to the year 2018. Nigeria, an-
other WPV-endemic country has not reported WPV-associated 
cases since the last detection in 2016 [5]. WPV type 2 (WPV2) in 
2015 [6] and type 3 (WPV3) in 2019 [7], respectively, were certi-
fied eradicated by the Global Certification Commission.

On the other hand, polioviruses that emanate from the use 
of oral poliovirus vaccine (OPV), designated as circulating 
vaccine-derived poliovirus (cVDPV) [8], continue to circulate. 
Eradication requires the absence not only of WPVs but also of 
all cVDPVs in the communities. The GPEI called for sequential 
cessation of all Sabin strains starting with serotype 2 and in-
troduction of ≥1 dose of inactivated poliovirus vaccine (IPV), 
administered intramuscularly (IM), in routine immunization 
(RI), in all OPV using countries [9]. However, poliovirus type 
2 cVDPV (cVDPV2) has emerged in many Sub-Saharan coun-
tries and some Asian Countries in the recent years, facilitated 
by the low immunity following the withdrawal of type 2-con-
taining oral poliovirus vaccine (OPV2) in 2016. Since the switch 
from trivalent OPV (tOPV) to bivalent types 1 and 3 (bOPV) 
439 cVDPV2 cases have been reported from 17 countries (as of 
January 21, 2020).

Due to a global shortage, IPV could not be supplied to many 
low-risk countries until late 2017 and 2018 [10]. Though the 
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IPV supply situation in the year 2019 had improved, an esti-
mated 43 million children need to receive IPV catch-up vacci-
nation [11]. In the face of IPV short supply and favorable data 
on efficacy of fractional dose (0.1 mL intradermal [ID], 1/5th 
of the regular 0.5 mL dose IM), the Strategic Advisory Group 
of Experts on Immunization (SAGE) recommended that 2 
fIPV doses may be adopted in RI instead of 1 full dose [12]. 
However, the administration of fIPV ID using BCG needle 
and syringe (N&S) is challenging [13], but several options are 
now available using needle-free jet injectors and needle adap-
tors to facilitate the ID administration of fIPV [14, 15].

India, which many thought would face the greatest challenge 
to eradication, as it contributed 60% of the global caseload in 
the first decade of 2000 [16], reported the last case of WPV1 in 
January 2011. The South-East Asian Region of the WHO which 
includes India was certified polio-free in 2014 [2, 17]. India, 
introduced IPV (IM) in 2015, however, due to the continued 
IPV shortage, it adopted a schedule of 2 doses of fIPV at age 6 
and 14 weeks in RI [13].

The current Expanded Programme on Immunization (EPI) 
schedule in India includes bOPV doses at birth, and 6, 10, and 
14 weeks and 2 fIPV doses at 6 and 14 weeks. There are approx-
imately 27 million new births in India each year—the largest 
national birth cohort in the world [18]. Since fIPV immuno-
genicity data were not available from Indian infants, the India 
Expert Advisory Group (IEAG) for Polio Eradication recom-
mended conducting clinical trials to generate fIPV immunoge-
nicity data for the current EPI schedule and assess the operational 
challenges of ID injections in the country [19]. Hence the main 
objective of the trial was to assess immunogenicity in terms of 
seroconversion of 2 fIPV doses as compared to 1 full-dose IPV 
in India. This trial also addressed the immunogenicity of 2 doses 
of fIPV when administered at different ages and intervals in the 
EPI schedule and compared immunogenecity when fIPV is ad-
ministered intradermally with two different devices.

METHODS

Study Design and Participants

The study design was an open-label, 4-arm, superiority, 
multicenter, randomized controlled trial that involved medical 
institutions across India with good experience, infrastructure, 
and support system for vaccine trials. The study was conducted 
between July 2017 and January 2018 at 5 medical institutions: 
(1) King Edward Memorial Hospital, Pune, Maharashtra; (2) 
K.L.E Academy of Higher Education and Research, Belagavi, 
Karnataka; (3) Mysore Medical College, Mysore, Karnataka; 
(4) Mahatma Gandhi Institute of Medical Sciences, Wardha, 
Maharashtra; and (5) Malankara Orthodox Syrian Church 
Medical College, Ernakulum, Kerala.

Healthy infants 6-7 weeks of age, who visited the study site 
immunization clinic for OPV1/Pentavalent 1 immunization, 

weighted at least 3.2  kg and, whose parents presented with a 
documented evidence that their child received the birth dose of 
bOPV were eligible for enrollment.

During the first visit (week 6 or 7), the study nurse and the 
study physician explained the trial purpose to the parents of the 
eligible infants at the immunization clinics of their respective 
institutions. Once the parents consented, and written informed 
consent was obtained, infants were randomized into specific 
study arm allocation, and a baseline questionnaire was admin-
istered, and a blood sample was collected.

The study included 4 arms (3 experimental arms [Arm A, B, 
and C] and 1 control arm [Arm D]): (1) Arm A received fIPV 
at age 6 and 14 weeks using BCG N&S; (2) Arm B received fIPV 
at age 6 and 14 weeks using West/Helm ID adapter; (3) Arm C 
received fIPV at age 10 and 14 weeks with BCG N&S; and (4) 
Arm D received 1 full dose of IPV at 14 weeks. In addition, all 
study subjects received bOPV at birth, 6, 10, and 14 weeks. The 
Consort Statement (Figure 1) displays enrollment and drop-
outs or withdrawal by study arm.

The protocol followed good clinical practice standards and 
ethical approval was obtained from the WHO Ethics Committee 
at Geneva and the Ethics Committees of all study institutions 
involved. The Drugs Controller General (India) provided the 
regulatory clearance for the clinical trial. The clinical trial regis-
tration number was CTRI/2017/02/007793, registered with the 
Clinical Trial Registry of India (CTRI).

Randomization and Masking

Eligible infants were randomly assigned to a study arm using 
permuted block randomization with block sizes of 4, 8, and 12. 
The random sequence was obtained using SAS 9.4. The alloca-
tion concealment was achieved by serially numbered, opaque 
sealed envelopes. These envelopes were opened by the study 
nurse and the enrolled child was vaccinated as per the alloca-
tion provided in the envelope. Neither the parents of the study 
participants nor the study investigators had any choice to opt 
for a specific vaccine arm. The study was open label as the vial 
size, appearance and route, and age of administration were dif-
ferent. The study participants and the study investigators could 
not be masked. The laboratory technicians who were the out-
come assessors were blinded to the treatment allocation.

Study Procedures

At enrollment (6-7 weeks of age), a study questionnaire was ad-
ministered to parents and 1  mL of blood was collected from 
each participant by venipuncture following necessary aseptic 
precautions. Every study participant was issued a specific im-
munization card and all routine vaccinations were adminis-
tered by study staff during the study period. The study vaccines 
were administered per the study design and the arm. Whatman 
blotting papers (circular, 110  mm) were used to measure the 
wetness of ID injections. Once the vaccine was administered 
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to each child, the remainder of each vial was labeled with the 
subject’s identification number and stored back in cold chain. 
All vaccines were stored at the study site where power backup 
facilities were available.

Once the blood sample was collected, serum was separated 
from the blood clot and was stored at −20°C. Sera from these 
samples were labeled with subject identification number. Blood 
samples were also collected at subsequent visits of 14 and 18 
weeks and all sera were stored in cold chain at the respective 
study sites. The sera were later transported in cold chain to the 
ICMR-National Institute of Virology (NIV), Mumbai Unit, 
India (a Global Specialized Laboratory for Polio Eradication). 
Serum specimens were tested with microneutralization assay 
(W.C. Weldon, 2016) of antibody titers to poliovirus types 1 
and 3 at ICMR-NIV, Mumbai. Because of containment require-
ments, type 2 testing was carried out at ICMR-NIV, Pune, India, 
by the staff from ICMR-NIV Mumbai Unit.

Immediate local or systemic hypersensitivity reactions 
were captured through observation for 30 minutes following 
vaccination at each visit. The primary caretakers used a diary 

card to record any local and systemic reactions between study 
visits. Adverse events were also recorded by the study physician 
during the next follow-up visits also capturing any events in the 
inter-visit intervals or during household contacts made by the 
study staff during the study period.

Parents were informed about the follow-up visits during the 
previous visits and reminders through phone calls or in-person 
household visits were arranged. A gap of 4 weeks was main-
tained for all subsequent follow-up visits. A window period of 
+4 days was provided for all visits from week 10 onwards if the 
participant did not turn up on the scheduled date. The partici-
pants were followed until the age of 18 weeks.

Study Vaccines

bOPV contained at least 106.0 CCID50 of Sabin poliovirus type 
1 and at least 105.8 CCID50 of Sabin poliovirus type 3 that was 
formulated by Panacea Biotec Ltd., New Delhi, India using im-
ported bulk from Sanofi Pasteur, France. IPV with a potency 
of 40-8-32 D-antigen units produced by Serum Institute of 
India Ltd. from the bulk provided by Bilthoven Biologicals, 

Figure 1. Consort flowchart.
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Netherlands, was used. West ID Adapter, manufactured by 
West Pharmaceutical Services, and Helmject, an auto-disable 
syringe manufactured by Helm Medical GmbH were used 
in the study. Both were marketed together by Helm Medical 
GmbH, Berlin, Germany. The conventional dose of bOPV 
(2 drops) orally, IPV (0.5  mL IM) and fIPV intradermally 
(0.1 mL) were used.

Outcomes

The primary outcome of the study was seroconversion against 
poliovirus type 2. Seroprevalence was defined as the presence of 
neutralizing antibodies, that is, reciprocal titer of ≥8. A change 
from non-detectable (reciprocal titer <8) to detectable titer (≥8) 
was considered as seroconversion. For subjects with detectable 
antibodies, seroconversion was defined as the 4-fold increase 
over the expected decline of maternally derived antibodies 
(half-life assumed to be 28 days) at that point of time. The sec-
ondary outcomes of the study were comparing titer distribution 
and adverse events across the study arms. Dose-response trend 
was another outcome accessed.

Vaccine loss from the ID injection site was quantified from 
the wetness measurement of blotting paper and was classified as 
<10% and ≥10%.

Sample Size

The sample size was calculated taking into consideration the 
overriding primary objective of the comparison of immunoge-
nicity against type 2 poliovirus with 2 doses fIPV given at 6 and 
14 weeks to 1 full-dose IPV given at 14 weeks. Considering se-
roconversion of 80% based on the trial conducted in Bangladesh 
with 2 doses of fIPV when given at 6 and 14 weeks [20] and 
assuming about 70% seroconversion from full-dose IPV at 14 
weeks based on a previous study in India [21], 5% level of sig-
nificance, a power of 80%, and adjusting for drop-out rate, the 
estimated sample size was 200 in each arm, and a total of 800 
subjects were to be enrolled in 4 arms.

Statistical Analysis

All analyses were done on both intention-to-treat (ITT) and 
per-protocol (PP) basis. If the lower limit of 95% confidence 
interval (CI) of the difference in poliovirus type 2 seroconver-
sion proportion between 2 arms excluded 0, superiority was 
concluded. Analysis of the efficacy of endpoints was based on 
proportions using Fisher’s exact test for proportions with cor-
responding 95% CIs. The median titer with the 10  000 boot-
strapped samples CI was computed. Secondary outcome was 
compared using the Wilcoxon rank sum test. Adverse or severe 
adverse events were noted and reported as percentages in each 
arm. The association of doses of fIPV on seroconversion rate 
was assessed using the Cochrane Armitage trend test. The anal-
ysis was performed separately for serotypes 1, 2, and 3. Baseline 

titers (at 6 weeks) that were equal to ≥1448 for any poliovirus 
type were excluded. All P values were 2-sided. All analyses were 
done using SAS 9.4.

RESULTS

A total of 827 children were screened, among whom, 799 eli-
gible subjects were enrolled. A number of subjects randomized 
into the respective arms were 199 in Arm D that received bOPV 
and full-dose IPV at 14 weeks and 200 each, respectively, in 
the remaining 3 arms (Arms A, B, and C). There were only 47 
(5.9%) participants who dropped out of the study as shown in 
the consort flowchart (Figure 1).

The baseline characteristics of the study participants are 
shown in Table 1. The distribution of demographic character-
istics like gender of the subject, mothers’ education level, re-
ligion was comparable across the study arms. It was observed 
that stunted subjects were more prevalent in Arm C while 
wasted subjects were seen more in Arm A. Seroprevalence of 
serotypes 1, 2, and 3 were distributed equally across the study 
arms. The median titers also were similar in all the study arms 
at baseline. A total of 14 subjects with poliovirus type 1 titers 
≥1448 at baseline (week 6) were excluded from all further 
analyses.

The cumulative seroconversion of the study arm with current 
EPI schedule (receiving 2 fIPV at 6 and 14 weeks using BCG 
N&S—Arm A), against type 2 poliovirus, was 85.8% (95% CI: 
80.1-90.0). There were 22 subjects with seroconversion in Arm D 
despite not having received any type 2-containing vaccine before 
age 14 weeks. These 22 subjects were removed from any further 
analysis. Then the study Arm D demonstrated seroconversion 
of 67.9% (95% CI: 60.4-74.6) (Table 2) against type 2 poliovirus. 
The difference in the cumulative seroconversion between Arms 
A and D was 17.9% (95% CI: 9.2-26.6; P value < .001) (Figure 
2). PP analysis and the ITT were similar; hence, the PP results 
are presented here. The cumulative seroconversion rate when 2 
doses of fIPV were administered at 10 and 14 weeks (Arm C) 
was 77.0% (95% CI: 70.5-82.5). The difference in the seroconver-
sion rate between the arms C and D that received 2 doses of fIPV 
at 10 and 14 weeks and full-dose IPV at 14 weeks, respectively, 
was 9.1% (95% CI: −0.2 to −18.5; P value = .057).

The seroconversion against type 2 poliovirus at 14 weeks 
when first dose of fIPV was given at 10 weeks (Arm C) and 6 
weeks (Arm A), respectively, were 28.9% (95% CI: 22.9-35.7) 
and 14.2% (95% CI: 10.0-19.9) with the difference of 14.7% 
(95% CI: 6.5-22.9; P value < .0011) between the two. The dif-
ference in cumulative seroconversion rate at 18 weeks with 2 
fIPV doses received at 10 and 14 weeks (Arm C) and 2 fIPV at 
6 and 14 weeks administered in the current EPI schedule (Arm 
A) was −8.8% (95% CI: −16.6 to −0.98; P value = .028).

Table 3 provides the median titers in all study arms. The me-
dian titer at 18 weeks in the EPI schedule (Arm A) for serotype 
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2 was 57 (95% CI: 45-72) while the median titer at 18 weeks for 
the Arm D was 18 (95% CI: 14-22), and this difference was sta-
tistically significant (P value < .001). The comparison of median 
titers of type 2 at week 14 between those subjects who received 
first dose of fIPV at 6 weeks (Arm A) and subjects who received 

first dose fIPV at 10 weeks (Arm C) was also statistically sig-
nificant (median titers in Arm A was <8 [<8 to <8] vs Arm C 
was 9 [<8 to 11]; P value < .001). At week 18, the comparison 
of median titers where subjects received 2 doses of fIPV at 6 
and 14 weeks with those who received 2 doses fIPV at 10 and 

Table 1. Baseline Distribution of the Study Characteristics by Study Arms 

 Arm A (n = 200) Arm B (n = 200) Arm C (n = 200) Arm D (n = 199)

n % n % n % N % 

Gender

 Male 96 48.0 99 49.5 102 51.0 100 50.3

Religion

 Hindu 154 77.0 155 77.5 152 76.0 161 80.9

Mothers’ education level

 Illiterate/primary/middle school 32 16.0 32 16.0 33 16.5 29 14.6

 Tenth grade 48 24.0 60 30.0 57 28.5 57 28.6

 Twelfth grade 49 24.5 47 23.5 49 24.5 53 26.6

 Graduate/higher 71 35.5 61 30.5 61 30.5 60 30.2

Stunting

 Normal 125 62.5 135 67.5 105 52.5 107 53.8

 Mild/moderate/severe 75 37.5 65 32.5 95 47.5 92 46.2

Wasting

 Normal 100 50.0 124 62.0 115 57.5 122 61.3

 Mild/moderate/severe 100 50.0 76 38.0 85 42.5 77 38.7

Baseline seroprevalence

 Type 1 163/200 81.5 159/200 79.5 165/200 82.5 169/199 84.9

 Type 2 131/200 65.5 128/200 64.0 125/200 62.5 126/199 63.3

 Type 3 86/200 43.0 75/200 37.5 90/200 45.0 83/199 41.7

Baseline median titers

 Type 1 (median, 95% CI) 57 (36-113) 64 (36-144) 144 (72-181) 91 (36-113)

 Type 2 (median, 95% CI) 11 (11-14) 11 (9-14) 11 (11-14) 11 (11-14)

 Type 3 (median, 95% CI) <8 (<8 to 8) <8 (<8 to <8) <8 (<8 to 9) <8 (<8 to <8)

Abbreviations: BCG, Bacille Calmette-Guérin; bOPV, bivalent oral poliovirus vaccine; CI, confidence interval; fIPV, fractional doses of inactivated poliovirus vaccine; N&S, needle and syringe.

Arm A (4 bOPV + 2 fIPV6, 14 BCG N&S); Arm B (4 bOPV + 2 fIPV ID adapter); Arm C (4 bOPV + fIPV10, 14 BCG N&S); Arm D (4 bOPV + IPV).

Stunting: height-for-age z scores >−1—normal; ≤−1—mild/moderate/severe.

Wasting: weight-for-height z scores >−1—normal; ≤−1—mild/moderate/severe.
Seroprevalence: ≥3.

Table 2. Immune Response (Seroconversion or 4-Fold Rise Over Expected Decline in Maternal Antibodies) for Per-Protocol Population

 n/N Arm A, % (95% CI) n/N Arm B % (95% CI) n/N Arm C, % (95% CI) n/N Arm D, % (95% CI) 

Type 1

 14 weeks 175/184 95.1 (91.0-97.4) 171/188 91.0 (86.0-94.3) 171/183 93.4 (89.0-96.2) 166/184 90.2 (85.1-93.7)

 18 weeks 2/8 25.0 (7.1-59.1) 9/17 52.9 (31.0-73.8) 5/11 45.5 (21.3-72.0) 10/17 58.8 (36.0-78.4)

 Cumulative seroconversion 177/184 96.2 (92.4-98.1) 180/188 95.7 (91.8-97.8) 176/183 96.2 (92.3-98.1) 176/184 95.7 (91.7-97.8)

Type 2

 14 weeks 27/190 14.2 (10.0-19.9) 34/189 18.0 (13.2-24.1) 54/187 28.9 (22.9-35.7) –/164 —

 18 weeks 136/162 84.0 (77.5-88.8) 134/153 87.6 (81.4-91.9) 90/132 68.2 (59.8-75.5) 110/162 67.9 (60.4-74.6)

 Cumulative seroconversion 163/190 85.8 (80.1-90.0) 168/189 88.9 (83.6-92.6) 144/187 77.0 (70.5-82.5) — —

Type 3

 14 weeks 180/190 94.7 (90.6-97.1) 176/189 93.1 (88.6-95.9) 179/187 95.7 (91.8-97.8) 161/186 86.6 (80.9-90.7)

 18 weeks 5/10 50.0 (23.7-76.3) 8/13 61.5 (35.5-82.3) 6/7 85.7 (48.7-97.4) 24/25 96.0 (80.5-99.3)

 Cumulative seroconversion 185/190 97.4 (93.9-98.9) 184/189 97.4 (94.0-98.9) 185/187 98.9 (96.2-99.7) 185/186 99.5 (97.0-99.9)

Abbreviations: bOPV, bivalent oral poliovirus vaccine; CI, confidence interval; fIPV, fractional doses of inactivated poliovirus vaccine; NS, needle and syringe; WA, West/Helm Adapter; Wks, 
weeks.

14 weeks: Arm A—3 bOPV-fIPVNS 6 wks; Arm B—3 bOPV-fIPVWA 6 wks; Arm C—3 bOPV-fIPV10 wks; Arm D—3 bOPV.

18 weeks: Arm A—4 bOPV-2 fIPVNS 6, 14 wks; Arm B—4 bOPV-2 fIPVWA 6, 14 wks; Arm C—4 bOPV-2 fIPV10, 14 wks; Arm D—4 bOPV-IPV.
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14 weeks were 57 (45-72) and 23 (18-28), respectively, and this 
difference was highly significant (P < .001). The reverse cumu-
lative antibody distribution curves (Figure 3) also demonstrate 
the higher seroconversion of fIPV when administered at 6 and 
14 weeks of age.

Comparing the ID administration with 2 devices, the sero-
conversion with 2 doses of fIPV at 6 and 14 weeks, using Helm 
ID adapter was 88.9% (95% CI: 83.6-92.6) against type 2 poli-
ovirus while the cumulative seroconversion with 2 doses fIPV 
at the same vaccination contacts (6 and 14 weeks) administered 
using N&S was 85.8% (95% CI: 80.1-90.0). The difference in the 
seroconversion was found to be 3.1% (95% CI: −3.6 to −9.8; P 
value = .364).

The cumulative seroconversion at week 18 for serotypes 1 
and 3 in all 4 arms were >95%. The median titers against polio-
viruses types 1 and 3 also significantly increased over time.

Successful ID injection was defined as injection resulting 
in a bleb with diameter ≥5 mm. 91% had bleb size diameter 
≥5 mm when administered using BCG N&S or ID adapter at 
6 and 14 weeks, but 97% resulted in bleb size diameter ≥5 mm 
in the arm with BCG N&S at 10 and 14 weeks (P = .004). 

Higher vaccine loss (ie, wetness) was recorded for BCG N&S 
(47%) compared to ID adapter (29%) (P < .001). In addition, 
the average time taken for preparation process before giving 
the injection was slightly more when ID adapters were used as 
compared to BCG N&S (103.7 vs 93.3 seconds, P value = .031).

A total of 830 adverse events were recorded. The distri-
bution of adverse events was similar in all study arms (Arm 
A = 22.5%; Arm B = 26.0%; Arm C = 24.2%; and Arm D = 
27.0%). The adverse events were categorized as mild in all the 
study arms. There were 6 serious adverse events where 5 were 
reported from bOPV + full-dose IPV at 14 weeks (Arm D) 
while only one was reported from fIPV arm at 6 and 14 weeks 
(Arm A). None of these were attributed to the trial interven-
tions by the investigators or the Data and Safety Monitoring 
Board.

DISCUSSION

The main finding of the trial was that 2 doses of fIPV admin-
istered at 6 and 14 weeks were superior in inducing serocon-
version to poliovirus type 2 than 1 full-dose IPV provided at 
14 weeks. The trial demonstrated that the routine schedule in 
use in India of 2 doses of fIPV at 6 and 14 weeks, adminis-
tered using BCG N&S, together with bOPV at birth, and age 
6, 10, and 14 weeks is effective, providing >95% seroconver-
sion against poliovirus types 1 and 3 and >85% seroconversion 
against type 2 poliovirus. These findings confirm the superi-
ority of 2 fractional doses of IPV over 1 full-dose IPV and sup-
port the continued use of fIPV in the 6- and 14-week schedule.

Moreover, the study by the Program for Appropriate 
Technology in Health (PATH) organization modeled the po-
tential incremental costs of RI with IPV in India, reported that 
delivery of fractional (1/5 of full dose) ID dose with either N&S 
or disposable-syringe jet injectors could result in cost savings 

Table 3. Median Titers With 95% Bootstrap Confidence Intervals

 Arm A Arm B Arm C Arm D 

6 weeks

 Type 1c 45 (28-72) 56 (36-144) 144 (72-181) 72 (36-128)

 Type 2 11 (11-14) 11 (9-12) 11 (11-14) 11 (9-14)

 Type 3 <8 (<8 to 9) <8 (<8 to <8) <8 (<8 to 9) <8 (<8 to <8)

14 weeks

 Type 1 724 (576-910) 724 (576-910) 910 (724-910) 910 (724-910)

 Type 2c.d <8 (<8 to <8) <8 (<8 to <8) 9 (<8 to 10) <8 (<8 to <8)

 Type 3a.d 362 (288-455) 362 (288-362) 362 (362-455) 288 (228-362)

18 weeks

 Type 1a.b 910 (910-1152) 1152 (910-1152) 1152 (910-1152) 1152 (1152-≥1448)

 Type 2a.b.c.d 57 (45-72) 81 (57-114) 23 (18-28) 18 (14-23)

 Type 3a.b 576 (455-576) 576 (576-724) 576 (455-576) 910 (724-910)

Analyses were done for complete set of observations.
aSignificant difference between the arms D and C.
bSignificant difference in titers between arms D and A.
cSignificant difference in titers between the arms A and C.
dSignificant difference in titers between the arms D and A.

Figure 2. Type 2 cumulative seroconversion difference between the dif-
ferent comparison arms with 95% CI for the difference.
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of 71%-73% per immunized child [22] compared to full single 
dose of IPV.

The seroconversion of IPV is sensitive to levels of maternally 
derived antibodies [23–27]. In our study, we confirmed that the 

seroconversion rates were higher when fIPV dose was provided 
at a later age (10 weeks as compared to 6 weeks). However, the 
findings from Cuba trial had demonstrated even higher sero-
conversion rates than the current trial wherein fIPV first dose 

Figure 3. (a) Reverse cumulative distributions for poliovirus type 1 titers in log 2 scale. (b) Reverse cumulative distributions for poliovirus type 2 titers in log 
2 scale. (c) Reverse cumulative distributions for poliovirus type 3 titers in log 2 scale.
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was administered at much later age of 4 months (~17 weeks) as 
compared to 6 weeks) or 10 weeks in the current trial.

This trial demonstrated the importance of administering fIPV 
doses at longer intervals of time. The immunogenicity against 
poliovirus type 2 when 2 doses of fIPV were administered at 6 
and 14 weeks were significantly higher than 2 doses at 10 and 
14 weeks (Table 2). The immunogenicity of fIPV administered at 
8-week interval outweighed the immunogenicity of fIPV admin-
istered at 4-week interval, though the first dose was administered 
at a later age. This is in line with the finding from a systematic 
review [27] and a study conducted in Puerto Rico [24].

The cumulative seroconversion for serotypes 1 and 3 at 18 
weeks suggested that 2 doses fIPV even closed the remaining 
immunity gaps to poliovirus types 1 and 3 very effectively. This 
finding was similar to the study findings from an earlier trial 
conducted in India [28].

There are several options to facilitate ID administration 
of fIPV. A study conducted in Pakistan in the year 2015 [14], 
in low-income areas demonstrated 74% and 68% immune re-
sponse for serotype 2 with 1 dose fIPV administered using 
with west/Helm ID adapter and BCG N&S, respectively. The 
current trial on the other hand showed very low levels of se-
roconversion rate following 1 dose of fIPV. The possibility of 
the low seroconversion rates could be explained by the fact 
that this trial was implemented a year after the switch whereby 
subjects born in 2017 were naïve (or less likely) to any type 2 
exposure as opposed to the pre-switch timings of the Pakistan 
study.

In terms of ID injection quality, though, there was a varia-
tion in the loss of vaccine, wet injections, or quality of ID in-
jections with BCG N&S and West/Helm adapters, there was 
no significant difference with the use of either device in terms 
of seroconversion. No correlation of bleb size and loss of an-
tigen (ie, wetness) was found with seroconversion, similar to 
the finding reported from the Cuban trial [15, 29]. ID admin-
istration is technically demanding, and many countries hesitate 
to adopt their use in RI due to additional health staff training 
needs. The vaccinators in the trial were highly experienced and 
trained, they could deliver quality ID injections either with 
BCG N&S or with the adapters, but the injection quality may 
vary under field conditions when vaccination is done through 
out-reach sessions.

Our study had limitations. Because of containment require-
ments, the type 2 neutralization had to be conducted in a BSL-3 
facility, though testing protocols were similar for all 3 serotypes 
[30]. Unexpectantly, type 2 seroconversion was about 12% (22 
subjects) in the Arm D at 14 weeks which had no exposure to 
type 2 antigen till that time. These subjects had received only 
bOPV at birth, 6 and 10 weeks. These 22 subjects were distrib-
uted across all the 5 study sites as follows—2, 6, 6, 4, and 4 par-
ticipants each per site, respectively. We explored these findings 
in greater detail and noted: (1) all of these subjects had very low 

antibody titers, just above detectable levels; (2) the definition of 
seroconversion included a change from non-detectable to detect-
able antibody (ie, from a reciprocal titer of <8 to >8). The inherent 
sensitivity and reproducibility of the tests themselves could ac-
count for some of the positive subjects; and (3) some exposure of 
type 2-containing poliovirus vaccines or exposure to type 2 poli-
ovirus cannot be excluded, but this seems very unlikely (based on 
limited availability of IPV in India during the study implementa-
tion phase or the absence of detection of poliovirus type 2 from 
case and environmental surveillance). Thus, all hypotheses were 
investigated, and no specific reasons could be uncovered.

In summary, the trial confirmed the excellent immunoge-
nicity of a 2-dose fIPV schedule when administered at 6 and 14 
weeks in India. This schedule is both antigen- and cost-saving 
and could potentially be used in other countries with good im-
munization programs that may be interested in both, the in-
creased immunogenicity and the cost savings.
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Abstract

Glucose phosphate isomerase (GPI) deficiency is an autosomal recessive condition with mutations in
the GPI gene on chromosome 19q13.1. Patients present with congenital non-spherocytic hemolytic
anemia, and occasionally intellectual disability. In this study, we describe the clinical, hematological
and biochemical parameters in the largest single-center cohort consisting of 17 GPI-deficient cases.
Demographic and clinical data were noted, and red cell enzyme activity levels were estimated.
Mutation analysis was done by single-stranded-conformation polymorphism, restriction-fragment
length polymorphism and Sanger's sequencing of exon 12 of the GPI gene. The male-to-female ratio
was 0.7:1, median age at diagnosis was 5.0 years, 82.3% of patients had severe neonatal jaundice, and
13.3% had subtle neurological manifestations. Median Hb and MCV levels were 6.3 g/dl and 130.2 fl.
Splenectomized patients required fewer transfusions. Sixteen of 17 patients had the pathogenic
c.1040G > A (p.Arg347His) homozygous mutation in exon12 of the GPI gene, and one had the
pathogenic c.1414C > T(p.Arg472Cys) homozygous mutation in exon 16. In summary, we report that
neonatal jaundice, macrocytosis and high prevalence of p.Arg347His variant were predominant in GPI
deficiency with prominent lack of neurological manifestations, and we emphasize the benefits of
splenectomy and the need for genetic counseling.

Keywords: Chronic non-spherocytic hemolytic anemia; Glucose phosphate isomerase deficiency;
p.Arg347His Mutation.

Related information

GEO Profiles
Gene
Gene (GeneRIF)
MedGen
Nucleotide
Nucleotide
Nucleotide (RefSeq)
Nucleotide (RefSeq)
Nucleotide (Weighted)
Protein
Protein (RefSeq)
Protein (Weighted)
Taxonomy via GenBank

LinkOut - more resources

Full Text Sources

Springer

Research Materials

https://pubmed.ncbi.nlm.nih.gov/?term=Sampagar+A&cauthor_id=34704234
https://pubmed.ncbi.nlm.nih.gov/?term=Gosavi+M&cauthor_id=34704234
https://pubmed.ncbi.nlm.nih.gov/?term=Kedar+P&cauthor_id=34704234
https://pubmed.ncbi.nlm.nih.gov/?term=Patel+T&cauthor_id=34704234
https://pubmed.ncbi.nlm.nih.gov/?term=Dongerdiye+R&cauthor_id=34704234
https://pubmed.ncbi.nlm.nih.gov/?term=Mahantashetti+N&cauthor_id=34704234
https://doi.org/10.1007/s12185-021-03240-5
https://www.ncbi.nlm.nih.gov/geoprofiles/?linkname=pubmed_geoprofiles&from_uid=34704234
https://www.ncbi.nlm.nih.gov/gene/?linkname=pubmed_gene&from_uid=34704234
https://www.ncbi.nlm.nih.gov/gene/?linkname=pubmed_gene_rif&from_uid=34704234
https://www.ncbi.nlm.nih.gov/medgen/?linkname=pubmed_medgen&from_uid=34704234
https://www.ncbi.nlm.nih.gov/nuccore/?linkname=pubmed_nuccore&from_uid=34704234
https://www.ncbi.nlm.nih.gov/nucleotide/?linkname=pubmed_nucleotide&from_uid=34704234
https://www.ncbi.nlm.nih.gov/nuccore/?linkname=pubmed_nuccore_refseq&from_uid=34704234
https://www.ncbi.nlm.nih.gov/nucleotide/?linkname=pubmed_nucleotide_refseq&from_uid=34704234
https://www.ncbi.nlm.nih.gov/nuccore/?linkname=pubmed_nuccore_weighted&from_uid=34704234
https://www.ncbi.nlm.nih.gov/protein/?linkname=pubmed_protein&from_uid=34704234
https://www.ncbi.nlm.nih.gov/protein/?linkname=pubmed_protein_refseq&from_uid=34704234
https://www.ncbi.nlm.nih.gov/protein/?linkname=pubmed_protein_weighted&from_uid=34704234
https://www.ncbi.nlm.nih.gov/taxonomy/?linkname=pubmed_taxonomy_entrez&from_uid=34704234
https://dx.doi.org/10.1007/s12185-021-03240-5


5/25/22, 11:49 AM Clinical, laboratory, and mutational profile of children with glucose phosphate isomerase deficiency: a single centre report - …

https://pubmed.ncbi.nlm.nih.gov/34704234/ 2/2

NCI CPTC Antibody Characterization Program

https://antibodies.cancer.gov/detail/CPTC-GPI-1


INDIAN  PEDIATRICS 58 VOLUME 59__JANUARY 15, 2022

Breastfeeding in Coronavirus Disease 2019 (COVID-19): Position
Statement of Indian Academy of Pediatrics and Infant and Young Child
Feeding Chapter
KETAN BHARADVA,1 ROOPA M BELLAD,2 SATISH TIWARI,3 R SOMASEKAR,4 MRUDULA PHADKE,5 UDAY BODHANKAR,6
AKASH BANG,7 AARTI AVINASH KINIKAR,8 HB MALLIKARJUNA,9 JAYANT SHAH,10 OMESH KHURANA,11

D GUNASINGH,12 GV BASAVARAJA,13 REMESH KUMAR,14 PIYUSH GUPTA15

From  1Department of Pediatrics, Masoom Children’s Hospital, Surat, Gujarat; 2KAHER J N Medical College, Belagavi,
Karnataka; 3Dr PDM Medical College, Amravati, Maharashtra; 4Sree Balaji Medical College and Hospital, Chrompet, Chennai;
5Former VC MUHS and Advisor UNICEF and NHM; 6Deputy Chairperson Commonwealth Professional Health Alliance – UK;
7AIIMS, Nagpur, Maharashtra;  8BJ Government Medical College and Sassoon General Hospital, Pune, Maharashtra; 9
MS Ramaiah Memorial Hospital, Bangalore, Karnataka; 10Shaishav Hospital, Nandurbar, Maharashtra; 11CCM Medical College,
Durg, Chhattisgarh; 12Arumai Medical College, Tiruvannamalai; 13IGICH, Bengaluru, Karnataka; 14President Elect IAP,
Apollo Adlux Hospital, Cochin, Kerala; 15President, Indian Academy of Pediatrics, Mumbai.
Correspondence to:  Dr Roopa M Bellad, Professor Pediatrics and Director Academic Affairs, KAHER, JN Medical College,
Belagavi, Karnataka.  belladroopa5@gmail.com

Justification: Recent research has provided evidence for lack of transmission of SARS-CoV-2 through human milk and breastfeeding.
Updating the practice guidelines will help in providing appropriate advice and support regarding breastfeeding during the coronavirus
2019 (COVID-19) pandemic. Objectives: To provide evidence-based guidelines to help the healthcare professionals to advise optimal
breastfeeding practices during the COVID-19 pandemic. Process: Formulation of key questions was done under the chairmanship of
President of the IAP. It was followed by review of literature and the recommendations of other international and national professional
bodies. Through Infant and Young child (IYCF) focused WhatsApp group opinion of all members was taken. The final document was
prepared after the consensus and approval by all members of the committee. Recommendations: The IYCF Chapter of IAP strongly
recommends unabated promotion, protection and support to breastfeeding during the COVID-19 pandemic with due precautions.

Keywords:  Guidelines, Human milk, Lactation, SARS-CoV-2, Support.

RRRRR EEEEE CCCCC OOOOO MMMMM MMMMM EEEEE NNNNN DDDDD AAAAA TTTTT IIIII OOOOO NNNNN SSSSS

The risk of transmission of the severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) from coronavirus disease 2019
(COVID-19) positive mother to the infant through

breastfeeding; and safety of the infants in case of
discontinuation of breastfeeding are the major concerns of
the healthcare providers and community during the
pandemic.

In May, 2020, World Health Organization (WHO), United
Nations Children’s Fund (UNICEF), Government of India
(GOI), Indian Council of Medical Research (ICMR), Centers
for Disease Control and Prevention USA (CDC), National
Neonatology Forum of India (NNF), Federation of Obstetric
and Gynaecological Societies of India (FOGSI), Breastfeeding
Promotion Network of India (BPNI) and Infant and Young
Child Feeding Chapter of Indian Academy of Pediatrics (IYCF-
IAP), recommended early initiation of exclusive breastfeeding
for first 6 months and breastfeeding with proper
complementary feeding until 2 years and beyond, while using
necessary precautions for infection prevention and control,

in infants born to mothers with suspected or confirmed
COVID-19 [2-9]. These recommendations were based on the
health benefits associated with breastfeeding for both mother
and child; and relatively mild or asymptomatic illness
experienced by infants reported so far. But the rising
concerns and insufficient available evidence of mother to
infant transmission of SARS-CoV-2 through breastfeeding,
contributed to the differing guidelines and recommendations
from public health agencies, and international and national
authorities [10,11].

Infant feeding practices like avoiding of breastfeeding,
promoting artificial feeding and separation of mother and
infant has implications on the growth and development and
long term adverse health outcomes in the infants.
Interruption of breastfeeding causes decrease in milk
supply and mother needs help and counselling to restore it
later. Hence stopping of breastfeeding should not be
advised. India has a high newborn mortality rate and a third
of all preterm births in the world [12], and ensuring adequate
availability of human milk becomes an important
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intervention by the healthcare system for reducing neo-
natal and infant mortality and morbidity during the
pandemic.

Since the last recommendations by the international and
national agencies, recent research has provided newer
evidence regarding transmission of SARS-CoV-2 from
mother to child and through other infant feeding practices.
Recent studies have reported increasing titers of antibodies
to SARS-CoV-2 in the human milk following vaccination of
the lactating mothers, thereby demonstrating the protection
against COVID-19 to the mothers and their infants by
vaccination [13,14]. Recently GOI has published a circular
recommending administration of COVID-19 vaccines in
breastfeeding women [15].

With the new available evidence and recent
recommendation of vaccination of breastfeeding women by
GOI, there is a need to review and update the guidelines to
promote, protect and support breastfeeding during the
pandemic. This will also help ameliorate the concerns
among the frontline healthcare providers, pediatricians,
obstetricians and nurses on whether they should
encourage the infected mother to breast feed her baby.

OBJECTIVES

To provide evidence-based guidelines to help the
healthcare professionals to advise optimal breastfeeding
practices during the COVID-19 pandemic.

PROCESS

Formulation of key question was done under the
chairmanship of the president of Indian Academy of
Pediatrics. A committee of experts was formed by the
chairman. It was followed by review of literature regarding
risk of transmission and safety of promoting breastfeeding
among mothers who are suspected or confirmed positive.
The recommendations of other international and national
professional bodies were also reviewed in detail. The
available data was discussed in an Infant and Young Child
Feeding-focused WhatsApp group. Opinion of all members
was taken and the final document was prepared after
consensus, which was approved by all members of the
committee.

RECOMMENDATIONS

The recommendations are tabulated in Box I.

Breastfeeding and COVID-19

Breastfeeding not only provides nutrition to the babies but
is also benefecial to the mother and the baby in a variety of
ways  [16-18]. During the SARS-CoV-1 outbreak in 2003,
lactoferrin in human milk was known to interact with heparin

Box I Indian Academy of Pediatrics, Infant and
Young Child Feeding Chapter

Recommendations

• Benefits of breastfeeding and KMC in providing
nutrition and prevention of infections cannot be
overlooked, which is of crucial importance in
developing countries like India.

• Breastfeeding has specific benefits to the infants
during COVID-19 pandemic and so encourage,
promote, protect and support breastfeeding in all the
babies during the pandemic.

• Mothers with suspect or confirmed COVID-19 should
initiate early (within one hour after birth) and exclusive
breastfeeding and KMC to their babies with due
precautions to prevent and control COVID-19 during
breastfeeding i.e. ,wearing of  appropriate  mask,
proper washing /sanitizing of the hands before and
after feeding session and routinely disinfecting and
cleaning the high contact surfaces.

• Mother and  baby should stay together as much as
possible, unless she is too sick to take care, to have
skin to skin contact, to feed their baby responsively
and to have access to ongoing support when this is
needed, while implementing infection control
measures as above.

• If mother is ill, expressed human milk is to be fed to the
baby by a care taker who is COVID-19 negative. All
care takers should be taught to support mothers
specifically in the breast milk expression and feeding
the infant with EBM.

• All mothers and healthcare workers attending her
should be taught skills of manual expression of breast
milk by trained staff.

• For unfortunate cases of mother child separation due
to severe illness of mother, mother must be helped to
establish breastfeeding through specific re-lactation
support.

• If mother’s milk is not available, wet nursing (with
proper safety procedural precautions) may be
adopted or pasteurized donor human milk from a
standard human milk bank or comprehensive lactation
management center can be fed by the caregiver.

• We recommend the administration of COVID-19
vaccines to all women breastfeeding their infant.

• It is recommended that the lactating mothers and their
families should be provided with psychosocial and
technical support in confidence building and other
aspects of breastfeeding especially in establishing/re-
establishing and maintaining the milk supply. Also,
counselling and extra support should be provided to
the mothers and their family members, by dedicated
trained counsellors if possible, regarding
breastfeeding and education regarding COVID-19
prevention behaviors.

• Widespread dissemination of this guideline is
recommended using various means and
presentations, to healthcare workers and public in
general. This is especially pertinent when healthcare
facilities are disrupted in the pandemic, and IMS
promotion lurks stealthily through many avenues.
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sulphate glycosaminoglycan (HSPG) cell receptors,
interfering with the first anchoring sites of the virus on the
cell, and thus preventing the initial contact between the
SARS-CoV and host cells. Lactoferrin also blocks the
interaction between spike viral protein and HSPC in an
angiotensin-converting enzyme 2 (ACE2) receptor, which
otherwise results in the full infection [19]. Presence of the
oligosaccharides in human milk acts as a barrier to
pathogens and as a prebiotic, promote synthesis of a
healthy microbiota thereby preventing attachment of
viruses to the mucosa and thus preventing infection [20].
Additional protective properties of human milk are provided
by the transfer of maternal immune cells like macrophages,
neutrophils and lymphocyte and secretory IgG and IgA to
the breastfed infant. It also enhances the maturation of both
innate and adaptive immune systems and thus protects the
infants from infections [17]. Antibodies to SARS-CoV-2
with strong neutralizing capabilities have been isolated in
human milk of COVID-19 positive mothers, suggesting
active form of protection provided by human milk against
COVID-19 [21,22]. Recently, IgA antibodies and other
bioactive factors were detected in the human milk from
COVID-19 positive mothers suggesting its key role in
preventing life threatening infections during COVID-19
pandemic [23].

Risk of Transmission

There is limited but increasing evidence that human milk is
not a source of SARS-CoV-2 infection to infants who are
breast fed by COVID-19 positive mothers. Transmission of
the virus though human milk is the major concern during the
COVID-19 pandemic. Earlier studies have reported presence
of the virus in human milk. However, these were small
studies and case reports with low quality evidence, and
failed to show the evidence that the virus was complete and
or active in disease causation [21,24-30]. Recent larger
prospective cohort studies have not detected SARS-CoV-2
in human milk samples collected from women with
symptomatic infection [22,31,32]. Therefore, it cannot be
concluded that mere presence of virus in the human milk can
be directly related to the transmission of infection from
mother to child and these studies confirm that SARS-CoV-2
can rarely get transmitted through human milk. This is
further highlighted in recent systematic reviews and meta-
analyses [16,17,29].

Recently, GOI and IAP-ACVIP have recommended to
vaccinate all breastfeeding women against COVID-19
[15,33]. Studies have demonstrated that maternal
vaccination results in high titers of antibodies to SARS-
CoV-2 and so is protective for the baby [13]. Based on this
recent evidence of specific benefits of breastfeeding during
the pandemic, with no chance of transmission of COVID-19

virus through breastfeeding, we need to continue to
promote, protect and support breastfeeding.

Separation of Mother and the Baby

WHO guidelines (May 27, 2020) state not to separate
mothers with suspected or confirmed COVID-19 unless the
mother is too sick to care for her baby, and to provide skin to
skin contact including kangaroo mother care. However,
because of the insufficient available evidence, some
national health agencies advised separation of infants from
mothers with suspected or confirmed SARS-CoV-2 and
avoidance of breastfeeding [10,11]. A recent study of a
public health approach for deciding policy on infant feeding
and mother-infant contact in the context of COVID-19
concluded that, deaths among infants affected by a policy
of separation and not breastfeeding would be at least 67-
times greater than mortality potentially attributable to
COVID-19 [34]. The survival benefits of breastfeeding
substantially outweigh the very low reported CFR (case
fatality rates) among infants with COVID-19. Separation of
the mother and infant is therefore unnecessary and is
potentially harmful [34]. Mothers should be enabled to stay
together as much as possible with their babes, to have skin-
to-skin contact, to feed their baby responsively, and to have
access to ongoing support when this is needed. Based on
the clinical condition of mother and newborn, the decision
may be taken on a case-to-case basis (Table I).

Recommendations by Other Professional Bodies

In May 2020, WHO updated its recommendation and
advised early (within one hour of birth) and exclusive
breastfeeding for first 6 months and then appropriate
complementary feeding with breastfeeding until 2 years and
beyond, while using necessary precautions for infection
prevention and control in infants born to mothers with
suspected or confirmed COVID-19. Mothers who were too
ill to breast feed are advised to feed their expressed breast
milk [2]. Other international agencies i.e., UNICEF, CDC,
American Association of Pediatrics (AAP), Australian
Breastfeeding Association and National bodies GOI, ICMR,
NNF, IAP, FOSGI, IYCF Chapter of IAP recommended
similar guidelines with respect to breastfeeding during the
pandemic [4-8,11,14,35]. The UK Committee for UNICEF
(UNICEF UK) Baby Friendly Initiative and Australian
Breastfeeding Association have also updated their
guidelines based on recent available evidence [14,36].

Contributors: All authors were part of the IAP IYCF team that
formulated the guidelines. KB, RMB, ST, RS: conceived the
guidelines, prepared the agenda, and executed administratively.
KB and RMB: led the discussions and all the members actively
participated. RMB, AB, AAK, HBM: reviewed the literature on
national and international guidelines. RMB, KB: wrote the first
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administrative support from the Indian Academy of Pediatrics
(IAP) and coordinated between the team and executive board
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KB and RMB. All authors approved the final recommendations of
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Autism - The silent grabber of children
Autism and Developmental Disabilities Monitoring (ADDM)
Networkconducts active surveillance of ASD among children
living in the areas under 11 ADDM sites across United States.In a
recently published report, according to ADDM Network one in
44 children aged ≤8 years were identified to have ASD, the
incidence of which has increased markedly from 1in 54 children
over two years period. Other important findings - ASD was 4.2

times more prevalent among boys as compared to girls while 35%
children were having an intelligence quotient (IQ) score ≤70.
Children having ASD with IQ score ≤70 were diagnosed at an
earlier age compared to those with IQ score >70.

Is this rise is a result of the early screening and referral or
industrilization?As a primary care provider to the children /
society we have to think about it.
(Surveillance Summaries 03 December, 2021)

RAJESH KUMAR MEENA
raj.mamc@gmail.com
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Abstract
Objective: To evaluate the feasibility of an mHealth- supported breastfeeding peer coun-
selor intervention implemented in rural India and the preliminary impact of the interven-
tion on maternal breastfeeding behaviors, including exclusive breastfeeding (EBF).
Methods: In this quasi- experimental pilot study, participants received either the in-
tervention plus usual care (n = 110) or usual care alone (n = 112). The intervention 
group received nine in- home visits during and after pregnancy from peer counselors 
who provided education about and support for EBF and other optimal infant feeding 
practices and were aided with an mHealth tool. The control group received routine 
prenatal and postnatal health education. Progress notes and surveys were used to as-
sess feasibility. Logistic regression models were used for between- group comparisons 
of optimal infant feeding outcomes, including EBF for 6 months.
Results: The intervention was delivered as intended, maintained over the study pe-
riod, and had high acceptability ratings. There were statistically significant differences 
in all outcomes between groups. The intervention group had a significantly higher 
likelihood of EBF at 6 months compared to the control group (adjusted odds ratio 3.57, 
95% confidence interval 1.80– 7.07).
Conclusion: Integration of mHealth with community- based peer counselors to edu-
cate women about EBF is feasible and acceptable in rural India and impacts maternal 
breastfeeding behaviors.

K E Y W O R D S
breastfeeding, India, intervention, mHealth, peer counselor

1  |  INTRODUC TION

Exclusive breastfeeding (EBF), defined as breast milk as an infant's 
only intake,1 is an important public health intervention for child 
health and survival. Infants who are breastfed are less likely to 

experience diarrhea, other gastrointestinal illness, otitis media, re-
spiratory infections, and hospitalizations compared to infants who 
are not breastfed.1 The World Health Organization (WHO) recom-
mends EBF for the first 6 months of life to achieve optimal growth, 
development and health.2
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Despite the benefits of and recommendations for EBF, rates of 
EBF in India are low. The 2015– 2016 India National Family Health 
Survey found that for the first 6 months of life, nearly half of in-
fants in India were not exclusively breastfed.3 Other infant feeding 
practices were suboptimal as well, with less than half of mothers 
reporting initiation of breastfeeding within 1 h of birth, and prelac-
teal feeding in the first 3 days after birth occurring in 21% of the 
population.3 These data suggest that programs directed at improv-
ing breastfeeding behaviors of mothers in India are needed.

An intervention that uses a peer support system may be one 
type of program. Peer counseling relies on local community women 
who have successfully breastfed, received training in breastfeeding 
education, and work with their peers to improve breastfeeding out-
comes.4 Such programs have been effective in increasing initiation 
and duration of breastfeeding in diverse populations and settings, 
including low-  and middle- income countries (LMICs).5– 11 There is in-
sufficient evidence, however, that community level peer counseling 
interventions significantly improve EBF rates in India.7

Programs that utilize mobile health (mHealth) platforms may 
also be useful for increasing EBF. The technology of the 21st cen-
tury has increased the availability and accessibility of mHealth, in-
cluding health- related education and counseling, and telemedicine 
services delivered via phone or computer applications. A recent 
meta- analysis of studies conducted in six countries suggested that 
mHealth may be associated with improved maternal breastfeeding 
attitude, knowledge, and initiation, and EBF duration.12 However, 
only one LMIC (China) was represented in the analysis and it re-
mains unknown whether utilizing mHealth platforms to enhance 
peer counselor efforts can be helpful for improving infant feeding 
behaviors of mothers in India. There is evidence, though, that im-
plementing mHealth- supported community programs is feasible and 
can improve other behaviors of Indian mothers, including the uptake 
of health services among pregnant and breastfeeding women with 
HIV.13

Here we describe a pilot study of an mHealth- supported peer 
counselor intervention to educate mothers in rural India about EBF 
and other optimal breastfeeding practices and to support mother's 
commitment to breastfeed exclusively for 6 months. The overall ob-
jective of this exploratory study was to evaluate the feasibility of 
implementing the intervention in the community and the preliminary 
impact of the intervention on maternal breastfeeding behaviors.

2  |  MATERIAL S AND METHODS

This was a quasi- experimental pilot study, with participants allocated 
to one of two groups based on attendance at six different primary 
health centers (PHCs) located in rural communities of the Belagavi 
district of Karnataka, India. Purposive sampling was used to recruit 
participants to the study. Participants received either the interven-
tion plus usual care (intervention group) or usual care alone (con-
trol group). Intervention group participants were recruited between 
March and April 2019. Control group participants were recruited 

between November 2019 and January 2020. All participants pro-
vided written informed consent. Institutional Ethical Committee ap-
proval was obtained from KLE Academy of Higher Education and 
Research (formerly known as KLE University) in India, and Thomas 
Jefferson University in the United States. The trial was prospec-
tively registered with ClinicalTrials.gov, NCT03533725, and the 
Clinical Trials Registry- India, CTRI/2017/08/009453.

To recruit participants into the intervention group, accredited 
social health activists (ASHAs) at five of the six study PHC sites iden-
tified pregnant individuals at least 18 years of age who met study in-
clusion criteria, including gestational age between 28 and 32 weeks 
at the time of recruitment, and intent to remain in the intervention 
area for a minimum of 6 months post- delivery. Individuals who indi-
cated that they did not plan to initiate breastfeeding were excluded. 
Of 150 women approached, 130 agreed to participate. Following en-
rollment in the study, this group received the intervention. Because 
the intervention was designed for mothers with healthy infants, 
initially- enrolled study participants were dropped from the study by 
investigators following delivery if a participant's infant was stillborn 
or admitted to the NICU, weighed <2001 g, had a major congenital 
anomaly, or experienced early or late neonatal death. Thus, 110 in-
tervention group participants remained in the study throughout the 
entire study period.

The intervention used trained peer counselors to educate women 
about EBF and to support women to increase their commitment to 
EBF for 6 months and adopt other recommended infant feeding 
practices. Peer counselors were supported by a mHealth application 
(app), Breastfeeding Education Support Tool for Baby (BEST4Baby), 
developed by the research team. The app contained multimedia con-
tent specific for nine distinct visits and was used at each visit by the 
peer counselors. The visits were conducted in the homes of study 
participants and lasted between 60 and 90 min. Visits occurred 
when the participants were: 28– 32 weeks gestation; 32– 36 weeks 
gestation; one to three, seven, and 15 days postpartum; and one, 
two, four, and 6 months postpartum. Specific app content was de-
termined by needs identified and reported by breastfeeding Indian 
mothers and their support networks.14

To recruit peer counselors, ASHA workers from the five inter-
vention PHCs posted information on the PHCs bulletin boards and 
used word of mouth. Of 56 individuals interviewed, 25 met eligibil-
ity criteria and were selected to become peer counselors. Eligibility 
criteria included: (1) breastfeeding experience; (2) conversant in the 
local language; (3) minimum of 10 years of education; (4) residing 
in the local community; and (5) familiarity with the use of a smart 
phone and apps.

After recruitment, the 25 peer counselors attended a 3- day 
training course based on content derived from a WHO/UNICEF 
Breastfeeding Counselling Course.15 The training included breast-
feeding knowledge and skills, specific counseling strategies, and 
how to use the BEST4Baby app. After training, each counselor was 
provided with a Samsung mobile tablet with wireless services which 
contained the app, and assigned four to six women from their com-
munities who had been recruited for the intervention group of the 
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study. Counselors delivered the intervention to participants in the 
participant's home following the BEST4Baby nine- visit schedule. 
The counselors were paid a small stipend for each visit and had their 
transportation costs reimbursed.

Mothers who lived in the study district who attended a PHC 
geographically separate from the five intervention PHCs were re-
cruited into the control group. A distinct PHC was used to select 
control group participants to reduce the likelihood of contamina-
tion bias. Mothers who were at least 18 years old who delivered 
during the same time period as those in the intervention group 
were selected randomly from the PHC’s antenatal care register and 
invited to participate in the study by ASHA workers. Study inclusion 
criteria were delivery of a live infant weighing at least 2001 g who 
did not have an NICU admission or a significant congenital anomaly, 
and did not experience early or late neonatal death. All women who 
were invited to participate agreed to participate (n = 112). The con-
trol group received routine prenatal and postnatal health education 
recommended by the national health system.

Self- reported demographic characteristics were collected 
from participants in both study groups at study enrollment by 
trained researchers. When participants’ infants were 6 months of 
age, researchers collected birth characteristics and infant feed-
ing behaviors from participants. Participant self- reported infant 
feeding behaviors included EBF, as defined by WHO1 for 6 months 
(yes/no), breastfeeding initiation within 1 h of birth (yes/no), co-
lostrum feeding (yes/no), any prelacteal feedings (yes/no), any top 
feedings during the infant's first 6 months of life (yes/no), and any 
supplemental feedings during the infant's first 6 months of life 
(yes/no).

Five areas of feasibility of implementing the intervention were 
assessed: acceptability, implementation, practicality, adaptation, 
and efficacy.16 The acceptability of BEST4Baby was assessed by 
participants in the intervention group and peer counselors. At the 
six month visit, intervention group participants were given a nine- 
item survey created specifically for the study. Survey items as-
sessed peer counselor interactions as well as the four domains of 
the Ecological Momentary Assessment model (i.e., clarity, accuracy, 
content, and technical quality).17 Responses used a five- item Likert 
scale with choices ranging from strongly disagree to strongly agree. 
Acceptability by peer counselors of BEST4Baby was assessed by a 
modified System Usability Scale (SUS), a tool used to measure and 
quantify the perception of usability of products and services (e.g., 
software, mobile devices and websites). The survey was completed 
immediately following completion of the 3- day training and con-
sisted of 10 statements with five response options (strongly dis-
agree to strongly agree). SUS scores ranged from zero to 100, with 
zero indicating not at all usable and 100 indicating perfect usability. 
Implementation, practicality, and adaptation were evaluated by as-
sessing retention of mothers and peer counselors throughout the 
study period and process notes of weekly check- ins and team meet-
ings maintained by the research team. Efficacy of the intervention 
was assessed by comparing self- reported infant feeding behaviors 
between study groups.

Qualitative feasibility data were assessed with a thematic anal-
ysis of process notes by one researcher (PK), with themes verified 
by the larger team. Frequency counts and percentages were gen-
erated for data from the intervention group acceptability surveys. 
Peer counselor SUS total scores were calculated and compared 
to standardized scores. Participant demographic and birth char-
acteristics and infant feeding behaviors were described over-
all and within each study group. Means and standard deviations 
were produced for continuous variables, and frequency counts 
and percentages were generated for describing variables that 
were dichotomous or polytomous in nature. The balance of char-
acteristics and behaviors between study groups were compared 
using two- sample t- tests for continuous variables and chi- square 
or Fisher exact tests for categorical variables. Logistic regression 
models were used to assess the association between study group 
and infant feeding behaviors. Demographic and birth characteris-
tics that differed between study groups (p < 0.20) were included 
in multivariable logistic regression models. Regression models also 
adjusted for mode of delivery, which has been associated with in-
fant feeding behaviors of Indian women in previous studies.18,19 
Results of the regression model were expressed as odds ratios 
(OR) along with their corresponding 95% confidence intervals (CI). 
All statistical analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA).

3  |  RESULTS

3.1  |  Intervention implementation

Three implementation challenges were identified from process notes 
analyses. First, peer counselors initially needed support from the re-
search team in troubleshooting specific aspects of the app; these 
problems were resolved by the research team visiting with the coun-
selors in the field before the second study visit and troubleshooting 
with mock visits in real time. Second, there were reports of limited 
internet access, but this was addressed by having app content avail-
able offline. Third, unanticipated situations which were not initially 
incorporated into the development of the app, such as the ability to 
skip over content of a missed visit during a subsequent visit, necessi-
tated the research team collecting the devices from peer counselors, 
updating the devices at the research center, and returning them in 
2– 3 days.

3.2  |  Peer counselors

The post- training SUS usability score for the peer counselors ranged 
from 72.5 to 100. The average score was 87.5 (SD 8.2) suggesting 
high usability and implementation practicality. Three of the 25 coun-
selors did not continue as peer counselors after the training; two 
found full- time paid employment and one had personal problems 
that prevented participation.
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3.3  |  Study participants

Demographic and birth characteristics of all study participants 
stratified by study group are found in Table 1. Women in the inter-
vention group were slightly younger than those in the control group 
(mean age 23.2 years vs 24.7 years, p = 0.004). Intervention group 
participants were significantly more likely to have a husband with 
a skilled occupation than control group participants (94% vs 45%, 
p < 0.0001). Differences in place of delivery were also found be-
tween the two groups. There were no differences in participant 
occupation, parity, mode of delivery, or infant sex and birthweight 
between the intervention and control groups.

Infant feeding outcomes stratified by study group are found in 
Table 2. There were statistically significant differences in all out-
comes between the two study groups. The intervention group was 
significantly more likely to report EBF at 6 months compared to the 
control group (64% vs 34%, p < 0.0001). The intervention group was 
significantly more likely to report initiation of breastfeeding within 
1 h of giving birth (82% vs 56%, p < 0.0001) and report giving co-
lostrum to their infants (100% vs 94%, p = 0.014). Prelacteal, top, 
and supplementary feeding were more common in the control group 
compared to the intervention group.

In multivariable analysis, after controlling for maternal age, par-
ity, husband's occupation and place of delivery, odds of reporting 

TA B L E  1  Delivery and birth characteristics of study participants by study group

Characteristic

Total
N = 222
n (%)

Intervention
N = 110
n (%)

Control
N = 112
n (%) p value

Age (years), mean (SD) 24 (3.7) 23.2 (3.5) 24.7 (3.5) 0.004

Highest level of education

Illiterate 9 (4) 4 (4) 5 (4) 0.254

Primary 25 (11) 15 (14) 10 (9)

Secondary/pre- university 155 (41) 70 (64) 85 (76)

Graduation/post- graduation 31 (14) 19 (18) 12 (11)

Occupation

Housewife 212 (96) 102 (94) 110 (98) 0.098

Non- housewife 9 (4) 7 (6) 2 (2)

Occupation of husband

Skilled 153 (69) 103 (94) 50 (45) <0.0001

Not skilled 69 (31) 7 (6) 62 (55)

Number of previous children

0 97 (43) 55 (50) 42 (37) 0.171

1 86 (39) 38 (35) 48 (43)

2 or more 39 (18) 17 (15) 22 (20)

Place of delivery

Community Health Center 25 (11) 21 (19) 4 (4) <0.0001

District Hospital 52 (23) 16 (14) 36 (32)

Primary health center 31 (14) 21 (19) 10 (9)

Private Hospital/Taluka Hospital 114 (51) 52 (47) 62 (55)

Mode of delivery

Vaginal 147 (66) 77 (70) 70 (63) 0.237

Cesarean 75 (34) 33 (30) 42 (37)

Infant birthweight, g

2001– 2500 39 (17) 17 (15) 22 (20) 0.250

2501– 3000 104 (47) 48 (44) 56 (50)

>3000 79 (36) 45 (41) 34 (30)

Infant sex

Female 109 (49) 55 (50) 54 (48) 0.790

Male 113 (51) 55 (50) 58 (52)

Abbreviation: SD, standard deviation.
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EBF at 6 months were significantly higher among participants in 
the intervention group compared to those in the control group (ad-
justed odds ratio 3.57, 95% CI 1.80– 7.07; Table 2). Compared to 
the control group, the intervention group had significantly greater 
likelihood of initiating breastfeeding within 1 h of birth, and avoid-
ance of prelacteal, top and supplemental feeding. Total duration 
of EBF (in months) also varied by study group (Figure 1). The mean 
number of months participants exclusively breastfed was greater in 
the intervention group than the control group (5.2 vs 4.4 months, 
p = 0.0003).

Intervention group participants reported high acceptability of 
the intervention. Figure 2 shows the percentage of participants 
who responded that they “agreed” or “strongly agreed” with each 
acceptability survey statement. For each item, over 90% reported 
“agreed” or “strongly agreed”. Acceptability was further supported 
by visit completion data. The mean number of completed visits 
was nine. Only 4% of participants missed the visits which oc-
curred prior to delivery (visit 2) and at 7 days (visit 4) and 15 days 
(visit 5) postpartum; all other visits were completed by 100% of 
participants.

4  |  DISCUSSION

The results of this pilot study suggest that our BEST4Baby- supported 
peer counselor intervention is feasible and acceptable and signifi-
cantly impacts infant feeding practices among new mothers in rural 
India, including EBF for 6 months. While these early efficacy results 
align with other previous studies showing the impact of counselling 
on breastfeeding behaviors among mothers in other LMICs,5– 7 the 
integration of an mHealth tool for peer counselors to utilize in the 
homes of pregnant and postpartum women that specifically targets 
EBF makes our intervention particularly innovative. The low preva-
lence of EBF in the control group and high prevalence of EBF in the 
intervention group confirm the need for community- based peer sup-
port to promote breastfeeding in rural India.

Feasibility of the intervention was determined by high reten-
tion rates of peer counselors and participants, addressable imple-
mentation problems, and high acceptability ratings. The feasibility 

TA B L E  2  Association between infant feeding outcomes and study group

Outcome

Total
N = 222
n (%)

Intervention
N = 110
n (%)

Control
N = 112
n (%) p value OR (95% CI) AOR (95% CI)a 

Exclusive breastfeedingb  108 (49) 70 (64) 38 (34) <0.0001c  3.41 (1.96– 5.91) 3.57 (1.80– 7.07)

Timely breastfeeding initiationd  153 (69) 90 (82) 63 (56) <0.0001c  3.50 (1.89– 6.45) 4.82 (2.13– 10.90)

Colostrum given to infant 215 (97) 110 (100) 105 (94) 0.014e  — f  — f 

No prelacteal feedingb  201 (90) 107 (97) 94 (84) 0.0009e  6.83 (1.95– 23.92) 10.2 (2.54– 40.71)

No top- feedingb  185 (83) 101 (92) 84 (75) 0.0008c  3.74 (1.67– 8.36) 4.53 (1.80– 11.37)

No supplementary feedingb  142 (64) 82 (74) 60 (54) 0.001c  2.54 (1.44– 4.48) 2.24 (1.12– 4.47)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
aModel adjusted for maternal age, parity, mode of delivery, place of delivery, and husband's occupation. 
bDuring the infant's first 6 months of life. 
cChi- square test p value. 
dWithin 1 h of birth. 
eFisher exact test p value. 
fModel did not converge because of a low number of events. 
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of breastfeeding community- based counseling interventions has 
been demonstrated in other LMICs.5– 7 Likewise, recent studies have 
shown feasibility in implementing community- based, mHealth sup-
ported health promotion programs in India,13 as well as potential im-
pact of mHealth technologies on breastfeeding outcomes in a variety 
of settings.12 However, to our knowledge, no assessment has been 
made of the use of mobile technologies to enhance breastfeeding 
peer counseling programs in India. Our results suggest that mHealth 
apps can be adapted to local cultures and peer counselors can be 
easily trained to work with these technologies, and such apps are 
suitable educational support tools within rural Indian communities.

This study also showed that uptake of optimal and avoidance 
of suboptimal infant feeding practices were highly common among 
women who received the intervention. Women in the intervention 
group were significantly more likely to report EBF at 6 months com-
pared to a group of mothers who did not receive the intervention; 
this significant association remained after controlling for differences 
in demographic and delivery characteristics. The prevalence of EBF 
in the intervention group was higher than national rates previously 
reported, while the control group EBF prevalence was similar to 
national rates.3 Additionally, breastfeeding initiation within 1 h of 
birth was more frequent among women who received the interven-
tion, compared to those who did not, while other practices, includ-
ing prelacteal, top, and supplementary feeding, were less frequent 
among women who received the intervention. These between- 
group differences suggest that the intervention influenced multi-
ple infant feeding decisions and behaviors from after birth through 
6 months postpartum.

Potential study limitations are noted. First, this was not a random-
ized trial, and baseline differences in sociodemographic characteris-
tics between study groups may have biased infant feeding behaviors. 
These differences were accounted for in multivariate logistic models. 
Second, self- reported infant feeding practices may lead to under or 
over reporting, as some women may be reluctant to disclose behav-
iors not supported by the peer counselors or may not accurately recall 
behaviors. However, bias was likely minimized as the questionnaires 
were anonymous and administered by research personnel; peer coun-
selors were not involved with study data collection. Third, examina-
tion of the impact of individual components of intervention was not 
performed, as this was not an objective of the study. Moreover, all the 
components were designed and implemented simultaneously during 
the study period. Fourth, it is possible that infant feeding practices 
may have been affected by participants’ exposures to other influ-
ences during the study period. Lastly, although there is the risk that 
participants in the control group may have been exposed to some 
components of the intervention because the control community 
was in the same district as the intervention communities, such cross- 
contamination was unlikely because the control and intervention 
communities were geographically distinct and far from each other.

Notwithstanding these limitations, the positive results of this 
pilot study suggest that future exploration of the intervention's ef-
ficacy is warranted. Other relevant outcomes such as infant growth 
and development, gastrointestinal illness, respiratory infections, 

anemia, and hospital admissions also need to be examined as the 
secondary impact of the intervention. Such studies may also con-
sider an economic, cost- effectiveness analysis comparing costs and 
benefits of the intervention versus usual care.
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Abstract

Background: Exclusive breastfeeding (EBF) at 6 months of age in most low- and middle-income countries, including India, is
surprisingly low. There is a relative lack of mobile health apps that specifically focus on leveraging the use of peer counselors
(PCs) to support mothers as a means of increasing EBF practices in low- and middle-income countries.

Objective: This study aimed to design, develop, and test the usability of Breastfeeding Education Support Tool for Baby
(BEST4Baby), a mobile health app specifically designed to support PCs in providing in-home breastfeeding counseling support
to mothers in rural India on optimal breastfeeding practices.

Methods: A user-centered design process with an agile development methodology was used. The approach involved stakeholders
and mothers who were trained to serve as PCs to guide BEST4Baby’s design and development, including the app’s content and
features. PCs were engaged through focus groups with interactive wireframes. During the 24-month pilot study period, we
conducted a feasibility test of the BEST4Baby app with 22 PCs who supported home visits with mothers residing in rural India.
The intervention protocol required PCs to provide education and follow mothers using the BEST4Baby app, with 9 scheduled
home visits from the late prenatal stage to 6 months post partum. BEST4Baby’s usability from the PCs’ perspective was assessed
using the translated System Usability Scale (SUS).

Results: The findings of this study align with best practices in user-centered design (ie, understanding user experience, including
context with iterative design with stakeholders) to address EBF barriers. This led to the cultural tailoring and contextual alignment
of an evidence-based World Health Organization breastfeeding program with an iterative design and agile development of the
BEST4Baby app. A total of 22 PCs tested and rated the BEST4Baby app as highly usable, with a mean SUS score of 85.3 (SD
9.1), placing it over the 95th percentile for SUS scores. The approach translated into a highly usable BEST4Baby app for use by
PCs in breastfeeding counseling, which also statistically increased EBF practices.

Conclusions: The findings suggest that BEST4Baby was highly usable and accepted by mothers serving as PCs to support other
mothers in their EBF practices and led to positive outcomes in the intervention group’s EBF rates. The pilot study demonstrated
that using the specially designed BEST4Baby app was an important support tool for mothers to serve as PCs during the 9 home
visits.

Trial Registration: Clinicaltrials.gov NCT03533725; https://clinicaltrials.gov/ct2/show/NCT03533725
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Introduction

Exclusive Breastfeeding
Exclusive breastfeeding (EBF), defined as the practice of giving
an infant only breast milk for the first 6 months of life, has
tremendous benefits for the mother-infant dyad. It protects the
infant from infections, sudden infant death syndrome, dental
malocclusions, and the development of obesity and diabetes
later in life [1-4]. EBF offers protection for the mother from
breast cancer, ovarian cancer, and postpartum depression and
improves the birth spacing interval [1,3,4]. Of great significance,
EBF has been shown to be most effective in reducing overall
infant mortality [5], which could prevent an estimated 823,000
child deaths [2-4] and an annual economic loss of approximately
US $302 billion. EBF practices can significantly contribute to
improved outcomes in under resourced environments [6].

Low- and middle-income countries (LMICs) have the highest
infant mortality rates (IMRs), and approximately 63% of infants
aged <6 months are not exclusively breastfed [3]. This is
especially important in India, which has reported an IMR of 30
per 1000 live births. India’s IMR exceeds that of several other
LMICs in Asia, such as Uzbekistan (19 per 1000 live births),
Bangladesh (25 per 1000 births), and Egypt (18 per 1000 live
births). Despite the Indian government’s longstanding efforts
to increase breastfeeding rates, EBF remains low. The National
Family Health Survey 2015 to 2016 estimated that only 54.9%
of infants aged <6 months are exclusively breastfed in India
[7]. Furthermore, EBF rates are not homogenous in India and
vary by region [8], with rates in Southern India reported to be
43.7% from infancy to the age of 5 months [8].

Socioecological Factors of EBF
Multiple socioecological factors affect EBF rates in India. The
social determinants of health include a mother’s access to health
care and health information, education, income, and area of
residence [9], all of which affect the rates of EBF. The mother’s
lack of knowledge on the importance of EBF to overall health,
inappropriate breastfeeding techniques, and late initiation of
breastfeeding are barriers at the individual level [10-13]. At the
societal level, discarding colostrum, prelacteal feeding, lack of
family support, lack of the mother’s autonomy in
decision-making (eg, mother-in-law’s influence on breastfeeding
practice), and poor counseling regarding key aspects of EBF
are cited as significant barriers [9,12,13]. In South Asia,
programs that used repeated exposures for counseling and
education on breastfeeding practices during pregnancy and in
the early postpartum period were more likely to be effective in
improving breastfeeding rates. Short programs that contained
irregular exposures, poor timing, and inadequate coverage of
the target population were less likely to affect breastfeeding
rates.

Breastfeeding Support System, the Role of Community
Health Workers, and the Importance of Task-Shifting
Breastfeeding Counseling In India
Task shifting is a delegation process in which tasks are moved
from a highly specialized workforce to less specialized health
workers, where appropriate. The Indian government has
implemented and deployed different types of paid or
incentivized community health workers (CHWs) as part of
India’s health care delivery system to task shift various health
care activities [14,15]. Among the 3 cadres of CHWs
implemented, auxiliary nurse midwives (ANMs) are based at
a subcenter and visit villages and provide care at the subcenter.
ANMs are supported by Anganwadi workers, who work solely
in their villages and focus on providing food supplements to
young children, adolescent girls, and lactating women. Finally,
Accredited Social Health Activists (ASHAs) are the largest
cadres of CHWs. They have been deployed to supplement the
work of ANMs and Anganwadi workers [15]. ASHAs provide
health promotion, specifically regarding nutrition, sanitation
and hygiene, preparedness for birth and safe delivery,
immunization, breastfeeding, complementary feeding, and
prevention of common infections. Although they provide a
valuable contribution to supporting and promoting maternal
and child health in their communities, ASHAs often feel rushed,
tired, overworked, and underpaid [16].

Studies using CHWs have generally shown significant
improvements in general maternal-infant care practices (eg,
skin-to-skin care) and some areas of breastfeeding support,
including initiation and complementary feeding [17,18].
Furthermore, establishing a network of CHWs who can educate,
support, and make necessary referrals is linked to increasing
EBF [19]. Although paid or incentivized and trained CHWs
have been used for breastfeeding interventions in India, the use
of mothers as unpaid peer counselors (PCs) for breastfeeding
has not been explored.

Technology-Based Support for CHWs
Mobile technology for health interventions presents a strong
opportunity for improving breastfeeding practices compared
with usual care, including the cost-effectiveness of using CHWs
such as ASHAs. Mobile health (mHealth) apps that rely on
wireless access to the internet are common in India, where broad
access is available, including in rural areas. Several mHealth
interventions have been tested in rural areas in India to improve
maternal-child health outcomes, including breastfeeding
[17,18,20]. These mHealth intervention studies using CHWs
[17], such as ASHAs [18], have reported improvements,
including increases in job confidence [17], coordination [17],
coverage [18], and quality of services in hard-to-reach areas
[18]. Despite established evidence of the effectiveness of using
CHWs to provide community-based counseling and education
to improve EBF rates [9,21-25], the use of mHealth with task
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shifting to unpaid mothers as PCs in India has yet to be explored.
Brief training with mothers with prior breastfeeding experiences
to serve as PCs, using mHealth technology as suitable support
tools, within rural Indian communities can further expand the
types of available CHWs. They would further address the need
for community-based peer support to promote breastfeeding in
rural India [26]. Thus, Breastfeeding Education Support Tool
for Baby (BEST4Baby) is a suitable medium for training and
supporting unpaid PCs in providing in-home breastfeeding
counseling support to mothers in rural India.

Methods

Overview
This paper describes the design, development (ie, content and
technical), and testing of the mHealth app called the BEST4Baby
to support a community-based task-shifting intervention that
uses trained mothers as PCs to provide counseling and education
to mothers to achieve an improved EBF rate in the Belagavi
district of Karnataka, India. The investigators included partners
at Thomas Jefferson University (TJU; Philadelphia,
Pennsylvania, United States) and investigators at Jawaharlal
Nehru Medical College of Karnataka Lingayat Education,
Academy of Higher Education and Research (Belagavi, India),

and Benten Technologies (Benten; Manassas, Virginia, United
States).

The team leveraged a user-centered design (UCD) approach to
design and develop the initial version of the BEST4Baby
mHealth app. This approach was used to better understand the
users, counseling tasks, and the environment by involving PCs
and key stakeholders throughout the design process to create a
positive user experience [27]. This process ensured that the
BEST4Baby counseling program and the training materials,
mobile app, and job-aid tools were acceptable and feasible in
advance of pilot testing. The team also leveraged an agile
development methodology for content and technology
development. The agile development methodology emphasizes
iterative development and integrates feedback from all key
stakeholders in the development process to refine the
BEST4Baby app over time, including the content and app [28].
All design and development processes were initially conducted
in English to facilitate communication among all research team
members during the study. Meetings were conducted web-based
via UberConference and Zoom. Figure 1 illustrates the UCD
process implemented alongside the agile development of the
BEST4Baby mHealth app. The mHealth app was then pilot
tested for usability with PCs to deliver effective EBF counseling
to mothers at home.

Figure 1. The Breastfeeding Education Support Tool for Baby app design and development process. IDI: in-depth interview.

BEST4Baby App Design

Overview
Formative qualitative research was conducted with a
breastfeeding advisory panel and mothers with and without
breastfeeding experience [19]. The members of the breastfeeding
advisory panel included local clinicians and academics
incorporating the medical disciplines of obstetrics and pediatrics,
representatives of advocacy groups, a Karnataka State Ministry

of Health official, the Reproductive and Child Health Officer,
and the District Health Officer from Belgaum, India. The results
of the qualitative research and analyses helped the team to create
an initial product backlog for the BEST4Baby mHealth app.
Microsoft PowerPoint was used as a design tool to iteratively
create mock-ups for the BEST4Baby mHealth app. The design
for the initial mock-ups was based on information derived from
formative qualitative research and informed the app’s structure
of number, timing, spacing of visits, and specific content that
would be reviewed during the visits and incorporated cultural
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practices during various stages of breastfeeding. Initially, the
BEST4Baby app focused on addressing the importance of
identifying salient barriers to breastfeeding.

Design Iterations
The design versions for the BEST4Baby app included the (1)
initial mock-up design, (2) revised mock-up design with
integrated educational content, and (3) final interactive
wireframes with content. The stakeholders were engaged in the
feedback of the design mock-ups to ensure proper flow and
integration with BEST4Baby PC training. Changes in the design
included simplifying navigation options, removing one prenatal
visit, and adding the potential to make unscheduled visits. The
final design integrated all the educational content and was
reviewed and approved by our research collaborators in India.

Visit Session Design
The BEST4Baby app design centered on the following concepts:
(1) time (relatively short sessions), (2) content (small, bite-size
units of information to be covered in each session), (3)
curriculum (personalized content for each session as part of a
curriculum), (4) form (all sessions presented in the same,
consistent structure and format, as well as incorporating
multimedia when appropriate), and (5) flexibility (different
times and locations for each delivery) [29]. Mothers who served
as PCs were the primary users of the app. After brief training,
the PCs could use the mHealth app to master complex
breastfeeding counseling topics by using many short, guided
visit sessions with a built-in refresher training module for use
in the field. Each visit session was designed to dynamically
present content for PCs to share and counsel mothers based on
their responses at each visit. The app was designed to provide
just-in-time information without overloading mothers with too
much information. With scheduled visits by PCs at various
stages (before and after delivery), mothers were only presented
with stage-appropriate content for that period. For example,
visit 2 was 32 to 36 weeks ante partum and provided information
on the importance of colostrum; visit 3, which occurs within 1
to 3 days after delivery, focuses on issues related to delivery,
such as baby delivery questions (baby’s weight, birthing
hospital, and delivery method), feeding questions, assessment
of baby and mother’s health, and others. The app was also
designed with assessments for PCs conducted at the beginning
of each visit to identify potential problems. On the basis of the
assessment results, PC counseling content was dynamically
shown to address specific solutions for mothers.

BEST4Baby Content Development

Overview
In parallel with the app design, the educational content for the
BEST4Baby mHealth intervention was developed with experts
in the field. The educational content leveraged the formative
research with mothers. It noted content that was successful and
unsuccessful in promoting EBF [19], results from a prior study,
and input from PCs to finalize the design. The educational
content was based on a modified, culturally adapted World
Health Organization breastfeeding counseling course. The
content was created for training PCs and, as appropriate, for
use during in-home and hospital visits to improve the mother’s

knowledge regarding EBF and optimal feeding practices [30].
The content included videos comprising brief but common
experiences prevalent in breastfeeding practices. The video
content was tested for compatibility with Android and iOS
devices.

Behavioral Theories
The design of the BEST4Baby educational content leveraged
the Social Cognitive Theory (SCT) and the Theory of Planned
Behavior (TPB) [31]. The SCT’s construct of self-efficacy was
used to develop educational content using videos of other Indian
mothers who were successful in various breastfeeding
techniques. The SCT’s constructs of outcomes expectancy and
observational learning were incorporated into design
components that addressed sociostructural factors that facilitate
or hinder pursued behavior, such as the mother or
mother-in-law’s influence on breastfeeding, prelacteal feeding,
and complementary feeding. The TPB’s construct of behavioral
intentions was incorporated into the BEST4Baby app design.
The TPB constructs of attitude (eg, assessing initial and
subsequent attitudes), subjective norms (eg, involving key
individuals such as mothers-in-law), and perceived behavioral
controls (eg, reinforcing a mother’s self-efficacy using an
observational assessment, personalized counseling to their
breastfeeding challenges, and videos to perform the behavior)
were incorporated into the step-by-step counseling guide [31,32].

Content Integration With App
The educational content was integrated into the BEST4Baby
app design as each component of the content was completed.
After incorporating this design and content into an interactive
wireframe, a focus group session was conducted with 7 PCs to
demonstrate the mHealth app and obtain feedback. After the
focus group, we administered the System Usability Scale (SUS)
survey to evaluate the initial usability of the BEST4Baby app
design, obtain final feedback on the design, and incorporate
feedback before completing the technological development of
the prototype. The SUS is a reliable scale widely used and
validated to measure system usability, independent of the type
of technology [33]. SUS has also been used in various languages
and cultures, including in India [34,35]. It has become an
industry standard, with reference in >600 publications [36].

BEST4Baby Technological Development
The Benten development team consulted TJU off site and the
Indian team as product owners during the agile development.
In addition, lessons learned from a prior mHealth intervention,
called Community Level Interventions for pre-eclampsia [37]
in India, provided knowledge on potential infrastructure
challenges for the use of mobile technology in rural India.

Overall Architecture
The mHealth app was developed with cross-platform mobile
technologies using MongoDB, Express, ReactJS, and NodeJS,
which is a technology stack available for any Android or iOS
device. The initial architecture included web-based and offline
capabilities to address wireless coverage issues. The team also
developed security features, such as strong password protection
for authentication, access control, and secure transport of
information via the Secure Sockets Layer, to ensure that the
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mHealth app conformed to India’s regulations on the privacy
and security of patient data. The prototype was also designed
to capture data regarding app use to assist in the evaluation of
the app. The content leveraged XML to encode the content and
allowed for a dynamic, personalized presentation of
breastfeeding counseling information based on the data captured
for each mother during their visit. At the initial visit, detailed
data of app use were captured, including GPS data, time spent
by PCs in each content area, and individual responses from
mothers during each counseling session.

App Features
The team created the BEST4Baby app to provide a systematic
step-by-step guide [26,27] to control the quality of PC
counseling at each visit and promote optimal breastfeeding
practices in mothers. BEST4Baby’s unique features included
(1) a step-by-step guide for each visit on proper breastfeeding
counseling and education, (2) systematic breastfeeding
assessments for mothers during the initial prenatal and
postpartum period to shape beliefs and troubleshoot
breastfeeding challenges, (3) time-sequenced prenatal and

postpartum period education to deliver appropriate just-in-time
breastfeeding information, and (4) personalized communication
to address specific breastfeeding challenges of lactating mothers
during the postpartum period. The PCs accessed the BEST4Baby
app using a simplified log-in process. Once authenticated, a PC
could view the educational content and conduct in-home visits
in English or the local language (Figure 2). The BEST4Baby
home page provides access to functionality, such as the (1) Mom
List, which allows PCs to add to and track visits for each
designated mother, including completed and pending visits; (2)
Support List, which allows PCs to communicate with clinicians
and technical support as needed; (3) Visit Content, which
provides step-by-step guided counseling incorporated within
the educational content, including multimedia and video clips,
organized into 9 sessions corresponding to the visits by PCs to
mothers (2 antenatal and 7 post partum); (4) Appointments,
which allows PCs to view upcoming visits, schedule new
appointments, and add them to the calendar; (5) Video, which
provides PCs with a breastfeeding content library for viewing
directly whenever needed during the visit.
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Figure 2. Screenshots of the Breastfeeding Education Support Tool for Baby mobile health app. A. Login screen of the BEST4Baby app B. BEST4Baby
Homepage C. App displaying visit numbers and assigned moms D. App displaying support list for technical and clinical support E. App displaying visit
content (In English) F. App displaying visit content (In Kannada) G. App displaying appointment calendar H. App displaying educational videos on
breastfeeding.

Integration and Testing Preparation
After development, the Indian team translated the final content
into the local language, Kannada. The translation was provided
in Unicode for incorporation into the BEST4Baby app. The app
was designed to display the content and interface components
in English and Kannada. In preparation for the pilot study, the

Indian team researched possible low-cost Android devices,
which constitutes >90% of the market in India [38]. Different
Android tablet devices were considered. A Samsung Android
tablet was chosen as it was an affordable, common, easily
accessible, and portable device that could fit in the BEST4Baby
kit for PCs to carry to the pilot testing site. The kit had the
following items: (1) a life-size newborn doll to demonstrate
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positioning, (2) a skin-colored sock to prepare a breast model
for demonstrating proper latching, (3) a digital scale for
weighing and assessing the growth of the infant, (4) a nipple
plunger to mitigate the problem of an inverted nipple, and (5)
a Samsung Android tablet with wireless and GPS capability
preloaded with the BEST4Baby app and secured to allow for
its sole use with the app. A total of 25 Samsung tablet devices
were purchased for use by the PCs for the study implementation.
Final testing was performed to ensure compatibility of the final
BEST4Baby software with the device selected for the PCs.

Usability Testing

Study Participants
A total of 56 potential PCs were identified by staff from 5 local
primary health centers in the Belagavi health district, facilitated
through announcements and word of mouth [26]. Out of 56 PCs,
25 (45%) were selected for usability testing of the platform
based on the inclusion criteria of (1) residing in the local
community; (2) having breastfed within the past 5 years; (3)
having at least 10 years of formal education; (4) having an
available mobile phone; (5) being familiar with operating an
Android phone; and (6) being able to read, write, and
communicate in the local language.

Study Design
Usability refers to “the quality of a user’s experience when
interacting with products or systems, including websites,
software, devices, or applications” [39]. A sample size of 20
PCs was sufficient to achieve 80% power to detect a difference
of 6.0 between the actual mean of 74.0 and the null-hypothesized
mean of 68.0. The International Organization of Standardization
9241-11 considers usability to be a measure of the system’s
technical effectiveness, efficiency, and satisfaction from the
perspective of user experiences [40]. BEST4Baby usability was
tested in a real-life setting within 6 clusters of the Global
Research Network area located in Belagavi district (Karnataka,
India). The pilot study involved pretesting for usability with 25
PCs and posttesting for usability with 22 PCs (88%; n=3, 12%
dropped out from the study) recruited from the study areas.

Study Procedure
Following recruitment, all 25 PCs attended a 3-day training
session, which included content on breastfeeding knowledge
and skills, counseling techniques, and instruction on the
BEST4Baby mHealth app. Each PC received an ID badge and
a branded BEST4Baby mobile device containing the
BEST4Baby mobile app. During the posttraining time point,
each PC was assigned to 5 mothers in the intervention group,
who resided in their community. PCs used the BEST4Baby app
during home visits to mothers following a 9-visit schedule at
>28 to 32 weeks ante partum, 32 to 36 weeks ante partum,
postpartum days 1 to 3, postpartum day 7, postpartum day 15,
postpartum 1 month, postpartum 2 months postpartum 4 months,
and postpartum 6 months. As the PCs went to the visit sessions
with the mothers, they manually entered and collected data
using the BEST4Baby app on the assigned Samsung tablet. Data
from the Samsung tablet automatically synchronizes to a server
if the internet is available. The BEST4Baby app was also

designed with the capability of an offline mode feature, which
means that the educational content for the visits was stored on
the Samsung tablet, and data could be collected and stored on
the tablet without the need to access the internet or wireless
service to address potential wireless coverage issues in a rural
area. The offline mode allowed the data to be synchronized later
to the server whenever the app could detect internet service
availability. In addition, the app also had a feature to enable
PCs to synchronize the data manually. At the end of the training,
25 PCs were asked to complete a SUS survey to assess the
usability and acceptability of the BEST4Baby app. The SUS
questionnaire was translated into the local language. The results
from the SUS score were found to be highly usable, with an
average score of 87.5 (SD 8.2; range 72.5-100).

Instruments
BEST4Baby’s usability was assessed using the SUS [33,36], a
widely used validated scale that can be used with a variety of
technologies and provides a single usability score [36]. The
survey comprises a 10-item Likert scale for respondents (with
5-point anchors from strongly agree to strongly disagree). Scores
for each item in the SUS survey are converted to a number,
added together, and then multiplied by 2.5 to create a single
SUS score between 0 and 100. A SUS score >68 is considered
above average and supports acceptability for use [36]. Data
regarding app use were automatically captured from the app
and obtained from the server to assess user engagement with
the BEST4Baby app.

Usability Data Analysis
Data were collected from the surveys, deidentified, and entered
into a Microsoft Excel spreadsheet. After verifying the data,
baseline demographics were assessed using descriptive statistics.
Individual SUS scores were calculated for each participant, and
a mean SUS score with SD was provided for postpilot survey
results. App use data were obtained from the server after the
pilot and analyzed using descriptive statistics.

Ethics Approval
Institutional review board approval was obtained from Karnataka
Lingayat Education University (IRB registration number:
00008025), Jawaharlal Nehru Medical College in India, and
TJU in the United States.

Results

Participant Characteristics
A total of 25 participants were recruited as PCs, of whom 3
(12%) did not complete the study, resulting in 22 (88%)
participants who completed both the study and posttesting
usability survey. The usability survey was translated into the
local language before it was administered. The participants were
all female, with a mean age of 30.18 (SD 4.43) years [26]. Half
of the participants reported having at least 8 to 10 years of
education, with the remainder having 11 to 16 years of
education; all had prior experience of using a smartphone for
an average of 14.95 months (Table 1).
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Table 1. Demographics (N=22).

ValuesCharacteristics

30.18 (4.43)Age (years), mean (SD)

Age (years), n (%)

3 (14)21-25

11 (50)26-30

6 (27)31 35

2 (9)36-40

Years of education, n (%)

11 (50)8-10

11 (50)11-16

14.95 (21.33)Smartphone experience (months), mean (SD)

App Use Data
A total of 22 PCs completed the 9-visit schedule with mothers,
with each PC serving 4 to 5 mothers. PCs also had the option
of adding additional unscheduled visits (a feature that was
optional and accessible in the app). Unscheduled visits were
designed for the PCs to provide additional breastfeeding support
if needed. The time that the PCs spent on the app with the
mothers during each visit ranged from 6.6 to 39.6 minutes. The
longest period was during the first visit, whereas the shortest
was during the unscheduled visits. The average time spent by
PCs on visits 1 to 5 was 29.1 minutes, whereas the average time
for later visits (eg, visits 6-9) was 12.7 minutes (Table 2). After
the first 6 visits, PCs spent an average of <12 minutes on the
last 3 visits (2-, 4-, and 6-month visits post partum).

Unscheduled visits (ie, visits that were not originally planned)
also had the shortest duration (<7 minutes).

During each visit, PCs could revisit the educational content with
mothers, which was provided previously (another optional
feature of the app) based on individual needs. The most
frequently revisited educational content topics included the
importance of colostrum feeding, position and attachment, and
proper burping after feeding. The content related to the
importance of colostrum feeding, the many advantages of
breastfeeding, and the dangers of artificial and prelacteal feeding
were also revisited during visit 3 (Table 3). Content related to
the demonstration of position and attachment, expression of
breast milk, increased secretion of breast milk, and proper
burping after a feed was revisited during visits 4 and 5 (Table
3).

Table 2. Visit duration.

Duration per screen, mean (SD)Average duration per visitTargeted visit time pointsVisit name

1.41 (1.69)39.628-32 weeks ante partumVisit 1

1.09 (1.50)24.032-36 weeks ante partumVisit 2

0.76 (0.82)28.1Postpartum days 1-3Visit 3

0.81 (0.95)28.5Postpartum day 7Visit 4

0.73 (0.89)25.4Postpartum day 15Visit 5

0.57 (0.50)16.6Postpartum 1 monthVisit 6

0.56 (0.37)11.2Postpartum 2 monthsVisit 7

0.55 (0.40)11.0Postpartum 4 monthsVisit 8

0.56 (0.40)11.9Postpartum 6 monthsVisit 9

0.28 (0.37)6.6As needed between visitsUnscheduled visits
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Table 3. Topics revisited and time frame of when it occurred.

When it occurredRevisits, NContent topic

Unscheduled visits3Flat or inverted nipples

Unscheduled visits4Breast engorgement

Unscheduled visits2Sore nipples

Visit 395Importance of colostrum feeding

Visit 332Advantages of breastfeeding

Visit 323Dangers of artificial feeding

Visit 324Dangers of prelacteal feeding

Visits 4 and 5111Demonstrate position and attachment

Visits 4 and 566Expression of breast milk

Visits 4 and 558How to increase secretion of breast milk

Visits 4 and 5116Proper burping after a feed

Usability Analysis
The SUS scores for PCs ranged from 60 to 97.5, with a mean
SUS score of 85.3 (SD 9.1). The mean SUS score, which was
above the acceptable score [33], was considered above average
by industry standards, indicating high usability. The average
SUS score achieved by PCs places the BEST4Baby mHealth
app above the 95th percentile in terms of usability [41]. All 22
participants strongly agreed with the following statements: “I

would use this app frequently,” “I found the app easy to use,”
and “It was easy to use the app during training.” In addition,
91% (20/22) of PCs strongly agreed with the statements that
“The app features are well integrated” and “I can easily learn
to use this app.” Most PCs strongly disagreed with the
statements that “There was inconsistency in the app” and “I
found the app too complex.” However, half of the PCs strongly
agreed with “I needed to learn many things before I could use
the app” (Table 4).

Table 4. Individual SUSa item scores (N=22).

1=strongly disagree, n (%)5=strongly agree, n (%)Values, mean (SD)Statement (rank your impression from 1 to 5; 1=strongly
disagree and 5=strongly agree)

SUS item

0 (0)22 (100)5 (0)I would use this app frequently1

13 (59)0 (0)1.6 (0.8)I found the app too complex2

0 (0)22 (100)5 (0)I found the app easy to use3

4 (18)0 (0)2.3 (0.9)I need a technical person to use this app4

0 (0)20 (91)4.9 (0.3)The app features are well integrated5

17 (77)1 (5)1.4 (0.9)There was inconsistency in the app6

2 (9)20 (91)4.6 (1.2)I can easily learn to use this app7

16 (73)1 (5)1.5 (1.1)I found the app cumbersome to use8

0 (0)22 (100)5 (0)It was easy to use the app during training9

4 (18)11 (50)3.6 (1.6)I needed to learn many things before I could use the app10

aSUS: System Usability Scale.

Discussion

Principal Findings
We piloted BEST4Baby with 22 PCs to design, develop, and
test the usability of this mHealth app, specifically designed to
support PCs in providing in-home breastfeeding counseling to
mothers in rural areas. The results of this usability test suggest
that BEST4Baby was highly usable and acceptable by PCs in
supporting mothers on optimal breastfeeding practices. The
BEST4Baby mHealth app was developed following industry
best practices and standards for UCD and agile development

for use by PCs to support EBF practices in India. Development
used a UCD approach to better understand the user experience
[27]. The UCD process led to the creation of a unique app design
that yielded a high usability rating by the mothers as PCs,
resulting in high EBF rates at 6 months.

Based on the findings, the research team developed unique
content and app features to support PCs in delivering in-home
breastfeeding counseling, including the design of just-in-time
information and skill-building content for mothers just before
they require the information, as well as the use of checklists to
guide the assessments, which included dynamic content delivery
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for each session specific to the mother’s challenges or needs.
With only 3 days of training on breastfeeding counseling,
including the use of the BEST4Baby app, mothers serving as
PCs were able to learn how to use the app to conduct visit
sessions.

The BEST4Baby app was pilot tested in ecologically valid
settings in the Belagavi district in India and was determined to
be highly usable and acceptable by PCs in this study. PCs used
the BEST4Baby mHealth app to support a 9-visit intervention.
The app’s features, including calendar scheduling, reminders,
and dynamically generated content, helped support mothers to
serve as PCs to meet breastfeeding counseling visit schedules
designed for the intervention. Initial visits lasted longer, whereas
later visits were shorter (eg, an average of 29 minutes vs an
average of <12 minutes). The most frequently revisited
educational topics were related to the importance of colostrum
feeding, position and attachment, and proper burping after
feeding. In addition, the results related to content topics and
when they were discussed were based on the specific needs to
address each mother’s challenge during the visits. The findings
from the PCs will help inform future modifications of the
BEST4Baby software.

A unique aspect of our mHealth app was the step-by-step guide
with breastfeeding assessment, which provided dynamic
counseling content to support mothers and created an intuitive
flow for each visit. A step-by-step guide is a crucial component
for activating desired behavior, as applied in evidence-based
digital health interventions for mental health and behavior
change [42]. Using a step-by-step guide along with a calendar
for the scheduling of visits, appointment reminders,
breastfeeding assessments, provision of dynamic counseling
content, and use of the training module for field practice and
refreshers resulted in PCs reporting high usability in supporting
mothers to exclusively breastfeed.

Another unique feature of the tested mobile app was the tracking
system of the PCs’ adherence to the 9-visit protocol. User
engagement can be a challenge when attempting to implement
an mHealth intervention [43]. Future research could incorporate
components such as gamification to ensure user adherence to
the mobile app [44] and protocol content.

Technical Challenges
During pilot testing, the research team experienced several
technical challenges. The first occurred during the deployment
of the BEST4Baby app, including data synchronization with
the cloud-based server. This was resolved by providing a manual
synchronization button. Second, owing to synchronization issues

across multiple devices, the research team and PCs could not
log into different devices, preventing researchers from
monitoring and tracking the progress of each PC in real-time.
The team developed a work-around monitoring functionality
by creating a weekly export report in Microsoft Excel to
overcome this issue. The report provided weekly details so that
each PC’s visit history, including completed visits for each
mother, could be provided to the research team.

Strengths
Studies have shown high levels of perceived acceptability of
mHealth-supported interventions among CHWs in low-resource
settings and LMICs, including in India [45]. A recent
meta-analysis of studies conducted in 6 countries suggested that
mHealth may be associated with improved maternal
breastfeeding attitudes, knowledge, initiation, and EBF duration
[46]. However, to the best of our knowledge, BEST4Baby is
among the first mHealth apps to test the use of mHealth among
unpaid PCs with a limited amount of training in rural India to
successfully promote and support optimal breastfeeding
practices. To date, no assessment has been made on the use of
mHealth to enhance breastfeeding PC programs in India.

Limitations
This study had certain limitations. First, only feedback from
mothers who served as PCs was included in the initial design
process, and the input of mothers served by the PCs was not
sought. Second, usability and acceptability were collected at
the beginning and end of the pilot for the PCs who had
breastfeeding experiences within 5 years; however, the
perspective on the usability of BEST4Baby from current
breastfeeding mothers was not collected. Third, owing to our
small sample size of PCs to evaluate feasibility (usability), the
small sample size was not powered to evaluate the study’s
external validity. Finally, we were also unable to explore the
characteristics of PCs who reported below-average SUS scores
because of our small sample size.

Conclusions
Our findings suggest that an mHealth tool such as the
BEST4Baby app can effectively help train PCs in supporting
and counseling mothers in rural India to exclusively breastfeed.
This study contributes to the growing literature demonstrating
the applicability of a UCD with an iterative agile development
for creating an mHealth app that is most usable for mothers to
serve as breastfeeding PCs. The BEST4Baby app was found to
be easy to use in support of breastfeeding efforts and provides
a framework for its use in future trials.
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ABSTRACT: BackgroundBackground: Hypermanganesemia with dystonia 1 and 2 (HMNDYT1 and 2) are rare, inherited
disorders of manganese transport.
ObjectivesObjectives: We aimed to describe clinical, laboratory features, and outcomes among children with HMNDYT.
MethodsMethods: We conducted a retrospective multicenter study involving tertiary centers across India. We enrolled
children between 1 month to 18 years of age with genetically confirmed/clinically probable HMNDYT. Clinical,
laboratory profile, genetic testing, treatment details, and outcomes scored by treating physicians on a Likert
scale were recorded.
ResultsResults: We enrolled 27 children (19 girls). Fourteen harbored SLC30A10 mutations; nine had SLC39A14
mutations. The SLC39A14 cohort had lower median age at onset (1.3 [interquartile range (IQR), 0.7–5.5] years)
versus SLC30A10 cohort (2.0 [IQR, 1.5–5.1] years). The most frequent neurological features were dystonia (100%;
n = 27), gait abnormality (77.7%; n = 21), falls (66.7%; n = 18), and parkinsonism (59.3%; n = 16). Median serum
manganese (Mn) levels among SLC39A14 (44.9 [IQR, 27.3–147.7] mcg/L) cohort were higher than SLC30A10 (29.4
[17.1–42.0] mcg/L); median hemoglobin was higher in SLC30A10 (16.3 [IQR, 15.2–17.5] g/dL) versus SLC39A14
cohort (12.5 [8.8–13.2] g/dL). Hepatic involvement and polycythaemia were observed exclusively in SLC30A10
variants. A total of 26/27 children underwent chelation with disodium calcium edetate. Nine demonstrated some
improvement, three stabilized, two had marked improvement, and one had normalization. Children with
SLC39A14 mutations had poorer response. Two children died and nine were lost to follow-up.
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ConclusionsConclusions: We found female predominance. Children with SLC39A14 mutations presented at younger age and
responded less favorably to chelation compared to SLC30A10 mutations. There is emerging need to better
define management strategies, especially in low resource settings.

Hypermanganesemia with dystonia (HMNDYT) is a recently
described neurogenetic disorder caused by abnormalities in intra-
cellular manganese (Mn) transport.1–4 Pathogenic variants in two
Mn transporter genes have been reported. HMNDYT1 resulting
from pathogenic variants in SLC30A10 gene manifests typically
with dystonia-parkinsonism, hepatic involvement, and polycy-
themia with depleted iron stores. Patients affected with
SLC39A14 mutations (HMNDYT2) develop rapidly progressive
dystonia-parkinsonism with onset during early childhood, but
lack hepatic involvement and polycythemia. In both conditions,
pathognomonic magnetic resonance imaging (MRI) features
include T1-weighted hyperintensities in basal ganglia, midbrain,
dorsal pons, and medulla with characteristic sparing of the ventral
pons.2,3,5–8 Forty-five cases with SLC30A104,9–12 and 18 with
SLC39A14 mutations have been described.4,13,14

Treatment comprises chelation with disodium calcium
edetate (Na2CaEDTA) and iron supplementation. However,
Na2CaEDTA is not widely available, incurs recurrent expendi-
ture, monthly hospitalization and intravenous access, and there-
fore, presents several barriers in resource-constrained settings.
Although treatment has been reported to be of benefit in case
reports and case series, there is paucity of data on long term
treatment outcomes.

In this multicentric retrospective study, we describe clinical,
genetic, and radiological features and outcomes among Indian
children with IH-Mn.

Methods
This was a retrospective, multicenter study across tertiary care
hospitals in India with pediatric neurology expertise.

Participants
Children age 1 month to 18 years with genetically proven
HMNDYT1/2 (ie, with mutations in SLC30A10 or SLC39A14
genes) diagnosed before March 1, 2019 were enrolled. We also
included patients in who genetic analysis was not available, but
the following features were present: extrapyramidal symptoms in
the form of dystonia and/or parkinsonism; MRI brain showing
T1 hyperintensities in basal ganglia; elevated blood/urine Mn
levels; and absence of risk factors for acquired manganism like
prolonged parenteral nutrition or environmental exposure. Chil-
dren who had any other concurrent neurometabolic/

neurodegenerative disorder or acquired neurological injury such
as traumatic brain injury or meningoencephalitis were excluded.

Procedure
Details of clinical presentation, investigations, treatment regimen,
and response were collected via a predesigned proforma. Clinical
details included age at onset, presence of dystonia/parkinsonism,
other movement disorders, cognitive impairment, seizures,
vision, or hearing impairment.

MRI findings were reviewed by a neuroradiologist (K.M.).
Because Mn is a paramagnetic element, magnetic susceptibility
was expected on T1 and fluid attenuated inversion recovery
(FLAIR) weighted sequences.15,16 T1 shortening was graded on
a qualitative scale as mild = 1+, moderate = 2+, strong = 3+.

Molecular genetic analysis was reviewed by two geneticists
(U.S. and M.F.). A total of 23 patients had undergone next gen-
eration sequencing (NGS)/Sanger sequencing to identify under-
lying defects (additional data are listed in Table S1).

Treatment details included drugs used and duration of chela-
tion, and supportive care for neurological and extra-neurological
features. Treating clinicians rated treatment response in neuro-
logical features on a Likert scale (no change, somewhat
improved, marked improvement, normalization, mild worsening,
moderate worsening, and severe worsening). Results of available
follow-up investigations such as liver function tests, hemogram,
and serum/urinary Mn levels were noted.

Statistical Analysis
Data were recorded on an Excel spreadsheet and analyzed with
SPSS version 22.0 (IBM group, Armonk, NY). Results were
expressed as frequency (%), mean � standard deviation or
median (interquartile range).

Data Sharing
The data that support the findings of this study are available from
the corresponding author on reasonable request.

Results
We enrolled 27 children with HMNDYT1/2 from 20 families
(19 girls) (Tables 1 and 2). These included eight previously
reported children.5,9,17,18 Among these, 14 harbored SLC30A10
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mutations and nine had SLC39A14 mutation (additional data are
listed in Tables S1 and S2). Genetic confirmation could not be
performed for four children, but all fulfilled clinical, radiological,
and laboratory features of HMNDYT.

Median age at enrolment was 4.3 years (IQR, 2.5–9.0 years).
Median age at onset for SLC39A14 cohort was 1.3 years
(IQR, 0.7–5.5 years), whereas for the SLC30A10 cohort was
2.0 years (IQR, 1.5–5.1 years). Eighteen children were born
to third-degree consanguineous and three to second-degree
consanguineous parentage. The remaining six children had non-
consanguineous parentage. Pedigree chart of the largest family
affected is provided in Figure 1. Family history of dystonia was
present in the largest family with HMNDYT1 (F2, F2-C1,
F2-C2, F2-C3, F2-C4, and F2-C5). None of the other children
had family history of dystonia.

Clinical Phenotype
The most frequent presenting complaint was gait abnormality
(21/27; 77.7%) (Table 3). This varied from dystonic gait with
toe-walking to the typical “cock-walk” gait. One patient devel-
oped a peculiar gait with partial walking on all fours, reminiscent
of the gait in Uner Tan syndrome. Recurrent falls were common
(18, 66.7%). Three children presented with abdominal com-
plaints (jaundice/abdominal distention) preceding neurological
complaints by 2 to 4 weeks. All three had SLC30A10 mutations.
Two children were non-ambulatory at presentation; both had
SLC39A14 mutations. Two children with SLC30A10 mutations
developed loss of ambulation during advanced stage (mean
disease duration, 11 months); one while on chelation. Seizures
were observed in two children (F16 and F20). In F16, who
had HMNDYT2, onset of seizure was at 15 months of age,
with sudden onset of up-rolling of eyes and loss of consciousness.
This child developed three more similar episodes over the
next 1.5 years. Electroencephalography (EEG) was normal.
Levetiracetam was used for control of seizures. In F20, who was
genetically uncharacterized, two episodes of generalized seizures
occurred at 1.5 years of age, 2 weeks apart. EEG was normal.
The child was initiated on valproate, which was eventually
tapered and stopped after a seizure-free period of 2 years. Pos-
tural tremors involving both upper limbs, and chorea-athetosis
were noted in five children each. Features of incoordination
were present in four: dysdiadochokinesia (2), gaze evoked nys-
tagmus (1), and gait ataxia (1). Eight had abnormal abdominal
examination with clinically appreciable hepatic and/or splenic
enlargement. Twelve children (44.4%) had spasticity involving
limbs.

Laboratory Evaluation
Median blood Mn level among children with SLC39A14 vari-
ants was 44.9 mcg/L (IQR, 27.3–147.7 mcg/L) and among
those with SLC30A10 variants was 29.4 (17.1–42.0 mcg/L)
(Table 3). Among patients with SLC30A10 variants, 13 of
14 (92.3%) children had polycythemia. Of 14 who had abnormal
liver function test (LFT), 10 belonged to the SLC30A10 cohortT
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and the other four had not undergone genetic testing, although
presence of liver dysfunction in three indicated likelihood of
underlying SLC30A10 mutations. Thyroid function, tested in
18 children, was normal in all.

Genetic Abnormalities
Genetic analysis identified eight probands with SLC30A10 vari-
ants and eight probands with SLC39A14 variants. Importantly,
no variant could be identified either in SLC30A10 nor
SLC39A14 for one proband (F7) despite characteristic
HMNDYT1 phenotype. Moreover, all genetic variants identi-
fied in either SLC30A10 or SLC39A14 genes existed in homo-
zygous state. None of the patients carried compound
heterozygous mutations. These variants were mostly not reported
in gnomAD and 1KGP (1000 genome project) demonstrating
their absence in the general population, except one variant in
SLC30A10 reported in ExAC in heterozygous state.

Mutations in SLC30A10 included missense variants along with
small indels in three cases (F2, F3, and F9) (additional data are
listed in Tables S1 and S2). Of eight mutations, three were novel
variants, a frameshift (p. Lys7Ilefs*106 in F3), a splice site change
(c.641-2A>G in F4), and a nonsense variation (p.Arg367* in F6)
reported as likely pathogenic variations through ACMG guidelines
(VARSOME; https://varsome.com).19

Mutations observed in the SLC39A14 gene in our patient
cohort were mostly missense variants with only one patient
(F12) harboring a major deletion encompassing several exons
(Ex4–Ex9) (additional data are listed in Tables S1 and S2). All
variants in SLC39A14 were novel except one, which is a
reported pathogenic variation (p.Arg128Trp).17 Among the
novel variants, a large deletion of Exon4-Exon9 (F12) is reported
to be pathogenic, whereas a nonsense change p.Gln61* (F17)
and missense variants like p.Ala432Pro and p.Tyr438Cys (F15,
F16), respectively, were likely pathogenic The remaining mis-
sense mutations, p.Asn102Asp, p.Leu59Gln, p.Arg108Trp were
classified as variant of unknown significance (VUS) following the

American College of Medical Genetics and Genomics (ACMG)
guidelines (VARSOME; https://varsome.com).19

However, location of these VUS in SLC39A14 gene was
confined to important functional domains of the SLC39A14 protein.
p.Arg108Trp (shared by F14 and F14-C1 subjects), p.Asn102Asp
(F10) fell in the extracellular N terminal domain, whereas p.Leu59Gln
(F11) in the transmembrane domain 1 of SLC39A14,
similar mutations in these domains are known to alter function.5 The
p.Arg108Trp variation is predicted benign (DEOGEN2, EIGEN,
FATHMM-MKL, MVP, MutationTaster, PrimateAI, and REVEL),
and pathogenic (DANN, LIST-S2, M-CAP, Mutation-
Assessor, and SIFT) within an evolutionary non-conserved site,
whereas p.Leu59Gln has transmembrane domain location and
predicted majorly as pathogenic by prediction tools, BayesDel_addAF,
DANN, EIGEN, FATHMM-MKL, LIST-S2, M-CAP,
MutationAssessor, MutationTaster, and SIFT. The functional conse-
quence of nonsense mutations and indels revealed that the occurrence
of a premature stop codon either results in formation of truncated
protein or complete loss of functional protein because of nonsense
mediated decay of the transcript. Missense variants in both SLC30A10
(F5, F8) and SLC39A14 (F10, F11, F13, F14, F15, and F16) were
mostly present at transmembrane domains, involved in binding and
trafficking of metal ions, therefore, likely hindering protein function.

Loss of functional genomic variants in either SLC30A10 or
SLC39A14 did not result in higher Mn levels in all patients.
Henceforth, a genotype–phenotype correlation could not be
observed. However, Mn levels were found to be more elevated
in patients carrying SLC39A14 variants than SLC30A10 carriers.
In SLC30A10, only two cases showed substantial increase in
Mn levels; p.Lys7*(F3), which is predicted to truncate almost
the full length of the protein, and in case F8, a nonsynonymous
p.Leu349Pro variant in regulatory cytoplasmic C-terminal
domain (CTD). This domain has a role in structure and stability
of SLC30A10 protein.

Radiology
Marked T1-shortening was demonstrated in all cases (addi-
tional data are listed in Table S3). Within the basal ganglia,
globus pallidus was most strongly involved, followed by sub-
thalamic nucleus, putamen, substantia nigra, and caudate
nucleus. The thalamus was characteristically spared in major-
ity. We also observed a generally increased T1-weighted
white matter signal also in periventricular and deep white
matter of the cerebral hemispheres, as well as within the cere-
bellar peduncles in the majority of cases. We also noted
involvement of the dentate nuclei. Parenchymal atrophy was
not noted.

Six patients underwent post-treatment MRI. We observed
dramatic improvement in the extent of T1 shortening, with
residual changes mostly in the globus pallidus, internal capsule
and or subthalamic nucleus. In three cases, T2-weighted
sequence showed central gliosis within the globus pallidus, espe-
cially on post treatment follow-up (Fig. 2).

Among children with SLC30A10 mutations, 8/14 children dem-
onstrated hepatomegaly on ultrasonography with or without

FIG 1. Pedigree chart of the largest family affected in our
cohort.
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TABLE 3 Clinical features and laboratory evaluation of patients with HMNDYT

Clinical features Total (n = 27)
SLC30A10 mutations
(n = 14)

SLC39A14 mutations
(n = 9)

Median age (y) (IQR) 4.3 (2.5–9.0) 5.5 (2.7–9.8) 2.3 (1.0–6.4)

Sex

Female (%) 19 (70.4) 10 (71.4) 7 (77.8)

Median age at onset (y) (IQR) 2.0 (1.5–5.0) 2.0 (1.5–5.1) 1.3 (0.7–5.5)

Prominent complaints

Gait abnormality/Falls 21/18 12/14 4/�
Dystonia 27 14 9

Regression of milestones 3 1 2

Dysarthria 3 2 –

Abdominala 3 2a –

Seizures 2 – 1

Tremors 5 2 1

Non-ambulatory at presentation 2 – 2

Consanguinity

Second degree/third degree 3/18 1/11 �/5

Examination findings

Cognitive dysfunction 3 1 1

Motor system

Spasticity 12 5 7

Extrapyramidal system

Dystonia (generalized) 27 (21) 13 (12) 10 (8)

Tremor 5 2 1

Parkinsonism 16 11 4

“Cock-walk” gait 8 6 2

Chorea-athetosis 5 2 2

Dysarthria 8 6 2

Incoordination 4 2 2

Abdominal examination

Hepatomegaly/Splenomegaly 8 4 1

Laboratory parameter

Hb (g/dL)

Mean 12.8 16.1 11.7

SD 3.3 2.9 2.3

Median 13.8 16.3 12.5

IQR 11.4–16.4 15.2–17.5 8.8–13.2

PCV

Mean 42.1 48.5 36.2

SD 9.5 8.4 6.3

(Continues)

8 MOVEMENT DISORDERS CLINICAL PRACTICE 2022. doi: 10.1002/mdc3.13516

RESEARCH ARTICLE PROFILE OF HMNDYT1/2 AMONG CHILDREN



increased liver echotexture. Interestingly, hepatomegaly with normal
liver echotexture was also reported in one child with SLC39A14
mutations. All these children also had clinically appreciable liver
enlargement. MRI abdomen, done in one patient with SLC30A10
mutations, showed increased T1 and low T2 signal in the liver.

Treatment Outcomes
Among the 27 children, 26 were treated with Na2CaEDTA
(regimen: 20 mg/kg per dose, given twice daily, for 5 days.
Solution prepared in 250 mL 0.9% sodium chloride, and
administered over 1 hour). In addition, iron was sup-
plemented orally in 22 and oral zinc in 16 children. D-
penicillamine was used in two children. Several drugs for

symptomatic treatment including trihexyphenidyl, clonaze-
pam, levodopa/carbidopa, baclofen, and botulinum toxin
were also used.

In our series, 16 children continued to be on regular follow-up,
for a median duration of 2.0 (IQR, 0.7–3.0) years; nine were lost to
follow-up (Table 4). Two children died, one because of complica-
tions of chronic liver disease and one in a road traffic accident. Neu-
rological outcomes on treatment were scored by treating physicians
on a Likert scale. Nine of 16 children had some improvement and
three had stabilization with no further deterioration (additional data
are listed in Table S4 and Video 1). Only two children had marked
improvement, and one had normalization. One child had moderate
worsening after some initial improvement. Among nine children
with some improvement, two had suboptimal improvement on che-
lation with Na2CaEDTA and were placed on additive d-penicilla-
mine, following which they showed some improvement. On

TABLE 3 Continued

Clinical features Total (n = 27)
SLC30A10 mutations
(n = 14)

SLC39A14 mutations
(n = 9)

Median 40.8 49.5 37.5

IQR 35.5–49.9 46.1–55.6 29.5–41.7

Liver function test (LFT)

Normal 13 3 9

Abnormal 14 11 –

Hyperbilirubinemia 6 6 (all mild) –

Elevated SGOT 8 6 –

Elevated SGPT 5 6 –

Elevated ALP 5 5 –

Hypoalbuminemia 4 3 –

Abdominal imagingb

Normal 15 6 9

Hepatomegaly with increased echotexture 3 2 –

Hepatomegaly with normal echotexture 5 5 –

Splenomegaly 1 – –

Othersc 1

Serum manganese level (0.3–1.8 mcg/L) n = 21 n = 12 n = 6

Mean 58.1 47.7 85.4

SD 63.9 53.9 91.9

Median 32.5 29.4 44.9

IQR 22.2–66.7 17.1–42.0 27.3–147.7

Thyroid function test (n = 18) Normal

aIn one child, the abdominal complaint (jaundice) accompanied the neurological complaints. In the second child, abdominal complaints preceded neurological complaints
be 2 weeks and in the third by 4 weeks.
bUltrasonography abdomen: 22; MRI abdomen = 1; CT abdomen = 1.
cSplitting of the pelvi-calyceal system noted.
Abbreviations: IQR, interquartile range; PCV, packed cell volume; SD, standard deviation; SGOT, serum glutamic oxaloacetate transaminase; SGPT, serum glutamic
pyruvic transaminase.
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comparing children with some to marked improvement (n = 12)
versus no improvement to worsening (n = 4) (Table S4), it was
observed that the latter group had later median age at presentation
and shorter duration of chelation compared to children with
improvement. Of four children with SLC39A14 variants with avail-
able follow-up, one stabilized and three showed some improvement.

Of 15 children with abnormal liver function tests, follow-up
reports were available for 10 children; among these, hepatic
parameters normalized for seven and remained stable for three
children without further progression. Among eight children with
hepatomegaly, one showed regression in liver size with treat-
ment. Hepatomegaly stabilized among the remaining six chil-
dren. Three children continued to have worsening polycythemia
despite chelation (F1, F3, and F8) of whom one child required
partial exchange for hyperviscosity syndrome (F1) (Table 1). One
child (F9) required phlebotomy twice for hyperviscosity, but
she had been off chelation because of non-availability of
Na2CaEDTA at the time. None of these children had clinical
features of hyperviscosity and a hematocrit cut-off of 70% and
above prompted phlebotomy.

Follow-up urinary and serum Mn levels could be measured in
only four children who demonstrated increase in urinary Mn

excretion during chelation therapy: F1, 99.3 to 699 mcg/L,
serum 42 to 17.8 mcg/L; F2, 8.33 to 253 mcg/L, serum 19.5
to 11.2 mcg/L; F2-C1, 3.43 to 81.5 mcg/L, serum 23.9
to 16.2 mcg/L; F2-C3, 5.66 to 285 mcg/L, serum 29.5 to
18.2 mcg/L. Repeat serum manganese levels persisted to be high
despite 12 to 18 months of chelation therapy.

Discussion
To the best of our knowledge, this is the largest case series of
children with HMNDYT. Patients with SLC39A14 mutations
were younger at symptom onset (50% had onset in infancy) and
at presentation, compared to patients with SLC30A10 mutations.
This is consistent with original descriptions of SLC39A14
mutations-related HMNDYT among 10 children with mean age
at onset being 15.8 (7–36) months compared to SLC30A10 with
mean age at onset of 7.1 (1–57) years.6 We also noted a strong
female predominance, with female:male ratio being 2.25:1.
Although female preponderance has been noted in previous
reports, we found a higher female proportion than previously
observed.6

FIG 2. Case F20. Top panel (a = axial T1, B = sagittal T1, C = FLAIR) shows presentation scans. Bottom panel shows corresponding post
treatment images. Note the reduction in swelling and T1 shortening globally within the white matter, particularly within the globus pallidi
(arrows) and the tegmentum and superior cerebellar peduncles. The axial FLAIR images show concomitant reduction in the hypointensity
within the globus pallidi, but with some increased central focal hyperintensity (C-arrow), which would be consistent with mild central
pallidal gliosis.
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Neurological presentation was dominated by extrapyramidal
features including dystonia, parkinsonism, chorea-athetosis, and
tremors, although we also found mild cerebellar features in some
children. The most common presenting complaint was gait

abnormality, which ranged from dystonic gait with toe-walking
to the typical “cock-walk” gait.

We evaluated phenotypic association of each of the reported
and identified novel variants. Overall, locations of each of the
missense variants in both SLC30A10 (F5, F8) and SLC39A14
(F10, F11, F13, F14, F15, and F16) were confined to functional
domains like transmembrane domains, involved in binding and
trafficking of metal ions, and hence, may hinder protein function
and lead to pathogenic effects. Missense protein truncating vari-
ants were identified as well. There was lack of overall under-
standing of genotype–phenotype correlation for each of the
variants; however, some of the observations are described for
SLC30A10 and SLC39A14 overall.

Children with SLC39A14 variants seemed to have more
severe neurological disease. Most had generalized dystonia, with
two being non-ambulatory and one requiring support to walk at
presentation. In contrast, most children with SLC30A10 muta-
tions had lower limb (foot/toe) dystonia, but were indepen-
dently ambulatory despite recurrent falls until advanced stage.

Liver dysfunction and hepatomegaly were observed exclu-
sively among children with SLC30A10 mutations. The lack
of hepatic Mn deposition in SLC39A14 mutations has been
partly attributed to impaired hepatic Mn uptake, believed to
be a function of the SLC39A14 protein.5 In knockout
(KO) mouse models with deficient SLC30A10 and
SLC39A14 transporters individually as well as together (dou-
ble KOs), elevated Mn levels could be demonstrated in all
three models in blood and brain, but increased hepatic Mn
was demonstrable only in the SLC30A10 model.20,21 Another

TABLE 4 Treatment outcomes among children with HMNDYT

Total SLC30A10 mutations SLC39A14 mutations

Patients continuing to be on follow-up 16 11 4

Lost to follow-up 9 2 5

Dieda 2 1 –

Duration of follow-up available (yrs) n = 16

Median 2.0

IQR 0.7–3.0

Neurological course on treatment

Stabilizedb 3 2 1

Some improvementb 9 6 3

Marked improvement 2 1 –

Normalization 1 1 –

Mild worsening – – –

Moderate worseningc 1 1 –

Severe worsening – – –

aDied in a road traffic accident = 1; died because of liver dysfunction = 1.
bIn 3 patients, because of suboptimal response with Na2CaEDTA, d-penicillamine was added leading to some improvement from baseline in two and stabilization of the
disease in one patient.
cThe patient showed initial improvement followed by moderate worsening.

VIDEO 1. Pre-chelation (segment A) (at age 4 years) and post-
chelation (segment B) (at age 9 years) videos of a child with
SLC3010 mutation (F2-C1), demonstrating abdominal distention
(hepatomegaly) and dystonic gait pre-chelation. The same
child demonstrates regression of abdominal distention and
improvement of lower limb dystonia after 4 years of chelation
therapy.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13516
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interesting observation in our study was that with chelation,
LFTs normalized in several patients, suggesting reversibility in
early stages.

Presence of polycythemia was seen exclusively with SLC30A10
mutations, in line with previous reports, with some children dem-
onstrating severe polycythemia. However, the proportion of poly-
cythemic children is much higher in our series than noted
previously.6 This is interesting, considering that children in our
resource-constrained settings often exhibit anemia, and hence,
normal Hb values usually raise concerns of relative polycythemia.
Mn may mimic effects of hypoxia, stabilize hypoxia-inducible fac-
tor (HIF), and induce genetic expression of erythropoietin (Epo)
leading to increase in Hb,22,23 supported by raised Epo levels in
some patients. Elevated Mn levels activate HIF-1 and 2, to
upregulate SLC30A10, which reduces cellular Mn levels. This
mechanism and subsequent polycythaemia may be absent in
HMNDYT2 because of lack of hepatic involvement.24

Apart from brain and liver, thyroid dysfunction, presumably
because of accumulation of Mn in thyroid tissue, has been dem-
onstrated in SLC30A10 KO mice,21,25 with severe hypothyroid-
ism because of inhibition of thyroxine hormone by
Mn. However, we did not observe any thyroid dysfunction.

Neuroimaging is useful not only for diagnosis, but also to
monitor therapeutic response. We found classic T1 shortening of
basal ganglia in all children. Post-chelation scans demonstrated
dramatic improvement in the extent of T1 shortening, with
residual changes mostly in the globus pallidus, internal capsule,
and/or subthalamic nucleus. This is in line with the few case
reports where repeat imaging has been described.8,26,27 Hence,
MRI scans can be used to monitor treatment response. How-
ever, limitations of cost and need for sedation in young children
need consideration. Optimal timing for follow-up scans needs to
be determined as well.

Treatment outcomes on chelation with Na2CaEDTA among
our patients were variable. Although most patients on follow-up
had some alleviation of neurological symptoms, marked
improvement/ normalization was achieved in very few. Children
with deterioration had shorter duration of chelation and pres-
ented somewhat later than children who showed improvement,
which may be important influencers of outcome. However,
these results must be interpreted with caution owing to small
patient numbers, and predictors of outcome require careful eval-
uation in larger cohorts. Long-term treatment outcomes on che-
lation have been reported in a few patients. A 10-year follow-up
of a patient with SLC30A10 variant observed good clinical and
biochemical response with chelation therapy with Na2CaEDTA,
but reduction in MRI T1 signal change occurred only after
4 years.8 The patient showed clinical deterioration when d-
penicillamine was substituted, because of lack of availability of
Na2CaEDTA. In another adult patient with SLC30A10 variant,
a 2-year follow-up revealed significant improvement in parkin-
sonism and hepatic steatosis.28

We also noted a large proportion of loss to follow-up, par-
ticularly in children with SLC39A14 mutations. This may be
because of suboptimal response after the first few cycles of che-
lation, as well as recurrent need for hospitalization. Apart from

limited availability of Na2CaEDTA in India, its use necessitates
hospitalization and monthly intravenous infusion for 5 days.
This demanding regime leads to parental fatigue, loss of work,
and school days and consequent loss to follow-up. Additionally,
potential side effects of chelation therapy include hypocalcemia
(that may develop during infusion), trace metal and vitamin
deficiency, low platelets and leucopenia, and nephrotoxicity.
Therefore, related monitoring needs to be done regularly,
including renal function, complete blood count, calcium/phos-
phate, and trace metal (copper, zinc).

Previously, the use of oral 2,3-dimercaptosuccininc acid as
well as d-penicillamine has been trialed in some patients
with varying benefits.7,8,26,27,29 D-penicillamine as an add-on
agent in two of our patients yielded appreciable results.
D-penicillamine may serve as a more feasible agent in our set-
tings, because it is orally administered, widely available, and
inexpensive.

Limitations of our study include its retrospective nature and loss
to follow-up of a large proportion of patients. Repeat serum/
urinary manganese levels and neuroimaging were not available in
most children. These tests are very expensive and not easily avail-
able in India. There are no guidelines for using serum/urinary
manganese levels to titrate chelation. Furthermore, we could not
apply functional scales to assess baseline and post-treatment disease
severity and used a Likert scale instead. It will be useful to design
severity scales and functional scoring in future studies.

Conclusions
We report clinical presentation and short term outcomes of
children with HMNDYT in a low-resource setting. We found
female preponderance in both genetic subtypes, younger age at
onset and more severe clinical phenotype in children with
SLC39A14 mutations, and moderate response to Na2CaEDTA
chelation therapy overall. Our study raises concerns regarding
treatment options in these patients, inviting the possibility of
exploring further therapeutic options such as d-penicillamine in
the future.
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Ocular manifestations in SARS COVID 
admitted patients: A hospital‑based 
study
Nagbhushan Chougule, Mitali Vijay Mangoli, Avaneet Kumar, V. Bindushree Reddy, 
Arvind L. Tenagi

Abstract:

CONTEXT: Ongoing COVID‑19 Pandemic.
AIMS: The aim of this study is to assess the ocular manifestations of coronavirus disease (COVID‑19) 
admitted in KLES Dr. Prabhakar Kore Hospital and MRC, KAHER, Belagavi, Karnataka, India.
SETTINGS AND DESIGN: This is a cross‑sectional study.

SUBJECTS AND METHODS: It was a cross‑sectional study, which included 100 patients who tested 

positive for COVID‑19 (reverse transcriptase‑polymerase chain reaction) and were admitted from 
August 2020 to September 2020 in KLES Dr. Prabhakar Kore and MRC Hospital, KAHER, Belagavi, 
Karnataka, India. Approval from the ethical committee was obtained, and informed consent was 

taken from all the patients included in this study.

STATISTICAL ANALYSIS USED: Statistical analysis was performed using statistical software R 

and Microsoft Excel. Categorical variables were given in the form of frequency (%).
RESULTS: A variety of ocular symptoms which included conjunctival congestion and dry eyes 

were noted. Of the 100 patients assessed, 43 patients had new‑onset ocular symptoms. In these 

43 patients, the history of onset of ocular complaints and the day of onset of COVID symptoms was 
analyzed, and it was found that 35 patients (81.39%) complained of their ocular symptoms at the 

same time as they started experiencing the symptoms of COVID.
CONCLUSIONS: Severe acute respiratory syndrome coronavirus‑2 is thought to be transmitted from 

person to person mainly through respiratory droplets or close contact. The ocular surface is exposed 

to the outside environment, which may be a potential gateway for pathogens such as viruses to invade 

the human body. Furthermore, eye rubbing is another high‑risk factor for virus transmission, which 

has been confirmed in adenovirus‑induced conjunctivitis. It is important for all health‑care workers 
to be updated about these symptoms in this regard.

Keywords:

Conjunctivitis, COVID‑19, ocular manifestations

Introduction

One of the most significant events 
of current times that have affected 

the entire humanity is the emergence 
of  novel  coronavirus severe acute 
respiratory syndrome coronavirus 
2 (SARS‑CoV‑2), causing coronavirus 
disease 2019 (COVID‑19). The first cases, 

which presented as pneumonia of unknown 
origin, were identified in Wuhan, the capital 
city of Hubei province in China and now this 
disease is recognized as a pandemic.

Coronaviruses (CoVs) are a diverse 
group of viruses that mainly affect birds 
and mammals. In contrast to common 
CoVs, novel CoVs, such as SARS‑CoV‑2 
and Middle East respiratory syndrome 
CoV (MERS‑CoV), and SARS‑CoV‑2 are 
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highly pathogenic, especially in the elderly and 
immunocompromised patients.[1]

During 2003 SARS outbreak, a study detected SARS‑CoV‑2 
in tear samples in SARS patients in Singapore.

Recent studies also suggest that ocular transmission 
is possible, as the virus was shown to replicate in 
conjunctival tissue and conjunctival secretions have 
tested positive for SARS‑CoV‑2 RNA using reverse 
transcriptase‑polymerase chain reaction (RT‑PCR).[2] It 
is also suggested in some studies that ocular symptoms 
could be the initial symptoms of an individual suffering 
from the infection.[2] Ocular manifestations were mostly 
reported during the middle phase of the disease and in 
patients with severe pneumonia. More severe ocular 
manifestations as anterior uveitis, retinitis, and optic 
neuritis have been only documented in animal models.[3] 
Furthermore, retinal disorders, such as retinal vasculitis, 
retinal degeneration, and blood–retinal barrier breakdown, 
had been demonstrated in experimental animal models 
of CoV infection. However, ocular complications of 
SARS‑CoV infection have not been widely reported and 
viral loads in ocular tissue are still to be investigated.[4] 
Considering that the virus is present in the body fluids of 
patients, tear fluid is a type of body fluid, and SARS‑CoV‑2 
is similar to SARS‑CoV, it is speculated that there may be 
a risk of tear and conjunctival transmission.[5]

Several urgent questions need to be addressed, including 
(a) what are the detailed profiles of COVID‑19‑related 
ocular symptoms and diseases? (b) What are the clinical 
characteristics of COVID‑19 patients with conjunctival 
congestion? and (c) Can COVID‑19 spread through the 
ocular route or present as the primary infected site? To 
answer these questions, it is essential to perform ocular 
screening among patients with COVID‑19. To our 
knowledge, comprehensive ophthalmological data on 
COVID‑19 are still missing.[6]

Very few studies are conducted on the ocular 
manifestations of COVID‑19 in India. It is important 
to completely understand the signs and symptoms 
of this disease and its modes of transmission so as to 
identify new cases. This will in turn help in curbing 
the transmission of the virus. Therefore, this study is 
conducted so as to get a broad picture regarding the 
various ocular manifestations of COVID.[7]

This study will help us to get a better understanding of 
the disease and guide us to take appropriate measures 
while examining the patients.

Subjects and Methods

The study was conducted at KLES Dr. Prabhakar Kore 
Hospital and MRC, Belagavi, Karnataka, India. This was 

a cross‑sectional observational study conducted on 100 
COVID‑19 patients (RT‑PCR positive) admitted in the 
hospital from April 2020 to June 2020. Study diagnosis 
and classification of COVID‑19 cases were done based on 
the guidelines provided by the Ministry of Health and 
Family Welfare and the Directorate General of Health 
Services, India. The study was conducted in accordance 
with the ethical standard of the institutional research 
committee and adhered to the tenets set forth in the 
Helsinki declaration. Ethical clearance details ‑ Ethical 
clearance was obtained from JNMC Institutional Ethical 
Committee, Ref: MDC/DOME/427 Dated 18/9/2020.

Ocular history and examination have been done by 
an ophthalmology resident doctor posted in the ward 
wearing complete personal protective equipment. 
Appropriate distance was maintained so as to prevent 
exposure of the infection.

The complete assessment was documented and was 
entered in Microsoft Excel.

Statistical analysis was performed using statistical 
software R and Microsoft Excel. Categorical variables 
were given in the form of frequency (%).

Results

Of the 100 patients assessed, 43 patients had new‑onset 
ocular symptoms.

In these 43 patients, the history of onset of ocular 
complaints, and the day of onset of COVID symptoms 
was analyzed, and it was found that 35 patients (81.39%) 
complained of their ocular symptoms at the same time 
as they started experiencing the symptoms of COVID. 
However, some of them were tested positive at a later 
date.

Thirty‑four patients of 43 (79.06%) were diagnosed 
with conjunctivitis. Eight of 43 (18.60%) complained 
of mucoid discharge. One patient (2.32%) developed 
steroid‑induced maculopathy which was evaluated after 
treatment was taken for 2 weeks.

On further evaluation of the patients with conjunctival 
congestion, eight patients (23.52%) also had associated 
complaints of watering. There was no chemosis or any 
evidence of corneal defects seen in any of the patients.

The remaining 57 patients had symptoms of diminution 
of vision which were due to the development of 
cataract (17.54), age‑related macular degeneration (5.26%), 
glaucoma (14.03%), hypertensive retinopathy (35.08%), 
Branched Retinal Vein Occlusion (BRVO, 5.26%) and 
diabetic retinopathy, and both nonproliferative (28.07%) 
as well as proliferative (3.50%). The development of these 
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retinal vascular diseases may or may not be due to viral 
infection. We have not assessed that in our study.

Below Tables 1 and 2 give a summary of the distribution 
of anterior and posterior segments in the study.

Discussion

Very few studies describing the characteristic ocular 
findings of COVID‑19 infection are available. The precise 
incidence of ocular manifestations relative to COVID‑19 
is still unclear.

In our study, we found that 43% of patients developed 
ocular symptoms 2–3 days after the development of 
symptoms due to COVID. As seen in most other studies 
based on ocular manifestations, the common symptom 
and sign associated with COVID was conjunctival 
congestion and mucoid discharge. The severity of these 
symptoms did not correlate with the severity of the 
infection. In the course of this study, we also found that 
the demographic details of the patients did not have any 
specific pattern. The age and gender of the patients did 
not increase the odds of developing the ocular symptoms.

Although diminution of vision was a common complaint 
seen in the patients, it could not be attributed to the 

COVID infection as most of these cases developed 
diminution of vision before they got infected with the 
virus. The common anterior segment findings seen in 
our study were conjunctival congestion (14%), followed 
by conjunctival congestion with mucoid discharge (7%). 
The duration of conjunctival congestion ranged from 2 
to 24 days. Conjunctival congestion appeared 2–3 days 
after the onset of symptoms due to the infection.[6] Other 
clinical findings such as follicles, papillae, and concretions 
which are seen in various types of conjunctivitis were 
seen in only 1% of the cases. This self‑limiting type of 
conjunctivitis could be due to the presence of innate 
ocular defense mechanisms which are found in the tear 
film and also due to the mechanical obstruction to the 
droplets by the eyelids.

A few studies showed that there were significant changes 
in the posterior segment, mainly the retinal vasculature, 
in patients infected with COVID.

However, in our study, the fundus findings were 
that of hypertensive retinopathy (9%) and diabetic 
retinopathy (6%) either in one or both the eyes. These 
changes could be due to the existing comorbidities and 
their direct association to the COVID infection cannot 
be established. There was no evidence of any other 
chronic eye diseases nor any symptoms associated 
with intraocular diseases (such as iritis, choroiditis, and 
retinal disease), which suggests that the possibility of 
endophthalmitis is very small.

The present study has a few limitations, the first being 
that the sample size of this study was relatively small. Our 
study also excluded the patients who had severe infection 
and hence the assessment of ocular manifestations in 
those patients was not done. Ideally, a conjunctival swab 
test should have been performed to determine if the virus 
is being transmitted through conjunctival secretions, and 
this was also not done in our study. The study also lacks 
a control group, therefore, no comparison can be made.

Conclusions

SARS‑CoV‑2 is thought to be transmitted from person 
to person mainly through respiratory droplets or close 
contact. The ocular surface is exposed to the outside 
environment, which may be a potential gateway for 
pathogens such as viruses to invade the human body. 
Furthermore, eye rubbing is another high‑risk factor 
for virus transmission, which has been confirmed in 
adenovirus‑induced conjunctivitis.

Our study aims at helping in better understanding of the 
COVID‑19‑related eye diseases by better identification of 
symptoms, signs, and assessment of clinical outcomes. 
We have also tried to provide a clue regarding hand‑eye 

Table 1: Anterior  segment findings
Anterior segment findings Number of subjects (%)

Both eyes within normal limits 47

Both eyes conjunctival congestion 4

Mucoid discharge (conjunctivitis) 8

Papillae, follicles, or concretions 8

Pseudophakia 12

Circumcorneal congestion 1

Cataract 13

Pterygium 5

Shallow anterior chamber 2

Proptosis 30

Chemosis 30

Relative afferent pupillary defect 10

Orbital cellulitis 25

Table 2: Posterior  segment findings
Posterior segment findings Number of patients (%)

Normal 46

Hypertensive retinopathy 19

Diabetic retinopathy 18

Veno‑occlusive disease (CRVO, BRVO) 3

ARMD 3

Maculopathy (bull’s eye) 1

Glaucomatous disc changes 10

Optic nerve atrophy 9

Optic neuritis 10

CRVO: Central retinal vein occlusion, BRVO: Branched retinal vein occlusion, 
ARMD: Age‑related macular degeneration
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contact and ocular manifestations. This will also help 
us in early detection, diagnosis, and prompt treatment, 
especially if the initial symptoms of COVID‑19 are 
suspected to be ocular in certain cases, if not all. It is 
important for all health‑care workers to be updated about 
these symptoms in this regard.
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Purpose: To compare the efficacy of ropivacaine with a mixture of lidocaine and bupivacaine in peribulbar 
anesthesia for cataract surgery, in terms of post‑block intraocular pressure (IOP). Methods: A one‑year 
comparative study was done to compare two anesthetic solutions in peribulbar anesthesia for cataract 
surgery, from January 2020 to December 2020 at a tertiary health care hospital. Two hundred patients (40–
70 years of age) planned for small‑incision cataract surgery with posterior chamber intraocular lens (IOL) 
implantation under peribulbar anesthesia were included in the study. A single‑site inferotemporal 
injection was given till a total eyelid drop was observed. The IOP was measured at four time‑points: 
before block (control), 1‑, 5‑, and 15‑minute post‑block with a tonometer. Results: The 1‑minute post‑block 
mean IOP in both the groups was higher than the baseline levels. This reflected raised intraorbital 
pressure secondary to peribulbar injection of local anesthetic. However, the rise in 1‑minute post‑block 
IOP was significantly less in the ropivacaine group. The 5‑ and 15‑min post‑block mean IOP values in the 
ropivacaine group were significantly lower than the corresponding values of the lidocaine‑bupivacaine 
group and baseline (control) ropivacaine values. Conclusion: The results of this study support that 
ropivacaine as a local anesthetic drug for peribulbar block for small‑incision cataract surgery can be a 
suitable alternative to the lidocaine–bupivacaine combination. Studies involving a larger sample size are 
required to consider ropivacaine as a superior drug to the lidocaine–bupivacaine combination.

Key words: Bupivacaine, intraocular pressure, lidocaine, peribulbar anesthesia, ropivacaine
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Worldwide, cataract is the most common treatable cause of 
visual impairment.[1] The sole treatment for cataract is its 
surgical removal, which is a common ophthalmic surgical 
procedure and like most orbital surgeries, cataract surgery is 
also routinely performed under regional anesthesia.[2]

The evolution and acceptability of peribulbar anesthesia are 
linked to the evolution of cataract surgery. When larger incisions 
at the sclero‑limbal region were required in the past, complete 
anesthesia or retrobulbar anesthesia was the preferred anesthetic 
modality. As phacoemulsification, clear cornea incision, and 
small‑incision cataract surgery (SICS) grew more common, the 
trauma and discomfort associated with cataract surgery became 
less severe, and various anesthetic techniques gained acceptance.[3]

Not only the technique of peribulbar block but also the local 
anesthetic used can affect the outcome of the surgery in terms 
of intraoperative complications, patient compliance, and the 
level of surgeon comfort.

Lidocaine is a commonly used local anesthetic with a 
rapid onset of action.[4] Bupivacaine, another local anesthetic 
drug, provides a long duration of action with high‑quality 
sensory blockade but has a comparatively slow onset. Thus, 
it is combined with the faster‑acting lidocaine for peripheral 
nerve blocks.[5]

A newer and long‑acting local anesthetic is ropivacaine 
which has comparable or superior neuronal blocking potential 
to bupivacaine.[6]

This study compares 0.75% ropivacaine with a 1:1 mixture 
of 2% lidocaine with 0.50% bupivacaine and assesses their 
efficacy for the peribulbar block in cataract surgeries in terms 
of the post‑block intraocular pressure (IOP).

Methods
A one‑year comparative study involving two hundred 
patients was done between January 2020 to December 2020. 
The study was approved by the institutional ethics committee 
and is consistent with the tenets of the Declaration of Helsinki. 
Patients 40–70 years of age attending the ophthalmology 
outpatient department (OPD) who were scheduled to undergo 
SICS with posterior chamber intraocular lens (PCIOL) 
implantation under peribulbar anesthesia were the source 
of data.
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Inclusion criteria were uncomplicated cataract, normal 
IOP (7–21 mmHg),[7] normal baseline electrocardiogram (ECG) 
rhythm, and American Society of Anesthesiologists (ASA) 
grade Ⅰ, Ⅱ, Ⅲ.

Exclusion criteria were patients with profound cognitive 
impairment,[8] apprehension, requiring sedatives and 
analgesics,[8] allergy to hyaluronidase, lidocaine, bupivacaine, 
and ropivacaine, any preceding eye disorder other than 
cataract,[8] and unwillingness to participate in the study.

Patients were randomized into two groups of 100 each 
by simple random sampling to receive a peribulbar injection 
from either one of the following solutions: group A ‑ 0.75% 
ropivacaine with 75 units of hyaluronidase or group B ‑ a 
mixture of 2% lidocaine with 0.50% bupivacaine with 75 units 
hyaluronidase. On the day before surgery, a detailed history 
of the patient was taken, and a general physical examination, 
ophthalmologic examination, and investigations were done.

Vital parameters such as pulse rate, blood pressure, 
and random blood sugar levels were assessed. Ophthalmic 
examination was done by the investigator.

Patients did not undergo fasting and did not receive 
any anesthetic pre‑medication, perioperative sedation, 
or supplementary oxygen. On the day of surgery, before 
the procedure tropicamide 0.8% (weight/volume) and 
phenylephrine 5% (weight/volume) dilating eye drops were 
instilled in the eye to be operated. A test dose of the anesthetic 
drug was given for sensitivity. On the day of surgery, 
pre‑block (control) IOP were measured with a tonometer.

Technique of peribulbar block
The eye to be operated was identified and painted and draped 
with 10% betadine solution. A 26‑gauge (G) 0.5‑inch disposable 
needle was used.

Site of injection: The point between medial 2/3rd and lateral 
1/3rd of lower orbital margin adjacent to infraorbital notch.

With the bevel of the needle facing toward the globe, the 
needle was cautiously advanced parallel to the orbital floor 
and no redirection was done as in the retrobulbar block. Care 
was taken so that the hub of the needle did not go beyond 
the inferior orbital rim. Correct positioning of the needle 
was confirmed by comparing the range of eye movement 
to the baseline values to exclude tethering of the globe.[9] 
After negative aspiration for blood, up to 10 mL of the local 
anesthetic agent was injected over 30–40 seconds.[10] The 
volume of local anesthetic drug that produced total upper 
eyelid drop, i.e. sufficient depression of the eyelid to cover 
the whole of the cornea, was considered as the end point of 
injection.[9] After injection at the inferotemporal quadrant, 
the globe was massaged with the middle 3 fingers placed 
over a sterile gauze pad. Gentle pressure was applied 
using the middle finger placed directly over the eyeball for 

1 minute (min). For every 30 seconds, the pressure was released 
for 5 seconds to allow for vascular pulsations to occur.[11] IOP 
was measured at four time‑points: before block (control), one 
minute after block, five minutes after block, and 15 minutes 
after block with a tonometer.[12]

Statistical analysis
The collected data were analyzed by calculating mean and 
standard deviation for continuous quantitative variables, 
unpaired student’s t‑test for inter‑group continuous variables, 
and student’s paired t‑test for two quantitative variables within 
a group. Suitable graphs were used to depict the comparison. 
For all the tests, a P value of less than 5% (0.05) was considered 
significant.

Results
In this study, 200 patients were included, 100 in group A, who 
received ropivacaine as the local anesthetic, and 100 in group B, 
who received a mixture of lidocaine and bupivacaine as the 
local anesthetic. The data obtained were tabulated as below:

Demographic data
Twelve percent of patients belonged to age group of 41–50 years, 
33% belonged to 51–60 years, and 55% belonged to 61–70 years 
[Table 1]. Mean age was 60.46 years. Out of 200 patients, 100 
were men and 100 were women. And in both groups, men were 
50 and women were 50 [Table 2].

The volume of anesthetic injected and the post‑block IOP 
within the respective groups was not significant (P > 0.05) at 
any time‑point [Table 3].

Pre‑block (control) mean IOP in group A was 13.86 ± 3.06 mmHg 
and in group B was 13.13 ± 3.01 mmHg and it was not significant. 
The 1‑min post‑block IOP mean in both groups was higher 
than their baseline levels (pre‑block) which in group A was 
14.91 ± 4.14 mmHg and in group B was 15.50 ± 4.26 mmHg; but 
it was not significant. However, the rise in 1‑min post‑block IOP 
was significantly less in the ropivacaine group (group A). The 
5‑min and 15‑min post‑block mean IOP values in group A were 
significantly lower than the corresponding group B values and 
the baseline group A values [Table 4, Graph 1].

In group A, the pre‑block (control) IOP was 13.86 ± 3.06 mmHg 
and the IOP 15 min after the block was 13.31 ± 3.17 mmHg and 
it was significantly lower (0.0016*), with an effect size of 0.2880. 
In group B, the pre‑block (control) IOP was 13.10 ± 3.01 mmHg 
and the IOP 15 mins after the block was 16.68 ± 4.84 mmHg 
and it was significantly higher (0.0001*), with an effect size of 
0.5440 [Table 5, Graph 2].

Discussion
In our study, we included 200 patients. They were assigned to 
either group A or group B using a simple random sampling 
method. Group A patients received ropivacaine 0.75% as the 

Table 1: Age distribution

Age Groups Group A (n=100) % Group B (n=100) % Total %

41‑50 years 10 10.00 14 14.00 24 12.00

51‑60 years 27 27.00 39 39.00 66 33.00
61‑70 years 63 63.00 47 47.00 110 55.00
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local anesthetic for peribulbar anesthesia, whereas group B 
patients received a mixture of bupivacaine 0.5% with lidocaine 
2% combined in a 1:1 ratio as the local anesthetic for peribulbar 
anesthesia. Each group had 100 patients.

Most patients were in the age group of 61–70 years in either 
group with a mean age of 60.46 ± 7.39 years. Gupta et al.[13] 
conducted a similar study where the mean age of the patients 
was 64.2 years.

Coincidently, both groups had 50 males and 50 females. In 
a study by Nociti et al.,[14] 55.0% were males and 45.0% were 
females which was not statistically significant.

According to Frow et al.,[9] there are many methods to 
determine how much local anesthetic drug to inject for 
peribulbar anesthesia and akinesia. But there is no universally 
recognized and clinically consistent way to know the 

end‑point of the local anesthetic volume sufficient to provide 
akinesia and anesthesia. In our study, a variable volume of a 
local anesthetic agent (<10 mL) was injected depending on the 
amount of filling of orbit seen during injection and the rate 
of onset of ptosis (total upper eyelid drop).[10,15] In our study, 
the volume of the anesthetic agents used in both groups was 
similar and the results were not statistically significant.

In our study, hyaluronidase was added to both groups as 
many studies have proven that hyaluronidase improves the 
quality of the block.[16–18]

According to most studies, the post‑block IOP rise is 
positively linked to the increasing volumes of local anesthetic 
solutions used.[19,20] However, in our study, we did not find any 
such correlation. The volume of anesthetic injected and the 
post‑block IOP within the respective groups was not significant. 
This suggests that the volume of local anesthetic solution 
injected is not linked to the IOP rise. This might be because we 
have not used exceptionally large volumes of the anesthetic 
solution. The results of our study are comparable to a similar 
study conducted by Frow et al.[9]

Mean values of IOP before block were similar between 
the two groups (P > 0.05, independent t‑test) which is also 
in agreement with a study done by Özcan et al.[12] that had a 

Table 2: Gender distribution

Gender Group A (n=100) Group B (n=100) Total %

Male 50 50 100 50.00

Female 50 50 100 50.00
Total 100 100 200 100.00

Table 4: Comparison of group A (ropivacaine) and group B (lidocaine–bupivacaine) with IOP (mmHg) at different treatment 
times by independent t‑test

Treatment Times Group A Group B Mean 
Difference

t P

Mean SD Mean SD

Pre‑block IOP (control) 13.86 3.06 13.10 3.01 0.76 1.7701 0.0783

Post‑block IOP

1 min 14.91 4.14 15.50 4.26 −0.59 −0.9924 0.3222

5 min 13.78 3.42 16.07 4.12 −2.29 −4.2728 0.0001*

15 min 13.31 3.17 16.68 4.84 −3.37 −5.8259 0.0001*

Pre‑block 1 min −1.05 2.30 −2.40 3.13 1.35 3.4743 0.0006*

Pre‑block 5 min 0.08 1.55 −2.97 2.83 3.05 9.4454 0.0001*
Pre‑block 15 min 0.55 1.69 −3.58 3.93 4.13 9.6626 0.0001*

*P<0.05

Table 3: Correlation between volume of anesthetic agent with IOP (mmHg) at 1 min, 5 min, and 15 min by one‑way ANOVA

Groups Volume of 
Anesthetic

IOP 1 min IOP 5 mins IOP 15 mins

Mean SD Mean SD Mean SD

Group A 3‑6 14.23 4.04 14.15 3.83 13.69 3.25

7‑8 14.87 4.58 13.23 3.01 12.74 2.84

9‑10 15.09 3.97 14.00 3.56 13.54 3.34

Total 14.91 4.14 13.78 3.42 13.31 3.17

F 0.2248 0.5950 0.7284

P 0.7991 0.5536 0.4853

Group B 3‑6 16.00 2.45 16.58 3.03 15.75 5.17

7‑8 15.17 3.73 15.62 3.89 15.90 3.56

9‑10 15.56 4.80 16.19 4.45 17.25 5.28

Total 15.50 4.26 16.07 4.12 16.68 4.84

F 0.1710 0.2843 1.0188
P 0.8431 0.7532 0.3649

*P<0.05
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similar mean pre‑block IOP between the two groups (P > 0.05, 
Mann–Whitney U test).

A study by Frow et al.[9] showed that in all eyes, the 
mean (95% confidence limits) increase in IOP over baseline 
immediately post‑injection was 6.9 (4.9–8.8) mmHg 
(P <  0.00001). The present study showed a significant difference 
between the control (pre‑block values) and 1‑min post‑block 
IOP values. All eyes (both groups) had an increase in IOP over 
baseline (control) at 1 min after peribulbar injection and this 

increase was significantly less in the ropivacaine group when 
compared to the lidocaine‑bupivacaine group.

Overall, the mean readings of IOP post‑block were 
significantly less in group A (ropivacaine) in comparison to 
group B (lidocaine‑bupivacaine). In our study, group A’s 
1‑min post‑block IOP was 14.91 ± 4.14 mmHg which was not 
statistically significant in comparison to group B which was 
15.50 ± 4.26 mmHg. This was not in agreement with a study done 
by Nociti et al.,[14] in which variation in IOP was different in both 
the groups, that is, ropivacaine and bupivacaine for a peribulbar 
block. In their study, in the ropivacaine group the mean values 
obtained at all the three time‑points after the block were 

Table 5: Comparison of different treatment times with IOP (mmHg) in group A (ropivacaine) and group B (lidocaine–
bupivacaine) by dependent t‑test

Group Treatment Times Mean SD Mean Diff. SD Diff. Paired t P Effect Size

Group A Pre‑block IOP 13.86 3.06 0.2880

1 min 14.91 4.14 −1.05 2.30 −4.5694 0.0001*

Pre‑block IOP 13.86 3.06

5 min 13.78 3.42 0.08 1.55 0.5167 0.6065

Pre‑block IOP 13.86 3.06

15 min 13.31 3.17 0.55 1.69 3.2545 0.0016*

1 min 14.91 4.14

5 min 13.78 3.42 1.13 1.99 5.6838 0.0001*

1 min 14.91 4.14

15 min 13.31 3.17 1.60 2.53 6.3226 0.0001*

5 min 13.78 3.42

15 min 13.31 3.17 0.47 1.07 4.4010 0.0001*
Group B Pre‑block IOP 13.10 3.01 0.5440

1 min 15.50 4.26 −2.40 3.13 −7.6594 0.0001*

Pre‑block IOP 13.10 3.01

5 min 16.07 4.12 −2.97 2.83 −10.4813 0.0001*

Pre‑block IOP 13.10 3.01

15 min 16.68 4.84 −3.58 3.93 −9.1189 0.0001*

1 min 15.50 4.26

5 min 16.07 4.12 −0.57 2.48 −2.2991 0.0236*

1 min 15.50 4.26

15 min 16.68 4.84 −1.18 4.31 −2.7354 0.0074*

5 min 16.07 4.12
15 min 16.68 4.84 −0.61 2.65 −2.3051 0.0232*

*P<0.05 The effect size is more in group B which indicates a larger IOP variation
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significantly lower than the controls. This effect was probably 
due to vasoconstriction produced by ropivacaine, leading to 
smaller intraocular blood volume,[8,14] but in the bupivacaine 
group, the mean value of IOP rose significantly 1‑min after block 
and was lower than control only 15 min after block.

In our study, the mean values of IOP after block were 
significantly lower in the ropivacaine group in comparison 
to the lidocaine–bupivacaine group at 5 min and 15 min 
time‑points after block. These results were in agreement with 
the studies done by Nociti et al.[14] and Govêia, Magalhães.[21]

In a study done by Olmez et al.,[15] the authors compared 
ropivacaine with a mixture of lidocaine–adrenaline and observed 
that there were no significant differences in IOP levels between the 
two groups at three times‑points, that is, 1 min, 5 min, and 10 min. 
However, the IOP levels in the ropivacaine group at 10 min were 
significantly lower than their baseline values. A transient rise in 
IOP can be due to the peribulbar block itself secondary to the 
increase in orbital pressure. But as the extraocular muscles relax, 
there is a rapid fall in IOP.[15] As already discussed above, this 
effect of ropivacaine could be due to vasoconstriction produced 
by it.[15] Another cause of lower IOP levels seen in the ropivacaine 
group can be attributed to its property of high lipid solubility 
which allows it to diffuse through tissues faster than lidocaine.[15] 
In our study, we had highly lipid‑soluble ropivacaine which 
was compared with a mixture of bupivacaine (which is also 
highly lipid‑soluble) and lidocaine (less lipid‑soluble). So higher 
post‑block IOP in group B (lidocaine–bupivacaine group) can be 
attributed to the less lipid solubility of lidocaine. Özcan et al.[12] 
observed that the lidocaine–bupivacaine combination increased 
IOP from 15.1 ± 2.5 mmHg to 17.8 ± 2.5 mmHg after the peribulbar 
anesthesia, whereas ropivacaine decreased IOP from 15.8 ± 2.3 
to 13.5 ± 2.3 mmHg.

Conclusion
The results of this study support that ropivacaine was more 
effective than the lidocaine–bupivacaine combination for 
peribulbar anesthesia for cataract surgery, as it adequately 
lowers the IOP and thus prevents the potential side‑effects 
resulting from high post‑block intraocular pressures seen in 
the latter group.

Therefore, ropivacaine as a local anesthetic drug for the 
peribulbar block in small‑incision cataract surgery can be a 
suitable alternative to the lidocaine‑bupivacaine combination. 
Further studies involving a larger sample size can be done to 
consider ropivacaine as a superior drug over the lidocaine–
bupivacaine combination for peribulbar block in small‑incision 
cataract surgery.
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Aims: To assess the role of transcutaneous electrical nerve stimulation (TENS), 
alone or in combination with anticholinergic drugs in the management of 
neurogenic bladder (NB) in spina bifida (SB).
Materials and Methods: All the consecutive patients, visiting outpatient clinic 
between July 2017 and December 2018, who were toilet trained and at least 
1 year post‑SB surgery with clinical and/or urodynamic evidence of NB, were 
included in the study. Out of 65 patients, 40 fulfilled the inclusion criteria and 
were randomised into: group A (ten patients, placebo TENS with anticholinergic 
agents), Group B (14 patients, TENS therapy with placebo medications) and 
Group C (16 patients, TENS therapy with anticholinergic medications). All the 
patients maintained a voiding diary and underwent assessment before and after the 
intervention. The study was approved by the Institutional Ethics Committee.
Results: The presenting symptoms were urinary incontinence (100%), increased 
frequency (45%), straining during micturition (22.5%), urgency (22.5%), and 
hesitancy (30%). The demographic parameters were comparable in all the groups. 
After group specific intervention, the wet episodes/day significantly improved in 
Group C (P = 0.001). Similarly, the mean wet days/week also improved significantly 
in Group C (6.5–4.37 days/week, P = 0.01). Out of 40 patients, 29 had abnormal 
findings on ultrasonography before the start of the therapy. Following intervention, 
only two patients in Group C showed normalization of findings. On Urodynamic 
studies, detrusor pressure (Pdet max) decreased in all the groups; however, the 
patients in Group C, showed the maximum reduction (56.6 ± 11–30 ± 6.7 cm H2O). 
Similarly compliance (9.4 to 14.5 cm H2O, P = 0.02) and bladder capacity 
(68%–88% of EBC, P = 0.001) also improved significantly in Group C as 
compared to other 2 groups Overall, nine patients (Group A, B, and C = 1, 3, 
and five patients, respectively) showed detrusor instability, while post therapy, 
only one patient (Group B) had unstable bladder. Maximum decrease in postvoid 
residue (mean) was also observed in Group C (77–41 ml, P = 0.01).
Conclusions: The application of TENS in NB secondary to SB is effective and 
its application led to improvement in symptoms, decrease in the wet episodes/day, 
maximum detrusor pressure, instability, bladder compliance, and capacity. TENS 
therapy in combination with anticholinergic agents had a better outcome as 
compared to monotherapy with either of the two modalities.

Keywords: Transcutaneous, neurogenic, spina bifida, voiding diary
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morbidities in the affected child.[1] More than 90% of 
the children with SB present with varying degrees of 
neurogenic bladder (NB) dysfunction depending upon 
the level and the severity of the lesion.[2] In patients 
other than those with completely areflexic or paralytic 
bladder, there is a risk of upper renal tract damage 
from raised intravesical pressures. Clean intermittent 
catheterization (CIC) and anticholinergic medications 
remain the main stay of therapy to decrease the 
intravesical pressure but are limited by the side effects 
of the drugs and inconvenience associated with repeated 
catheterisations.[3,4] Besides anticholinergic agents, α‑1 
adrenergic agonists, benzodiazepines, botulinum toxin 
have also been used in the treatment of NB dysfunction. 
They mainly target the receptors in the bladder or its 
outlet.

Around 4% of the children have been shown to suffer 
from the side effects of the medications which may lead 
to cessation of the concerned drug.[5] There is continuous 
search for alternatives which may be free from adverse 
effects, easy to apply, convenient for caregivers and the 
patients with a limited physical mobility.[5]

Electrical stimulation has been used since many 
years as a substitute treatment for the lower urinary 
disorders. Stimulation of pudendal and tibial nerve, 
sacral neuro modulation and transcutaneous electrical 
nerve stimulation (TENS) have all been considered in 
the children.[6,7] The sacral nerve roots (S2‑S4) provide 
principle motor supply to the bladder; specifically, the S3 
root, which mainly innervates the detrusor muscle and 
is the main target of neuromodulation. Transcutaneous 
nerve stimulation has been used in overactive bladder 
in adults as well as children. However, there is scarcity 
of literature using neuromodulation in NB secondary to 
SB. The children with partial neurological lesions in SB 
may have varying amounts of residual conduction and 
might benefit from the external electrical stimulation of 
these nerve roots.

In this study, we investigated the effect of sacral 
TENS on bladder function of these patients alone or in 
combination with the pharmacotherapy.

mAterIAls And methods

This was an interventional prospective study with 
random allocation from July 2017 to December 
2018 including all the operated patients of SB with NB. 
The study comprised of patients in the toilet trained 
age group of 4–15 years, who were at least 1 year post 
SB surgery. The patients with clinical or urodynamic 
evidence of high pressure, small capacity and low 
compliance bladder with or without detrusor instability 
were included in the study.

The patients with urinary tract infections during the 
previous 4 weeks, associated lower urinary tracts 
defects, flaccid/areflexic bladder on baseline urodynamic 
assessment and those undergoing any operative 
intervention for bladder were excluded from the study.

All the patients were clinically and radiologically 
evaluated for the presence of bladder dysfunction. The 
clinical criteria consisted of a detailed history, symptom 
complexes as per the ICCS criteria (Urgency, frequency, 
nocturia etc), and history of recurrent urinary infections. 
The neurological examination was performed for the 
presence or absence of neurological deficit. All these 
patients underwent renal and bladder ultrasound (RBUS) 
evaluation to see the renal morphology, hydronephrosis, 
ureteric dilatation and post void residual urine. Patients 
further underwent voiding cystourethrogram (VCUG) 
to rule out the presence of vesicoureteric reflux (VUR). 
Only patients with clinical or radiological abnormality 
were subjected to radionuclide Di‑mercapto‑succinic 
acid (DMSA) scan to assess for the presence of renal 
scars, if any.

The patients, who had clinical or radiological 
abnormalities suggestive of bladder dysfunction, 
underwent a urodynamic study. Children with normal 
urodynamic parameters were excluded from the study, 
while those with abnormal urodynamic findings 
were randomised into three groups with the use of 
online random number generators (URL: http://www. 
randomizer. org/form.htm) and were assigned to receive 
intervention as per the group as follows:
•	 Group A‑Anticholinergic medication + Placebo 

TENS
•	 Group B‑TENS + Placebo Anticholinergic medication
•	 Group C‑Combination of TENS and Anticholinergic 

medication.

All the patients were blinded to their group of allocation. 
Parents were also asked to maintain a voiding diary for 
3 days in week to analyses their voiding pattern before 
start of the therapy and until 1 month after completion. 
The Visual Analog Scale score used to evaluate results 
of the therapy by the parents with 0 meaning “no 
improvement in voiding” and 10 meaning “the complete 
resolution of symptoms.” The intervention period for 
each group consisted of 16 weeks. In addition, two more 
visits were made by the patient; at the start of the study 
and at 1‑month follow up in the outpatient clinic.

The urodynamics study (UDS) was performed at first 
visit for selection of the patients and 1 month after the 
last treatment session. It was performed on the Medical 
Measurements System B. V (Netherlands) machine and 
included assessment of cystometric parameters bladder 
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compliance, expected bladder capacity (EBC), detrusor 
pressure at maximum cystometric capacity and the leak 
point pressure. Cystometry was done via a 6Fr double 
lumen catheter introduced into bladder via the urethra. 
The bladder was filled at a slow rate of 5 ml/min 
and gradually increased up to 10 ml/min (10% of the 
EBC for age). EBC was calculated with the formula 
([age (years) +2] × 30).

The TENS therapy was given by placing the electrodes 
on the skin at parasacral region on either side of the spine 
at S2/3 level [Figure 1]. The patients receiving placebo 
TENS (Group‑A) received no electrical stimulation, 
however the electrodes were attached at the same 
place. The accuracy of the position of the electrodes 
was assessed by the perception of paraesthesia on the 
pathway of the nerve roots. A 5–20‑Hz (low) frequency 
with a 200 s (microseconds) continuous stimulation for 
a minimum 30 min in each cycle, was applied every 
week for 12 weeks. The children were asked to indicate 
the tolerable intensity from 5 mA onwards up to a 
maximum of 30 mA.

The statistical analysis was done using SPSS version 20 
IBM SPSS Version 20 (IBM Corp., Armonk, N.Y., 
USA). Quantitative variables were determined using 
measures of central location (mean) and measures of 
dispersion like standard deviation and standard error 
using Student’s t‑test for comparison of groups. For 
multiple comparisons amongst the groups and within 
a group, ANOVA was used while a P < 0.05 was 
considered significant.

results

A total of 65 patients of lumbosacral meningomyelocele 
(MMC) who had undergone excision were examined. 
Out of 65 patients, 25 were excluded from the study 
on the basis of urodynamic assessment; flaccid/areflexic 

bladder with continuous dribbling of urine, (13) not 
co‑operative enough for urodynamic study/TENS(3) and 
high grade bilateral VUR.(1) Four patients did not turn 
up for the follow up after the initial urodynamic study. 
Another three patients were lost to follow up after few 
weeks of TENS therapy (2 from Group A and 1 from 
the Group B). Another one patient had features of 
myogenic failure, whose bladder capacity was more than 
150% of the expected. Remainder of the 40 patients 
with abnormal urodynamics were randomized into three 
groups (A, B and C).

The patients included in the study had urinary incontinence 
(40, (100%)), increased frequency of micturition 
(18,(45%)) straining at micturition (9, (21.4%)), urgency 
(9,(22.5%)) and hesitancy (12,(30%)). Most of the patients 
were having more than one symptom at presentation. 
Out of 40 patients, 17 (42.5%) had neurological deficit 
in one or both lower limbs and hydrocephalus was seen 
in 14 (35%) patients. Faecal incontinence was seen in 
11 (27.5%) patients. The demographic parameters were 
comparable among all the groups [Table 1].

All the patients included in study had normal renal 
function tests. Among 40 patients, 2 were having 
hydronephrosis before therapy and no change was seen 
after completion of the therapy. Twenty three (57.5%) 
patients were having thickened bladder prior to start 
of the therapy and it was present in 19 (47%) patients 
after treatment. Twenty‑two patients showed significant 
postvoid residue (PVR) on RBUS and only 14 patients 
had significant PVR after completion of the treatment. 
Eleven patients had normal VCUG whereas 13 children 
showed features of trabeculated bladder and another 9 had 
a small capacity bladder. One patient in Group A and two 
patients in Group C showed a trabeculated bladder with 
VUR. DMSA scan showed scars in 2 out of 19 patients.

The voiding diary charts were analysed for wet 
episodes (urine leak) per day and wet days per week. In 

Table 1: Demographic data
Group A 
(n=10)

Group B 
(n=14)

Group C 
(n=16)

P

Age 6.7±2.0 6.14±2.1 6.18±2.4 0.495
Sex (male: female) 5:5 11:3 12:4 0.275
Urinary incontinence 10 14 16 0.21
Urgency 1 3 5 0.55
Straining 3 2 3 0.812
Hesitancy 1 4 5 0.07
On CIC therapy 3 5 5 0.72
Fecal incontinence 2 4 4 0.817
Lower limb weakness 4 6 6 0.821
Hydrocephalus 3 5 6 0.614
CIC: Clean intermittent catherizationFigure 1: Parasacral transcutaneous electrical nerve stimulation
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Group A mean wet episodes per day prior to therapy were 
10.4 (range 10–14) which decreased to 9.6 (range 7–10) 
after therapy (P = 0.121), however in Group B, the 
wet episodes decreased from 12 to 9.4 episodes per 
day (P = 0.01). In Group C, the mean wet episodes were 
12.6 (range 10–16) before therapy which decreased to 
8.2 (range 6–10) after the therapy and the difference 
was highly statistically significant (P = 0.001). The 
wet days per week were in 6.4 days (mean) prior to 
therapy and 5.7 days after completion of the therapy. 
The Group B had similar findings and the difference 
in both the groups was statistically insignificant. 
However, in Group C, the mean wet days were 
6.5 days/week before therapy which decreased to 
4.37 days/week (2–7 days) (P = 0.001) [Table 2].

On assessing UDS parameters, overall maximum 
detrusor pressure value (Pdet max) before intervention 
was 57 ± 14 which decreased to 30 ± 12 cm of H2O 
after intervention. In group A, the mean Pdet max was 
57 ± 21. cm which decreased 48 ± 16 cm of H2O after 
the therapy. In Group A, Pdet max of two patients 
was above 80 cmH20, although it decreased but never 
reached the normal rage. In Group B, the mean Pdet max 
was 48.5 ± 6.9 and 38.4 ± 12 cm of H2O respectively, 
before and after the intervention. In Group C, the mean 
Pdet max reduced from 56.6 ± 11 cm to 30 ± 6.7 cm 
of H2O, which was significant when compared to the 
pressure reduction in other two groups. The compliance 
was calculated from the cystometry curve using linear 
regression method. Overall, 62.5% (25) of the patients 
had poor compliance (<10 cm H2O) before therapy, 

which decreased to 20% after the therapy. In Group C, 
the maximum improvement was seen and the compliance 
improved from 9.4 to 14.5 cmH2O (P = 0.02). Out of 
40 patients, 9 (22.5%) showed features of detrusor 
instability. Group A had one patient with detrusor 
instability at initial UDS, which became normal 
posttreatment. While Group B had 3 (21.4%) patients, 
out of which 2 showed improvement post therapy, while 
one patient continued to have symptoms. In Group C, 
5 (31%) patients with incontinence and urgency had 
detrusor instability on UDS and all the five patients 
showed resolution after the completion of the treatment.

Overall, the mean bladder capacity of these patients 
was 162 ml (65% of EBC) which improved to 201 ml 
(80% of EBC) after the treatment. In Group A, the mean 
bladder capacity was 167.8 ml (65% of EBC) prior to 
therapy, while after the therapy, mean bladder capacity 
improved to 189 ml (74% of EBC). In Group B, the 
mean bladder capacity was 151 (62% of EBC) and 
160 ml (75% of EBC) respectively before and after 
therapy. Mean bladder capacity in Group C before 
treatment was 169 ml (68% of EBC) and it increased 
to 217 ml (88% of EBC) after completion of the 
treatment (P = 0.001). PVR was calculated in patients 
after voiding via a clean catheter. In Group A, the PVR 
slightly increased from 44 to 47.9 ml (mean) (P = 0.6) 
while in Group B PVR decreased 49–39 ml (P = 0.7) 
from the decrease in PVR was maximum in 
Group C (77–41 ml) (P = 0.01) [Table 3].

In multi comparison analysis, Group C showed better 
results for wet episodes/day, wet days/week, detrusor 
pressure, PVR and detrusor instability as compared 
Group A and B. whereas for bladder capacity and 
compliance, Group C showed significant improvement 
as compared to Group A, but not so in relation to 
Group B [Table 4].

dIscussIon

MMC is the most common cause of paediatric NB and 
lower limb weakness in children. Urological dysfunction 
is seen in more than 90% of children with MMC 
depending upon the level of the lesion and the extent 
of involvement of spinal cord. The primary goals in the 
management of paediatric NB are to normalize vesical 
pressure, preserve renal function and achieve social 
continence.[8] The main stay of management of NB 
continues to be clean intermittent catheterization (CIC) 
with or without anti‑cholinergic medications.

TENS is nonpharmacological modality modulating 
the pelvic nerves. Urinary bladder is supplied by the 
sympathetic hypogastric plexus, which when stimulated, 
relaxes the detrusor muscle, inhibiting urinary voiding. 

Table 2: Voiding diary parameters
Voiding diary Group (n) Mean±SD P
Wet episodes/day A (10)

Baseline 10.4±2 0.121
Post 9.6±1.5

B (14)
Baseline 12.0±2.2 0.010
Post 9.4±1.6

C (16)
Baseline 12.6±2.1 0.0001
Post 8.2±1.8

Wet days/week A (10)
Baseline 6.4±0.9 0.153
Post 5.7±1.5

B (14)
Baseline 6.4±1.0 0.088
Post 5.8±1.0

C (16)
Baseline 6.5±0.6 0.0001
Post 4.3±1.9

SD: Standard deviation
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Opposite effect is observed on stimulation of pelvic 
parasympathetic plexus. At the spinal as well as 
supraspinal level, pudendal nerve innervation of the 
pelvic floor is quite complex involving various pathways 
and interactions.[6] Posterior tibial is a mixed nerve 
containing fibres from L5‑S3 segments, originating 
from the same spinal segments as the parasympathetic 
innervations to the bladder (S2‑S4).

TENS is a noninvasive method which is without any 
major adverse effects. However, mechanism of action 
of TENS is not clearly known. Recently Netto et al. 
studied action of parasacral transcutaneous electro 
neural stimulation (p TENS) on central nervous system 

via magnetic resonance image connectivity analysis 
which showed anterior cingulate cortex (ACC) is a 
major site of activation during pTENS and there is 
an increased connectivity between ACC and dorsal 
lateral prefrontal cortex (DLPFC). This connection 
between these sites may allow for proper balancing of 
the sympathetic (ACC) and parasympathetic (DLPFC) 
stimulus to the bladder.[9]

There is lack of data regarding use of TENS in 
children especially, so in NB secondary to SB. In our 
study, gender distribution and the location of defects, 
presentation and spectrum of urological dysfunction 
was similar to that reported in the literature.[10,11] On 
analysing the voiding diary, our study showed that the 
wet episodes/day decreased with treatment in all the 
groups. While improved results were seen in TENS 
monotherapy (Group B) but significant results were 
seen only in patients undergoing combination therapy of 
TENS with oxybutynin (Group C). Similar significant 
results were seen for wet‑days per week in the 
combination group. Recently Borch et al. concluded that 
TENS, when combined with oxybutynin in children with 
urge incontinence, was superior compared to both TENS 
and oxybutynin used as monotherapy.[5]

Table 3: Urodynamic parameters before and after the 
therapy

Urodynamic parameters Groups (n) Mean±SD P
Pdet max (H2O) A (10)

Baseline 57.0±21 0.032
Post 48.8±16

B (14)
Baseline 48.5±6.9 0.014
Post 38.4±12

C (16)
Baseline 56.6±11 0.0001
Post 30.0±6.7

Bladder capacity (ml) A (10), EBC=255
Baseline 167.8±38 0.01
Post 189.5±43

B (14), EBC=240
Baseline 151.7±50 0.61
Post 160.0±43

C (16), EBC=245
Baseline 169.4±30 0.001
Post 217.0±38

Compliance A (10)
Baseline 9.0±3.6 0.1
Post 10.2±3.8

B (14)
Baseline 8.7±3.5 0.06
Post 12.5±4.5

C (16)
Baseline 9.38±5.4 0.02
Post 14.5±5.8

PVR (ml) A (10)
Baseline 44.2±15 0.605
Post 47.9±13

B (14)
Baseline 49.5±23 0.70
Post 39.5±22

C (16)
Baseline 77.5±33 0.01
Post 41.4±38

SD: Standard deviation, PVR: Postvoid residue, EBC: Expected 
bladder capacity, Pdet max: Maximum detrusor pressure

Table 4: Multiple comparison analysis between the 
groups

Multiple comparisons
Dependent variable Mean difference (I‑J) SE P
Wet days/week

A
B 0.12857 0.60869 0.834
C −1.48750 0.59262 0.017

B
C −1.61607 0.53801 0.005

Bladder capacity
A

B −12.65714 8.33629 0.137
C −25.92500 8.11630 0.003

B
C −13.26786 7.36831 0.080

Compliance
A

B −7.07143 1.72511 0.001
C −8.99375 1.67958 0.001

B
C −1.92232 1.52479 0.215

P det (max)
A

B −7.87143 4.04317 0.059
C −18.42500 3.93647 0.001

B
C −10.55357 3.57369 0.05

Pdet max: Maximum detrusor pressure, SE: Standard error
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In our study, a reduction in the bladder capacity <80% 
of the EBC, compliance <10 ml/cm H20, peak detrusor 
pressures >40 cm of H2O were considered as abnormal 
urodynamic parameters and such bladders were termed 
as NBs. In our patients 11%, 13% and 20% improvement 
in mean bladder capacity was seen in Group A, B and C 
respectively. Borch et al. noticed a rise of 11% in the 
mean voided volume in over active bladder patients, 
while Borch et al. concluded that therapy with TENS 
had no effect on bladder capacity when evaluated with 
maximal voided volume or average voided volume in 
urge incontinence patients.[5,12]

All the three groups (A, B, and C) showed a decrease 
in the Pdet max, but the combination therapy (Group C) 
showed better results as compared to either, the Group A 
or B. Although, the PVR increased post therapy (mean 
44–47.9 ml) in Group A which may be due to the effect 
of anticholinergic agents on the detrusor muscle but in 
Group C, it showed a significant decrease. Borch et al. 
also found a synergistic effect of combining TENS to 
oxybutynin. On comparative analysis, we noticed that 
the Group C patients had fared better with detrusor 
instability and high PVR as compared to the patients in 
Group A and B.

TENS therapy being simple and noncomplex, can be 
easily applied at home. However, most of our patients 
were from poor socioeconomic background and preferred 
to visit hospital for therapy. There are no fixed protocol 
or schedules for usage of TENS therapy in pediatric 
age group in terms of site, intensity, and duration. 
Barroso et al. concluded based on parental perception, 
parasacral TENS is more successful than posterior 
tibial nerve stimulation.[12] A few studies showed better 
outcomes with daily or thrice weekly TENS therapy 
but we followed once weekly therapy due to limited 
resources and patient preferences. De Paula et al. in 
their study concluded that once a week parasacral TENS 
significantly decreased the urgency in overactive bladder 
patients.[13] A standard dosing schedules for TENS may 
become available in future.

Electrical nerve stimulation has already proven its 
benefits in patients of spinal cord injury, by promoting 
recovery of neural connectivity within the damaged 
spinal cord via the afferent pathways commencing in 
the periphery and ending at the cortical regions of the 
brain. The transcutaneous spinal cord stimulation causes 
excitation of the spinal nerve dorsal roots that in turn 
transmit action potentials along the internuncial neurons 
within the spinal cord. The excitation propagates via the 
anterior horn along the total area of stimulation, thereby 
causing multi‑segmental excitation of motor nerve 
fibers, leading to spontaneous muscle contraction. It can 

be postulated that a similar mechanism may work in the 
operated cases of SB with NB, by stimulating S1‑S3 
segment for excitation of detrusor muscle.[14]

We noticed flushing sweating and constipation in 
a few patients, who were taking anti‑cholinergic 
medications; however, none of them discontinued the 
treatment and all could be managed medically. None 
of the patients who underwent TENS therapy had any 
side effects.

conclusIons

TENS is a noninvasive, nonpharmacological therapy 
which improves voiding and urodynamic parameters in 
NB secondary to SB. TENS therapy when combined 
with anticholinergic agents had a better outcome when 
compared to the monotherapy with either of them.
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ABSTRACT

Background: The etiology of the nonsyndromic cleft lip and palate is multifactorial and not clearly defined.

Objective: To determine whether maternal stress could be a causal factor for the occurrence of nonsyndromic cleft lip and palate.

Materials and Methods: We conducted a retrospective observational study in which data from 50 mothers of children born with nonsyndromic 

cleft lip and palate and 50 mothers of noncleft children were analyzed. The outcomes defined were to study the association between the 

increased stress scores and the occurrence of nonsyndromic cleft lip and/or palate. Statistical analysis was performed using the Chi-square test.

Results: The association between the high maternal stress scores and the occurrence of nonsyndromic cleft lip and/or palate was not found 

to be significant (P = 0.3220). A significant association was noted between increased maternal age and increased stress levels in the cleft 

group (P = 0.0001).

Conclusion: No significant association was found between the increased stress scores and the occurrence of nonsyndromic cleft lip and/or 

palate. However, mothers of cleft children whose age was 35 years and above at the time of conception were noted to have higher stress levels.

Keywords: Cleft lip, cleft palate, maternal stress

INTRODUCTION

“Finding the cause is as equally important as the treatment.” 

The etiology of the nonsyndromic cleft lip and palate is 

multifactorial and not clearly defined to date. Various 

genetic, environmental, socioeconomical, and maternal 

health factors are considered responsible for the occurrence 

of nonsyndromic cleft lip and/or palate. Maternal stress is 

considered one of the etiological factors for the nonsyndromic 

cleft lip and/or palate. Elevated stress in pregnant mothers 

leading to increased cortisol levels and cytokine production 

is thought to play an important role in the alteration of the 

fetal blood flow. This eventually leads to oxidative damage 

at the cellular level and results in genetic alteration in the 

developing fetus.[1]

Previous studies based on the association between maternal 

stress and the occurrence of nonsyndromic cleft lip and/or 

palate have been inconclusive. Some of them have supported 

the role of maternal stress as a contributory factor, while some 

have denied it.[2‑7] We conducted this study with the objective 

of determining whether maternal stress could be a causal 

factor for the occurrence of nonsyndromic cleft lip and palate.

MATERIALS AND METHODS

We conducted a retrospective observational study over the 

period of 6 months, July 2018 to January 2019 at our tertiary 

care hospital. The data pertaining to the stress perceived 

during pregnancy were collected retrospectively from 50 

Could maternal stress be a causal factor for nonsyndromic 

cleft lip and/or palate: A retrospective study
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mothers of children born with nonsyndromic cleft lip and/or 

palate coming to our cleft outpatient department for follow‑up 

and similarly data from 50 mothers of children born with cleft 

lip and/or palate from the pediatric outpatient department.

Data collection

The inclusion criteria were as follows:

• Mothers of children <3 years old

• Mothers who agreed to give consent for the study.

The exclusion criteria are as follows:

• Mothers of children born with syndromic cleft lip and/

or palate

• Mothers suffering from previous psychological conditions

• Mothers of children >3 years old.

The data were collected using the perceived stress scale 

tool,[8] which consists of ten questions with five options to 

select the response from. The responses are never, almost 

never, sometimes, fairly often, and very often, rated between 

0 and 4. The total score ranges between 0 and 40, scores <13 

indicate low stress, scores between 13 and 26 indicate 

moderate stress, while scores >26 indicate high perceived 

stress. The perceived stress scale is a classic stress assessment 

instrument and was selected for the assessment after taking 

opinions from psychiatry consultants of our institution.

Data documentation

The filled questionnaires were reviewed by two reviewers 

independently, and disagreements were discussed among 

all reviewers and resolved via a consensus. Subsequently, 

the data were collected and tabulated using Microsoft Excel.

The study was informed and documented to the Institutional 

ethical committee but did not require ethical approval as 

this was an observational study and did not involve any 

intervention. The consent was obtained from the patients 

for their data collection. The nature of the study and the 

outcomes were explained to the patients. It was clearly 

explained to the participants that the data would be published 

only after removing the identification details and the data 

would be used for educational and research purposes.

Outcomes

The primary outcomes defined were to study the association of 

maternal stress with the occurrence of cleft lip and/or palate. 

The defined secondary outcome was to study the distribution 

of the levels of low, moderate, and high stress in both groups.

Statistical analysis

All outcomes were performed using the Chi‑square test. The 

P < 0.05 was considered statistically significant.

RESULTS

Demographic characteristics

We analyzed data from a total of 100 mothers, 50 of 

children born with nonsyndromic cleft lip and/or palate, 

and 50 from children born without cleft lip and/or palate. 

Both groups were comparable in terms of maternal age and 

level of education. The mean age of the mothers in the cleft 

group was 28.14 years and that of the noncleft group was 

29.34 years. The level of education of mothers of both groups 

is described in Figure 1.

Mean maternal stress scores

The mean stress scores in mothers of nonsyndromic 

cleft children were higher than those of mothers of 

noncleft children (17.58 ± 9.19 in the cleft group versus 

15.52 ± 8.33) [Figure 2].

Distribution of stress levels

A significantly different distribution of stress levels was 

observed between the mothers of nonsyndromic cleft 

children and mothers of noncleft children. In the cleft group, 

22% had high‑stress scores, while 14% had high‑stress scores 

in the noncleft group [Figure 3].

Statistical analysis

Association between maternal stress scores and the 

occurrence of cleft lip and/or palate

The association between the high maternal stress scores 

and the occurrence of nonsyndromic cleft lip and/or 

palate was not found to be significant (P = 0.3220, 

Chi‑square = 2.2313).

Association between increased maternal age and 

increased stress levels

A significant association was noted between increased maternal 

age and increased stress levels in the cleft group (P = 0.0001, 

Chi‑square = 54.8230) [Table 1 and Figure 4].

Figure 1: Level of education of the mothers
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In the noncleft group, the association between increased 

maternal age and increased stress levels was not significant 

(P = 0.3001, Chi‑square 7.230) [Table 2 and Figure 5].

To conclude, our study showed that the levels of stress 

were significantly associated with increased maternal age in 

mothers of nonsyndromic cleft children.

DISCUSSION

Increased maternal stress levels were thought to be the 

etiological factor for nonsyndromic cleft lip and/or palate 

by altering the fetal blood flow. Stressful life events elevate 

the maternal corticotrophin‑releasing hormone and thus, 

the corticosteroid levels. Corticosteroids are proved to be 

teratogenic in animal models for various organ systems, neural 

tube defects. Furthermore, women who took corticosteroid 

medications during the first trimester of pregnancy were 

noted to have an increased risk of oral clefts.[9] In low levels 

of stress or stress over a short duration, the physiology can 

still return to normal. It is the continuous high level of stress 

which possibly leads to abnormal development of cells.[10]

Figure 2: Comparison of the mean perceived stress scores between the 

two groups Figure 3: Distribution of stress levels within the groups

Figure 4: Association between age groups of mothers with stress levels in 
mothers of children born with cleft lip and/or palate

Figure 5: Association between age groups of mothers with stress levels in 
mothers of noncleft children

Table 2: Association between increased maternal age with 

increased stress levels in mothers of non-cleft children

Stress levels Mild Moderate Severe Total number 

of patients

Age of the mothers 

of non-cleft children

20-24 yrs 7 3 0 10

25-29 yrs 12 3 1 16

30-34 yrs 7 6 4 17

>=35 yrs 3 2 2 7

Total 29 14 7 50

Chi-square=7.230, P=0.3001

Table 1: Association between increased maternal age with 

increased stress levels in the mothers of cleft children

Stress levels Mild Moderate Severe Total number 

of patients

Age of the mothers 

of cleft children

20-24 yrs 16 0 0 16

25-29 yrs 4 14 2 20

30-34 yrs 0 5 5 10

>=35 yrs 0 0 4 4

Total 20 19 11 50

Chi-square=54.8230, *P=0.0001

[Downloaded free from http://www.njms.in on Monday, August 22, 2022, IP: 250.214.162.245]



Mahapure and Powar: Could maternal stress be a causal factor for nonsyndromic cleft lip and/or palate: A retrospective study

S39National Journal of Maxillofacial Surgery / Volume 13 / Supplement Issue 1 / 2022

Several previous studies have assessed the association 

between various maternal factors and their association 

with the occurrence of nonsyndromic cleft lip and/or palate. 

Poradowska and Jaworska concluded in their study that 47.1% 

of mothers “were severely disturbed with depression and 

anxiety states.[2] The incidence of clefts in 2003–2005 doubled 

than 1996–1998 in Basrah due to increased stress levels 

among the population, poor access to adequate nutrition, 

and environmental toxins, as stated by Fathallah.[3] A study 

by Czeizel and Nagy supported the association between 

cleft palate and stress during the second trimester but no 

association for cleft lip,[4] while Saxén concluded that both 

cleft palate and cleft lip are associated with stress during the 

second and third trimesters.[5] The study done by Montenegro 

in Chile observed that there was an increased incidence of 

facial clefts in infants who were at the appropriate period 

during a major Earthquake in Chile, indicating the role 

of increased stress levels in the etiology of cleft lip and/

or palate.[6] Surprisingly, Fracer F. C did not observe any 

association of emotional stress during pregnancy with cleft 

lip or palate.[7]

The association between the increased maternal age 

was supported by Bille et al.,[11] Canela et al.[12] and Lebby 

et al.[13] A study by Luo et al. reported that maternal age 

was significantly associated with congenital heart diseases, 

polydactyly, and cleft lip and/or palate relevant pregnancy,[14] 

while Shaw et al. mentioned women older than 39 years had 

twice the risk than mothers between 25 and 29 years.[15] The 

studies which denied the role of increased maternal age as 

an etiological factor for cleft lip and/or palate are by Vieira 

et al.[16] and Robert et al.[17]

In this study, the mean stress scores in mothers of nonsyndromic 

cleft children were higher than those of mothers of noncleft 

children. The mean maternal stress score in the cleft group 

was 17.58 ± 9.19, while the mean maternal stress score in 

the noncleft group was 15.52 ± 8.33. A significantly different 

distribution of stress levels was observed in both groups. In 

the cleft group, 40% of the participants had low‑stress scores, 

38% had moderate‑stress scores, and 22% had high‑stress 

scores. In the noncleft group, 58% of participants had 

low‑stress scores, 28% had moderate stress scores, and 14% 

had high‑stress scores. As per our analysis, the association 

between the high maternal stress scores and the occurrence 

of nonsyndromic cleft lip and/or palate was not found to be 

significant, (P = 0.3220, Chi‑square = 2.2313).

A significant association was noted between increased maternal 

age and increased stress levels in the cleft group (P = 0.0001, 

Chi‑square = 54.8230) [Table 1 and Figure 4]. High‑stress scores 

were found to be 0% in the age group of 20–24 years, 10% in 

25–29 years age group, 50% in the 30–34 years age group, 

while 100% in the 35–39 years age group. Out of 50, a total of 

11 participants had high‑stress scores. In the noncleft group, 

the association between increased maternal age and increased 

stress levels was not significant (P = 0.3001, Chi‑square 7.230). 

High‑stress scores were found to be 0% in the age group of 

20–24 years, 6.06% in the 25–29 years age group, 23.53% in 

the 30–34 years age group, while 28.57% in the 35–39 years 

age group. Out of 50 participants, only 7 had high‑stress 

scores [Table 2 and Figure 5].

The strength of our study lies in the fact that it elaborates 

and enlightens a very important and significant factor in 

the etiology of the nonsyndromic cleft lip and/or palate. 

However, it is not without any limitations. The main limitation 

of our study is the quantitative levels of the stress were 

measured, which relies purely on individual response and 

is mainly determined by the coping skill of the participant. 

Another limitation of this study is retrospective design. The 

data about the stress perceived during a prior period, i.e., 

during pregnancy collected retrospectively, may involve 

some amount of recall bias, which is difficult to avoid in such 

studies. Studies with an increased number of participants are 

needed to further confirm our results.

CONCLUSION

As per our analysis, no significant association was found 

between the increased stress scores and the occurrence 

of nonsyndromic cleft lip and/or palate. However, mothers 

of cleft children whose age was 35 years and above at the 

time of conception were noted to have higher stress levels. 

Increased maternal age associated with higher stress levels, 

in turn, increases the risk of nonsyndromic cleft lip and/or 

palate in the fetus.
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1. Introduction 
Forensic anthropology is a rapidly 

evolving discipline, with numerous 
applications in biological anthropology, 
archaeology and in medico-legal issues. In 
Forensic practice the science is helpful to 

determine whether the recovered article is bone 
or not, species, time since death estimation, age 
estimation, sex, stature, taphonomy etc.1 In 
recent years forensic anthropology has 
reinforced its application firmly. 
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Introduction: Human remains identification is a paramount task 
for any investigator in a forensic investigation. The present paper 
focuses on relationship between the palm length and stature in the 
South Indian student population and regression formulae to 
estimate the stature from this measurement have been devised. 
These findings would be a valuable tool for the anthropologists in 
general and forensic experts in specific for estimation of stature. 
Objectives: To derive regression equations that can be applied for 
estimation of stature of South Indian population using the palm 
length. Material and Methods: Palm length and height were 
measured from 200 students (100 males & 100 females) aged 
between 18 to 25 years belonging to south Indian population. 
Measurements of palm length of males and females were taken by 
using a Vernier callipers and the height was recorded using 
Anthropometer rod. Pearson's correlation co-efficient was 
calculated and its significance was tested at a p-value of less than 
0.05. Results The mean stature of males and females were 173.8 
and 159.1 cm respectively. Mean palm length of right and left sides 
for males was same (11.3 cm) whereas in females was 10.1 cm and 
10.3 cm respectively. Linear regression equations for estimation of 
stature in males and females and  palm length showed a significant 
correlation with the stature in males and females. The right-palm 
length in both sexes appears to be the better predictor of stature. 
Conclusions It is better to use the combined regression equations 
than the specific gender-based equations. 
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In medicolegal point of view the contribution 
of forensic anthropometry in trauma analysis is 
considered as a huge endowment.1 Estimation of 
stature guides in identification of individuals. Human 
remains identification is a paramount task for any 
investigator in a forensic investigation. Geographical, 
ethnic, genetic, dietary and other variations demand 
population specific regression models.2 Studies have 
shown that length of long bones, fragmentary bones, 
spine, foot dimensions, metacarpal and metatarsal 
lengths, skull, and scapula can be used for stature 
estimation in identification of an individual. In natural 
calamities, bomb blasts or any other mass disasters 
extremities are easily found and can be used in 
stature estimation and hence establishing individual 
identity.3  

The present paper focuses mainly on 
relationship between the palm length and stature in 
the south Indian student population, wherein an 
attempt has been made to develop regression 
formulae to estimate the stature from this 
measurement. These findings would be a valuable 
tool for the anthropologists in general and forensic 
experts in specific for estimation of stature.  
Aims and objectives 

To derive regression equations that can be 
applied for estimation of stature of south Indian 
population using the palm length. 
2. Material and Methods 

The study was conducted in the department 
of Forensic Medicine and Toxicology at JNMC, 
Belgaum, Karnataka state, India. In this study length 
of palm length and height were measured from 200 
students (100 males & 100 females) aged between 18 
to 25 years belonging to south Indian population. 
Non-resident Indians and subjects from northern, 
western and eastern India were excluded from the 
study. Subjects with Skeletal abnormalities and 
connective tissue diseases, which may be congenital 
or acquired, were also excluded. Informed written 
consent was obtained prior to recording the 
measurements.  

Anthropometric measurements and 
Techniques: Measurements of palm length of males 
and females were taken by using a Vernier calipers 
and the height was recorded using Anthropometer 
rod. Stature was measured as vertical distance from 
the vertex to the floor. Measurement was recorded 
by making the subject to stand erect on a horizontal 
resisting plane, bare footed with shoulder blocks and 
buttocks touching the wall. Palms were turned 
inwards and fingers horizontally pointing downwards. 
Anthropometer was placed in straight vertical 
position in front of the subject with head oriented in 
eye-ear-eye plane (Frankfurt Plane). The movable rod 
of the Anthropometer is brought in contact with 
vertex in the mid sagittal plane. To measure palm 
length the subject was asked to place the hands on a 
flat table, and the distance between the midpoint of 
the proximal crease of middle finger and the distal 
transverse crease of wrist was recoded using a 
Vernier calipers.  
Statistical analysis: The data was analysed using SPSS 
(Statistical Package for social science) version 18.0 to 
calculate descriptive statistics of stature and palm 
length for male and female subjects. For assessing the 
correlation between the stature and palm length, 
Pearson's correlation co-efficient was calculated and 
its significance was tested at a p-value of less than 
0.05. The correlation coefficient was calculated 
separately for both male and female subjects. Linear 
regression models were derived for stature 
estimation from palm length in males and females 
keeping the stature as dependent variable and palm 
length as an independent variable.  
3. Results 

The mean stature of males and females were 
173.8 and 159.1 cm respectively. Mean stature was 
significantly more in males than females. Mean palm 
length of right and left sides for males was same (11.3 
cm) whereas in females was 10.1 cm and 10.3 cm 
respectively. Palm length was more in males than 
females in both the hands. Descriptive statistics of 
stature, palm length of both hands is depicted in table 
No.1. 

Table1. Descriptive statistics of stature, palm of both sexes. 

 

Gender Age (Years) Stature (cm) Right palm (cm) Left palm(cm) 
Female  19.8+/- 0.83 159.1+/-5.77 10.1+/-0.55 10.3+/-1.39 
Male  21.5+/-4.11 173.8+/-5.95 11.3+/-0.68 11.3+/-0.74 

combined 20.6+/-3.07 166.5+/-9.41 10.7+/-0.86 10.8+/-1.21 
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Statistically significant correlation was observed 
between stature and palm length of both hands. 
Pearson correlation (r) for stature and palm lengths 
was higher in right palm than left palm as shown in 
table No.2. Linear regression equations for 
estimation of stature in males and females are shown 
in table No.3. The palm length showed a significant 
correlation with the stature in males and females. 

Table 2:  Pearson’s Correlation coefficient of palm length 
with height. 

Variable R P 
Right Palm 0.747           0.00 
Left Palm 0.519            0.00 

The right-palm length in both sexes appears to be the 
better predictor of stature. 

Table 3: Regression equations for estimation of stature from length of palm. 
Gender Variable Equation (St = a + bx) r r2 SE t for b p 
Combined Right (Rt.) Palm St = 78.92+8.142 x Rt. Palm 0.797 0.558 6.289 11.128    0.000 

Left (Lt.) Palm St = 122.943+4.013 x Lt. Palm 0.519 0.269 8.089 6.009   0.000 
Female Right Palm St = 94.414+5.980 x Rt. Palm  0.572 0.327 4.785 4.834 0.000 

Left Palm St = 145.618+1.307 x Lt. Palm 0.315 0.009 5.537 2.299 0.026 
Male Right Palm St = 138.505+3113 x Rt. Palm 0.359 0.129 5.612 2.663 0.001 

Left Palm St = 132.265+3.664 x Lt. Palm 0.458 0.210 5.341 3.569 0.001 
 
5. Discussion 

Anatomical method of estimation of stature 
of an individual is considered best in skeletal remains 
and cadaver stature estimation. If mutilated or parts 
of the bodies are produced, like most common in 
forensic examination then the expert’s choice has to 
be mathematical method for estimation of stature 
and mathematical method has the advantage to 
estimate stature when body parts are produced, 
disadvantages are due to a vast variation in 
population ethnicity the attainment of accuracy is in 
subpar level.4 It is well known to the forensic experts 
that climate, genetic, racial and nutritional factors 
play a vital role in body built of an individual. Our 
main objective of the study was to develop regression 
equations for estimating stature in Indian student 
population based at Belagavi, India and consequently 
we have developed a set of usable equations. In the 
present study, a total of 100 subjects were studied for 
estimation of stature from hand length in both the 
sexes. Average stature seen in our study is 159.1 cm 
in females and 173.8 cm in males, males being taller 
than females. These findings correlate with that of 
observations made by other studies involving 
stature.5,6,7,8    

In this study we found that right-palm length 
was longer than the left palm in females and it was 
same in males. Generally, this is due to the fact that 
dominant palm has larger dimension than the non-
dominant hand.3 Our findings in males are in par with 
findings of a study conducted by Krishan and Sharma 
where it was found that length of the right and left 
palm didn’t show any marked difference.9 In another 

study by, Bhatnagar et al. it was found that length and 
breadth of both right and left palm showed no 
significant difference.10 Our study demonstrated that 
length of female palms are shorter than the males 
which is in accordance to observations made in a 
study on Nigerian population wherein it was found 
that the length of the female hands are shorter than 
male but the breadth of the palm is wider when 
compared to male.11  

Generally, the puberty is delayed in male by 
two years when compared to females this is the 
reason why the skeletal growth of male is more when 
compared to females it gives extra two years for the 
growth in male.12 In a comparative study between 
three different ethnic females it was found that palm 
length varied significantly among Indians, west 
Europeans and natives of West Indies suggesting 
population based studies are warranted for 
developing regression equations.13 Consequently we 
have developed sets of separate formula in both  
sexes to estimate stature. In our study we have found 
a positive correlation palm length and stature which 
in accordance to other studies.3,8,9  

In a study conducted in north and south 
Indian population, it was found that the length of a 
right palm in male points to a highest correlation with 
stature. The same study stated that comparatively 
female stature estimation is accurate and reliable 
than male with a single dimension of palm in 
unknown person.14 Interestingly our study 
demonstrated that the combined regression 
equations are more reliable than the gender specific 
equations. 
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6. Conclusion  
In present study, length of the palms was 

used to predict the stature of a person. It is better to 
use the combined regression equations than the 
specific gender-based equations. The formulae to 
estimate stature vary according to the genetic and 
environmental factors like climate, nutrition. 
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Background and aims: To determine the suitability of 11 basic statistical models for estimating child-
growth of under-five children and to bring-forth estimated growth curves for mean height & mean
weight by their selected birth-weight categories for Central Region of India.
Methods: The study used fourth round of National Family Health Survey-4 (NFHS-4) data of India,
consisting of 75,645 under-five children, belonging to 3 Indian States e Chhattisgarh, Madhya Pradesh &
Uttar Pradesh. The children of the Regionwere first divided into 4 sub categories according to their birth-
weight: (i) < 2000 gm, (ii) 2000e2499 gm, (iii) 2500e2999 gm (iv) 3000þgm, growth curve for mean
height and mean weight were estimated for two sexes.
Results: The significant association of 7 socio-demographic factors studied, namely e age & sex of child,
birth-order, BMI, mother's highest level of education, place of residence and wealth index. Further, Cubic
Model and Power Model, demonstrated best-fit to height &weight data of under-five children, belonging
to different birth-weight categories, for estimating growth of boys & girls separately. These models
enabled us to estimate mean height and mean weight, with 95% CI, for boys and girls separately by
different birth-weight categories.
Conclusions: Study concluded that 7 socio-demographic factors were significantly associated with birth-
weight. Further, Cubic Model and Power Model were most suitable for estimating child growth in terms
of mean height & mean weight for boys and girls e considering specific birth-weight categories.

© 2022 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Growth is a complex biological process whereby an organism
achieves increase inmass and size. Also, it maturesmorphologically
and functionally until it acquires characteristics of the adult state.
Growth is fundamentally a physiological process that characterizes
childhood [1]. The Paediatric Practice - measuring length and
height, is generally an important and commonly acknowledged
aspect for monitoring child's growth and development [2]. To
analyse variations in the growth pattern and abnormal growth, a
comparison is often made with reference populations. The World
Health Organization (WHO) have published in 2006e2007, Guide-
lines for assessing growth and development of children under the
age of five years, as well as a growth references for school-aged
ology and Biostatistics, KLE
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orge).
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children and adolescents, based on a Multicentre Growth Refer-
ence Study (MGRS) [2]. An article has also compared national
height references to WHO growth standards - using data from the
United Arab Emirates, Peru, Vietnam, Hong Kong, United Kingdom,
and Norway [2].

Nearly 30% of pre-school children in Developing Countries have
stunted growth as a result of local environmental factors, mostly
poor nutrition and illnesses [3]. Because of the rapid rate of growth
and sensitivity to external factors in that age range, growth -
especially during infancy, is considered to be significant. Because
children's growth patterns change over time, it is essential that
growth-references are updated on regular basis. As India is pres-
ently moving through a nutritional shift and therefore, it's critical
to keep-up with the latest growth figures [4]. In India, previously
available growth reference curves were mostly based on data,
gathered by Agrawal et al. in 1989 which were published in 1992 &
1994, and then adopted in 2007 by the Indian Academy of Paediat-
rics for growth monitoring [2]. In 2006, the World Health Organi-
zation issued revised growth standards for children below the age
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of five years [2]. These have been adopted by several nations,
including India as the global unified standards of childhood growth
for children below 5 years of age [2].

Children's growth patterns in India have been influenced by the
country's rapid economic and social transformations, particularly in
urban regions. According to a recent Indian study [5], there is a
trend in the country towards increase in height. In the year 2010,
Indian Government had approved WHO 2006 Growth Guidelines
for measuring the growth of children under the age of five years [5].
In 2019, Synthetic Growth References for Indian children, aged 0e18
years were also provided [6]. Further, for studying child growth,
mathematical growthmodelling is sometimes, considered to be the
useful tool. It entails fitting models to physical growth data in order
to obtain appropriate growth curves that conveniently summarises
important growth information, provided by children's weight and
height measurements, etc.

The objective of the present study is to determine the suitability
of the applied statistical models for estimating the child-growth in
terms of height & weight of under-five children and to bring-forth
estimated growth curves for mean height & mean weight by the
selected birth-weight categories for Central Region of India.

Growth charts - based on anthropometric measurements of
under e 5 children, are of great significance for medical e partic-
ularly child care specialists. By clinicians, such charts are used as an
important tool for monitoring physical health & wellness of chil-
dren. Sometimes, growth charts are used to evaluate if a child is
receiving proper nutrition or otherwise. Clinicians, at times, have
used growth charts in under e 5 children to screen-out their
inadequate growth that could be because of adverse health con-
ditions. In the beginning, main concern of applying growth curves
was mainly for under-nutrition. However in recent decades, as
excessive weight-gain in children below 5 years of age have grad-
ually increased, focus of using these charts have slowly started
shifting to screeneout children for overeweight and obesity also.
2. Material and methods

The data of the fourth round of National Family Health Survey -
4 (NFHS-4) of India were used for the present study. The National
Family Health Survey e 4, a large& thorough Survey of the country,
included data of children, aged 0e59 months along-with their
various demographic & socioeconomic characteristics and anthro-
pometric measurements, such as: birth-weight, their current
weight and height/length. This Survey resulted in anthropometric
data of 2,59,627 children under the age of five years. Out of this, a
total of 75,645 children (39,527 boys and 36,118 girls) belonged to
the Central Region of India. It may be pointed-out here that the
Central Region of India consisted of 3 States, namely e Chhattis-
garh, Madhya Pradesh & Uttar Pradesh.

In the present study, we utilized data for estimating child
growth e using data on weight and height for boys and girls
separately for the Central Region. The children of the Region were
first divided into 4 sub categories according to their birth-weight:
ðiÞ <2000 gm; ðiiÞ 2000� 2499 gm; ðiiiÞ 2500� 2999 gm &
ðivÞ 3000þ gm and then, growth curves for mean height and mean
weight were estimated of the under-5 children for the two sexes,
using 11 basic statistical models given below for the purpose.
2.1. Statistical models applied for the purpose and criteria of the
Model's ‘best fit’

Basic 11 statistical models used for the purpose in our study,
along with their equations, are given below:
2

ðaÞ Linear Model : EðYtÞ¼ b0 þ b1t

ðbÞ Logarithmic Model : EðYtÞ¼ b0 þ b1lnðtÞ

ðcÞ Inverse Model : EðtÞ¼ b0 þ b1=t

ðdÞ Quadratic Model : EðYtÞ¼b0 þ b1t þ b2t
2

ðeÞ Cubic Model : EðYtÞ¼b0 þ b1t þ b2t
2 þ b3t

3

ðf Þ Compound Model : EðYtÞ¼ b0b
t
1

ðgÞ Power Model : EðYtÞ¼ b0t
b1

ðhÞ S Model : EðYtÞ¼ expðb0 þ b1 = tÞ

ðiÞ Growth Model : EðYtÞ¼ expðb0 þb1tÞ

ðjÞ Exponential Model : EðYtÞ¼ b0e
b1t

ðkÞ Logistic Model : EðYtÞ¼
�
1
u
þ bob

t
1

��1

Here, b0; b1; b2; b3 are coefficients, Yt ¼ Observed values; for t ¼
1;2;3;…;n

and EðYtÞ¼ Expected values of Yt

Statistical analysis was performed using Software IBM SPSS 20
and the Excel. All the above 11 models were fitted to the observed
data on height & weight by age (in months) for boys & girls below
the age of 5 years for each of the 4 birth-weight categories in the
Central Region of India. The goodness of the fit of the model was
based on the highest value of R2 the model, out of 11 of the models
used. Applying this criterion, our analysis showed that only two
statistical models - the Cubic Model and the Power Model fitted best
to the data of various birth-weight categories, for estimating
growth of boys and girls, below the age of 5 years, considering two
anthropometric measurements e height & weight by their birth-
weight for the Central Region of India. Results of only two best-fit
models are given in the Results Section.

Here, birth-weight was categorized into 4 groups: <2000 gm,
2000e2499 gm, 2500e2999 gm and 3000 gm þ. In Central Region,
for weight of the boys.

a) At birth-weight <2000 gm,

Filter: Child's Age>0 & birth-weight¼<2000 & Sex of Child¼Male.

b) At birth-weight 2000e2499 gm,

Filter: Child's Age>0 & birth-weight¼2000 e 2499 & Sex of
Child¼Male.

c) At birth-weight 2500e2999 gm,

Filter: Child's Age>0 & birth-weight¼2500e2999 & Sex of Child-
¼Male & child-weight< 30,000 was applied.

d) At birth-weight 3000 gm þ

Filter: Child's Age>0 & birth-weight¼3000þ & Sex of Child¼Male
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& child-weight<60,000 was applied.
For weight of the boys, in ðcÞ & ðdÞ above; filter was applied to

exclude extreme values of more than 30,000& 60,000 respectively.

Similarly, for the weight of the girls

a) At birth-weight <2000 gm,

Filter: Child's Age>0 & birth-weight¼<2000 & Sex of Child-
¼Female & child-weight<30,000 was applied.

b) At birth-weight 2000e2499 gm,

Filter: Child's Age>0 & birth-weight ¼ 2000e2499 & Sex of
Child ¼ Female.

c) At birth-weight 2500e2999 gm,

Filter: Child's Age>0 & birth-weight¼2500e2999 & Sex of Child-
¼Female & child-weight<30,000 was applied.
Table 1
Under-5 children of different birth-weight categories by their socio-demographic charac

Socio-demographic Characteristics Birth-weight (gm)

< 2000 200

u1 % u2

Child Age (Months) Chi-square (df ¼ 12) ¼ 33
< 12 619 4 163
12e23 555 4.4 121
24e35 528 3.8 129
36e47 478 3.3 131
48e59 444 3.2 110

Sex of Child Chi-square (df ¼ 3) ¼ 33.2
Boys 1505 3.8 351
Girls 1556 4.3 350

Birth Order Chi-square (df ¼ 9) ¼ 135
1 1312 5.2 278
2 868 4 203
3 416 3.2 110
4 & above 465 3 109

ðKg=m2Þ BMI Chi-square (df ¼ 9) ¼ 68.0
< 18.5 883 4.5 196
18.5e24.9 1792 3.8 425
25.0e29.9 295 4.3 594
≥ 30 62 3.9 132

Highest Educational Level Chi-square (df ¼ 9) ¼ 141
No Education 966 3.3 233
Primary 519 4.1 122
Secondary 1321 4.8 285
Higher 255 4 607

Respondent's Occupation Chi-square (df ¼ 9) ¼ 15.9
No Occupation 387 4.3 795
Others 55 5.2 80
Agriculture 78 4 171
Don't know 1 1 5

Type of Place of Residence Chi-square (df ¼ 3) ¼ 287
Urban 847 4.9 176
Rural 2214 3.8 525

Wealth Index Chi-square (df ¼ 12) ¼ 78
Poorest 841 3.3 212
Poorer 738 4.1 166
Middle 550 4.3 126
Richer 506 4.9 103
Richest 426 4.7 933

Note: BMI ¼ Body Mass Index, df ¼ Degree of freedom, gm ¼ Gram and m ¼ meter.

3

d) At birth-weight 3000 gm þ

Filter: Child's Age>0 & birth-weight¼3000þ & Sex of Child-
¼Female & child-weight<40,000 was applied.

For weight of the girls also, in ðaÞ, ðcÞ & ðdÞ above; filter was
applied to exclude values of more than 30,000, 30,000 & 40,000
respectively.

3. Results

3.1. Socio-demographic characteristics and Under-5 Children's
birth-weight

Table 1 shows distribution of under-5 children by their birth-
weight categories and socio-demographic characteristics in Cen-
tral Region of India.

Distribution of under-5 children by their age & birth-weight
showed that 3.2%e4.4% children had their birth-weight below
2000 gm; 7.8%e10.6% children had their birth-weight between
2000 and 2499 gm; 18.4%e23.5% children had their birth-weight
between 2500 and 2999 gm and 61.9%e70.6% children had their
birth-weight either 3000 gm or more. Analysis showed that
teristics in Central Region of India: National Family Health Survey e 4 (2015e16).

0e2499 2500e2999 3000þ Total

% u3 % u4 % N

0.567, p ¼ 0.000
4 10.6 3627 23.5 9564 61.9 15444
6 9.6 2806 22.3 8033 63.7 12610
3 9.4 2915 21.2 8992 65.5 13728
3 9.2 2737 19.1 9796 68.4 14324
3 7.8 2591 18.4 9939 70.6 14077
34, p ¼ 0.000
7 8.9 7938 20.1 26567 67.2 39527
1 9.7 7376 20.4 23685 65.6 36118
9.274, p ¼ 0.000
0 10.9 6052 23.8 15265 60.1 25409
9 9.3 4876 22.3 14131 64.5 21914
5 8.6 2372 18.4 9026 69.9 12919
4 7.1 2014 13.1 11830 76.8 15403
93, p ¼ 0.000
1 10 4135 21.1 12593 64.3 19572
5 9 9457 20.1 31515 67 47019

8.7 1286 18.9 4622 68 6797
8.4 327 20.7 1058 67 1579

2.418, p ¼ 0.000
2 8 4325 14.9 21456 73.8 29079
3 9.8 2483 19.8 8285 66.2 12510
6 10.3 6752 24.4 16747 60.5 27676

9.5 1754 27.5 3764 59 6380
46, p ¼ 0.068

8.8 1823 20.3 5994 66.6 8999
7.6 234 22.1 690 65.2 1059
8.8 382 19.6 1318 67.6 1949
4.8 31 29.5 68 64.8 105

.694, p ¼ 0.000
8 10.3 4070 23.7 10521 61.1 17206
0 9 11244 19.2 39731 68 58439
9.226, p ¼ 0.000
0 8.3 4224 16.6 18218 71.7 25403
4 9.1 3602 19.8 12194 67 18198
4 9.9 2654 20.8 8276 64.9 12744
7 10.1 2380 23.1 6362 61.9 10285

10.3 2454 27.2 5202 57.7 9015



Table 2
Models’ summary for height of boys & girls by their birth-weight categories: National Family Health Survey - 4 (2015e16).

Birth e weight (gm) Model R2 Constant d. f. f b1 b2 b3

Regression Residual

Boys
<2000 Cubic 0.811 53.795 3 1235 1771.274 1.739 �0.033 0.0002
2000e2499 Cubic 0.802 54.524 3 3167 4273.421 1.691 �0.03 0.0002
2500e2999 Cubic 0.832 55.124 3 7406 12256.29 1.667 �0.028 0.0002
3000 þ Cubic 0.796 56.014 3 23945 31147.41 1.602 �0.027 0.0002
Girls
<2000 Power 0.817 44.612 1 1324 5891.892 0.186 e e

2000e2499 Cubic 0.811 54.254 3 3193 4558.728 1.555 �0.025 0.0002
2500e2999 Cubic 0.826 53.445 3 6895 10877.75 1.763 �0.033 0.0002
3000 þ Cubic 0.79 55.051 3 21147 26445.01 1.53 �0.024 0.0001

Note: df ¼ Degree of freedom and gm ¼ Gram.

Table 3
Models’ summary for weight (kg) of boys & girls by birth-weight categories: National Family Health Survey e 4 (2015e16).

Birth-weight (gm) Model R2 Constant d. f. f b1

Boys Regression Residual
<2000 Power 0.778 3030.168 1 1237 4323.331 0.364
2000e2499 Power 0.789 3306.981 1 3172 11895.39 0.343
2500e2999 Power 0.811 3485.011 1 7414 31890.88 0.333
3000 þ Power 0.763 3646.12 1 23975 77292.84 0.325
Girls
<2000 Power 0.803 2641.494 1 1325 5394.646 0.389
2000e2499 Power 0.793 3133.014 1 3198 12362.17 0.345
2500e2999 Power 0.816 3202.653 1 6899 30568.71 0.346
3000 þ Power 0.771 336.144 1 21168 71163.55 0.337

Note: df ¼ Degree of freedom and gm ¼ Gram.

Fig. 1(a). National Family Health Survey-4 (Birth-weight <2000 gm): Estimated mean height and mean weight curves for boys of Central Region (India), using Cubic and Power
Models respectively.
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Fig. 1(b). National Family Health Survey-4 (Birth-weight 2000e2499 gm): Estimated mean height and meanweight curves for boys of Central Region (India), using Cubic and Power
Models respectively.
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children born in recent years had their birth-weight relatively
lower than their counterparts. A significant association
ðc2 ¼ 330:57; d:f :¼ 12; p <0:001Þ was observed between age of
the children and their birth-weight. Also, more number of boys
ð67:2%Þ had their birth-weight of 3000 gm or more, than the girls
ð65:6%Þ. Similarly, more number of girls had their birth-weight less
than 3000 gm than boys. Like the age, sex was also found to be
significantly associated ðc2 ¼ 33:23; d:f :¼ 3; p <0:001Þ with the
birth-weight of the under-5 children.

Considering birth order, more children with higher birth order
had birth-weight of 3000 gm & above and consequently, less
number of children with higher birth-order had their birth-weight
less than 3000 gm. Like age & sex, significant association
ðc2 ¼ 1359:27; d:f :¼ 9; p <0:001Þ of birth-order was also
observed with birth-weight of the under-5 children. For Body Mass
Index (BMI), 3.9%e4.5% of under-5 children with different BMI
scores had their birth-weight below 2000 gm; 8.4%e10.1% of the
children had their birth-weight between 2000 gm and 2499 gm;
18.9%e21.1% of the children had their birth-weight between
2500 gm and 2999 gm. In these birth-weight categories, percentage
of children decreased as the BMI score increased. Further, almost
64%e68% of the children belonged to the birth-weight category
3000 gm & above. Also, percentage of children increased with
increasing BMI scores. BMI was also found to be significantly
associated ðc2 ¼ 68:09; d:f :¼ 9; p <0:001Þ with birth-weights of
the under-5 children.

Considering mother's highest education level, 3.3%e4.8% of the
5

under-5 children had their birth-weight below 2000 gm; 8.0%e
10.3% of the children had their birth-weight ranging from 2000 gm
to 2499 gm; 14.9%e27.5% children had their birth-weight between
2500 gm and 2999 gm and 59.0%e73.8% children had their birth-
weight of 3000 gm & above. Further, for children having their
birth-weight below 3000 gm, percentage of children e belonging to
different mother's highest education level categories, decreased as
their education level increased. The situation was just reverse for
children with birth-weight of 3000 gm & more. There was a signif-
icant association

�
c2 ¼ 1412:42; d:f : ¼ 9; p<0:001

�
between chil-

dren's birth-weight and mother's highest level of education.
Furthermore, when mother's occupation was considered vis-�a-vis
under-5 children's birth-weight, analysis showed that mother's
occupation was not significantly associated ðc2 ¼ 15:95; d:f :¼ 9;
p¼ 0:07Þ with the children's birth-weight.

Analysis further revealed that respondent's two factors e place
of residence as well as wealth index also played important role in
the determination of their birth-weight. Findings showed that 4.9%
urban and 3.8% rural under-5 children had their birth-weight below
2000 gm. For birth-weight groups (2000 gm e 2499 gm) and
(2500e2999 gm), percentage of under-5 children was more from
urban area than rural area. However, for the birth-weight group
3000 gm & above, the situation was just reverse. Place of residence
of children was significantly associated
ðc2 ¼ 287:69; d:f :¼ 3; p <0:01Þ with their birth-weight. For the
wealth index also, our analysis revealed almost similar trend. Per-
centage of under-5 children in various wealth index categories



Fig. 1(c). National Family Health Survey-4 (Birth-weight 2500e2999 gm): Estimated mean height and meanweight curves for boys of Central Region (India), using Cubic and Power
Models respectively.
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increased with increase in their wealth status for all the birth-
weight categories below 3000 gm. However, this trend was
reverse for the birth-weight category 3000 gm & above, i.e., per-
centage of children in various wealth index categories decreased
with increase in their wealth status. A significant association
ðc2 ¼ 789:23; d:f :¼ 12; p <0:01Þ was seen between wealth index
of the under-5 children and their birth-weight.

3.2. Growth Estimation of Under-5 children using statistical models

All the 11 statistical models, given above, were fitted to the
height & weight data of children below 5 years of age from the
Central Region of India to estimate the growth curvese considering
their ages (in months) for all 4 birth-weight categories separately.
Applying the criterion of the best-fit of the models, as given above,
our analysis showed that only 2 statistical models, viz., - Cubic
Model and Power Model, showed best-fit to the height & weight
data of under-5 children, belonging to the different birth-weight
categories, for estimating growth of boys & girls separately. Here,
results of only 2 best-fit models have been shown below.
ðTables 2 & 3Þ:

Table 2describes models e summary for estimating height of
boys and girls separately by birth-weight. Here, for height of the
6

boys, considering Coefficient of Determinations ðR2Þ as the criterion
for the best fit, Cubic Model fitted best for the birth-weight group
2500 gm e 2999 gm ðR2 ¼ 0:832Þ, followed by the group

<2000 gm ðR2 ¼ 0:811Þ, group 2000 gm� 2499 gm�b±
ffiffiffiffiffiffiffiffiffiffiffiffi
b2�4ac

p
2a

ðR2 ¼ 0:802Þ, and then, birth-weight group 3000 gm and above
ðR2 ¼ 0:796Þ: For height of the girls however, Power Model showed
the best fit for the birth-weight group <2000 gm ðR2 ¼ 0:817Þ but
for the rest of the three birth-weight groups, Cubic Model was the
best fitted model. Thus, here, as per Coefficient of Determination
ðR2Þ, Cubic Model showed best fit ðR2 ¼ 0:826Þ for birth-weight
group 2500� 2999 gm, followed by the group 2000� 2499 gm
ðR2 ¼ 0:811Þ and then, group 3000 gm and above ðR2 ¼ 0:790Þ.

Table 3 describes models e summary for estimating weight of
the boys & girls separately by birth-weight. For weight of the boys
as well as girls, best fitted model was the Power Model. Further,
considering boys, as per the Coefficient of Determination ðR2Þ, this
Model fitted best for birth-weight group 2500� 2999 gm ðR2 ¼
0:811Þ, followed by the group 2000� 2499 gm ðR2 ¼ 0:789Þ, group
<2000 gm ðR2 ¼ 0:778Þ and the birth-weight group
3000 gm and above ðR2 ¼ 0:763Þ. For estimating the weight of the
girls, Power Model showed best fit for the birth-weight group



Fig. 1(d). National Family Health Survey-4 (Birth-weight 3000þ gm): Estimated mean height and mean weight curves for boys of Central Region (India), using Cubic and Power
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2500� 2999 gm ðR2 ¼ 0:816Þ, followed by the group < 2000 gm
ðR2 ¼ 0:803Þ; group 2000� 2499 gm ðR2 ¼ 0:793Þ and then, birth-
weight group 3000 gm and above ðR2 ¼ 0:771Þ.
3.3. Estimated mean height & weight curves for boys & girls for the
Central Region of India

We estimated growth values e considering mean height and
meanweight of under-5 children for their ages e ranging from 1 to
59 months, considering all four birth-weight groups, viz. <
2000 gm; 2000� 2499 gm; 2500� 2999 gm & 3000 gm & above, by
using Cubic Model or Power Model which ever fitted best under the
situation, for boys and girls separately. Therefore, growth charts e
in terms of mean height and mean weight curves, were drawn for
each of the birth-weight group and for two sexes separately
(Figs. 1a, 1b, 1c, 1d, 2a, 2b, 2c and 2d). Fig: 1ðaÞ to Fig: 1ðdÞ show
estimated mean height and meanweight curves of boys for each of
the four birth-weight groups separately. Similarly, such estimated
mean height and mean weight curves for girls for all four birth-
weight groups are shown in Fig: 2ðaÞ to Fig: 2ðdÞ: The graphs
shown here, besides giving estimated mean height and mean
weight curves in each case, also give curves for 95% upper as well as
7

lower confidence limits. Thus, from the curves given in
Fig: 1ðaÞ to Fig: 1ðdÞ and Fig: 2ðaÞ to Fig: 2ðdÞ, it is possible to obtain
not only the expected growth values of under-5 children in terms of
their mean height and meanweight for their ages (months) in each
case but also their 95% upper & lower confidence limits.
4. Discussion

Inadequate growth during childhood adversely affects the later
health outcomes. Child growth needs are to be monitored by the
family and child specialist. It is also considered as an indicator of
health and its secular trend demonstrates the level of population
health. India is in phase of nutritional transition and as such, it is
vital for the country to have updated growth references. In studying
child-growth, we often make use of ‘growth standards’ and ‘growth
references’. These two terms are different concepts. Growth stan-
dards define how a population of children should grow - given
optimal nutrition as well as optimal health, whereas ‘growth ref-
erences’ are always descriptive and prepared from a population
which is thought to be growing in the best possible state of nutri-
tion and health in a given community [4]. Further, pattern of
growth of children changes with time and as such, their growth
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references should regularly be updated. Furthermore, for proper
assessment of the growth pattern of children, their comparison e

considering relevant anthropometric measurements is needed
from the available growth references.

The growth references, quite often, are the children of the same
age & sex from the well-to-do families e either from the same or
the national population. However, when the suitable local or na-
tional growth references are not available, such comparisons are, at
times, made using the growth standards, like the WHO. In 2006/
2007, WHO released updated growth and development criteria for
children under the age of five years, as well as growth standards for
school-aged children and adolescents, based on the Multicentre
Growth Reference Study (MGRS) [2]. Based on this criterion, nearly
30% of pre-school children in Developing Countries were found to
have stunted growth as a result of local environmental factors -
mostly poor nutrition and illnesses [3]. Child development failure
has been responsible for more than 23% of under-5 mortality in the
Region, making it the second greatest cause of child mortality [7].

Birth-weight is often considered as a key indicator of the health
trend in a child. It has been found to be a predictor of Protein Energy
Malnutrition (PEM) [8]. Birth-weight is also considered to be the
8

single-most determinant of the chances of new-born's survival and
for healthy growth and development. In our study, we analysed
National Family Health Survey-4 data to investigate association
between selected socio-demographic factors and birth-weight of
the under-five children of the Central Region of India. Our results
demonstrated significant association of 7, out of 8 socio-
demographic factors studied, namely e age & sex of the child,
birth-order, BMI, mother's highest level of education, place of
residence and wealth index.

Borah and Agrawal [9] in their cross-sectional study undertaken
in a rural Block of Assam in India e based on their 450 randomly
selected infants from 30 villages, found illiterate e teenage
mothers, grand multi-para, short inter-pregnancy intervals and
anaemic mothers to be the important risk factors of the low birth-
weight. Similarly, another study by Mishra et al. [10] tested a hy-
pothesis of no association between socio-economic status of
households and new-borns’ low birth-weight in India. The study
demonstrated that under-weight & rural women and women with
no or primary education, low BMI, unclean cooking fuel and those
from northern & eastern region of the country had higher share of
low birth-weight. This study also revealed that female children,



Fig. 2(b). National Family Health Survey-4 (Birth-weight 2000e2499 gm): Estimated mean height and mean weight curves for girls of Central Region (India), Using Cubic and
Power Models, respectively.
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children from 4th birth-order & with birth interval of less than 24
months and thosewith no improved toilet facility had greater share
of low birth-weight than their counterparts.

Statistical growth modelling approach is a powerful tool for the
studying growth of the children and their growth trajectories. It
consists of fitting models to physical growth data (such as - weight
& height) to obtain appropriate growth curves. Our results showed
that only two models, viz. e the Cubic Model and the Power Model,
out of the 8 basic statistical models applied to the data, demon-
strated best-fit to the height & weight data of under-five children,
belonging to the different birth-weight categories, for estimating
growth of boys & girls separately. These models enabled us to es-
timate mean height and mean weight values of boys and girls
against their ages (1 monthe59 months) by different birth-weight
categories along with their 95% upper and lower limits. These
growthecurves are likely to be quite useful in estimating mean
values of height and weight for given birth-weights of under-five
boys & girls.

In a growth-study using modelling approach [7], the Jenss-
Bayley Model, Reed model, and Gompertz functions were some of
9

the structural and non-structural growth models that have been
used to describe child growth. One rationale for fitting models to
growth data is that a suitable curve will neatly encapsulate the
information offered by an individual child's observations [11]. Not
only this, models also generate smooth curves of status as well as of
velocity e even from irregularly spaces measurements. By using
parametric estimates, one can have more estimates between fam-
ilies of curves. The Jenss-Bayley Model here presented the best fit
for weight and height, both for boys and girls [7]. Mean height
growth trajectories were identical in shape and direction for boys
and girls while the mean weight growth curve of girls fell slightly
below the curve of boys after neonatal life [7].

Similarly, Berkey [11] compared two statistical models, viz. the
Count Model e a linear model, and the Jenss Model e a non-linear
model, for growth in length and weight of the pre-school children
in United States. These models were fitted to the large data of
length and weight and the results were used to study efficiency,
reliability and goodness-of-fit of the models. The author [11]
showed that the Count Model did not adequately fit to the data
while the Jenss Model performed well for both - length and weight,



Fig. 2(c). National Family Health Survey-4 (Birth-weight 2500e2999 gm): Estimated mean height and meanweight curves for girls of Central Region (India), using Cubic and Power
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of the pre-school children.
For assessment of height, weight and BMI, WHO growth stan-

dards (for children <5 years) and contemporary cross sectional
reference percentile curves (for children from 5 to 18 years) are
available for clinical use and for research purposes [4] Further, in
growth studies - dealing with height and weight measurements
and using statistical modelling approach, modelling weight is often
more difficult than height, because weight of children might
decrease with age for shorter periods. This however, may not be the
case with their height.

Children's growth patterns in India have been influenced by the
country's rapid economic and social transformation, particularly in
urban regions [5]. According to recent Indian studies [5,6], there is a
trend toward increased height, particularly in boys, as well as an
increase in obesity in both genders. Since 2010, the Indian Gov-
ernment have approved the WHO 2006 growth guidelines for
measuring the growth of children under the age of five years [5].
Khadilkar et al. [6] studied nutritional status of Indian pre-school
children e taking data from NFHS - 4 and using WHO (2006) and
Indian synthetic charts (2019). They calculated z scores of length/
10
heights, weight and weightefor-height, using both the charts. It
was concluded that use of Indian synthetic charts for growth
monitoring of under-five children may be more appropriate and
that, infants below 6 months and children from well off families
performed well.

In the present study, National Family Health Survey e 4 data of
the under-five children for the Central Region of India have been
used. These data were used for estimating child growth curves e

considering mean height&meanweight for boys& girls separately
by birth-weight, applying the Cubic Model and the Power Model
wherever these fitted best. In fact, several factors may play a role in
the goodness of fit of anymodel. Even quality of data also influences
model's goodness of fit since several measurement errors increase
residuals [3]. As explained above, the National Family Health Sur-
vey - 4 data, used in the present study, are from the Government
Departments and as such, these are of high quality and also na-
tionally representative. Thus, in testing goodness of fit of the
various models used in our study, the role of the quality of data
might not have played much role.



Fig. 2(d). National Family Health Survey �4 (Birth-weight 3000þ gm): Estimated mean height and mean weight curves for girls of Central Region (India), using Cubic and Power
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5. Conclusions

Our study concluded that 7 socio-demographic factors, namely -
age & sex of the children, their birth-order & BMI and mothers’
highest level of education, their place of residence and the wealth
index were significantly associated factors with the birth-weight.
Further, the Cubic Model and the Power Model were most suit-
able for estimating child growth in terms of height & weight for
boys and girls e considering specific birth-weight categories. The
estimated growth charts of the mean height & mean weight for
pre-school boys& girls of the Central Region of India are likely to be
quite useful in the Indian growth studies.

6. Limitations

The estimated growth curves of under - 5 children, obtained in
this paper, need to be seen with some limitations. As already
mentioned, this study on growth of pre-school children, is based on
secondary data, taken from the National Family Health Survey e 4
of India. A major disadvantage of the secondary data is that it may
not answer authors' specific research questions and that; analyst
does not knowhowwell the data collection process was completed.
Resultantly, he is not aware of on how seriously the data were
affected by factors, such as - low response rate or respondents’
11
misunderstanding of specific survey questions. Our results thus,
suffer fromdisadvantages, similar to thosementioned above, which
are common to secondary data-based studies.

Under e 5 children of the present study belong to the 3 States of
India, namely e Chhattisgarh, Madhya Pradesh & Uttar Pradesh.
The estimated growth curves, obtained here, can thus be used for
under - 5 children from these States only. Further, our estimated
growth curves are derived for height &weight only for boys & girls
separately when their birth-weight categories are known. There-
fore, the obtained growth charts can be used for the two anthro-
pometric measures of undere 5 children, namely - height&weight
only, when they are from above 3 States and when their birth-
weights along with ages & sexes are known.
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Abstract 

Background: Our objectives were to describe both the development, and content, of a charitable food dataset that 

includes geographic information for food pantries in 12 American states.

Methods: Food pantries were identified from the foodp antri es. org website for 12 states, which were linked to state-, 

county-, and census-level demographic information. The publicly available 2015 Food Access Research Atlas and the 

2010 US Census of Population and Housing were used to obtain demographic information of each study state. We 

conducted a descriptive analysis and chi-square tests were used to test for differences in patterns of food pantries 

according to various factors.

Results: We identified 3777 food pantries in 12 US states, providing an estimated 4.84 food pantries per 100,000 

people, but ranged from 2.60 to 7.76 within individual states. The majority of counties (61.2%) had at least one food 

pantry. In contrast, only 15.7% of all census tracts in the study states had at least one food pantry. A higher proportion 

of urban census tracts had food pantries compared to rural tracts. We identified 2388 (63.2%) as being faith-based 

food pantries. More than a third (34.4%) of food pantries did not have information on their days of operation available. 

Among the food pantries displaying days of operation, 78.1% were open at least once per week. Only 13.6% of food 

pantries were open ≤1 day per month.

Conclusions: The dataset developed in this study may be linked to food access and food environment data to fur-

ther examine associations between food pantries and other aspects of the consumer food system (e.g. food deserts) 

and population health from a systems perspective. Additional linkage with the U.S. Religion Census Data may be use-

ful to examine associations between church communities and the spatial distribution of food pantries.

Keywords: Food pantry, Food bank, Food security, Rural, Religion, Faith-based
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Introduction

Food insecurity refers to the inability to access sufficient, 

safe, and nutritious food to meet the dietary needs and 

food preferences for an active and healthy life [1]. The 

prevalence of household food insecurity in 2019 in the 

United States was estimated at 10.5% [2], which has only 

been exacerbated during the COVID-19 pandemic [3]. 

Given the significant number of food insecure house-

holds and food insecurity’s strong associations with poor 

health outcomes [4–6], particularly diabetes [7, 8], and 

increased health care costs [9], food insecurity is a major 

public health concern. While food insecurity is inextrica-

bly linked to low income, food-based interventions at the 

municipal-level, such as food pantries have been thrust to 

the forefront in an attempt to alleviate the problem [10]. 
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Food banks refer to charitable food assistance organiza-

tions that rely upon food and monetary donations in 

order to either distribute food to smaller charities that 

serve food insecure populations, or to provide a direct 

grocery service to clients, sometimes called food pantries 

or food shelves [11].

The inception of charitable food organizations in the 

1960s was intended to serve as emergency food aid in 

response to short-term food insecurity. By the 1990’s, 

emergency food aid had grown to such an extent that in 

Detroit, Michigan there were more food banks, pantries, 

and soup kitchens (N = 100) than supermarkets and large 

grocery stores (N = 96) [12]. Despite the rise in charitable 

food, there is a lack of evidence supporting their effec-

tiveness in addressing the main issue of food insecurity. 

At the individual-level, the charitable food system has 

been shown to contribute to stigma and shame among 

patrons [13–15], offer poor nutritional value [11, 16], 

provide insufficient and inconsistent food supply [11–

17], consist of limited food choice and variety [16], and 

exacerbate pre-existing chronic health conditions [11, 18, 

19]. Furthermore, “pantries spring up wherever some-

one is moved to create them” [20] (p221). In this way, the 

geographical distribution of food pantries may not follow 

any systematic pattern or necessarily reflect need. Many 

food pantries operate out of churches and volunteers are 

often motivated to volunteer because of their religious 

commitments. Given these circumstances and undercur-

rents, faith is an important and dynamic element of the 

charitable food system. However, faith-based affiliations 

within the current charitable food system is unknown 

and likely context-specific.

While the experiences of clients of the charitable food 

system have been explored qualitatively [13, 21, 22], and 

there is considerable individual-level data to evaluate 

food security programs, there has been little, if any, eco-

logical data to describe the charitable food system. The 

charitable food system is one component, or sub-system, 

of the larger consumer food system, as well as part of the 

broader social and economic system. The scope of the 

charitable food system is related to overall food security, 

food security programs (i.e., food stamps), both smaller 

and larger grocery stores, and religious communities (i.e., 

churches), as some examples. Taken together, all these 

sub-systems also influence health outcomes (e.g., diabe-

tes). An ecological analysis applying systems theory [23] 

as a conceptual framework to examine the consumer 

food system could provide important policy-relevant 

evidence regarding the charitable food system, as well as 

publicly-funded food security programs, food security, 

and health. Ecological studies are especially useful when 

the implications for intervention are at the population- or 

systems-level.

From a systems theory perspective [24, 25], we under-

stand that if charitable food makes up an increasing 

component of the consumer food system, other aspects 

of the food or economic systems counterbalance for this 

increase. For example, the reliance on the charitable 

food sector has reduced the pressure on governments to 

improving income security through social programs [26, 

27], and may further reduce participation in other public 

food programs. Similarly, applying a systems perspective, 

reductions in churches or declining participation in faith-

based communities [28, 29] may diminish charitable food 

assistance. The increasing involvement of the corporate 

food sector through donations (supported by govern-

mental tax programs) may further aggravate food system 

inequality by contributing to the dissolution of smaller 

grocers and the preponderance of “food deserts” or areas 

devoid of fresh and whole foods in disadvantaged neigh-

borhoods [30]. Smaller businesses may be unable to pro-

vide food at a comparable price to either larger grocery 

stores or the charitable sector, which is free. The inter-

connectedness of the food system is further displayed 

through the food systems impacts from the COVID-19 

pandemic [3]. In this way, systems theory may be useful 

for exploring structural issues and inequities within con-

sumer food systems, including charitable food systems as 

a sub-system.

In order to empirically examine the relationships 

amongst the consumer food sub-systems for future 

research, we have created a Charitable Food Dataset 

(CFD), which lists and documents characteristics of 

charitable food organizations in select states in the U.S. 

The objectives of this paper are to (1) describe the devel-

oped dataset and (2) describe the charitable food system 

according to days of operation, faith-based affiliation, 

and rural/urban location. This methods paper describes 

a dataset that can be linked to other publicly available 

datasets to further explore relationships within the food 

system.

Methods

Data sources

The CFD was constructed primarily from the publicly 

available charitable food organization directory at foodp 

antri es. org [31]. The website is not affiliated with any gov-

ernmental agency or non-profit organization, and manu-

ally collects information on food pantries, soup kitchens 

and non-profit organizations (collectively referred to as 

‘food pantries’ hereinafter) in the 50 US states and the 

District of Columbia. Food pantries were identified in 12 

study states (Alabama, Georgia, Illinois, Indiana, Kan-

sas, Kentucky, Louisiana, Michigan, Mississippi, Ohio, 

Tennessee and West Virginia) purposefully selected to 

achieve variation in the sample based on state prevalence 

http://foodpantries.org
http://foodpantries.org
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of food security listed in the 2018 Food Environment 

Atlas, the inclusion of both rural and urban areas, as well 

as the number of food pantries in each state. The CFD 

contains the name, address, and hours/days of operation 

of each food pantry in the directory, which were entered 

into Microsoft Excel. The data were cleaned and any 

entries that shared the same name and/or address were 

considered duplicates and removed. The CFD data were 

collected between February 2017 and July 2018, and are 

stored in an open source repository [32].

Census tract numbers for each food pantry in the 

study states were obtained using the United States Cen-

sus Bureau’s (USCB) Geocoder address look-up tool [33] 

and the one-line address associated with each food pan-

try. If census tracts were not found using the Geocoder, 

the food pantry was geographically located using Google 

Maps  [34] and cross-referenced with the corresponding 

USCB Census Tract Reference Map [35]. The reference 

maps are county-based and display the census tract num-

bers for each delineated tract area within that county for 

the 2010 Census, which was the latest census completed 

in the US.

The publicly available 2015 Food Access Research Atlas 

[36] and the 2010 US Census of Population and Housing 

[37] were also used to obtain demographic information 

of each study state. The Food Access Research Atlas is 

maintained by the United States Department of Agricul-

ture (USDA), and contains food access indicators at the 

census-tract level.

Variables

The Food Access Research Atlas includes the 2010 popu-

lations of each census tract based on the estimates from 

the 2010 US Census. These estimates were used to esti-

mate the populations for each study state. The Atlas also 

includes an indicator variable for urban or rural census 

tracts based on whether the geographic centroid of the 

census tract is in an area with more than 2500 people as 

determined by the 2010 block-level population data and 

aerially allocated to ½ kilometre square grids [38]. This 

indicator variable was used to calculate the populations 

and the number of census tracts stratified by urban and 

rural census areas for each state. The number of counties 

per state was determined by converting the census tract 

numbers provided in the Atlas into county Federal Infor-

mation Processing Standards (FIPS) and removing any 

duplicates. Finally, the 2010 Census was used to obtain 

the square mile of land area in each state as a measure of 

its geographic size.

A variable indicating whether a food pantry was affili-

ated with a Judeo-Christian organization was created 

by reviewing each food pantry name in the CFD for 

Judeo-Christian terms, for example, “Saint” or “church” 

(Table  1). These terms were subjectively selected based 

on their likelihood of being recognized as Judeo-Chris-

tian terms by someone who was using the foodp antri es. 

org directory. We refer to these food pantries as faith-

based for the remainder of the paper. Lastly, the days of 

operation of food pantries contained in the CFD varied 

Table 1 Faith-based key words or terms used to identify faith-based food pantries

a The meanings of key words/terms are adapted from definitions provided in the Merriam-Webster dictionary

Key words/Terms Meaninga

Saint/St. Christian person recognized has holy

God Supreme Being of power, wisdom, and goodness who is worshipped as creator and ruler of the universe

Grace Virtue coming from God

Baptist One who admits a person to the Christian community

Methodist Member of one of the denominations deriving from the Wesleyan revival in the Church of England

Protestant Member of any of several Christian church denominations other than Catholic or Eastern church

Adventist Member of any denomination whose system of belief is in the second coming of Christ

Ministry/Ministries A group ordained to perform pastoral functions in a Christian church

Helping Hands N/A

Madonna The Virgin Mary

Jesus The Jewish religious teacher whose life, death, and resurrection as reported by the Evangelists are the 
basis of the Christian message of salvation

Church Building for public and especially Christian worship

Catholic Of, relating to, or forming the church universe

Evangelical/Evangelist Of, relating to, or being in agreement with the Christian gospel

Temple House of worship for Jewish congregations

Salvation Army Deliverance from the power and effects of sin

Fishes and Loaves A Christian parable referring to Jesus feeding a multitude of people

http://foodpantries.org
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widely ranging from 4 days per year to 5 days per week. 

Therefore, a variable was created by collapsing the days 

of operation into 5 categories: (1) ≤1 day per month; (2) 

2–3 days per month; (3) once per week; (4) 2–3 days per 

week; (5) ≥4 days per week.

Analysis

Descriptive statistics were generated for the study states, 

including population counts, number of counties, num-

ber of census tracts, proportion of urban and rural cen-

sus tracts, and land area. Population counts for each state 

are from 2018, with the most recent estimates calculated 

from the 2010 Census. The urban and rural populations 

were determined by using the 2010 Census, which were 

provided at the census-tract level in the Food Access 

Research Atlas.

Descriptive analyses, using the state demographic 

information, were conducted for the food pantries in 

the CFD. First, the number of food pantries in each state 

was counted and the proportions that were in urban and 

rural census tracts were calculated. Second, the num-

ber of food pantries per 100,000 state population strati-

fied by urban and rural tracts, as well as the number of 

food pantries per 1000 square miles of state land area, 

were determined. Third, the numbers of counties, cen-

sus tracts, urban tracts, and rural tracts that had at least 

one food pantry were calculated, and the proportions 

within urban compared to rural census tracts were tested 

using chi-square tests. Fourth, the number and propor-

tion of food pantries per state that were faith-based were 

calculated, and then stratified by urban and rural areas. 

The proportion of faith-based pantries in urban areas 

was compared with the proportion in rural areas using 

chi-square tests. Lastly, the frequencies within each cat-

egory of days of operation were calculated. Chi-square 

tests were used to explore differences in the distributions 

of faith-based and non-faith-based food pantries, and of 

urban and rural food pantries, in the days of operation 

categories. The level of significance was set at 0.05 for all 

statistical tests, which were carried out using the Statisti-

cal Package for Social Science (SPSS) version 23.

Results

The selected states represent a total of 1112 counties and 

19,167 census tracts (Table  2). The average state popu-

lation was 6,507,685 (SD = 3,642,347) and ranged from 

1,852,994 to 12,830,632 people. The majority of cen-

sus tracts were considered to be located in urban areas 

(69.1%), which represented approximately two thirds of 

the total population in the study states. The average state 

land area was 47,796 square miles (SD = 14,403) with 

a minimum of 24,038 and a maximum of 81,759 square 

miles.

We identified 3923 food pantries using the foodp antri 

es. org directory, with 47 of the entries requiring the 

USCB reference maps to locate their census tract num-

bers. We removed 146 duplicate food pantry entries, 

resulting in 3777 individual food pantries in the CFD 

with three quarters of them located in urban census 

tracts (Table 3). The number of food pantries per 100,000 

people in the overall sample was 4.84, ranging from 2.60 

to 7.76 within the individual states. There were 5.31 food 

Table 2 Study state population, number of counties, census tracts, and land area

Sources: a 2018 Food Environment Atlas;b 2015 USDA Food Access Research Atlas [29]; c 2010 Census of Population and Housing [30]

State Food 
insecurity 
(2013–15)a

2010  Populationb (n) Countiesa (n) Census  Tractsb (n (%)) Land Area 
(sq. miles)c

State Urban Rural Total Urban Rural

Alabama 17.6 4,779,736 2,569,178 2,210,558 67 1179 644 (54.6) 535 (45.4) 50,645

Georgia 14.9 9,687,653 6,815,195 2,872,458 159 1965 1319 (67.1) 646 (32.9) 57,513

Illinois 13.8 12,830,632 10,886,519 1,944,113 102 3121 2625 (84.1) 496 (15.9) 55,519

Indiana 11.1 6,483,802 4,437,690 2,046,112 92 1508 1043 (69.2) 465 (30.8) 35,826

Kansas 14.6 2,853,118 2,006,947 846,171 105 770 508 (66.0) 262 (34.0) 81,759

Kentucky 17.6 4,339,367 2,253,898 2,085,469 120 1115 557 (50.0) 558 (50.0) 39,486

Louisiana 18.4 4,533,372 3,103,403 1,429,969 64 1143 816 (71.4) 327 (28.6) 43,204

Michigan 14.9 9,883,640 7,104,264 2,779,376 83 2774 2007 (72.4) 767 (27.6) 56,539

Mississippi 15.2 2,967,297 1,356,005 1,611,292 82 662 329 (50.0) 333 (50.3) 46,923

Ohio 16.1 11,536,504 8,627,924 2,908,580 88 2949 2283 (77.4) 666 (22.6) 40,861

Tennessee 15.1 6,346,105 3,924,941 2,421,164 95 1497 896 (60.0) 601 (40.1) 41,235

West Virginia 11.3 1,852,994 779,059 1,073,935 55 484 217 (44.8) 267 (55.2) 24,038

Total
Mean
SD

N/A 78,094,220
6,507,682
3,642,505

53,865,023
4,488,752
3,176,214

24,229,197
2,019,100
680,171

1112
93
28

19,167
1597
910

13,244 (69.1)
1104
795

5923 (30.9)
494
166

573,548
47,796
14,403
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pantries per 100,000 in urban census tracts, and 3.79 in 

rural census tracts, and there were 6.59 food pantries per 

1000 square miles of land area. The majority of counties 

(61.2%) had at least one food pantry. In contrast, only 

15.7% of all census tracts in the study states had at least 

one food pantry (Table 4). Significantly more urban cen-

sus tracts had a food pantry compared to rural census 

tracts (16.8% vs. 13.3%; p < .00001). We identified 2388 

(63.2%) as being faith-based food pantries, with a sig-

nificantly higher proportion of urban food pantries being 

faith-based compared to rural food pantries (65.1% vs. 

57.4%, p < .0001; Table 5).

More than a third (34.4%) of food pantries did not 

have information on their days of operation available. 

The proportion of faith-based versus non-faith based 

food pantries that did not provide this information was 

not significantly different (35.4% vs. 32.7%; p = 0.093), 

as was the case for urban and rural food pantries (33.9% 

vs. 36.2%; p = 0.202). Among the food pantries display-

ing days of operation, 52.9% were open at least 2 days 

Table 3 Number of food pantries, and the proportion of food pantries per 100,000 people in the population in each study state, and 

in each study state stratified by urban and rural census tracts

a  population counts from the 2010 Census of Population and Housing as per the 2015 USDA Food Access Research Atlas [29]

Food Pantries, n (%) Food Pantries Per 100,000  Populationa Food Pantries 
per 1000 sq. 
milesState Total Urban Rural Total Urban Rural

Alabama 358 223 (62.3) 135 (37.7) 7.49 8.68 6.11 7.07

Georgia 326 240 (73.6) 86 (26.4) 3.37 3.52 3.00 5.67

Illinois 473 391 (82.7) 82 (17.3) 3.69 3.59 4.22 8.52

Indiana 503 370 (73.6) 133 (26.4) 7.76 8.34 6.50 14.04

Kansas 92 76 (82.6) 16 (17.4) 3.22 3.79 1.89 1.13

Kentucky 120 77 (64.2) 43 (35.8) 2.77 3.42 2.06 3.04

Louisiana 174 142 (81.6) 32 (18.4) 3.84 4.58 2.24 4.03

Michigan 734 587 (80.0) 147 (20.0) 7.43 8.26 5.29 12.98

Mississippi 156 108 (69.2) 48 (30.8) 5.26 7.96 2.98 3.32

Ohio 552 461 (83.5) 91(16.5) 4.78 5.34 3.13 13.51

Tennessee 165 112 (67.9) 53 (32.1) 2.60 2.85 2.19 4.00

West Virginia 124 73 (58.9) 51 (41.1) 6.69 9.37 4.75 5.16

Total 3777 2860 (75.7) 917 (24.3) 4.84 5.31 3.79 6.59

Table 4 Number and proportion of counties and census tracts with at least one food pantry in each study state, and in each study 

state stratified by urban and rural census tracts

State Counties with a Food Pantry, 
n (%)

Census Tracts with a Food Pantry, n (%)

Total Urban Rural p-value

Alabama 59 (88.1) 273 (23.2) 165 (25.6) 108 (20.2) 0.028

Georgia 85 (53.5) 269 (13.7) 193 (14.6) 76 (11.8) 0.082

Illinois 59 (57.8) 389 (12.5) 317 (12.1) 72 (14.5) 0.131

Indiana 85 (92.4) 406 (26.9) 293 (28.1) 113 (24.3) 0.125

Kansas 32 (30.5) 76 (9.9) 62 (12.2) 14 (5.3) 0.003

Kentucky 51 (42.5) 95 (8.5) 57 (10.2) 38 (6.8) 0.041

Louisiana 31 (48.4) 149 (13.0) 119 (14.6) 30 (9.2) 0.014

Michigan 69 (83.1) 563 (20.3) 435 (21.7) 128 (16.7) 0.004

Mississippi 52 (63.4) 128 (19.3) 83 (25.2) 45 (13.5) < 0.001

Ohio 60 (68.2) 433 (14.7) 358 (15.7) 75 (11.3) 0.005

Tennessee 58 (61.1) 141 (9.4) 91 (10.2) 50 (8.3) 0.233

West Virginia 39 (70.9) 88 (18.2) 50 (23.0) 38 (14.2) 0.013

Total 680 (61.2) 3010 (15.7) 2223 (16.8) 787 (13.3) < 0.001
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per week, while 78.1% were open at least once per week 

(Table 6). Only 13.6% of food pantries were open ≤1 day 

per month. Significant relationships existed between the 

days open categories and whether the food pantry was 

faith-based (p < .00001), or was located in an urban or 

rural area (p = 0.043). A higher proportion of faith-based 

and rural food pantries fell into the less frequently open 

categories, and had a lower proportion in the more fre-

quently open categories as compared to non-faith-based 

food pantries and urban food pantries, respectively.

Discussion

In this study, we described the processes involved in 

developing the CFD, a dataset containing information on 

food pantries in 12 US states. Descriptive findings indi-

cate approximately three quarters of food pantries are 

located in urban areas, and almost two thirds were con-

sidered to have a faith affiliation, which were also more 

common in urban versus rural areas. Among pantries 

with hours of operation posted, 78.1% were open at least 

1 day per week, and non-faith-based and urban food pan-

tries were more likely to be open more often. This dataset 

can be linked via FIPS to a number of publicly available 

datasets, such as the USDA Food Access Research Atlas, 

the USDA Food Environment Atlas, and the U.S. Reli-

gion Census Data. Through linkage of this CFD with 

other datasets, a number of research questions can be 

examined.

Food insecurity affected 10.5% of households in the 

United States in 2020, and is more common among 

households with children, and Black or non-Hispanic 

householders [39]. Given the prevalence of food insecu-

rity, efforts to mitigate food insecurity have the capacity 

to greatly improve population health at multiple levels 

– national, state, county, household, and individual. The 

role of food assistance programs has increased as a result 

Table 5 Number and proportion of faith-based food pantries in each study state, and in each study state stratified by urban and rural 

census tracts

Food Pantries, n (%)

State Faith-based Urban*Faith-based Rural*Faith-based p-value

Alabama 256 (71.5) 173 (77.6) 83 (61.5) 0.001

Georgia 205 (62.9) 165 (68.8) 40 (46.5) < 0.001

Illinois 286 (60.5) 246 (62.9) 40 (48.8) 0.017

Indiana 321 (63.8) 238 (64.3) 83 (62.4) 0.693

Kansas 50 (54.5) 43 (56.6) 7 (43.8) 0.349

Kentucky 74 (61.7) 52 (67.5) 22 (51.2) 0.077

Louisiana 103 (59.2) 83 (58.5) 20 (62.5) 0.674

Michigan 488 (66.5) 390 (66.4) 98 (66.7) 0.958

Mississippi 111 (71.2) 74 (68.5) 37 (77.1) 0.276

Ohio 340 (61.6) 292 (63.3) 48 (52.7) 0.058

Tennessee 91 (55.2) 66 (58.9) 25 (47.2) 0.156

West Virginia 63 (50.8) 40 (54.8) 23 (45.1) 0.288

Total 2388 (63.2) 1862 (65.1) 526 (57.4) < 0.001

Table 6 Distribution of food pantries according to days of operation, stratified by faith-based and non-faith based food pantries, and 

urban and rural census tracts, separately

Food Pantries, n (%)

Number of days per week Total (n = 2479) Faith-based (n = 1549) Non-faith based 
(n = 930)

Urban (n = 1894) Rural (n = 585)

≤1 day per month 336 (13.6%) 270 (17.4%) 66 (7.1%) 241 (12.7%) 95 (16.2%)

2–3 days per month 208 (8.4%) 160 (10.3%) 48 (5.2%) 158 (8.3%) 50 (8.6%)

Once per week 624 (25.2%) 451 (29.1%) 173 (18.6%) 465 (24.6%) 159 (27.2%)

2–3 days per week 649 (26.2%) 364 (23.5%) 285 (30.7%) 518 (27.4%) 131 (22.4%)

≥4 days per week 662 (26.7%) 304 (19.6%) 358 (38.5%) 512 (27.0%) 150 (25.6%)

p-value <.001 0.043
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of the decline of non-food social programs. The larg-

est publicly-funded food assistance program in the US 

is SNAP, which provided ‘food stamp’ benefits to more 

than 44 million people in 2016 [40]. However, many 

eligible people do not participate in the program, and 

among those who do, approximately half of them con-

tinue to report being food insecure [41]. Charitable food 

assistance programs or food banks, which were initially 

established to provide emergency food supplies, are now 

considered to supplement the governmental programs 

in their effort to address food insecurity. In fact, 26.5% 

of food insecure households and 4.8% of all US house-

holds used a food pantry in 2016, representing a 40 and 

68% increase from 2001, respectively [42]. For these rea-

sons, it has become increasingly important to consider 

the effects of growing charitable food programs on food 

security and health [43].

Charitable food organizations, and other community-

level initiatives, have the potential to improve individual 

health through emergency food provision [10]. However, 

most health research, media attention, and governmen-

tal policy action is disproportionately focused on indi-

vidual health and exposures, which limits our ability to 

understand structural drivers of inequality [43–45]. The 

USDA’s Food Access Research Atlas and the Food Envi-

ronment Atlas provide data on food access and environ-

mental indicators at the census tract- and county-levels. 

By assigning census tract numbers to each food pantry, 

the CFD is able to link with both atlases, providing an 

opportunity to explore the structural drivers of health 

inequality as it relates to food pantries, ‘food deserts’, fed-

eral food programs, food insecurity, and health. The CFD 

is also able to link with US Religion Census data  [46], 

which contains data on congregations, members, adher-

ents, and attendees, or the population purported to sus-

tain the charitable food sector.

The CFD consists of more food pantries located in 

urban census tracts compared to rural tracts, reflecting 

the higher proportion of urban census tracts in the US. 

The proportion of urban census tracts that had at least 

one food pantry was 26% higher compared to rural cen-

sus tracts, and the number of food pantries per urban 

population was higher than the number per rural popu-

lation by approximately 40%. This is inconsistent with 

previously reported data using county-level information 

from the Map the Meal Gap project and the Hunger in 

America 2014 survey, which showed that the number of 

charitable food locations per 1000 people was highest in 

counties that were considered completely rural accord-

ing to urban-rural continuum codes [47]. However, the 

difference in defining urban and rural areas (i.e., county 

versus census tract) makes it difficult to compare the 

findings from the two studies. Given that food insecurity 

is more prevalent in more populated metropolitan areas 

compared to nonmetropolitan areas, this may indicate 

that the food pantries in our dataset are located in areas 

of greatest need [3]. However, further research is needed 

to provide estimates of food insecurity at the census-tract 

level in order to determine if, in fact, the food pantries 

are concentrated in the areas that would benefit most 

from their service.

Charitable food organizations rely heavily on food and 

monetary donations, and volunteers for their operation. 

In this way, faith-based or religious organizations, with 

their ability to engage their communities and which often 

work for social justice and against inequality, are set up 

well to provide such services [48]. In addition, volunteer-

ism in food banks and pantries is often motivated by faith 

and has an important role in building community [20]. 

This may explain the higher proportion of food pantries 

identified as faith-based in the CFD. The relationship 

between religion and population health has been exten-

sively explored, and through its ability to provide social 

capital to communities, especially the most vulnerable 

communities, illustrate religions’ importance as a social 

determinant of health [49, 50]. However, the variability in 

the hours of operation of food pantries reflects the volun-

teer nature of food banking, and is a legitimate concern 

among clients given that many rely on prolonged use of 

food pantries [4, 51]. This may illustrate the limits of vol-

unteerism in addressing food insecurity, which may be 

exacerbated as participation in faith-based communities 

is declining [29].

The large size and diversity of the CFD is a strength, 

which provides a foundation for future research explor-

ing the relationship between charitable food and social- 

and health- related outcomes from a systems perspective. 

However, there are several limitations of this dataset, 

and the present study, that must be considered. First, 

the completeness of the dataset is uncertain. The foodp 

antri es. org directory only contains information regard-

ing updates, corrections, or new food pantries that they 

receive manually through an online submission form. 

Some food pantries may not be in the directory, while 

others may still be included despite closure. We docu-

mented 146 directory entries that were considered 

duplicates because they shared either the same name or 

address with another entry, which illustrates the limita-

tion in the maintenance of the directory. Furthermore, 

Feeding America advertises 200 food banks and 60,000 

food programs as part of its network; however, foodp 

antri es. org documented only 15,494 food pantries in total 

in 2018, with 3777 included in the present study. While it 

is unclear how Feeding America defines a ‘food program’ 

or whether the 60,000 food programs are a cumulative or 

a point prevalence, there is clearly a large discrepancy. 

http://foodpantries.org
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However, our documented totals for food pantries in 

Detroit, Michigan are very similar to previous research 

conducted 4 to 5 years earlier; in addition to foodp antri 

es. org, authors also utilized Local Harvest and several 

local sources to identify food pantries [12].

Second, faith-based affiliations were subjectively deter-

mined using a collection of common Judeo-Christian 

terms, which may have led to some misclassification. This 

approach identified 63.2% of food pantries as Christian 

faith-based. In her 1998 book, Poppendieck states that 

“more than 70 percent of the pantries and kitchens affili-

ated with the Second Harvest Network are sponsored by 

churches or other religious organizations” and that this 

is likely an underestimate of “the prevalence of religious 

orientation” [20] (p188–89).

Third, while many food pantries are open at least once a 

week, the quantity of food available per family, their form 

(pre-packaged food boxes or grocery store style), and the 

quality of the food provided is unknown. Research sug-

gests that the quality of food available at food pantries 

does not meet recommendations put in place by health 

professionals [52]. Furthermore, we are missing data on 

days of operation for nearly a third of food pantries.

Fourth, food pantries that are only open a few times a 

year (i.e., one to four times) are also included in the foodp 

antri es. org directory. These food pantries likely operate 

only during specific holidays (i.e., Christmas and Thanks-

giving); while they can address immediate hunger, they 

will have limited impact on individual or population-level 

food insecurity.

Fifth, the proportion of food pantries per population 

used the most recent population estimates from the US 

Census that could be stratified by urban and rural census 

areas, which were estimated 8 years prior to the date that 

the number of food pantries was determined. The popu-

lations increase slightly each year, therefore, the propor-

tions are likely over-estimated. Lastly, the inclusion of 

only 12 states may limit the generalizability of the data 

to the United States as a whole, though it is also unlikely 

that the 12 states selected are completely unique to the 

country.

To validate the completeness of the dataset, extensive 

ground truthing exercises and/or comparison to other 

existing local datasets collected through other means 

could be completed. This may mitigate some of the 

limitations previously described. This dataset could be 

updated through identical methods, and corresponding 

validation procedures. Ideally, all countries with chari-

table food systems, particularly those receiving public 

funds, should be keeping public records or datasets of 

food pantries to track the distribution of charitable food. 

Ensuring accurate and complete data is critical to inform-

ing policy related to food security.

Conclusions

In conclusion, food pantries in these 12 states are mostly 

set in urban areas, and affiliated with Judeo-Christian 

organizations. Their operation hours vary considerably; 

however, many are open at least once a week. The data-

set developed in this study may be linked to food access 

and food environment data to further explore associa-

tions between concentration of food pantries and other 

aspects of the consumer food system and prevalence of 

health outcomes, such as diabetes, from a systems per-

spective. Additional linkage with the U.S. Religion Cen-

sus Data may be useful to examine associations between 

church communities and the spatial distribution of food 

pantries. The number of food pantries has increased since 

their inception in the 1960s, which may be attributed to 

ongoing deficiencies in publicly-funded food security 

and social programs. However, the extent to which the 

existence of food pantries is dependent on faith-based 

communities and associated volunteers is concerning 

given the precarity of operations and declines in church 

participation [29]. We must understand the implications 

of the charitable food system to the larger food and eco-

nomic system, prior to continuing to grow the charitable 

sector, either directly with funding, or indirectly through 

reduced spending to social programs.
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Background. Visual impairments have physical, emotional, social, and economical consequences and are a crucial element
influencing one’s quality of life. A total of 1.285million people are estimated to be visually impaired worldwide of which 39million
are categorised as blind. )ese figures are startling, given that 80 percent of known vision impairments are either treatable or
preventable. Corneal transplants appear to be our best hope for resolving this problem; however, a global shortage of available
donors continues to dampen efforts addressing this issue.Methods. )is two-year cross-sectional study employed a convenience
sampling technique and a standardised questionnaire to survey 150 paramedical and allied health science students at a tertiary care
teaching hospital and assessed the awareness, knowledge, willingness and barriers regarding eye donation. Results. )e study
revealed a 93.3% awareness rate of the donation procedure, of which 46% attributed their awareness to media sources. However,
other aspects assessed had much lower awareness rates; when the eyes are donated (53.3%), optimal time period for retrieval of
tissue/organ (54%), ideal part transplanted (54%), age limit not restricting donation (67%), donation by donors using spectacles
(48%), confidentiality of the donor and recipient (54%), hospital having the facility of an eye bank (63%). 49 percent of the
respondents were willing to pledge themselves as eye donors, and a majority of the unwilling respondents reported that familial
opposition was the reason for their hesitation. Conclusion. Knowledge levels appear to be below expectations, and more effort is
required to ensure that knowledge is imparted to our healthcare practitioners, who will then transfer this knowledge to the
population, resulting in an increase in donation rates.

1. Introduction

Eye donation involves the recovery, preparation, and delivery
of donated eyes for corneal transplants and research. )e first
successful corneal transplant was performed in 1905, and the
first eye bank was founded in 1944. Organ donation found its
breakthrough when Doctor Joseph Murray performed a
kidney transplant procedure in which Ronald Lee Herrick
donated a kidney to his identical twin brother in 1954, making

it the first-ever organ donation. He later went on to win the
Nobel Prize in Physiology or Medicine in 1990. Organ do-
nation in India is governed by the Transplantation of Human
Organs and Tissues Act, which provides the legal structure
guiding organ donation for both the deceased and the living.
According to the World Health Organization, the percentage
of organ donation in India is 0.01%.

Vision is the ability to perceive the surrounding world
using light in the visible spectrum reflected by the objects in
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the environment and any diminishment of function results
in visual impairment or blindness ranging from partial to
complete with varying visual acuity.

According to estimates provided by the World Health
Organization (WHO), someone goes blind every five sec-
onds, which is extremely alarming when 80% of known
visual impairments are either curable or preventable [1]. A
total of 1.285 million people are estimated to be visually
impaired worldwide of which 39 million are categorised as
blind. Developing countries account for 80% of the world’s
blind population. )e yearly global costs of productivity
losses related to vision impairment from untreated myopia
and presbyopia alone are estimated to be US$ 244 billion and
US$ 25.4 billion, respectively, due to vision impairment [2].

A finding of the recent global survey performed on eye
banking and corneal transplantation computed that there is
only 1 cornea available for every 70 corneal recipients
worldwide, which shows that the world is experiencing a
drastic mismatch between the demand and supply of donor
corneas [3].

Corneal transplantation remains the best available option
for visual rehabilitation. Based on the current accessibility of
donor eyes and its consumption rates, it is projected that
2,70,000 donor eyes will be needed to complete 1,00,000
corneal transplants per year in India, a fourfold increase over
current donor eye availability. To overcome this scarcity of eye
donors, a 3-tier community system has been proposed for
India, and these are eye donation centres, eye banks, and eye
bank training centres that are responsible for collecting,
processing, and allocating tissue and creating public aware-
ness as well as training and skills enhancement of eye banking
personnel.)e EDC is responsible for public and professional
awareness of eye banks. It coordinates with donor families
and healthcare institutes to stimulate eye donation to harvest
corneal tissues. It also collects blood for serology and pro-
motes safe practices in eye transplants [4].

)ere have been several studies carried out in the past
regarding eye donation awareness among the general
population. )is study focuses on paramedical and allied
health science students at a tertiary care teaching hospital
who were chosen as they represent our country’s young and
well-trained cadre, who have full access to newspapers,
digital media, and other sources of literature. As future
healthcare practitioners, their awareness of aspects related to
eye donation should be superior to that of the general public.
As they pursue their medical degrees, they will be a viable
source for increasing the number of eye donations among
patients through patient counselling [5, 6]. )e intention of
this study is to measure the knowledge, willingness, and
barriers regarding eye donation among paramedical and
allied health science students and thereby enhance the
awareness and importance of promoting this endeavor.

2. Methodology

A sample size of 150 was determined for this cross-sectional
study of paramedical and allied health science students at a
tertiary care teaching hospital, and a convenience sample
strategy was used to select participants and gather data.

Inclusion criteria: Students belonging to the DMLT,
DOT, BPH, MHA, MLTC, MPH, nutrition and die-
tetics, and perfusion technology health sciences streams
and those who are willing to participate in the study.

Exclusion criteria: All students belonging to health
science streams not previously specified and those
students that are not willing to participate in the study.

)e research took place over a two-year period, from
January 2020 to December 2021. Written consent and the
demographic details of the respondents were obtained prior
to their participation. Questionnaires were distributed to the
participants and collected to be analysed over a three-month
period. )e standardised questionnaire consisted of 17
closed-ended questions and was divided into two sections:
the first assessed participants’ awareness and knowledge of
eye donation, and the second assessed their willingness to
donate their eyes as well as any barriers that would prevent
them from doing so. MS Excel version 10 was used to
compile and analyse the data, and the results were obtained
using percentage and descriptive statistics.

3. Results

)is section describes the demographic characteristics of the
respondents.

)e male-to-female gender distribution in the respon-
dent’s pool was 36.67 percent to 63.33 percent as represented
in Table 1 and Figure 1.

)e age distribution of the participants was as follows:
33.3% (50) of them belong to the age group of 18–20 years,
38.7% (58) of them belong to the age group of 21–23 years,
30 of them belong to the age group of 24–26 years, 10 of the
participants belong to the age group of 27–29 years, and only
2 of them are above 29+ year age group as represented in
Table 2 and Figure 2.

Of 150 students, 110 students belong to Allied health
science, 7 (4.3%) students belong to BPH, 18 (12%) students
belong to MHA, 29 (19.3%) students belong to MLTC, 30
(20%) students belong to MPH, 18 (12%) students belong to
nutrition and dietetics, and 8 (5.3%) students are from
perfusion technology. )e remaining 40 students belong to
the paramedical field, of which 30 (20%) students belong to
DMLTand 10 (6.7%) students are from DOTas represented
in Table 3 and Figure 3.

)e following section describes the findings of the study:
Out of 150 students, 93.3% (140) students are previously

aware of the eye donation procedure. Majority of the stu-
dents 46% (69) responded that mass media is their source of
information, 26% (39) said that they got to know about eye
donations through lectures, 11.3% (17) of the students
gained insight through organ donation campaigns, about
3.3% (5) of students mentioned doctors as their source of
information, 10.7% of students identified the hospital/clinic
as their source of information about eye donations, and 2.7%
(4) were not able to identify a particular source. Eighty
students were aware eye donation is carried out only after
death, andmajority, 54% (81), were well aware of the optimal
time for retrieval of eyes after death. 63% (94) of students
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were aware that their hospital has an eye bank, and 18% (27)
knew of a person who has donated their eyes. )irteen (9%)
students responded that the whole eye can be transplanted, 4
(3%) said the lens is transplanted, and 85 (56%) were aware
that the cornea is transplanted, while 42 (32%) were not
aware of which part of the eye is transplanted during eye
donation. 66.67% (100) of the students were unaware there is
no age limit restricting the donation of eyes, and 52% (78)
were unaware that people using spectacles can donate their
eyes. 81% (122) were aware that eye donation requires prior
consent, and 71% (106) were well aware that the donor’s
family will not be charged for the donation. 44% (66) were
aware that eye donation can’t cure all types of blindness. 54%
(81) of the students were aware that the name of donors and
recipients remain unknown, whereas the 46% (69) who
responded “No” were unaware of the confidentiality
maintained. Regarding awareness on scope of benefits from
one donation 36% (54) responded that one person is
benefitted, 11.3% (17) responded that more than two people
are benefitted and majority 52.7% (79) responded that ex-
actly two people are benefitted.)ese data are represented in
Table 4.

Of 150 students, 73 (49%) were willing to pledge their
eyes and 77 (51%) were unwilling to pledge their eyes. 14%
(11) stated “lack of awareness,” 63% (48) stated “objection by

family,” 22% (17) stated “unacceptable idea of the removal of
eyes,” and 1% (1) stated that they will be born blind in the
subsequent birth as reasons preventing them from regis-
tering as donors. A majority of them (37.7% (29)) attributed
their response to family opposition, 13% (10) attributed it to
perceived effects in the future, 27.3% (21) found the pro-
cedure complicated, 14.3% (11) feared that organs would be
missed, 1.3% (1) believed the distortion of physical ap-
pearance was a barrier for eye donations, and 5% (5) found
that it to be a clear violation of human rights, as represented
in Table 5.

4. Discussion

According to the findings of this study, 93.3 percent (140) of
participants were aware of eye donations, which is still shy of
the required 100 percent optimal result considering the
healthcare background of the participants. A similar study
conducted by Sushma et al. [1] among medical and para-
medical students in tertiary care hospital revealed a 99.2
percent awareness rate, which is considered to be much
closer to a desired result. It is necessary to make an effort to
uncover knowledge and awareness gaps in students, par-
ticularly those from healthcare institutes, and to shift ed-
ucation from a syllabus-oriented model to a wholistic
intellectual approach.

When asked about the sources of their awareness re-
garding eye donation, majority of the participants (46
percent) stated that the media is their primary source of
information. )e accelerated advancements in technology
and increased access to the Internet have made it possible for
the younger generation to easily gather knowledge. )is
demonstrates the significant impact that media has on the
youth. Similarly, a study carried out by Nekar et al. [7]
among dental students of KIST Medical College, Nepal
revealed that 69.1 percent of the participants identified
media to be their primary source of information (44.8%
from television and 24.3% from newspapers). [7] Access to
information is no longer an issue, but ensuring that the
proper information reaches the intended audience has be-
come a major hurdle due to the introduction of a plethora of
disruptions. )e intended message is lost either in trans-
lation or in the sheer vastness or amount of material dis-
seminated. )ese aspects should be kept in mind,
particularly while developing educational resources.

A study conducted by Williams and Muir [8] to assess
the awareness and perception of eye donation among
medical staff brought to light that only 0.5% of study par-
ticipants knew of a person who had donated their eyes. )e
data from this study showed a slight improvement in
numbers, with 18% (27) of the students having first-hand
knowledge of someone who had donated their eye. Personal
experiences create personal beliefs, and public opinion
cannot be impacted for the better until we emphasise on
known examples in our communities. Examples of prom-
inent members of society who have pledged or donated their
eyes can be used to inspire others to do the same.

56% (85) of the participants knew that the cornea is
transplanted during the donation of eyes, which seems to be

Table 1: Student distribution according to their gender.

Gender Number Percentage

Male 55 36.67
Female 95 63.33
Grand total 150 100

37%

63%

Male

Female

Figure 1: Distribution of students according to their gender.

Table 2: Distribution of students according to their age group.

Age No. of participants Percentage

18–20 50 33.3%
21–23 58 38.7%
24–26 30 20%
27–29 10 6.7%
29+ 2 1.3%
Grand total 150 100.0
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a slight improvement when compared to a study carried out
by Lal et al. [9] on “Awareness of eye donation among
college students of Hubli city” in which only 33% of the
participants were aware that the cornea is harvested during
eye donation. 44% (66) of the participants were aware that
eye donation is not the cure for all types of blindness, and
52% (79) of the students knew that the scope of benefits from

one donation can extend to two unsighted persons. Un-
derstanding the full extent of benefits is critical since it will
serve as a powerful drive for donations. Well over 50% of the
families of the deceased can be motivated to donate their
eyes by a well-trained eye donation counsellor [10], and thus,
it is critical that due diligence be given to the development of
such skilled personnel.
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Figure 3: Distribution of students based on their respective courses.
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Figure 2: Distribution of students according to their age group.

Table 3: Distribution of students based on their respective courses.

Courses Allied health science students
% of allied health
science students

Paramedical students % of paramedical students Grand total

DMLT — — 30 20 30
DOT — — 10 6.7 10
BPH 7 4.7% — — 7
MHA 18 12% — — 18
MLTC 29 19.3% — — 29
MPH 30 20% — — 30
Nutrition and dietetics 18 12% — — 18
Perfusion technology 8 5.3% — — 8
Grand total 110 73% 40 27% 150
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53 percent (80) of the students were aware that eyes can
be donated only after death, and it is much higher when
compared to a study assessing awareness and willingness of
eye donation among paramedical workers carried out by

Rangu et al. [11], which revealed that only 38%were aware of
the procedure being undertaken after death. 54% (81) of the
students were aware of the optimal time within which the
donor eye will have to be retrieved; that is, 6 hrs and 67%

Table 4: Participants’ awareness and knowledge of eye donation.

Sl No Topic Response No. %

1 Awareness of eye donation
Yes 140 93.3
No 10 6.6

2 Sources of awareness

Mass media 69 46
Lectures 39 26

Organ donation campaigns 17 11.3
Doctor 5 3.3

Hospital/clinic 16 10.7
Don’t know 4 2.7

3 Awareness of eyes being donated after death
Aware 80 53.3
Unaware 70 46.7

4 Age limit for eye donation
Yes 50 33.3
No 100 66.6

5 Optimal time for retrieval of eyes after death

Within 6 hrs. 81 54
As soon as possible 25 16.7
Within 24 hrs./week 5 3.3

Don’t know 39 26

6 Knowledge about ideal part transplanted

Entire eye 13 9
Lens 4 3
Cornea 85 56

Don’t know 48 32

7 Awareness of the hospital having an eye bank.
Yes 94 63
No 56 37

8 Personal knowledge of an eye donor
Yes 27 18
No 123 82

9 Awareness regarding donation by donors using spectacles
Yes 72 48
No 78 52

10 Prior consent required for eye donation
Yes 122 81
No 28 19

11 Awareness on charges associated with eye donation
Yes 44 29
No 106 71

12 Awareness on eye donation not being the cure for all types of blindness
Yes 66 44
No 84 56

13 Awareness on confidentiality of the donor and recipient
Yes 81 54
No 69 46

14 Awareness on scope of benefits from one donation
1 unsighted person benefitted 54 36

More than 2 unsighted persons benefitted 17 11.3
Two unsighted persons benefitted 79 52.7

Table 5: Willingness and barriers related to eye donation.

1 Willingness of the participants to donate/pledge their eyes
Willing to pledge 73 49%
Unwilling to pledge 77 51%

2 Reasons for not pledging/donation of eyes

Lack of awareness 11 14%
Objection by family 48 63%

Unacceptable idea of the removal of eyes 17 22%
Will be born unsighted in the subsequent birth 1 1%

3 Barriers for eye donation

Family opposition 29 38%
Affects the future 10 13%

Complicated nature of procedure 21 27%
Misuse of organs 11 14%

Affected physical appearance 1 1%
Insults human rights and dignity 5 6%
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(100) of students were aware that age limit was not a re-
striction for eye donation. It was also observed that only 63%
of students were aware that their hospital has an eye bank
and 54% (81) of the participants knew that the identity of the
donor and recipient would be kept confidential. Similarly, in
the study conducted by Rangu et al. [11], only 40% par-
ticipants knew that the donor and recipient names would
remain confidential. )ese figures indicate that we are barely
halfway of the optimal goal of achieving 100% awareness
among the sampled healthcare professionals. )is can be
accomplished by re-emphasising the importance of inter-
departmental communication and inclusion, which is crit-
ical in a diverse healthcare environment that has developed
departmental silos over time.

A higher percentage of students (81%) were aware that
prior consent was required and that the family would not be
charged for the donation (71%). )ese seemingly higher
awareness rates could be attributed to the fact that the
participants belonged to the medical field and were routinely
involved in obtaining consent prior to any procedures.

In this study, the most common reason for not pledging
eyes was objection from family, which accounted for 63
percent of the respondents.)is differs from similar studies
carried out by Basnet et al. [12] & Williams and Muir [8] in
which students attributed their refusal majorly to the lack
of information and awareness, respectively. Although 49%
of the respondents responded that they would be willing to
pledge themselves as an eye donor, the question still re-
mains as to how many donations would follow when the
time came, given the societal and familial norms that act as
barriers. India, an inherently traditional society, deems the
familial unit to be a sacred institution. Many pledges may
not be translated into transplants if they are left to the
discretion of relatives. Fundamental religious beliefs of
reincarnation dominate the majority. )is reinforces the
belief system in individuals who conform to the collec-
tivism found in eastern societies, which social scientists
describe as influencing decisions affecting most aspects of
life. [13].

5. Conclusion

Allied health science and paramedical students are the future
of our healthcare system, since they will be the pillars that
sustain it, and their degree of knowledge and awareness is
crucial in promoting eye donation. When these healthcare
professionals are well informed about the implications and
benefits of encouraging eye donations, they will in turn
counsel family members to donate their eyes. Educated
families will then transfer this responsibility by shaping
public views, thereby building a supportive community.
However, failure to transfer such knowledge can have di-
sastrous consequences, as many potential donors may be
lost. Current corneal donation rates are insufficient to meet
India’s transfer needs, and each missed opportunity adds to
this growing quandary.

)is study is extremely important as it illustrates the lack
of awareness among our young healthcare professionals.
Much effort is required in imparting knowledge to bring

about effective change. Media is indeed a powerful tool in
ensuring that knowledge is communicated in a way that has
a lasting impact on the recipients and should be used in
raising awareness. Similar studies are warranted to analyse
the widespread lack of awareness so that it can be effectively
addressed.

We take pride in family ties and social norms instilled in
us by our cultural heritage, but they are inevitably a major
impediment to an effective increase in donation rates. )e
perception of one’s experiences shapes a person’s belief
system, and within a community, similar shared experiences
tend to establish a shared belief or value system. We must
endeavor to not only break stigmas but create values that will
inspire benevolence and humanitarianism. Positive rein-
forcement such as government or private initiatives will
drive behaviors that will help to foster an organ donation
culture. Policies mandating a structured dual counselling
process, which would include an initial request made by the
attending medical personnel, followed by a referral provided
by an eye bank personnel at the sources for eye donation,
would be extremely beneficial in converting pledges to actual
donations, as it would ensure all healthcare facilities,
emergency departments, morgues, and funeral homes to
actively engage in the donation [10].
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A B S T R A C T   

Background: Diabetes ailment is a route of the multi-morbidity’s ailments. In Maharashtra state, Latur district 
have a higher proportion of diabetics. According to DLHS-4 (2012-013) and NFHS-4 (2015-016) blood sugar 
>140 mg/dl is around 14% and 17% respectively in Latur. Hence, study was undertaken to find out the burden of 
comorbidities among diabetes persons and its determinants. 
Materials and methods: This study used house listing method for self-reported diabetic person. Multistage strat-
ified sampling technique was used to collect data. Two sub-divisions have selected in Latur districts. Three 
villages and three CEB randomly selected based on prevalence of diabetes among social strata in each sub- 
division of Latur. Furthermore, data was collected from 505 self-reported diabetic patients of 413 household 
during May to October 2017 and analysed by bivariate and multivariate techniques. 
Results: The prevalence of major comorbidities was blood pressure (28.5%), cardiovascular diseases (19.5%), 
retinopathy (21.8%) and rheumatism (24.4%). Health risk factors were blood sugar level, overweight, substance 
use and non-exercised, which shown more likely to develop the morbidities among diabetic patients. 
Conclusions: Increase of number of comorbidities in diabetic patients indicates lack of awareness of causes and 
consequences of diabetes. Hence, there is needs awareness program about diabetes prevention and management 
through health education, disease management programmes, trained peers, community health workers and 
community-based programmes.   

1. Introduction 

Epidemiologically, diabetes is a major non-communicable disease 
(NCD). Over the years, its prevalence has increased and widened to 
affect all socio-demographic segments of the population.1 Rapid eco-
nomic development and urbanization,2 lifestyle changes,3 increasing 
obesity levels4 and reduced physical inactivity of people in Asian 
countries, particularly in India. It has led to a shift in health problems 
from communicable to non-communicable diseases (Gupta et al., 2012). 

Among NCDs, diabetes has emerged as one of the major causes of 
illness and premature deaths around the world.5 Incidences of diabetes 
are growing in the present 21st century.6 The number of adults with 
diabetes in the world has increased from 108 million in 1980 to an 
estimated 422 million in 2014 (NCD Risk Factor Collaboration, 2016). 

The largest proportion increase in new cases of diabetes has occurred 
in East Asia and South Asia. The two regions have respectively 106 
million and 86 million diabetics (NCD Risk Factor Collaboration, 2016). 
India has the second largest population of diabetics in the world, next to 

the China.7 Diabetes is an iceberg ailment: it can remain undetected for a 
long time during which its adverse effects spread to various organs of the 
body. The diabetes epidemic has engulfed all demographic and 
socio-economic sections. Experts have warned that the spread of dia-
betes could have long lasting negative impact on the health of the 
people, as well as the overall economic wellbeing of the nation.6,7 

There are several risk factors of diabetes, which can be classified into 
modifiable and non-modifiable risk factors. Modifiable factors include 
obesity, sedentary lifestyles, improper diet, stress, alcohol and viral 
infections.5,7–9 Non-modifiable risk factors include socioeconomic sta-
tus, genetic predisposition to the disease and family history.10,11 The 
proportion of diabetic patients with multiple morbidities is rising and 
the problem of lack of health care facilities cannot be ignored.12 

Approximately one third to a half of diabetic patients are living with one 
or more types of morbidities.13 According to DLHS-4 factsheet 
(2012–13), in Latur, 14% of the population reported blood sugar level 
>140 mg/Id. In the NFHS-4 factsheet (2015–16), this figure had 
increased to 17%. This is a significant increase and hence, this study has 
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taken into account to highlight the burden of comorbidities among 
diabetes in Latur along with its symptoms and their socio-demographic, 
economic and health determinants. 

2. Materials and methods 

The study was conducted in Latur district of Maharashtra state. The 
selection of Latur was determined because of the higher (third rank) 
prevalence of diabetes in the district of Maharashtra (DLHS-4, 
2012–13). 

2.1. The study area 

Latur district is situated in the South-East of Maharashtra on the 
border of Maharashtra and Karnataka. The district is divided into two 
administrative sub-divisions (Latur and Udgir) and ten tehsils. Latur sub- 
division includes Latur and Ausa tehsils, while the Udgir comprises 
Udgir, Ahmadpur, Nilanga, Chakur, Renapur, Deoni, Jalkot and Shirur- 
Anantpal tahsils. The urban population of Latur in 2011 was 25.5% of 
the district. Latur district’s literacy rate was 77.3% in 2011. District’s 
economy is mainly depending on agriculture with 71.5% of the work-
force engaged in the primary sector (Census 2011). Furthermore, the 
population of Latur district is 24,56,885 (18,28,170 in rural areas and 
628,714 in urban). There are 46 Primary Health Centres (PHC’s) and 
252 sub-centres in the rural parts of Latur District. Each PHC on an 
average caters to a population of about 30,000 people, while each sub- 
centre caters to 5,000. In addition, Latur district consist of ten rural and 
two sub-district hospitals (zplatur.gov.in/htmldocs/health/AboutDe-
paretment.html, accessed on 22 July 2016). 

2.2. Estimation of sample size 

The sample selected for study consisted of respondents, reported 
diabetic condition. The estimated required sample was based on pro-
portion of diabetics in the district. (According to DLHS-4 factsheet for 
Latur, 14% of the population aged 18 years and above reported blood 
sugar levels >140 mg/dl, which is high) (DLHS-4, 2012–13). The 
required sample size at 95% confidence interval, 4% margin of error, 1.5 
design effects and 10% non-response rate was estimated as 497. How-
ever, study was carried out on 505 persons. 

2.3. Sample design 

A sample of 505 self-reported diabetic patients from 413 household 
were chosen using a multistage stratified sampling technique. One tehsil 
was selected from each sub-division of Latur district. From Latur sub- 
division, Latur tehsil was selected because it is the headquarters and 
has relatively better healthcare facilities. From the Udgir sub-division, 
Nilanga tehsil was randomly chosen. From each of the selected tehsils 
(Latur and Nilanga), three villages and three census enumeration blocks 
(CEBs) were selected based on the proportion of population size (PPS). 

2.4. Data collection 

The selection of villages and CEBs were completed based on 2011 
census information. Further, number of current households at the time 
survey was not possible from the census 2011. Hence, authors themself 
visited all-selected villages and CEB, and done the house listing for 
further sampling. A complete house listing was obtained for identifying 
adults aged 18 and higher with diabetes in household. With this 
approach, 42 self-reported diabetics based on medical records from each 
CEB/village were selected randomly for the study. In all, 6 CEBs and 6 
villages were selected from the two tehsils. Data were collected during 
May 15 to November 15, 2017. The self-reported diabetic patients were 
selected from each of the CEB/village using the following inclusion 
criteria. 

Inclusion and exclusion criteria: Those aged 18 years and above with 
Type-1 and Type-2 diabetes was considered for the study. Persons below 
18, those who were seriously ill, and those with gestational diabetics 
were not considered for inclusion in the sample. 

Quantitative tools: A structured interview schedule was used for 
capturing quantitative information. The first part of the interview 
schedule comprised questions to obtain household information and the 
second part for information on the respondent diabetics. 

Lifestyle behaviour: Information on lifestyle behaviour of respondents 
was collected from the questions on how often they drink, consume 
tobacco/ghutka and smoke. Based on the responses, the responses were 
classified as high- and low-risk behaviours. 

Blood sugar levels: Data on sugar levels (fasting and after meal) was 
collected from the medical reports of the respondents. A sugar levels 
were considered normal as <100 gm/dl for fasting, and <140 gm/dl 
after meal. Sugar levels more than these values indicated diabetic con-
dition (Ministry of AYUSH, Govt. of India, 2015). Furthermore, types of 
morbidities data were obtained based on the medical report of diabetic 
persons. BMI was estimated from the height and weight of the re-
spondents. BMI of less 18.5 indicated underweight, normal BMI is in the 
range 18.5–25, and a value of 25 and more indicated overweight or 
obese. 

2.5. Statistical methods 

Data entry performed using SPSS-22 software. Further, data was 
analysed by univariate, bivariate and multivariate techniques using 
SPSS-22 and STATA (Version 13.1) software. Univariate and bivariate 
has been used to show the comorbidities among diabetics by selected 
demographic and socio-economic variables. However, in multivariate 
techniques – Binary Logistics Regression were performed to see the ef-
fect of selected demographic and socio-economic variables. 

2.6. Ethical concerns 

Informed consent was obtained from community heads before the 
survey was initiated. Consent of individual respondents was also ob-
tained before the interviews. Assurances were given to the respondents 
that they were free to withdraw from the study at any time. Since, study 
covered the health aspects of the diabetic persons. So, consent was also 
taken from the head of household and the diabetics to speak to their 
doctors. The purpose of the study was explained to the individual before 
the survey and promise to maintain privacy and confidentiality of data. 
Moreover, it would be used only for the purpose of an academic study. 

3. Results 

3.1. Blood pressure 

Table 1 explored the association of major comorbidities with diabetic 
patients according to demographic and socioeconomics characteristics. 
About thirty-one percent of the diabetics from rural area and twenty-six 
percent from urban areas had blood pressure. It is higher among males 
(31.3%) than females (24.9%). Diabetics aged 60 years and above re-
ported 42% high blood pressure, which is significantly higher than the 
prevalence among aged 18–40 years (19.3%) and 41–59 years (15.3%). 
Association between marital status and high blood pressure morbidities 
was also found to be significant (P < 0.01). Prevalence of high blood 
pressure is higher among widowed, divorced, separated and never 
married respondents (40.9%) than among those who were currently 
married (25.1%). Moreover, significant association was found between 
education status of the respondents and their blood pressure (P < 0.05). 
Illiterate had high blood pressure (33.3%) than those had ten or more 
years of education (20.4%). In Muslims, prevalence of high blood 
pressure was found 36.7%, however, in Hindus was 26.3%. A significant 
association was found between working status and high blood pressure 
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Table 1 
Comorbidities among diabetics by demographic and socio-economic characteristics.  

Background 
characteristics 

High Blood 
pressure 

n χ2 p 
value 

Cardiovascular 
disease 

n χ2 p 
value 

Retinopathy n χ2 p 
value 

Rheumatology n χ2 p 
value 

Others n χ2 p 
value 

Residence 
Rural 31.4 79 2 0.159 21.4 54 1.9 0.167 22.6 57 0.2 0.649 24.6 62 0.1 0.736 13.5 34 0.3 0.249 
Urban 25.7 65   16.6 42   21.0 53   23.3 59   11.9 30   
Sex 
Male 31.3 89 2.5 0.111 18.3 52 0.2 0.649 16.9 48 9.1 0.003 21.5 61 2.2 0.139 13.4 38 0.3 0.523 
Female 24.9 55   19.9 44   28.1 62   27.2 60   11.8 26   
Age (years) 
18–40 19.3 16 41.9 0.000 12.1 10 14.5 0.001 10.8 9 16.8 0.000 12.1 10 26.2 0.000 10.8 9 0.5 0.522 
41–59 15.3 29   13.2 25   16.9 32   16.4 31   12.2 23   
60 and above 42.5 99   26.2 61   29.6 69   34.3 80   13.7 32   
Marital status 
Currently married 25.1 99 10.6 0.001 18.7 74 0.1 0.765 19.5 77 5.6 0.018 22.0 87 3.7 0.054 11.1 44 3.9 0.045 
Widowed/divorced/ 

separated/never 
married 

40.9 45   20.0 22   30.0 33   30.9 34   18.2 20   

Education status 
Illiterate 33.3 58 7.1 0.029 24.1 42 7.4 0.025 34.5 60 27.1 0.000 31.0 54 10.4 0.006 12.6 22 0.6 0.736 
1–9 years 30.4 56   19.6 36   17.9 33   23.9 44   12.5 23   
10 and more years 20.4 30   12.2 18   11.6 17   15.7 23   12.9 19   
Religion 
Hindu 26.3 94 3.9 0.144 18.4 66 0.3 0.866 22.9 82 2.6 0.276 25.1 90 1.6 0.46 13.4 48 1.9 0.058 
Muslim 36.7 33   20.0 18   15.6 14   18.9 17   13.3 12   
Buddhist and other 29.8 17   21.1 12   24.6 14   24.6 14   7.0 4   
Caste 
SC/ST 28.7 39 0.2 0.911 22.8 31 2.1 0.341 33.1 45 14.5 0.001 33.8 46 10 0.007 12.5 17 1.5 0.896 
OBC 27.0 31   15.7 18   20.0 23   20.9 24   9.6 11   
General 29.1 74   18.5 47   16.5 42   20.1 51   14.2 36   
Working status 
Not working 35.6 91 18 0.000 22.7 58 4.7 0.096 28.9 74 17.4 0.000 30.1 77 11.1 0.004 13.7 35 2 0.122 
Farmer/daily wage 

labour 
14.0 16   14.0 16   10.5 12   15.8 18   8.8 10   

Other 27.4 37   16.3 22   17.8 24   19.3 26   14.1 19   
Wealth index 
Poor 29.2 49 0.4 0.828 19.1 32 0.3 0.869 16.7 28 4.5 0.103 23.2 39 0.7 0.701 11.9 20 0.6 0.179 
Middle 29.6 50   20.1 34   22.5 38   22.5 38   11.8 20   
Rich 26.8 45   17.9 30   26.2 44   26.2 44   14.3 24   
Total 28.5 144   19.0 96   21.8 110   24.0 121   12.7 64   

Note: the ‘n’ is reported based on the multiple responses but the percentage is given based on the total sample size (n = 505) not the total responses (n = 535). 
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ailments (P < 0.01). A higher proportion of blood pressure (37.6%) was 
found in not working respondents whereas, it was 14% in farmer and 
daily wage workers. 

3.2. Cardiovascular disease 

Nineteen percent of diabetics people suffering with cardiovascular 
diseases (CVDs). Proportion of CVDs was seen higher in rural (21.4%) 
than urban areas (16.6%). It was slightly different among women 
(19.9%) than men (18.3%). The result highlights have a significant as-
sociation between age and prevalence of CVDs (P < 0.01). The preva-
lence of CVDs was significantly varying by age groups. It was higher in 
age group 60 and above years (26.2%) than age group 18–40 years 
(12.1%). The findings show significant association between educational 
status and cardiovascular diseases (P < 0.05). Illiterate had more car-
diovascular diseases (24.1%) than those with ten or more years of ed-
ucation (12%). Furthermore, the prevalence of CVDs is more among SC/ 
STs (22.8%) followed by OBC and general castes (15.7% and 18.5% 
respectively). Working status is significantly associated with CVDs ail-
ments (P < 0.05). A larger proportion of diabetics, who were not 
working (22.7%) had CVDs than farmers and daily wage workers (14%). 
The prevalence of CVDs was 19.1%, 20.1% and 17.9% respectively in 
poor, middle and rich class (Table 1). 

3.3. Retinopathy 

Retinopathy is a common condition of eye problem among persons 
with diabetes. A slight difference was seen in the occurrence of reti-
nopathy between rural and urban areas—22.6% and 21% respectively. 
Further, prevalence of retinopathy was higher (28.1%) among women, 
while it was 16.9% in men. Age of the respondents had a significant 
association with the prevalence of retinopathy (P < 0.01). It was 10.8% 
among diabetics aged 18–40 years, and nearly three times more in 60 
years and above (29.6%). A greater prevalence of retinopathy (30%) was 
observed among diabetics who were widowed, divorced, separated or 
never married, which is significantly more than those who were 
currently married (19.5%). Education of respondents has significantly 
associated with retinopathy. Around 11.6% of illiterate diabetics re-
ported retinopathy, while it was 34.5% among ten or more years of 
education. Caste was also significantly associated with retinopathy 
morbidities (P < 0.01). The prevalence of retinopathy was higher 
(33.1%) among diabetics SC/STs, which was more than that in the 
general castes (16.5%). According to the wealth index, a higher per-
centage of diabetics in the rich class had retinopathy (26.2%) than those 
in the poor category (16.7%) (Table 1). 

3.4. Rheumatism 

The prevalence of rheumatology was 24.6% and 23.3% among rural 
area and urban area respectively. Among diabetics, women had more 
rheumatology (27.2%) than men (21.5%). Findings show significant 
association between age and prevalence of rheumatology (P < 0.01). 
Among diabetics aged 18–40 years, prevalence of rheumatology was 
12.1%, while it was 34.3% in 60 and above years. Marital status found 
significant association with rheumatism (P < 0.05). Among respondents, 
who were widowed, divorced, separated and never married, prevalence 
of rheumatology was 30.9%, which was higher than currently married 
(22%) (Table 1). A significant association was seen between educational 
status and rheumatology (P < 0.01). Prevalence was found to be higher 
among illiterate diabetics (34.5%) than among those with ten or more 
years of education (11.6%). A significant association was observed be-
tween caste and rheumatology (P < 0.01). It was higher among the SC/ 
STs (33.8%) than general caste (20%). Further, significant association 
found between working status and rheumatology ailments (P < 0.01). A 
finding showed higher prevalence of rheumatology in not working 
(30.1%) as compared to farmers/daily wage labourers (15.8%) 

(Table 1). 

3.5. Other morbidities 

The prevalence of others morbidities (asthma, kidney disease, foot 
ulcers or infections, strokes, nerve disease, thyroid disease, skin prob-
lems, anaemia, injury and problems of teeth and gums) did not vary 
much between rural and urban areas (13.5% and 11.9% respectively). 
Additional, significant association was seen between marital status and 
other morbidities (P < 0.05). It was higher (18.2%) among widowed, 
divorced, separated and unmarried diabetics than currently married 
(11.1%). Among Buddhists and other religions, the prevalence of other 
morbidities was 7%, which was lower than Hindus and Muslims (13.4% 
and 13.3% respectively). Prevalence of comorbidities was lower among 
diabetics’ farmers and daily wage workers (8%) than among the di-
abetics not working (13.4%) (Table 1). 

3.6. Association of health risk factors with comorbidities 

Table 2 reveals the prevalence of comorbidities among persons with 
diabetes by health risk factors. The prevalence of high blood pressure 
was more among people with higher fasting blood sugar level (30.3%) 
than normal fasting blood sugar level (24.9). However, after meal blood 
sugar levels was significantly associated with blood pressure (P < 0.01). 
Among diabetics, the prevalence of blood pressure is found to be higher 
(31.8%) in those with high blood sugar levels after meal than those with 
normal blood sugar levels (19.7%). Further, significant association was 
seen between adherence to a daily treatment routine and blood pressure 
(P < 0.01). Proportion of insulin-dependent diabetics (50%) had high 
blood pressure than those who were taking oral medication (23.9%). In 
addition, BMI was seen to be significantly associated with the prevalence 
of blood pressure (P < 0.01). It was more among overweight diabetics 
(37.9%) than underweight (18.4%) and normal diabetics (19.6%). 
About 32% of diabetics did not exercise daily, had higher blood pressure 
than diabetics exercised daily (26.6%). Furthermore, significant asso-
ciation was observed between daily exercise and high blood pressure (P 
< 0.05). In addition, substance use plays a significant role with preva-
lence of blood pressure (P < 0.05). A higher proportion of substance 
consumers (33%) had high blood pressure than those who did not use 
substance (25.3%). 

Diabetics with high fasting sugar had a higher prevalence of car-
diovascular diseases (20.3%). It was less among those with normal blood 
sugar level (16.4%, P < 0.05). Among those with high blood sugar levels 
after meal, prevalence of CVDs was 21.5%, which is higher than that 
among diabetics with normal after meal blood sugar levels (12.4%). 
Marginal difference was seen in the prevalence of CVDs between di-
abetics who are insulin-dependent and those who take oral medication 
(20% and 18% respectively). The association between BMI and cardio-
vascular disease is significant at 5% level of significance. It is higher 
(23.8%) among overweight as compared with those of normal BMI 
(13.7%). Composition of every day exercise has significant association 
with cardiovascular disease (P < 0.01). Diabetics who exercise daily 
tended less to suffer from CVDs—prevalence was 15.6%—than those 
who did not do daily exercise (21.5%). A significant association was seen 
between substance use and prevalence of CVDs (P < 0.01). Substance 
users showed higher prevalence of CVDs (24.5%) than those who did not 
use (15%) (Table 2). 

Association was significant between daily exercise diabetics and 
retinopathy (P < 0.01). The prevalence of retinopathy in diabetics was 
22.7% and 20% among high fasting blood sugar, and those had normal 
fasting blood sugar level respectively. Among those had high blood 
sugar levels after meal, 22% had retinopathy, which was marginally 
higher than of those with normal blood sugar levels (21.2%). Overweigh 
diabetics showed higher prevalence of retinopathy (23%) than those 
were underweight (15.8%) and normal BMI (21.5%). Prevalence of 
Retinopathy was higher in diabetics who did not exercise daily (26.6%) 
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than those did (15.1%). Furthermore, substance user had significant 
association with the prevalence of retinopathy (P < 0.01). Around 
27.4% substance users had retinopathy (Table 2). 

A slight difference was found in the prevalence of rheumatology 
between diabetics had high fasting blood sugar level and those whose 
fasting blood sugar level was normal. About 25% diabetics with higher 
fasting blood sugar and 21.8% diabetics with normal fasting sugar level 
had rheumatology. Around 24.7% diabetics with high blood sugar after 
meal had rheumatology however, 21.9% in normal blood sugar after 
meal. A significant association was found between BMI and rheuma-
tology (P < 0.01). The results showed 27.8% overweight diabetics had 
rheumatology, which was present in 21.1% for the underweight and 
20% for normal BMI. Daily exercise was found to have a significant 
association with rheumatology (P < 0.01). The prevalence of rheuma-
tology among diabetics who did not exercise daily was 29.7%. Among 
those who exercised daily, 16% had rheumatology. Substance’s con-
sumers Diabetics had 28.8% rheumatology, however, in not substance 
user, smaller proportion had rheumatology (20.5%) (Table 2). 

Table 3 shown the numbers of comorbidities among diabetic persons 
by demographic and socioeconomics characteristics. The numbers of 
comorbidities were 18.8%, 19% and 14.4% respectively by one co-
morbidity, two comorbidities and three numbers comorbidities among 
diabetics’ persons. The number of three and above comorbidities with 
diabetes was in 16.7% in rural areas, and 11.9% in urban. Furthermore, 
three and above comorbidities in diabetic persons was higher among 
males (15.5%) compared to female (12.7%). The prevalence of three and 
above comorbidities was also seen higher among age group 60 and 
above years (22.3%), whereas it was 6% in age group 18–40 years (P <
0.01). Education level had negative association with number of mor-
bidities (P < 0.01). Three and more numbers of morbidities was in 
10.9% among the diabetics having 10 and more years of educated, while 
it was higher among illiterate (19.5%). Similarly, caste has significantly 
associated with numbers of comorbidities (P < 0.05). Prevalence of 
three and more numbers of comorbidities were 18.4% in SC/ST, while it 
was 11.3% and 13.4% respectively in OBC and general castes. Three and 
more numbers of morbidities was significantly higher among not 
working respondents (18.4%) than farmer and daily wage labours 
(7.8%, p < 0.01). 

Table 4 reveals the prevalence of multiple morbidities by health risk 
factors. BMI was significantly associated with numbers of morbidities (P 
< 0.01). The prevalence of three and more number of comorbidities 
found to be 10.1% among respondents with normal BMI, while it was 
higher in overweight (18.2%). Daily exercise was also significantly 
associated with numbers of comorbidities (P < 0.01). The prevalence of 
three and more numbers of comorbidities was higher (17.4%) in those 
who did not do daily exercise than those did daily exercise (9.9%). 
Similar, substance use was significantly associated with numbers of 
comorbidities (P < 0.01). The higher prevalence of three and more 
numbers of comorbidities was in substance user (22.6%) than non - 
substance user (8.2%). 

4. Result of binary logistic regression models 

Table 5 presents the outcome of binary logistic regression to deter-
mine the association of blood pressure of the diabetics. Women had 50% 
less chances to be diabetics than men of being diagnosed with high blood 
pressure. Aged 60 years and more were found to be 2.3 times more likely 
to have blood pressure than aged 18–40 years (P < 0.05). Diabetic 
farmers and daily wage workers were 60% less likely to have high blood 
pressure than those who were not working (P < 0.001). Daily treatment 
was significantly associated with prevalence of high blood pressure (P <
0.001). Diabetics on oral medication were 70% less likely to have high 
blood pressure than those were insulin dependent. Furthermore, over-
weight diabetics are 2.5 times more likely to have high blood pressure 
than those with a normal BMI (P < 0.001). Similarly, marital status was 
significantly associated with cardiovascular disease (P < 0.05). Diabetic Ta
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Table 3 
Numbers of comorbidities among diabetic persons by demographic and socioeconomics characteristics, Latur district, 2017.  

Background Characteristics One Two Tree and above χ2 p value N 

% n % n % n 

Locality 
Rural 17.5 44 19.4 49 16.7 42 2.8 0.31 252 
Urban 20.2 51 18.6 47 11.9 30   253 

Sex 
Male 17.6 50 15.5 44 15.5 44 7.1 0.123 284 
Female 20.4 45 23.5 52 12.7 28   221 

Age 
18–40 22.9 19 10.8 9 6.0 5 47 0.000 83 
41–59 18.0 34 14.8 28 7.9 15   189 
60 and above 18.0 42 25.3 59 22.3 52   233 

Marital status 
Currently married 17.7 70 18.7 74 12.4 49 9.5 0.053 395 
Widowed/divorced/separated/Never married 22.7 25 20.0 22 20.9 23   110 

Education Status 
Non literate 21.8 38 22.4 39 19.5 34 27.4 0.001 174 
1–9 years 20.1 37 21.7 40 12.0 22   184 
10 and more 13.6 20 11.6 17 10.9 16   147 

Religion 
Hindu 17.6 63 20.4 73 13.7 49 7.3 0.531 358 
Muslim 23.3 21 20.0 18 12.2 11   90 
Buddhist and Other 19.3 11 8.8 5 21.1 12   57 

Caste 
SC/ST 19.1 26 24.3 33 18.4 25 13.1 0.031 136 
OBC 24.4 28 13.0 15 11.3 13   115 
General 16.1 41 18.9 48 13.4 34   254 

Working Status 
Currently not working 21.9 56 24.6 63 17.2 44 33.6 0.001 256 
Farmer/daily wage labour 16.7 19 9.7 11 7.9 9   114 
Other 14.8 20 16.3 22 14.1 19   135 

Wealth Index 
Poor 18.5 31 17.3 29 14.3 24 2.1 0.192 168 
Middle 21.3 36 18.3 31 13.6 23   169 
Rich 16.7 28 21.4 36 14.9 25   168 

Total 18.8 95 19.0 96 14.3 72   505  

Table 4 
Numbers of comorbidities in diabetic persons according to health indicators, Latur district, 2017.  

Health indicators One Two Three and above χ2 p value N 

% n % n % n 

Fasting blood sugar level 
Normal 17.6 29 14.6 24 13.9 23 4.6 0.351 165 
Higher 19.4 66 21.2 72 14.4 49   340 

After meal blood sugar level 
Normal 20.4 28 11.7 16 12.4 17 8.3 0.042 137 
Higher 18.2 67 21.7 80 15.0 55   368 

Daily treatments 
Insulin dependant 21.1 19 35.6 32 13.3 12 23.5 0.001 90 
Oral medication 18.3 76 15.4 64 14.5 60   415 

BMI 
Underweight 7.9 3 15.8 6 13.2 5 15.6 0.000 38 
Normal 18.3 40 17.8 39 10.1 22   219 
Overweight 21.0 52 20.6 51 18.2 45   248 

Every day exercise 
No 16.7 49 22.9 67 17.4 51 15.5 0.001 293 
Yes 21.7 46 13.7 29 9.9 21   212 

Substance use 
No 22.9 67 18.8 55 8.2 24 24.9 0.002 293 
Yes 13.2 28 19.3 41 22.6 48   212 

Total 18.8 95 19.0 96 14.3 72   505  
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widowed, divorced, separated and never married were 1.2 time more 
likely to have cardiovascular disease than those with currently married. 
Remarkable, overweight diabetics are 1.7 times more likely to have 
cardiovascular disease than those with normal BMI (P < 0.05). Inter-
estingly, Substance use by diabetics are 2 time more likely to have 
cardiovascular disease than those not use substance (P < 0.05). 

Female diabetics were found to be 1.9 times more likely to be 
diagnosed with retinopathy than male diabetics (P < 0.05). Similarly, 
diabetics belongs to OBCs and general castes were found to have 60% 
less chances of being diagnosed with retinopathy than the SC/ST castes 
(P < 0.001). Diabetics in farmers and daily wage labourers had 60% less 
chances of having retinopathy than those diabetics not working (P <

Table 5 
Result of binary logistic regression models: Effect of background characteristics on comorbidities (blood pressure, cardiovascular disease, retinopathy and rheuma-
tology) among diabetic persons.  

Background characteristics High Blood Pressure Cardiovascular disease Retinopathy Rheumatology 

AOR 95% C.I. AOR 95% C.I. AOR 95% C.I. AOR 95% C.I. 

Locality 
Rural ® 1  1  1  1  
Urban 0.8 (0.51,1.29) 0.8 (0.46,1.25) 1 (0.62,1.66) 1 (0.65,1.63) 

Sex 
Male ® 1  1  1  1  
Female 0.5*** (0.27,0.82) 1.2 (0.63,2.16) 1.9** (1.01,3.54) 1.2 (0.7,2.2) 

Age 
18-40 ® 1  1  1  1  
41–59 0.7 (0.32,1.49) 0.8 (0.36,1.95) 1 (0.43,2.43) 1.1 (0.49,2.48) 
60 and above 2.3** (1.07,4.9) 1.8 (0.75,4.21) 1.7 (0.7,4.11) 2.9*** (1.26,6.56) 

Marital status 
Currently married ® 1  1  1  1  
Widowed/divorced/separated/never married 1.2 (0.65,2.05) 0.5** (0.27,1.02) 0.7 (0.37,1.33) 0.8 (0.41,1.38) 

Education status 
Non literate ® 1  1  1  1  
1–9 years 1 (0.58,1.81) 0.9 (0.48,1.59) 0.5*** (0.27,0.87) 1 (0.54,1.68)) 
10 and more 0.8 (0.39,1.66) 0.6 (0.27,1.30) 0.3*** (0.15,0.72) 0.8 0.39,1.64) 

Religion 
Hindu ® 1  1  1  1  
Muslim 1.2 (0.68,2.28) 1.0 (0.52,2.04) 0.7 (0.33,1.38) 0.7 (0.37,1.4) 
Buddhist and Other 0.8 (0.37,1.96) 0.9 (0.37,2.02) 0.6 (0.27,1.43) 0.5* (0.23,1.15) 

Caste 
SC/ST ® 1  1  1  1  
OBC 0.7 (0.32,1.38) 0.6 (0.25,1.20) 0.4** (0.21,0.89) 0.4*** (0.18,0.72) 
General 0.8 (0.44,1.63) 0.7 (0.38,1.44) 0.4*** (0.19,0.71) 0.4*** (0.2,0.7) 

Working status 
Currently not working ® 1  1  1  1  
Farmer/daily wage labour 0.4*** (0.18,0.8) 0.8 (0.37,1.55) 0.4*** (0.18,81 0.7 (0.35,1.34) 
Other 0.9 (0.47,1.61) 1.0 (0.51,2.00) 1.1 (0.54,2.08) 1 (0.52,1.83) 

Wealth index 
Poor ® 1  1  1  1  
Middle 1.2 (0.7,2.1) 1.3 (0.73,2.38) 2.2*** (1.19,4.23) 1.2 (0.68,2.11) 
Rich 0.8 (0.43,1.33) 1.0 (0.52,2.38) 2.5*** (1.38,4.62) 1.3 (0.76,2.31) 

Fasting sugar level 
Normal ® 1  1  1  1  
Higher 1.1 (0.62,1.97) 1.0 (0.52,1.82) 1.3 (0.69,2.37) 1.1 (0.65,2.05) 

After meal sugar level 
Normal ® 1  1  1  1  
Higher 1.1 (0.6,2.11) 1.6 (0.78,3.17) 0.7 (0.39,1.43) 0.8 (0.46,1.56) 

Daily treatment 
Insulin dependent ® 1  1  1  1  
Oral medication 0.3*** (0.16,0.48) 0.9 (0.50,1.73) 1 (0.5,1.8) 0.8 (0.45,1.45) 

BMI 
Normal ® 1  1  1  1  
Overweight 2.5*** (1.57,4.04) 1.7** (1.02,2.76) 0.9 (0.58,1.53)) 1.5* (0.92,2.31) 

Exercising daily 
No ® 1  1  1  1  
Yes 0.8 (0.47,1.23) 0.8 (0.46,1.29) 0.6** (0.36,1.03) 0.5*** (0.29,0.78) 

Substance use 
No ® 1  1  1  1  
Yes 1.2 (0.7,1.96) 2.0*** (1.16,3.53) 2.4*** (1.34,4.24) 1.3 (0.79,2.27) 

Note 1: ***P value < 0.01, **P value < 0.05, *P value < 0.10, ® - Reference category. 
Note 2: AOR – Adjusted Odds Ratios. 
Note 3: High blood pressure, Retinopathy and Rheumatology was independent questions asked from individual respondents. 
Note 4: The categories chosen for the logistic regression analysis were diabetic patients with High blood pressure vs. diabetic patients with no high blood pressure. 
Similarly, the categories chosen for the logistic regression analysis were diabetic patients with Retinopathy vs. diabetic patients with no Retinopathy and so on. 
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0.005). The association of wealth status was significant with retinopathy 
morbidities (P < 0.001). Diabetics from the middle class and rich class 
were found to be, respectively, 2.2 and 2.5 times more likely to be 
diagnosed with retinopathy than those from the poor class. A significant 
association was seen in daily exercise with prevalence of retinopathy (P 
< 0.05). Diabetics who were exercise daily had 40% less chances than 
those who do not exercise daily of being diagnosed with retinopathy. 
Diabetics who use substances were 2.4 times more retinopathy ailment 
than non-users. 

The association is significant between age of respondents and rheu-
matology ailments (P < 0.001). Diabetics aged 60 years and above were 
2.9 times more likely to be diagnosed with rheumatology as compared 
with diabetics aged 18–40 years. Religion is significantly associated 
with prevalence of rheumatology ailment (P < 0.05). Respondents 
belonging to Buddhist and other religions were 50% less rheumatology 
ailment than Hindus. The results of binary logistic regression also show 
the significantly association of daily exercise with the likelihood of 
rheumatology in diabetics (P < 0.001). Those exercising daily had 50% 
less chances of having rheumatology ailments than those who do not. 

5. Discussion 

Epidemiology of non-communicable diseases (NCDs) has become 
major health issues among India. Diabetes is one of the important 
components of NCDs. The proportion of diabetes is increasing, and it is a 
cause of several risk factors, which were classified into modifiable and 
non-modifiable risk factors. Modifiable factors include obesity, seden-
tary lifestyles, improper diet, stress, alcohol and viral infections.5,7,8 

However, non-modifiable risk factors include socio-economic status, 
genetic predisposition to the disease and family history.10,11 Around one 
third to half of diabetic patients are living with one or more types of 
morbidities.13 According to DLHS-4 (2012–13), in Latur, 14% of the 
population reported more than 140 mg/Id blood sugar level. In the 
NFHS-4 (2015–16), this figure had increased to 17%, indicates a sig-
nificant change in the particular place, and therefore this study was 
carried out to highlight the burden of comorbidities among diabetes, its 
symptoms and socio-demographic, economic and health determinants. 

Hypertension and rheumatology comorbidities were high among the 
diabetic persons. Finding is supported by past studies, and reported 
approximate findings of higher prevalence of co-morbidities among 
diabetic peoples. The prevalence of comorbidities is observed to be 
higher among 60 and above population due to less physical activities, 
illness and lack of health management. Moreover, age is a non- 
modifiable risk factors of comorbidities.23 Widowed, divorced and 
separated diabetics have experienced higher levels of hypertension, 
rheumatology and retinopathy compared with currently married. 
Reason is in this marital status higher proportion of people use substance 
and suffered with obese and overweight ailments.14 The possible reasons 
reported for higher prevalence of diabetics are overweight/obesity, less 
physical activity, increased blood glucose and cholesterol level.15 

The educational status of diabetics has been associated with the 
prevalence of comorbidities. Illiterate diabetics are at greater risk of 
comorbidities (blood pressure, cardiovascular disease, retinopathy, and 
rheumatology). The higher level of education is observed to increase the 
awareness about symptoms and risk factors of diabetes at individual 
level, and proper health managements to prevent diabetes and its as-
sociation with comorbidities.16,17 Focusing on wide range of health 
education programmes in rural areas for diabetic’s risk factors, conse-
quences and comorbidities associated with diabetes would help in 
reduction in the occurrence of diabetics. Targeting high risk population 
for early health checks in community settings could lead to identify 
population in early phase of disease. 

The SCs/STs and OBC suffered more from multiple morbidities than 
general caste group of population. This may be attributed to pre-existing 
poor quality of life and poor available quality of medical care, lack of 
awareness and poor economic status. Previous studies also noted that 

population belonging to poor socio-economic status have lower level of 
educations, lack of awareness regarding health and lower level of 
treatment compliances.12,18 Women and respondents belonging to 
Muslim religion and poor wealth households have experienced higher 
levels of comorbidities than their counterparts. This may be attributed to 
the life style behavior, socio-economic status pride and honor, less 
physical activity and increased overweight/obesity. The earlier research 
also finds similar results.15,19,20 Due to higher sugar level, lack of ex-
ercise, overweight and obesity more diabetic persons suffer from 
symptoms of morbidities like joint pain, chest pain, eye problem, energy 
decrease.21 It is commonly known that obesity, high-fat, high-sodium 
diet and inactivity lead to increase in both diabetes and hypertension, 
heart disease, rheumatism and eye problem.22 

6. Conclusion 

Majority of diabetic’s person were suffered with overweight and high 
blood sugar levels, due to higher dietary intake with calories, fibber and 
fat. These risk factors increased proportion of overweight or obesity and 
diabetes ailments. The prevalence of selected co-morbidities (blood 
pressure, cardiovascular diseases, retinopathy and rheumatology) is 
higher among diabetic’s patients. Due to sedentary life style, more 
consumption of substance use, lack of exercise and lack of awareness 
about managements of diabetes, people were unable to prevent co- 
morbidities. Hence, awareness about diabetes prevention and manage-
ment is required through health education, disease management pro-
grammes, trained peers and community health workers and community- 
based programmes. 
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Sociopsychological and biochemical 
determinants of health and disease in 
executive health check‑up
A. B. Kudachi, M. B. Nagmoti1, S. K. Rajshree2, R. S. Mudhol3

Abstract:

BACKGROUND: Preventive health check‑ups are known to be associated with significant reductions 
in morbidity, mortality, and economic costs related to various diseases, especially chronic lifestyle 
diseases that progress silently.
OBJECTIVE: The objective is to evaluate the sociopsychological and biochemical issues of health 
and disease in executive health check‑up as well as to employ them for encouraging people to utilize 
the available preventive health services.
MATERIALS AND METHODS: This cross‑sectional study enrolled 768 individuals aged >20 years, 
irrespective of their gender, reporting for an executive health check‑up and evaluated their 
demographic profile, morbidity, type of family, diet and socioeconomic status, biochemical profiling, 
and sociopsychological features. The data were statistically analyzed using correlations among 
different variables by Karl Pearson’s correlation coefficient method. P < 0.05 and 0.001 indicated 
statistical significance.
RESULTS: The participants had a mean age of 48.24 ± 12.84 years and a Male and Female ratio 
of nearly 2:1. The demographic parameters showed a significant association with the different levels 
of biochemical parameters (P < 0.05/0.001).
CONCLUSION: There exist significant correlations between sociopsychological, and biochemical 
determinants of health and disease in executive health check‑up. These incite the need for utilizing 
preventive/precautionary health services and early detection of disease status is speculative. There 
is uncertainty among the public and health‑care professionals in utilizing these preventive health‑care 
services in a beneficial, judicious, as well as in cost‑effective manner.
Keywords:

Demography, disease, health promotion, health, preventive health services, psychology

Introduction

The World Health Organization defines 
health as a state of complete, mental 

and social well‑being and not merely 
the absence of disease or infirmity.[1,2] 
Any deviation from this state of health is 
referred to as disease/illness/sickness.[3] 
Every human has the fundamental right 
to enjoy the highest attainable standard of 
health.[4] However, owing to the current 

lifestyle, food habits, lack of exercise, stress 
and neglect, vulnerability to many diseases 
like diabetes, hypertension, dyslipidemia, 
coronary artery disease, and malignancy 
have increased tremendously.[5‑8]

Early detection of the disease in its latent 
phase facilitates timely therapeutic 
interventions, thereby significantly reducing 
the associated morbidity, mortality, and 
economic burden.[5‑8] Preventive health 
check‑ups (PHC) have widely been adopted 
by many health‑care centers toward this 
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goal.[6,7] Periodic health examinations also provide 
opportunities to review patients’ ongoing medical issues, 
counsel them on preventive health and improve the 
physician–patient relationship.[9] Moreover, modeling 
analyses have shown a significant decline in mortality 
associated with coronary heart disease (CHD) due to a 
reduction in cardiovascular risk factors and timely CHD 
management.[10‑13]

However, there is uncertainty among the public as 
well as the health‑care professionals regarding the 
effectiveness and the feasibility of utilizing these services 
in a beneficial, judicious, and cost‑effective manner.[14,15] 
This concern has been countered by other researchers 
who reported higher mortality rates in the absence of 
regular PHC and increased survival in cases of routine 
PHC.[16,17] They also assert that preventive health 
services reduce eventual demand for medical care, thus, 
enhancing the economic efficiency.[17]

Therefore, PHCs are integral to health promotion, 
especially in the current scenario of silent killer 
diseases.[18] Previous studies have evaluated various PHC 
parameters independently; correlating them to risk of 
various diseases and conditions. The need for a holistic 
PHC protocol motivated the designing of the present 
research that aimed to evaluate the socio‑psychological, 
biochemical profiling of health and disease in executive 
health check‑up, as well as to employ them for 
encouraging people to utilize preventive health services.

Materials and Methods

This hospital‑based, cross‑sectional study was conducted 
at a tertiary care hospital in Belagavi, Karnataka, 
India, from July 2019 to January 2020, after obtaining 
ethical clearance from the Institutional Review Board 
Ethical committee (Humans) KAHER, Belagavi. Ref.
No.KAHER/ Ehtics/2018‑19/ D‑128 dated 29.5.2018. 
The minimum sample size required was calculated 
to be 664, based on a study by Ramesh et al., who 
found the prevalence of hypertension to be 52%, 
using the following formula n = (Z2 × PQ)/d2 [where, 
Z = standard normal variables (99% confidence) =2.25; 
P = prevalence = 52%; Q = 100‑P = 100‑52 = 48%; and 
d = acceptable errors = 0 5%].[19] 

Accordingly, the study enrolled 768 individuals 
aged >20 years, irrespective of their gender, reporting 
for an executive health check‑up to the afore‑mentioned 
hospital, after obtaining written informed consent from 
them. Individuals with age <20 years, pre‑existing 
disease or condition and with lack of will to participate 
in the study were excluded. The following parameters 
were recorded from all the participants. Executive health 
check‑up was conducted on demand of the patient.

Demographic determinants
A detailed history was recorded from all participants 
including demographic parameters such as age, gender, 
social history (alcoholism and/or smoking habit), type 
of family, diet, and socioeconomic status (SES).[20]

Biochemical determinants
Venipuncture was performed on the participants 
under complete aseptic conditions and the collected 
blood samples were sent to the laboratory for 
biochemical investigations including assessment of 
hemoglobin (Hb), fasting blood sugar (FBS), postprandial 
blood sugar (PPBS), glycated hemoglobin (HbA1c), 
cholesterol ,  high‑density l ipoprotein (HDL), 
low‑density lipoprotein (LDL), triglyceride (TG), 
serum glutamic pyruvic transaminase (SGPT), serum 
glutamic‑oxaloacetic transaminase (SGOT), and 
thyroid‑stimulating hormone (TSH) levels. Renal 
function test and urine analysis were also performed.

Sociopsychological determinants
All participants underwent an assessment of their 
psychological wellbeing along with its components 
including autonomy, environmental mastery, personal 
growth, positive relations with others, purpose in life, 
and self‑acceptance. Higher scores implied higher levels 
of psychological wellbeing.[21,22]

Statistical analysis
Data were compiled and analyzed using statistical 
software R version 3.6.3 (R foundation for statistical 
computing Vienna, Austria) and Microsoft Excel. 
Categorical variables were presented in the form of 
frequency table. Continuous variables were presented 
in mean ± SD form. The data were statistically analyzed 
using correlations among different variables by Karl 
Pearson’s correlation coefficient method. P < 0.05 
indicated statistical significance. P < 0.05 was considered 
statistically significant.

Results

The study included 768 participants with a mean age 
of 67.06 ± 32.94 years and a M:F ratio of nearly 2:1. 
Table 1 presents the descriptive statistics/frequency 
distribution of the various study parameters. Majority 
of the participants were aged between 40 and 
59 years (31.12%), with the minimum and maximum 
ages observed to be 20 years and 60 years, respectively. 
Table 2 summarizes the mean values of the various 
study parameters.

Further tables present the comparative analysis 
between the demographic profile and the biochemical 
parameters which included gender (M:F), age (>20), social 
history (smoking, alcohol, both), type of family (nuclear, 
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joint), SES (Class I, II, and III), and diet (vegetarian, 
mixed). Table 3 depicts the comparison of demographic 
profiles with Hb%. Using one‑way ANOVA and 
Chi‑square test, no significant difference was noted in the 
mean of Hb% and their components over demographic 
parameters such as gender, age, and social history, type 
of family, SES, and diet. The demographic profile and the 
status of HBA1C (normal: Prediabetic: Diabetic) showed 
significant association (P < 0.05) [Table 4].

The demographic profile and the status of cholesterol, 
HDL, LDL, and TG as shown in Tables 5‑8, respectively, 
showed no significant association when Chi‑square test 
and P value test were employed.

Table 9 shows the association of demographic profile 
and status of renal FT. Participants with vegetarian diet 
showed a significant positive association (P < 0.05) and 
Table 10 shows the association of demographic profile 
and status of TSH with no significant association between 
different profiles.

Table 11 summarizes the correlations among different 
variables (Karl Pearson’s correlation coefficient method). 
A significant positive correlation was observed between 
FBS and PPBS (P < 0. 01), HBA1C and FBS and also 
PPBS (P < 0. 01), SGOT and SGPT (P < 0. 01), Renal FT 
and SGOT (P < 0. 005).

Discussion

Preventive health check‑ups are known to be associated 

Table 1: Demographic profile of patients
Demographic profile Number of patients, n (%)

Gender

Male 515 (67.06)
Female 253 (32.94)

Age groups (years)
20‑29 46 (5.99)
30‑39 145 (18.88)
40‑49 235 (30.60)
50‑59 223 (29.04)
≥60 119 (15.49)

Social history
Nil 384 (50.00)
Smoking 77 (10.03)
Alcohol 77 (10.03)
Both 230 (29.95)

Type of family
Nuclear 230 (29.95)
Joint 538 (70.05)

SES
Class I 40 (5.21)
Class II 651 (84.77)
Class III 77 (10.03)

Diet
Vegetarian 88 (11.46)
Mixed 680 (88.54)
Total 768 (100.00)

SES: Socioeconomic status

Table 2: Morbidity profile of patients
Morbidity profile Number of patients, n (%)

Hb
Normal 684 (89.06)
Mild 69 (8.98)
Moderate 15 (1.95)

Urine
Normal 614 (79.95)
Abnormal 154 (20.05)

FBS
1 461 (60.03)
2 230 (29.95)
3 77 (10.03)

PPBS
1 441 (57.42)
2 153 (19.92)
3 174 (22.66)

HbA1c
Normal 15 (1.95)
Prediabetic 524 (68.23)
Diabetic 229 (29.82)

Cholesterol
Desirable 520 (67.71)
Borderline 73 (9.51)
High 175 (22.79)

HDL
Desirable 349 (45.44)
Borderline 210 (27.34)
High 209 (27.21)

LDL
Desirable 381 (49.61)
Borderline 194 (25.26)
High 193 (25.13)

TG
Desirable 65 (8.46)
Borderline 350 (45.57)
High 353 (45.96)

SGPT
Normal 435 (56.64)
Not normal 333 (43.36)

SGOT
Normal 374 (48.70)
Not normal 394 (51.30)

RFT
0.60‑1.20 565 (73.57)
>1.20 203 (26.43)

TSH
4.2 649 (84.51)
>4.3 119 (15.49)

Total 768 (100.00)
Hb: Hemoglobin, FBS: Fasting blood sugar, PPBS: Postprandial blood 
sugar, HbA1c: Glycated hemoglobin, HDL: High‑density lipoprotein, 
LDL: Low density lipoprotein, SGPT: Serum glutamic pyruvic transaminase, 
SGOT: Serum glutamic‑oxaloacetic transaminase, RFT: Renal function test, 
TSH: Thyroid‑stimulating hormone, TG: Triglyceride
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Table 4: Association between demographic profile and status of glycated hemoglobin
Profile Normal (%) Prediabetic (%) Diabetic (%) Total χ2 P

Gender

Male 8 (1.5) 352 (68.4) 155 (30.1) 515 1.3230 0.5160
Female 7 (2.8) 172 (67.9) 74 (29.2) 253

Age groups (years)
20‑29 2 (4.4) 31 (67.4) 13 (28.2) 46 3.9650 0.8600
30‑39 3 (2.1) 96 (66.2) 46 (31.8) 145
40‑49 5 (2.1) 162 (68.9) 68 (28.9) 235
50‑59 4 (1.8) 148 (66.4) 71 (31.8) 223
≥60 1 (0.8) 87 (73.1) 31 (26.0) 119

Social history
Nil 15 (3.9) 293 (76.3) 76 (19.8) 384 246.554 0.0001*
Smoking 0 0 77 (100) 77

Alcohol 0 77 (100) 0 77

Both 0 154 (66.9) 76 (33.0) 230
Type of family

Nuclear 14 (6.1) 140 (60.9) 76 (33.0) 230 32.4790 0.0001*
Joint 1 (0.2) 384 (71.4) 153 (28.4) 538

SES
Class I 1 (2.5) 36 (90) 3 (7.5) 40 40.3730 0.0001*
Class II 12 (1.8) 416 (63.9) 223 (34.3) 651
Class III 2 (2.6) 72 (93.5) 3 (3.9) 77

Diet
Vegetarian 1 (1.1) 58 (65.9) 29 (32.9) 88 0.7460 0.6890
Mixed 14 (2.1) 466 (68.5) 200 (29.4) 680
Total 15 (1.9) 524 (68.2) 229 (29.8) 768

*P<0.05. SES: Socioeconomic status

Table 3: Association between demographic profile and status of hemoglobin percentage
Profile Normal (%) Mild (%) Moderate (%) >120 χ2 P

Gender

Male 459 (89.13) 48 (9.3) 8 (1.5) 515 1.4760 0.4780
Female 225 (88.93) 21 (8.3) 7 (5.7) 253

Age groups (years)
20‑29 42 (91.3) 4 (8.7) 0 46 5.5720 0.6950
30‑39 135 (93.1) 8 (5.5) 2 (1.4) 145
40‑49 204 (86.1) 26 (11.1) 5 (2.1) 235
50‑59 198 (88.8) 19 (8.5) 6 (2.7) 223
≥60 105 (88.24) 12 (10.1) 2 (1.7) 119

Social history
Nil 351 (91.4) 26 (6.8) 7 (1.8) 384 6.5200 0.3680
Smoking 69 (89.6) 6 (7.8) 2 (2.6) 77

Alcohol 66 (85.7) 10 (12.9) 1 (1.3) 77

Both 198 (86.1) 27 (11.7) 5 (2.2) 230
Type of family

Nuclear 205 (89.1) 20 (8.7) 5 (2.2) 230 0.1130 0.9450
Joint 479 (89.0) 49 (9.1) 10 (1.9) 538

SES
Class I 35 (87.5) 5 (12.5) 0 40 1.6410 0.8010
Class II 580 (89.1) 58 (8.9) 13 (2) 651
Class III 69 (89.6) 6 (7.8) 2 (2.6) 77

Diet
Vegetarian 77 (87.5) 8 (9.1) 3 (3.4) 88 1.1070 0.5750
Mixed 607 (89.3) 61 (8.9) 12 (1.8) 680

Total 684 (89.1) 69 (8.9) 15 (1.9) 768
SES: Socioeconomic status
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Table 5: Association between demographic profile and status of cholesterol
Profile Desirable (%) Borderline (%) High (%) Total χ2 P

Gender

Male 343 (66.6) 51 (9.90) 121 (23.50) 515 0.8870 0.6
Female 177 (69.9) 22 (8.70) 54 (21.34) 253

Age groups (years)
20‑29 33 (71.74) 5 (10.87) 8 (17.39) 46 8.4650 0.3
30‑39 98 (67.59) 13 (8.97) 34 (23.45) 145
40‑49 160 (68.09) 25 (10.64) 50 (21.28) 235
50‑59 155 (69.51) 13 (5.83) 55 (24.66) 223
≥60 74 (62.18) 17 (14.29) 28 (23.53) 119

Social history
Nil 259 (67.45) 40 (10.42) 85 (22.14) 384 5.3040 0.5
Smoking 50 (64.94) 7 (9.09) 20 (25.97) 77

Alcohol 60 (77.92) 5 (6.49) 12 (15.58) 77

Both 151 (65.65) 21 (9.13) 58 (25.22) 230
Type of family

Nuclear 159 (69.13) 22 (9.57) 49 (21.30) 230 0.4160 0.8
Joint 361 (67.10) 51 (9.48) 126 (23.42) 538

SES
Class I 25 (62.50) 4 (10.00) 11 (27.50) 40 1.1060 0.8
Class II 440 (67.59) 62 (9.52) 149 (22.89) 651
Class III 55 (71.43) 7 (9.09) 15 (19.48) 77

Diet
Vegetarian 55 (62.50) 9 (10.23) 24 (27.27) 88 1.3310 0.5
Mixed 465 (68.38) 64 (9.41) 151 (22.21) 680

Total 520 (67.71) 73 (9.51) 175 (22.79) 768
SES: Socioeconomic status

Table 6: Association between demographic profile and status of high‑density lipoprotein
Profile Desirable (%) Borderline (%) High (%) Total χ2 P

Gender

Male 239 (46.41) 144 (27.96) 132 (25.63) 515 1.9770 0.37
Female 110 (43.48) 66 (26.09) 77 (30.43) 253

Age groups (years)
20‑29 20 (43.48) 10 (21.74) 16 (34.78) 46 11.9520 0.15
30‑39 65 (44.83) 48 (33.10) 32 (22.07) 145
40‑49 110 (46.81) 65 (27.66) 60 (25.53) 235
50‑59 90 (40.36) 63 (28.25) 70 (31.39) 223
≥60 64 (53.78) 24 (20.17) 31 (26.05) 119

Social history
Nil 176 (45.83) 103 (26.82) 105 (27.34) 384 0.2670 1.0
Smoking 34 (44.16) 22 (28.57) 21 (27.27) 77

Alcohol 34 (44.16) 21 (27.27) 22 (28.57) 77

Both 105 (45.65) 64 (27.83) 61 (26.52) 230
Type of family

Nuclear 101 (43.91) 64 (27.83) 65 (28.26) 230 0.3290 0.84
Joint 248 (46.10) 146 (27.14) 144 (26.77) 538

SES
Class I 18 (45.00) 9 (22.50) 13 (32.50) 40 2.1700 0.70
Class II 298 (45.78) 182 (27.96) 171 (26.27) 651
Class III 33 (42.86) 19 (24.68) 25 (32.47) 77

Diet
Vegetarian 41 (46.59) 22 (25.00) 25 (28.41) 88 0.2810 0.86
Mixed 308 (45.29) 188 (27.65) 184 (27.06) 680

Total 349 (45.44) 210 (27.34) 209 (27.21) 768
SES: Socioeconomic status
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Table 8: Association between demographic profile and status of triglyceride
Profile Desirable (%) Borderline (%) High (%) Total χ2 P

Gender

Male 42 (8.16) 245 (47.57) 228 (44.27) 515 2.5210 0.28
Female 23 (9.09) 105 (41.50) 125 (49.41) 253

Age groups (years)
20‑29 2 (4.35) 21 (45.65) 23 (50.00) 46 7.6870 0.46
30‑39 12 (8.28) 66 (45.52) 67 (46.21) 145
40‑49 18 (7.66) 119 (50.64) 98 (41.70) 235
50‑59 22 (9.87) 100 (44.84) 101 (45.29) 223
≥60 11 (9.24) 44 (36.97) 64 (53.78) 119

Social history
Nil 34 (8.85) 169 (44.01) 181 (47.14) 384 1.3370 0.97
Smoking 7 (9.09) 36 (46.75) 34 (44.16) 77

Alcohol 6 (7.79) 34 (44.16) 37 (48.05) 77

Both 18 (7.83) 111 (48.26) 101 (43.91) 230
Type of family

Nuclear 21 (9.13) 101 (43.91) 108 (46.96) 230 0.4410 0.80
Joint 44 (8.18) 249 (46.28) 245 (45.54) 538

SES
Class I 4 (10.00) 16 (40.00) 20 (50.00) 40 0.7260 0.94
Class II 55 (8.45) 297 (45.62) 299 (45.93) 651
Class III 6 (7.79) 37 (48.05) 34 (44.16) 77

Diet
Vegetarian 6 (6.82) 46 (52.27) 36 (40.91) 88 1.8490 0.39
Mixed 59 (8.68) 304 (44.71) 317 (46.62) 680

Total 65 (8.46) 350 (45.57) 353 (45.96) 768
SES: Socioeconomic status

Table 7: Association between demographic profile and status of low‑density lipoprotein
Profile Desirable (%) Borderline (%) High (%) Total χ2 P

Gender

Male 241 (46.80) 139 (26.99) 135 (26.21) 515 5.076 0.07
Female 140 (55.34) 55 (21.74) 58 (22.92) 253

Age groups (years)
20‑29 21 (45.65) 11 (23.91) 14 (30.43) 46 10.034 0.26
30‑39 82 (56.55) 28 (19.31) 35 (24.14) 145
40‑49 124 (52.77) 60 (25.53) 51 (21.70) 235
50‑59 101 (45.29) 58 (26.01) 64 (28.70) 223
≥60 53 (44.54) 37 (31.09) 29 (24.37) 119

Social history
Nil 194 (50.52) 93 (24.22) 97 (25.26) 384 3.424 0.75
Smoking 42 (54.55) 18 (23.38) 17 (22.08) 77

Alcohol 33 (42.86) 25 (32.47) 19 (24.68) 77

Both 112 (48.70) 58 (25.22) 60 (26.09) 230
Type of family

Nuclear 112 (48.70) 62 (26.96) 56 (24.35) 230 0.509 0.77
Joint 269 (50.00) 132 (24.54) 137 (25.46) 538

SES
Class I 23 (57.50) 11 (27.50) 6 (15.00) 40 3.601 0.46
Class II 319 (49.00) 161 (24.73) 171 (26.27) 651
Class III 39 (50.65) 22 (28.57) 16 (20.78) 77

Diet
Vegetarian 40 (45.45) 25 (28.41) 23 (26.14) 88 0.776 0.67
Mixed 341 (50.15) 169 (24.85) 170 (25.00) 680

Total 381 (49.61) 194 (25.26) 193 (25.13) 768
SES: Socioeconomic status
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Table 10: Association between demographic profile 
and status of thyroid‑stimulating hormone

Profile 4.2 (%) >4.3 (%) Total χ2 P

Gender

Male 436 (84.66) 79 (15.34) 515 0.0290 0.86
Female 213 (84.19) 40 (15.81) 253

Age groups (years)
20‑29 40 (86.96) 6 (13.04) 46 8.9790 0.06
30‑39 122 (84.14) 23 (15.86) 145
40‑49 208 (88.51) 27 (11.49) 235
50‑59 188 (84.30) 35 (15.70) 223
≥60 91 (76.47) 28 (23.53) 119

Social history
Nil 318 (82.81) 66 (17.19) 384 4.8590 0.18
Smoking 62 (80.52) 15 (19.48) 77

Alcohol 65 (84.42) 12 (15.58) 77

Both 204 (88.70) 26 (11.30) 230
Type of family

Nuclear 190 (82.61) 40 (17.39) 230 0.9020 0.34
Joint 459 (85.32) 79 (14.68) 538

SES
Class I 30 (75.00) 10 (25.00) 40 3.5890 0.16
Class II 556 (85.41) 95 (14.59) 651
Class III 63 (81.82) 14 (18.18) 77

Diet
Vegetarian 70 (79.55) 18 (20.45) 88 1.8670 0.17
Mixed 579 (85.15) 101 (14.85) 680

Total 649 (84.51) 119 (15.49) 768
SES: Socioeconomic status

with significant reductions in morbidity, mortality, and 
economic costs related to various diseases, especially 
chronic lifestyle diseases that progress silently.[16‑18] 
Despite this, they are under‑utilized due to the speculation 
regarding their efficacy and efficiency.[14,15] Hence, this 
study was conducted to evaluate the sociopsychological 
and biochemical determinants of health and disease in 
executive health check‑up, as well as to employ them for 
encouraging people to utilize preventive health services 
the observation made in the present research are in 
concordance with Velupillai et al., who also determined 
that health is influenced by psychological, social, and 
biological determinants (P < 0.05).[23] They found that 
socio‑economic gradients in health were influenced by 
environmental conditions, personal and professional 
relationships, knowledge, lifestyle choices and altered 
mental functions, that predisposed the participants 
toward the practice of health‑promoting or health 
damaging behaviors.[23]

However, the present study demonstrated no significant 
association between the levels of psychological wellbeing 
and the demographic parameters (P > 0.05). This is in 
contrast to the works of Dorji et al., and Lincoln et al., who 
reported that psychological wellbeing was influenced 
by many factors including gender, age, marital status, 

education, SES, and spirituality.[24,25] This could perhaps 
be accounted for by regional differences between the 
study populations, marital status, education, occupation 
and income, religion and spirituality, and health marital 
status, education, occupation and income, religion and 
spirituality, and health.

The significant association seen between HbA1c and 
demographic parameters was also reflected in the study 
done by Bijlsma‑Rutte et al., who showed that there was 
an association between SES and HbA1c levels.[26]

Hence, the present study establishes the correlations 
between sociopsychological,  and biochemical 
determinants of health and disease in executive health 
check‑up, besides creating awareness regarding the 
need for utilizing preventive health services. This 
also provides an evidence based foundation for deep 
rethinking of distributive justice so as to improve the 
health status of those least advantaged on the social 
health gradient. Moreover, this study serves as an 
education platform for encouraging early detection and 
timely intervention, especially for lifestyle‑associated 
diseases.

However, this research has its limitations in being a 
single‑center study with a limited sample size. These 

Table 9: Association between demographic profile 
and status of renal function test

Profile 0.60‑1.20 (%) >1.20 (%) Total χ2 P

Gender

Male 371 (72.04) 144 (27.96) 515 1.8790 0.17
Female 194 (76.68) 59 (23.32) 253

Age 
groups (years)

20‑29 36 (78.26) 10 (21.74) 46 8.6470 0.07
30‑39 117 (80.69) 28 (19.31) 145
40‑49 174 (74.04) 61 (25.96) 235
50‑59 160 (71.75) 63 (28.25) 223
≥60 78 (65.55) 41 (34.45) 119

Social history
Nil 275 (71.61) 109 (28.39) 384 3.1700 0.36
Smoking 55 (71.43) 22 (28.57) 77

Alcohol 62 (80.52) 15 (19.48) 77

Both 173 (75.22) 57 (24.78) 230
Type of family

Nuclear 172 (74.78) 58 (25.22) 230 0.2490 0.61
Joint 393 (73.05) 145 (26.95) 538

SES
Class I 28 (70.00) 12 (30.0) 40 0.3840 0.82
Class II 479 (73.58) 172 (26.42) 651
Class III 58 (75.32) 19 (24.68) 77

Diet
Vegetarian 56 (63.64) 32 (36.36) 88 5.0410 0.02*
Mixed 509 (74.85) 171 (25.15) 680

Total 565 (73.57) 203 (26.43) 768
SES: Socioeconomic status. *Statistically significant
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can be overcome by multi‑centric, long‑term, prospective 
clinical studies with a larger sample size.

Conclusion
There exist  s ignif icant  correlat ions between 
sociopsychological, and biochemical profiling 
determinants of health and disease in executive health 
check‑up. These incite the need for utilizing preventive 
health services. Preventive measures can also be taken 
by early diagnosis of diseases. It also includes advice on 
diet and physical activity. Periodical health checkups 
help the ongoing medical issues to counsel on preventive 
measures and to improve the physician and patient 
relationship.
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Abstract 
Background: Understanding the prevalence, clinical characteristics, and changing 

demographics of Indian bladder cancer (BC) has emerged as an important field of 
study. Herein, we aimed to present the case series of BC patients of a single tertiary 
care centre in North Karnataka. 

Method: This retrospective study was designed for 14 years from 2004 to 2017, 
conducted in the urology clinic. A total of 468 newly diagnosed BC patients (male = 
415; female = 53) were included in the study. Sociodemographic, clinical characteristics, 
cystoscopic, and pathological findings were recorded and analyzed via IBM SPSS 
statistics software Inc. version 20.0. 

Results: The mean age of the patients was male = 62.27 years and female = 54.22 
years. Hematuria was a common clinical symptom in both genders accounting for 
42.02 versus 45.28% of the male and female subjects, respectively. Transition cell 
carcinoma (TCC) was the common variant seen in the male and female participants 
(92.99 versus 94.88%, respectively). Low-grade cancer was found in patients with 
>60 years of age in 39.7% versus 42.1% of respectively the males and females (P = 
0.002) as compared to the patients <60 years. Non-muscle invasive BC in the males 
and females was respectively 55.42% versus 52.83%, whereas muscle-invasive cancer 
was 44.57% versus 47.16% respectively in the two groups (P = 0.008). 53 patients 
(29.22%) in the both genders received transurethral resection/intravesical Bacilli 
Calmette-Guerin therapy, which showed a significant improvement (P = 0.019). 

Conclusion: Transition cell carcinoma was found to remain the predominant type 
of BC with painless hematuria in North Karnataka population. This has seriously 
affected the public health; this trend is expected to be continued due to the high 
prevalence of smoking. There should be further emphasis on primary prevention of 
BC by conducting smoking cessation awareness programs. 
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Introduction 
The incidence of bladder cancer (BC) appears 

to be the most prevalent urinary tract malignancy 
across the world and is rapidly increasing in 
developing countries.1 About 2 to 6% of the total 
malignant tumours are BC, which makes it the 
fourth most common cancer in males and eighth 
in females in India.2 BC is mainly a disease of 
the aged with more than 70% of the cases 
occurring at their fifth decade of life, in both men 
and women.3 Almost 90% of the bladder tumours 
are transitional cell carcinoma (TCC). It is three 
folds more common in men than in women. Age, 
gender, occupation, and racial and environmental 
factors affect the survival and prognosis of patients 
with BC.4 At least 75 to 80% of the newly 
diagnosed BC is superficial and non-invasive 
papillary TCC. Additionally, at least 50 to 75% 
of these patients will recur over time.5 This high 
recurrence rate highly impacts the prevalence 
rates, making BC the second most common cancer 
after prostate cancer in males.6 This necessitates 
long-term surveillance over decades, providing 
the possibility of multiple hospital treatments. To 
the best of our knowledge, no large case series 
have been presented to describe the demographic 
data of bladder cancer from North Karnataka. On 
account of the significant impact of bladder cancer 
on healthcare burden and the need for frequent 
and long-term cystoscopic examination, we 
conducted the present study to investigate the 
clinical characteristics of bladder cancer correlated 
with age, gender, grade, and stage on the biology 
of cancer.  

      
Patients and Methods 

The KLES Kidney Foundation Institutional 
Ethics Committee approved this retrospective 
study under the ethics code of 
KLESKF/IEC/2015/23. The informed consent 
was obtained from all the patients. The medical 
records of the patients with cystoscopy and 
histopathological confirmed that bladder cancer 
cases were traced through the database. The data 
from January 2004 to June 2017 were reviewed 
and the total number of subjects was 468. The 
data acquisition and interpretation of cases were 

done by experts and chief urologists. All the 
details of the patients from the epidemiological 
point of view, symptoms, signs, radiological, 
endoscopic, histopathological features, various 
treatment modalities offered, and the follow-up 
of patients were studied. The variables analyzed 
in detail were as follows: sociodemographic 
features, including the patients’ age, occupation, 
residential, and addiction; basic clinical features, 
includes symptomatology, comorbidities, medical 
history, and family history of bladder cancer; 
clinical characteristics, namely computed 
tomography (CT) scans of the bladder, pelvic, 
and abdomen in the majority of the cases. Bone 
scan and magnetic resonance imaging (MRI) were 
carried out as per clinical indication for diagnostic 
and staging purposes. Since it was a single-center 
study in the southern part of India, we carefully 
looked into the determinants of the bladder cancer 
risk and evaluated the variables related to sociode-
mographic features, clinical characteristics, and 
cystoscopic and pathological findings. The 
variables were recorded and analyzed using IBM 
SPSS statistics via software Inc. version 20.0. 
Diagnostic protocol 

The entire pathological staging and grading 
was done following the International Society of 
Urological Pathology classification. Papillary 
lesions were reported as Ta, non-muscle-invasive 
lesions (NMIBC) (as T1), and muscle-invasive 
lesions (as T2). Grade 1 and 2 were clubbed 
together as low-grade and grade 3 lesions were 
categorized as high-grade lesions. The specimens 
in which muscle invasiveness could not be 
commented were subjected for re-transurethral 
resection of bladder tumour. 
Treatment protocol  

The patients diagnosed with BC underwent a 
standard procedure of cystoscopic evaluation to 
identify the type of lesion, its number, and location. 
Transurethral resection of bladder tumour was 
performed in all the patients. All the participants 
with NMIBC were subjected to adjuvant therapy. 
80 mg of Intra vesicle Bacillus Calmette-Guerin 
(BCG) was the first choice. In the patients who 
could not tolerate BCG or in whom BCG 
administration was contraindicated, 40 mg of 
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Mitomycin C was administered. 
 

Results 

Bladder cancer incidence 
A total of 468 patients were diagnosed with 

BC during the period of 2004 to 2017, among 
whom there were 415 male subjects (88.67%) 
and 53 female subjects (11.04%). Table 1 
represents the distribution of BC incidence year-
wise and with respect to gender and place of 
residence. 
Sociodemographic features 

The mean age of male patients at the time of 
diagnosis (n = 415) was 62.27 ± 11.90 years 
(ranging from 30 to 90 years) and that of female 
patients (n = 53) was 54.22 ± 16.24 years (ranging 
30 to 90 years); the majority of the patients were 
older than 50 years old. Only 6.62% (n = 31 out 
of 468) of the patients presented with bladder 
cancer at an age of younger than 40, while only 
0.64% (n = 3; 1 = male and 2 = female) of them 
presented with less than 30 years of age. Figure 
1 depicts the age-wise pathological distribution 
of bladder tumours. In the 468 cases, the total 
occupation status of blue-collar was (n = 292) 
62.39%, among which (n = 273) 93.49% were 
male and (n = 19) 6.51% were female. White-
collar was (n = 154) 32.91%, out of which (n = 
140) 90.91% were male and (n = 14) 9.09% were 
female; homemaker was (n = 22) 4.70%, out of 
which (n = 2) 9.09% were male and (n = 20) 
90.91% were female.  

Basic clinical features 
Family history in male patients was (n = 26) 

6.26% and in female subjects (n = 3), it was 
5.66%; on the contrary, (n = 416) 88.9% had no 
family history. However, the data for family 
history was missing in (n = 23) 4.91% of the 
patients. Bothersome symptoms revealed that 
hematuria was the most common clinical 
presentation encountered in both age groups (42.02 
versus 45.28%). The other participants presented 
with lower urinary tract symptoms (88.68 versus 
22.65%). Abdominal pain (7.05%) showed 
statistical significance in both groups (P = 0.015), 
dysuria was found in 2.61% of the cases (P = 
0.106), and burning micturition was 7.51% with 
statistical significance (P = 0.006). The remaining 
patients had hesitancy (1.07%), urgency (6.62%), 
nocturia (9.19%), dribbling (1.92%), poor urinary 
stream (9.4%), retention (2.35%), intermittency 
(3.63%), loss of appetite (1.28%), and 
incontinence urge (2.78%) in both male and 
female patients. Nearly 55.42% of the patients 
(male and female) had concomitant diseases and 
44.57% presented no comorbidity. The correlation 
of comorbidities showed no significance in male 
and female groups (P = 0.213), which is illustrated 
in table 2. 
Clinical characteristics 

The pathological findings revealed that TCC 
was the most common variant in 92.99% (n=199) 
of the cases with <60 years of age and 94.88% 
(n = 241) of the cases with >60 years of age, 

Table 1. Bladder cancer incidence rates recorded in districts of North Karnataka, Goa, and Maharashtra with respect to gender and age 
Place of Residence          Male     Female Total          Year-wise cases recorded 

  n    % n % n   % 

Belagavi 122 29.39 12 2.26 134 28.63 Year Frequency Percentage 
Dharwad 37 8.91 8 15.09 45 9.62 2004        24 5.13 
Hubli 23 5.54 6 11.32 29 6.20 2005        26 5.56 
Chikodi 45 10.8 9 16.98 54 11.54 2006        23 4.91 
Bagalkot 32 7.71 5 9.43 37 7.91 2007        37 7.91 
Vijayapur 16 3.85 4 7.54 20 4.27 2008        38 8.12 
Gadag 20 4.81 3 5.66 23 4.91 2009        27 5.77 
Uttar Kannada 24 5.78 3 5.66 27 5.77 2010        21 4.49 
Haveri 9 2.16 0 - 9 1.92 2011        34 7.26 
Davengere 13 3.13 0 - 13 2.78 2012        39 8.33 
Gulbarga 10 2.40 0 - 10 2.14 2013        59 12.61 
Goa 20 4.81 2 3.77 22 4.70 2014        54 11.54 
Miraj 15 3.61 0 - 15 3.21 2015        36 7.69 
Kolhapur 18 4.33 1 1.88 19 4.06 2016        34 7.26 
Raichur 11 2.65 0 2.26 11 2.35 2017        16 3.42 
Total 415 100.00 53 79.66 468 100.00 Total      468 100.00 
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including both male and female subjects. Only 
3.27% (n=7) had squamous cell carcinoma (SCC) 
in those with <60 years of age and 1.96% (n = 5) 
in those with >60 years of age. Adenocarcinoma 
was observed only in eight patients (3.37%) in 
the group with <60 years of age and 3.16% (8) 
in the group with >60 years of age. Table 3 
demonstrates the correlation among age, addiction 
(smoking, alcohol, and tobacco), tumour histology, 
and tumour grade and stage. Low-grade cancer 
was found to be more prevalent in patients older 
than 60 years (39.7% versus 42.1%) (P = 0.002) 

compared with those younger than this age. A 
total of 30.1% (n=125) of the males and 33.9% 
(n=18) of the females with bladder cancer smoked 
or had an intake of tobacco in some form (P = 
0.021). The incidence of various cancer stages 
and grades was statistically significant (P = 0.008) 
in both groups. 29 (6.9%) male patients and two 
(3.7%) female cases had muscle-invasive disease 
at the time of presentation. Table 4 exhibits the 
pathological distribution of bladder cancer in 
males and female.  
Treatment 

Figure 1. The figure represents the distribution of bladder cancer patients with age group and gender. Several patients were categorized 
in the age group of between 51 to 60 and 61 to 70.  

Table 2. History of comorbidities associated with bladder cancer 
Comorbidities Male Female P-value 

n (%) n (%) 

Diabetes 47 (11.3) 3 (5.6) 0.0213* 
Hypertension 41 (9.8) 8 (15.0) 
Asthma 2 (0.4) 1 (1.8) 
Renal failure 3 (0.7) 5 (9.4) 
Bladder stones 7 (1.6) 6 (11.3) 
COPD 7 (1.6) - 
Tuberculosis 8 (1.9) - 
Urinary tract infections 22 (5.3) - 
Neurogenic bladder 3 (0.7) - 
Parkinson 1 (0.2) - 
Other complications 89 (21.4) 3 (5.6) 
No comorbidity 185 (44.5) 27 (50.9) 
*P < 0.05; COPD: Chronic obstructive pulmonary disease; Other complications: Cerebrovascular accident, Hyperthyroidism, Hypothyroidism, Thrombocytopenia, Balanitis 
Xerotica Obliterans, Ischemia Heart Disease.
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Most of the patients 54.71% (n = 256) 
underwent TURBT as a definitive treatment in 
both groups whereas cystoscopy/biopsy was 4.8% 
(n = 22) and only 28 (5.89%) patients underwent 
radical cystectomy that had muscle-invasive (Table 
5). 53 (29.22%) in both groups received 
intravesical BCG therapy, which showed a 
significant improvement (P = 0.018) and none 
of them had recurrence during the follow-up 
period. 

 
Discussion 

The present study revealed that the majority 
of the cases (male and female) were in the age 
group ranging from 50 to 70 years older. The 
overall mean age of the male patients (n = 415) 
was 62.27 ± 11.90 years (ranging from 30 to 90 
years) and that of the female patients (n = 53) 
was 54.22 ± 16.24 years (ranging from 30 to 90 
years). In this study, only 6.62% (n = 31 out of 
468) of the patients presented with bladder cancer 
among those with the age of less than 40, while 
only a few patients 0.64% (n = 3; 1 = male and 2 
= female) were lower than 30 years old. The 

results of the present study were compatible with 
the well-known characteristics of the disease, 
which frequently affect the elderly population of 
both genders.7-9  

Familial BC is rare compared with the familial 
occurrence of cancer in other tumour sites.10, 11 

However, there appears an increased risk of BC 
in individuals with a family history of cancer, 
particularly in those with first-degree relatives, 
who developed BC at the age 40 or earlier.12, 13 

Herein, we observed identification of positive 
family history for BC in first-degree relatives to 
be in 6.26% of the male (n = 26) and 5.66% of 
the female (n = 3) cases; on the contrary, 88.9% 
(n = 416) had no family history. However, there 
were not enough data available regarding family 
history in 4.91% (n = 23) of the patients. This is 
in line with previous studies, indicating that there 
is twice higher risk in first-degree relatives of 
BC patients.14 Inherited genetic factors, such as 
the genetic slow acetylator N-acetyltransferase 
2 (NAT2) variants and glutathione S-transferase 
mu 1 (GSTM1)-null genotypes, have been 
established as risk factors for BC.15, 16 In the 

Table 3. Correlation of age on addiction, tumour histology, tumour grade, and stage 
Characteristics <60 years (%) >60 years (%) P-value 

Number of Patients 214 (45.7) 254 (54.2) 
Addiction 

Smoking 63 (29.3) 79 (31.2) 0.3268 
Alcohol 16 (7.4) 24 (9.4) 
Tobacco 33 (15.3) 65 (25.9) 
Smoking and tobacco 13 (6.1) 11 (4.3) 
Alcohol and tobacco 20 (9.3) 10 (3.9) 
Smoking and alcohol 40 (18.6) 22 (8.6) 
No addiction 29 (13.4) 42 (16.6) 
Data missing 01 (0.4) 
Tumour histology 

Transition cell carcinoma 199 (92.9) 241 (94.8) 0.2398 
Squamous cell carcinoma 7 (3.2) 5 (1.9) 
Adenocarcinoma 8 (3.7) 8 (3.1) 
Grade 

Low 85 (39.7) 107 (42.1) 0.0024* 
High 129 (60.2) 147 (57.8) 
Stage 

Non-muscle invasive (Ta+T1) 74 (34.5) 105 (41.3) 0.0218 
Ta 46 (21.4) 34 (13.3) 
T1 82 (38.3) 97 (38.1) 
Invasive (T2) 12 (5.6) 18 (7.1)  
*P<0.05 

 



Sridevi I. Puranik et al.

Middle East J Cancer 2022; 13(2): 363-371368

current research, evidence of family history in 
cases with BC suggested a significant influence 
of genetic predisposition on its incidence, 
especially via the impact on susceptibility of other 
risk factors.  

Bladder cancer presented with painless 
hematuria in 42.02 versus 45.28% of the male 
and female patients, respectively. Nonetheless, 
in reality, nearly all patients with cystoscopically 
detectable BC have at least micro-hematuria, if 
enough urine samples are tested. In our study, 
90% of the male patients presented with painless 
hematuria compared with 10% of the women, as 
the initial symptom, and 51.28% of them had 
hematuria at some point of time or the other 
before diagnosis was made. This high incidence 
may be due to the lack of screening for 
microscopic hematuria in the form of dipstick or 
flexible cystoscopy, even in high-volume centres.17 

TCC was the most common primary pathologic 
subtype of BC, observed in >90% of bladder 
tumour in the literature.18 A considerable 
variability has been noted in the prevalence of 
SCC of bladder in different parts of the world. 
SCC and adenocarcinoma are less common and 
have been reported to occur in approximately 5% 
in the United Kingdom and 7% in the United 

States.19 In certain regions of the world, mainly 
Europe and Egypt, where schistosomiasis (also 
known as bilharziasis) infection is endemic, the 
prevalence of SCC accounts for 75% of bladder 
tumour.20 In our study, 92.99% (n = 199) of the 
patients aged <60 years and 94.88% (n = 241) of 
those aged >60 years had TCC in both genders. 
SCC was observed in both genders with only 
3.27% (n = 7) in the subjects aged <60 years and 
1.96% (n = 5) in those aged >60 years. 
Adenocarcinoma was observed to be 3.37% (n = 
8) in the cases with <60 years of age and 3.16% 
(n = 8) in those with >60 years of age in both 
male and female patients. 

According to the literature, smoking is 
considered as a major risk factor, accounting for 
50% of the bladder tumours.21 There is a direct 
pathophysiologic link between tobacco and BC 
as tobacco smoke contains aromatic amines, such 
as b-naphthylamine and polycyclic aromatic 
hydrocarbons, known to cause BC.22 Tobacco 
consumption (smoking and smokeless tobacco) 
is common in the Indian population in both 
genders; thus, its epidemiologic impact is massive. 
In our study 8.55% (n = 40 of 415 male) were 
smokers, regardless of age; however, no female 
smokers were reported during the study. In 

Table 4. Correlation of gender on addiction, tumour grade, and stage 

Characteristics Male Female P-value 

n (%) n (%) 

Number of Patients 415 53 
Addiction 

Smoking 125 (30.1) 18 (33.9) 0.0212* 
Alcohol 37 (8.9) 3 (5.6) 
Tobacco 83 (20.0) 15 (28.3) 
Smoking and tobacco 22 (5.3) 1 (1.8) 
Alcohol and tobacco 30 (7.2) 
Smoking and alcohol 59 (14.2) 3 (5.6) 
No addiction 58 (14.0) 13 (24.5) 
Data missing 1 (0.24) 
Grade 

Low 165 (39.7) 28 (52.8) 0.0510*  
High 250 (60.2) 25 (47.1) 
Stage 

Non-muscle invasive (Ta+T1) 155 (37.3) 23 (43.3) 0.0084* 
Ta 75 (18.0) 5 (9.4) 
T1 156 (37.5) 23 (43.3) 
Invasive (T2) 29 (6.9) 2 (3.7) 
*P<0.05 
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addition, alcohol consumption was noted in the 
males to be 73.47% (n = 72), which was 20.94% 
in the females (n = 26). Smokeless tobacco was 
a common intake in the male cases (71.83%, n = 
51), which was found to be far less in the female 
cases (28.17%, n = 20). We observed a heavy 
consumption of smokeless tobacco in both genders 
because several patients’ occupation was laborer’s 
in tobacco-making industry situated around 90 
km away from our tertiary care center. Thus, 
environmental exposure to tobacco smoke has 
also been suspected as a risk factor of BC.23 A 
large analysis found environmental exposure to 
be significantly related to BC incidence in women 
exposed to cigarette smoke during childhood and 
adulthood. We also noticed that several patients 
had multiple habits, like smoking and smokeless 
tobacco, which was 95.80% in the males (n = 
137) and 4.20% in the females (n = 6). Alcohol 
and tobacco were noticed only in males (5.13%, 
n = 24). Smoking and alcohol were reported in 
96.67% of the males (n = 29) and 3.33% of the 
females (n = 1). However, 13.25% of the patients 
had no addiction to any of the above-mentioned 
risk factors. Meanwhile, in our study, the incidence 
of smoking or smokeless tobacco in any forms 
was much higher in males compared with that in 
females and those aged below 60. 

Following smoking, occupational exposure to 
urothelial carcinogens is the second most 
important risk factor accounting for 5 to 20% of 
all bladder cancers. The relative risk of 
occupational exposure to carcinogens is likely 
underestimated and varies from country to country. 

Current or historical exposure to carcinogens, 
namely aromatic amines, polycyclic aromatic 
hydrocarbons, and chlorinated hydrocarbons, have 
been viewed as the vital risk factor for BC. 
Roughly 20% of all BCs have been suggested to 
be related to such exposure, mainly in industrial 
areas processing paint, dye, metal, and petroleum 
products. Herein, a total of 62.39% (n = 292) of 
the patients had blue-collar occupation, followed 
by white-collar 32.91% (n = 154) and homemaker 
4.70% (n = 22) occupations.  

In this study, we found 42.1% low-grade cases 
(n=107) in the patients aged >60 years older 
during the time of presentation, whereas taking 
gender into account, it was 39.7% (n = 165) in 
males and 52.8% (n = 28) in females. Similarly, 
high-grade tumour was found to be more prevalent 
in the males (60.2%, n = 250), which was 47.1% 
in the females (n = 25). Our results are in 
concordance with those of previous studies, 
suggesting that younger patients frequently present 
with low-grade and lower stage tumours than 
their elder counterparts.22 This is on the contrary 
to the common belief that the behaviour of cancer 
is more aggressive in younger age groups.23 On 
the other hand, it has been witnessed that genetic 
variations recurrently seen in older adults are 
extremely rare in young patients.23 In our study, 
only a few patients had low/high-grade tumour 
in the younger age group with statistical 
significance (P = 0.002). Moreover, pathological 
staging showed non-muscle-invasive bladder 
cancer in the male subjects (55.42%, n = 230), 
which was 52.83% in the females (n = 28). 

Table 5. Treatment of bladder cancer provided 
Treatment Male Female P-value 

n (%) n (%) 

TURBT 189 (52.79) 67 (60.9) 0.0185* 
Cystoscopy and biopsy 13 (3.63) 9 (8.18) 
Radical cystectomy 21 (5.86) 7 (6.36) 
TURBT and intravesical BCG therapy 43 (12.01) 10 (9.09) 
Chemotherapy 10 (2.79) 2 (1.81) 
Radiotherapy 8 (2.23) 1 (0.9) 
Chemotherapy and radiation 12 (3.35) 3 (2.72) 
Cystectomy and chemotherapy 9 (2.51) 2 (1.81) 
Patient refusal for treatment 53 (14.80) 9 (8.18) 
*P<0.05, TURBT: Transurethral resection of bladder tumour; BCG: Bacillus Calmette-Guerin 
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Furthermore, muscle-invasive carcinoma was 
observed to be 44.57% (n = 185) in the males 
and 47.16% (n = 25) in the females, which showed 
statistical significance (P = 0.008) in comparison 
with both genders regardless of age. Compared 
with the data available from the west, a dispro-
portionate decrease in tumour incidences in 
females could be due to less exposure to 
carcinogenic elements since a lower number of 
women work outside in India. Additionally, 
females tend to present to the hospital less because 
of several social/psychological reasons. 

The optimal treatment of non-muscle invasive 
bladder cancer has always been challenging. Such 
tumours have a variable and unpredictable 
biological behaviour.24 Transurethral resection of 
bladder tumours and intravesical BCG therapy 
are the mainstay of treatment for superficial 
urothelial carcinoma. Partial/radical cystectomy 
is considered as a treatment of choice for muscle 
invasive bladder carcinoma.25 In our study, most 
of the patients underwent TURBT/BCG, as the 
first-line treatment in 31.3% of the males (n = 
130) and 33.9% of the females (n = 18). Such 
patients were advised to undergo regular adjuvant 
intravesical BCG therapy and a close follow-up. 
Partial cystectomy was performed for the patients 
with muscle-invasive (n = 120) 28.9% (males) 
and (n = 9) 16.9% (females) only (n = 13) 8.06% 
underwent radical cystectomy, which was 
statistically significant (P = 0.019) in the both 
groups. The other patients opted for chemotherapy 
or radiotherapy depending upon the tumour 
progression. However, 19.3% (n = 46) of them 
from both genders refused to undergo treatment 
due to lack of financial assistant and poor physical 
fitness. All the patients who underwent treatment 
were doing well in a median follow-up of nine 
months although the follow-up period was short 
to comment on prognosis after TURBT/BCG and 
partial/radical cystectomy. Nevertheless, in the 
current paper, we did not investigate bias whereas 
several epidemiological studies have reported 
that bias may lead to overestimation in previously 
reported increased risks of bladder cancer 
associated with type 2 diabetes.26 

 

Conclusion 

The outcomes of our study revealed that 
bladder cancer remains a heterogeneous disease 
with heterogeneous outcomes. The incidence of 
bladder cancer is growing in North Karnataka, 
southern India. It is also on an increasing trend 
in developing countries across the world. Although 
stage and grade offer considerable predictive 
discrimination, the addition of other clinicopatho-
logical parameters may improve the ability to 
individualize bladder cancer management. The 
predominant risk factors in our subjects included 
tobacco smoking, occupational chemical exposure, 
and environmental toxins. The majority of 
prediction tools for bladder cancer focus on the 
prediction of disease recurrence and progression 
in non–muscle-invasive bladder cancer or disease 
recurrence and survival following radical 
cystectomy. Most of the patients were of the age 
group over 50 years and cigarette smokers, which 
accounted for 50 to 65% of all the cases. Other 
environmental risks are believed to be largely 
related to occupational exposures to carcinogenic 
compounds (aromatic amines), which increases 
the risk by 20%.  
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Abstract

Background: Chronic renal failure is the most common indication for which arterio-venous (AV) fistula creation surgery is being
performed. Various studies have found that native arteriovenous fistulas are the best in long-term patency with lower complica-
tions. We conducted this study to find out the role of preprocedural duplex ultrasound (DUS) in predicting outcomes of radio-
cephalic fistula in the wrist in the North-Karnataka population.
Methods: This prospective study was conducted from May 2019 to July 2020 on 50 patients who were hemodialysis-dependent and
underwent AV fistula creation with age from 20 to 70 years. All the patients underwent preoperative DUS and were followed up
post-operatively after one, two, and six weeks. Hemodialysis was initiated through the constructed fistula once it was mature, and
the maximum blood flow through the fistula was measured. SPSS version 20.0 was used for statistical analysis.
Results: Among 50 subjects, the overall cumulative success of AVF maturation was 86% (43), and failure to mature rate was 14% (7).
Logistic regression of maturation outcome in the wrist autologous arteriovenous fistula for individual factors showed statistically
significant results (P < 0.05) for the diameter of the radial artery > 1.6 mm and the distensibility of the cephalic vein > 0.4 mm.
Conclusions: Vein distensibility and radial artery diameter are key factors in predicting successful AVF maturation. The use of
intraoperative papaverine instillation directly on vessels can improve arteriovenous fistula outcomes.

Keywords: End Stage Renal Disease, Duplex Ultrasound, Hemodialysis

1. Background

The preferred modality for hemodialysis access is the
native arteriovenous fistula (AVF), although the high inci-
dence of fistulas that do not mature is a major obstacle
to increased use. When compared to grafts, it has a low
complications rate and requires few secondary procedures
compared to grafts. It is also associated with longer usabil-
ity and functional patency rates (1). The kidney disease out-
come initiative (KDOQI) recommends wrist RCAVF as the
initial and better site for AVF construction (2). Though it
has some advantages like preservation of proximal vessels
and ease of performing, wrist RCAVF has a few drawbacks
like a high failure rate (3). The blood flow through the fis-
tula and its patency over a period of time are key factors
for successful outcome. Preoperative vessel assessment
with B-mode ultrasonography (USG) and color doppler im-

proves the success of creation and outcome of native AVF
(4).

Several studies have analyzed factors responsible for
failure, such as increasing age, female gender, race, and co-
morbid conditions like diabetes, cerebrovascular diseases,
or peripheral vascular diseases (5-7). Despite multiple stud-
ies conducted by various authors to analyze preoperative
variables identified using duplex ultrasound in predict-
ing successful functional maturation of RCAVF, the opti-
mal vessel size is a main question for successful AVF cre-
ation. There is great variation in predictive values for AVF
failure (8, 9) as suggested by different authors. The period
of maturation is the time from AVF creation to the first suc-
cessful cannulation. This study was performed to find out
the role of preprocedural DUS in the prediction of RCAVF
functional maturation in the wrist and to identify the mod-
ifiable factors in the technique of surgery for improving
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RCAVF success.

2. Methods

This study included 50 consecutive patients with
end-stage kidney disease (ESRD), who underwent RCAVF
surgery between May 2019 and April 2020. All the patients
were hospitalized in the KLES Dr. Prabhakar Kore Hospital
to create a primary native radio-cephalic AVF.

2.1. Inclusion Criteria

All patients aged 20 to 70 years diagnosed with ESRD
who are hemodialysis dependent and undergo AV fistula
creation in the non-dominant upper limb.

2.2. Exclusion Criteria

- Age < 20 years or > 70 years,
- Patients with thrombosed upper limb veins,
- ESRD patients requiring prosthetic graft, and
- Multiple pricks in the non-dominant upper limb for

venous access.
Written informed consent was obtained from each pa-

tient. Ethical clearance was obtained from the institu-
tional Ethics Committee. Data was collected regarding
baseline demographic information.

All the patients were examined according to a standard
color doppler protocol. An ultrasound was performed us-
ing a BK medical (Profocus) ultrasound machine with 7-
10 MHz frequency linear probe. A practitioner who was
trained by a radiologist performed the duplex ultrasound
(DUS), and some variables were cross-checked by another
ultra-sonographer randomly for ensuring the standardiza-
tion of the technique.

All the patients underwent the preoperative DUS
assessment of the non-dominant upper limb vessels.
Cephalic vein diameter (CVd), radial-artery diameter (RAd),
and peak systolic velocity (PSV RA) were measured near the
wrist. The blood vessels were calipered, and their distensi-
bility was measured using the B mode. Vein diameter be-
fore tourniquet was measured as (VD0), and after the ap-
plication of a tourniquet for 2 minutes at 90 mmHg pres-
sure at elbow, it was measured as VD1. Vein distensibil-
ity (VD) was calculated as: [VD (mm) = VD1-VD0]. Cephalic
vein compressibility was assessed, and patients with non-
compressible cephalic vein (thrombosed) were excluded
from the study. Peak systolic velocity of the radial artery
(PSV RA) was measured over the radial artery in the longi-
tudinal plane, and the angle was kept below 60° (10-12).

In all the patients, RCAVFs were created at a level just
proximal to the wrist. All surgeries were done by three
trained surgeons (a senior urologist or a senior registrar

under supervision). Preoperative vascular mapping was
done for each patient to help in identifying smaller trib-
utaries at distance of 5 - 10 cm from the AVF creation site.
(Figure 1A) All surgeries were performed under local anes-
thesia. We performed an approximately 8-mm arteriotomy
and a 10-mm venotomy (unstretched venous length). (Fig-
ure 1B) Veins were flushed with heparinized saline. CV to
RA end-to-side anastomoses were done with running 6’0’
polypropylene. (Figure 1C) Immediately after anastomosis,
we instilled 1 cc papaverine around the anastomosis and
along the outflow vein in all the patients.

All the patients underwent preoperative duplex ultra-
sound examination and were followed up post-operatively
after one, two, and six weeks. Hemodialysis was initiated
through the constructed fistula once it was mature, and
the maximum blood flow through the fistula was mea-
sured. SPSS version 20.0 was used for statistical analysis.

Patients in whom dilatation was not adequate were re-
assessed after two weeks.

2.3. Criteria for Successful Maturation

- Ease of puncture,

- Successful HD for more than four hours through fis-
tula for three or more consecutive HD sessions, and

- Fistula providing blood flow of 250 mL/min or more
for four hours.

Any AVF thrombosed immediately or any time after
construction or failed to meet the above-mentioned crite-
ria was considered failed fistula.

2.4. Statistical Analysis

All the data were entered in a predesigned pro forma.
Patient information such as age, gender, and associ-
ated comorbidities, such as diabetes, hypertension, cere-
brovascular diseases, or peripheral vascular diseases, were
recorded. All DUS findings as described earlier were en-
tered into the data. SPSS v 20.0 was used for statisti-
cal analysis. Means of DUS variables between subjects
with successful and failed maturation as well as diabetics
and non-diabetics with maturation failure were compared
with independent t-test. Outcomes were compared using
chi-square test and Fisher’s exact test. The cut-off point of
0.05 was considered statistically significant. Multiple vari-
able logistic regression analysis was used to find out the
factors associated with the specific predetermined AVF out-
come, that is, absolute success (AS) vs. relative failure (RF).
The multivariable equation was used to estimate the prob-
ability of successful outcome of AVF.

2 Nephro-Urol Mon. 2022; 14(1):e118567.
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Figure 1. (A) Vascular marking with the guidance of duplex ultrasound gray scale. (B) Intra-operative picture showing arteriotomy and venotomy after applying vascular
clamps. (C) Cephalic vein end-to-radial artery side anastomosis completed with distended outflow vein after clamp release

3. Results

Overall, 50 patients were included in the study. Base-
line patient data is shown in Table 1. The mean age was
52.22 ± 14.04 years (range, 20 to 70 years). Duplex ultra-
sound findings of various morphologic and functional pa-
rameters are presented in Table 2. Successful RCAVF matu-
ration was noted in 86% (43). This included 78% with suc-
cessful RCAVF maturation in four weeks (39) and 22% with
prolonged maturation during six to eight weeks (4). Fail-
ure to mature rate was 14% (7).

Table 1. Baseline Characteristics

Variables No. (%)

Total number of patients 50 (100)

Male 43 (86)

Female 7 (14)

Age > 55 years 24 (48)

Diabetes 11 (22)

Hypertension 41 (82)

Non-Dominant Upper limb: Left 46 (92)

Non-Dominant Upper limb: Right 4 (8)

We found a statistically significant correlation be-
tween outcome of RCAVF and RAd, PSV RA, VD. However,

we did not find a significant correlation between RCAVF
outcome and CVD. The analyzed results of absolute success
to absolute failure ratio are shown in Table 3. We found
threshold of RAd > 1.6 mm as a predictive variable for the
relative success vs. relative failure of AVF at 95% CI (1.39 to
35.98) with a P-value of 0.01. We also found the threshold
of PSV RA > 25 cm/s as a predictive variable for the rela-
tive success vs. relative failure of AVF at 95% CI (2.49-90.23)
with a P-value of 0.003. This result was also associated with
highest odds ratio 15:1 (Odds of success). The value of VD
> 0.4 mm for success vs. failure outcome was also statis-
tically significant with a P-value of 0.04 at 95% CI (1.07 to
33.64). The value of CVD > 2 mm was not statistically sig-
nificant for the correlation of successful AVF outcome with
the relative failure of AVF outcome. Based on the analysis
obtained (CI 0.16 to 3.41, P = 0.70), prolonged maturation or
failure to mature rate was higher in females. (OR = 6; 95%
CI = 1.17 - 30.72; P = 0.03) The arterial and venous diameters
were lower in women than in men, although there were no
statistically significant differences between them.

4. Discussion

Maturation criteria are not well defined, and there is a
great variability in data around the world. Data from the
DOPPS study revealed that AVF puncture was done in the

Nephro-Urol Mon. 2022; 14(1):e118567. 3
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Table 2. Vascular Variables as Measured by Duplex Ultrasonography

RAd PSV RA CVd VD

All

Mean 2.18 33.57 2.04 0.84

Minimum 1.4 24.8 1.2 0.08

Maximum 3.12 55.8 4.11 2.03

SD 0.36 10.28 0.57 0.42

Male

Mean 2.21 34.03 2.06 0.85

Minimum 1.4 12 1.2 0.08

Maximum 2.4 39 4.11 2.03

SD 0.38 10.66 0.60 0.43

Female

Mean 2.03 30.84 1.91 0.80

Minimum 1.5 20 1.46 0.6

Maximum 2.27 42.1 2.41 1.15

SD 0.26 7.75 0.38 0.43

Table 3. Logistic Regression of Maturation Outcome (Success vs Failure) in Wrist
RCAVF

Independent Variable OR (CI 95%) P Value

Sex F/M 6.0000 (1.1717 to 30.7255) 0.03

Age < 55 vs > 55 1.1000 (0.2424 to 4.9916) 0.90

RAd > 1.6 vs < 1.6 mm 7.0833 (1.3942 to 35.9878) 0.001

PSV RA 15.0000 (2.4936 to 90.2318) 0.003

CVd > 1.8 vs. < 1.8 0.7500 (0.1649 to 3.4110) 0.709

VD > 0.4 vs. < 0.4 6.0000 (1.0700 to 33.6463) 0.004

first month of construction in 74% of HD centers in Japan,
50% in Europe, and < 2% in the US (13). Saran et al. noted
that poor outcome was not related to AVF puncture within
one month, and AVF should be cannulated after four weeks
(13, 14). They also suggested that decision about AVF suit-
ability for cannulation should be based on clinical exam-
ination and objective measurement techniques, such as
color doppler ultrasound (14).

Malovrh reported 80.2 % of distal AVF successfully ma-
ture after twelve weeks (9), while other authors reported
different failure-to-mature rates and recommended differ-
ent maturation periods (6, 7, 15, 16). In most HD centers,
blood flow of 250 - 350 mL/min for 4 hours HD session is
a routine practice. Routinely they waited for four weeks
prior to initial cannulation, but we waited for more the
6 weeks for some patients. Most of them requires addi-
tion intervention if they do not mature within 8 weeks.

In our study, at 4 weeks, 78% of the patients meet matura-
tion criteria, and delayed maturation was noted in 22% of
patients, who attained functional maturation after eight
weeks. The overall cumulative successful maturation rate
was 84%. Our results are slightly higher than several other
studies (9, 17).

In our study, 7 fistulas failed to mature, out of which
3 patients had events of hypotension during dialysis
through another access, 2 patients had thrombus at AVF
site, 1 patient had stenosis in the outflow vein, and 1 was
failed immediately after surgery.

The impact of gender on the outcome of AVF is cur-
rently the subject of many studies. Some authors con-
cluded that female gender is an independent risk factor for
a positive outcome of AVF (2, 15, 18). Our study also found
that female gender has higher rates of failure than male
gender (P = 0.03). There is a great variation in defining the
minimum RAd for successful outcome of wrist. Like, some
authors recommend a diameter of 1.5 mm (9, 10), others 1.6
mm (11), whereas other authors suggest the limit of > 2.1
mm (12). However, the size of the feeding artery supplying
blood to the AVF definitely contributes to a favorable out-
come. Silva et al. reported only 8.3% of primary AVF failure
when RAd and CVd of > 2 mm and > 2.5 mm taken as crite-
ria (8). Whilst Lockhart et al. obtained a significantly lower
rate of successful AVF -36% with the same criteria (19). In
our study RAd > 1.6 mm showed better success rate, which
was statistically significant (95% CI 1.39 to 35.98, P = 0.01).

For vein diameter, some authors found out higher AVF
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success rates in patients with > 2 mm veins (20), while oth-
ers reported a marginal diameter of 2.6 mm, but only in
women (21). Though the vein’s internal diameter is not al-
ways taken as an influencing factor for the outcome of AVF,
some authors concluded all AVFs with the vein diameters <
1.6 mm were unsuccessful (11). The results of our study did
not confirm the effect of CVd on AVF outcomes.

These differences suggest that vascular diameter is a
critical but not the sole determinant for AVF maturation,
which points towards other significant factors like blood
vessels’ functional characteristics that might be affecting
AVF maturation (9). In addition, vein distensibility (VD) is
also an important parameter for predicting AVF outcome
(9, 22, 23). After anastomosing the vein to an artery, it
leads to increased blood flow, causing subsequent dilata-
tion. The dilatation of the vein depends on wall character-
istics, which can be affected by several factors like inflam-
mation or previous punctures in the wall. Various methods
have been evaluated for vein distensibility test like warm
water (24), compression over the proximal vein (6), and
supine position (25). Kim et al. evaluated change in vein di-
ameter after tourniquet application and found that there
was a 7.4 times higher chance of successful AVF maturation
when diameter increased by > 0.35 mm (23). The results
of our study indicated that VD > 0.4 mm is an important
factor for the prediction of successful AVF maturation (P =
0.001).

Patients with VD > 0.4 mm had a six-fold higher like-
lihood of a successful outcome (OR of 6.00, P = 0.001).
Our results are consistent with earlier findings suggesting
that VD is a significant factor affecting the outcome of AVF
(4, 9, 22). In our study, VD was expressed in millimeters,
whereas other authors expressed VD as a percentage (9) or
as mL/mmHg (26).

Our method of accessing venous distensibility also dif-
fers from that of Kim et al. (23). It can be used in small cen-
ters as it is easily feasible, easily reproducible, and does not
require additional apparatus or contrast exposure.

The majority of AV fistula fail due to low flow through
the fistula, which may contribute in thrombus formation
in the presence of an intimal injury. Low fistula blood flow
due to arterial spasm and venous spasm around the edge
of dissection is thought to be the main cause of low flow
through AVF. In this situation, increased transit time in
the presence of an intimal injury may easily evoke throm-
bosis of the anastomosis. By applying local anesthetics,
we can achieve venous dilatation, whereas papaverine hy-
drochloride has a rapid effect on both the artery and vein,
which in turn helps in preventing thrombus formation.
A few studies in the literature have shown the use of pa-
paverine for successful AVF outcomes (27, 28). We did not
use LMWH for any patients included in our study, which

helped in reducing the overall cost. Using papaverine, we
can eliminate the need for LMHW with almost similar or
better outcomes. Nonetheless, it is difficult to conclude
based on our study as there was no control group in our
study and our study population was small (n = 50). Further-
more, we evaluated only immediate outcomes and not the
long-term survival of AVF. Thus, further randomized stud-
ies with longer follow-ups are warranted to define the exact
role of papaverine in successful outcomes of AV fistula.

4.1. Conclusions

In sum, vein distensibility (> 0.4 mm) and radial artery
diameter (> 1.6 mm) are key factors in predicting success-
ful AVF maturation. Most RCAVFs meet maturation crite-
ria after four weeks and some after eight weeks. Female
gender has a high failure rate as compared to male gender.
In our study, the rate of functional maturation was higher
than in other studies, which could be due to the intraoper-
ative use of papaverine (vasodilatory effect helping in early
maturation). As papaverine has a safe pharmacologic pro-
file, it is safe to use locally. Considering its safety profile in
addition to low cost and ease of application, it can be con-
sidered a potential drug for the improved maturation rate
of AVF surgery. However, further studies with larger sam-
ple sizes are needed to evaluate the effects of local papaver-
ine on AVF maturation in ESRD patients.
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The World Health Organization (WHO) has validated the 

use (emergency use listing [EUL]) of several COVID‑19 

vaccines [Table 1].[1] The first mass vaccination program 
started in early December 2020, and the number of 

vaccination doses administered is updated on a daily basis 
on the COVID‑19 dashboard. The WHO EUL process 
determines whether a product can be recommended for 
use based on all the available data on safety and efficacy 
and its suitability in low‑ and middle‑income countries. 

Vaccines are assessed to ensure that they meet acceptable 
standards of quality, safety, and efficacy using clinical trial 
data, manufacturing, and quality control processes.[1] The 

assessment weighs the threat posed by the emergency and 
the benefit that would accrue from the use of the product 
against any potential risks.

Benefits of Getting Vaccinated
COVID‑19 vaccines provide strong protection against 
serious illness, hospitalization, and death. There is also 
some evidence that being vaccinated will make it less 
likely that one will pass the virus on to others, which 
means the decision to get the vaccine also protects those 
around you.[2]

The WHO recommends that the people at the highest risk 
of COVID‑19 need to be vaccinated first. This includes 
people who are more likely to get severe disease if they 
are infected (older persons and people with existing 
health conditions) and people who are more likely to be 
exposed to the virus (such as health workers).[3] People 
who are pregnant have a higher risk of serious illness 
and preterm birth if they are infected with COVID‑19, 
so the WHO recommends that all the population is also 
prioritized for vaccination once the first priority groups 
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have been vaccinated.[2] The WHO‑authorized COVID‑19 

vaccines are safe for most people aged 18 years and older, 
including those with preexisting conditions of any kind, 
such as autoimmune disorders. These conditions include 

hypertension, diabetes, asthma, pulmonary, liver, and 
kidney disease, and chronic infections that are stable and 
controlled.[4]

Indian Vaccination Program
India began the administration of COVID‑19 vaccines 

on January 16, 2021. As of March 12, 2022, India has 

administered over 1.8 billion doses overall, including 
first, second, and precautionary (booster) doses of the 
currently approved vaccines.[2,3] In India, 95% of the 

eligible population (15+) has received at least one 
shot, and 80% of the eligible population (15+) is fully 
vaccinated [Figures 1‑3].[4] Cumulative doses administered 

across the country Total doses administered across the 

country as of March 16, 2022.

Vaccine Maitri
Vaccine Maitri (English: Vaccine Friendship) is a 
humanitarian initiative undertaken by the Indian 
government to provide COVID‑19 vaccines to countries 
worldwide. The government started providing vaccines 
from January 20, 2021.[5] As of March 6, 2022, India 

had delivered around 16.3 crore doses of vaccines to 96 

countries. Of these, 1.43 crore doses were gifted to 46 

countries by the Government of India. The remaining 

10.71 crore were supplied by the vaccine producer under 
its commercial, and 4.15 crore doses were supplied through 
COVAX obligations. In late March 2021, the Government 

of India temporarily froze exports of the COVISHIELD, 
citing India’s own COVID crisis and the domestic need 

for these vaccines.[6] The Health Minister of India, Mr. Table 1: The following vaccines have obtained 
emergency use listing as of January 12, 2022

Vaccines Date of EUL
The Pfizer/BioNTech Comirnaty vaccine December 31, 2020

The SII/COVISHIELD and AstraZeneca/
AZD1222 vaccines

February 16, 2021

The Janssen/Ad26.COV 2.S vaccine 
developed by Johnson and Johnson

March 12, 2021

The Moderna COVID‑19 vaccine 

(mRNA 1273)
April 30, 2021

The Sinopharm COVID‑19 vaccine May 7, 2021

The Sinovac‑CoronaVac vaccine June 1, 2021

The Bharat Biotech BBV152 COVAXIN 
vaccine

November 3, 2021

The Covovax (NVX‑CoV2373) vaccine December 17, 2021

The Nuvaxovid (NVX‑CoV2373) vaccine December 20, 2021

EUL: Emergency use listing

Figure 1: These data show how many people have received at least one 

dose of a vaccine. People who are fully vaccinated may have received more 

than one dose. Booster shots are additional vaccine doses given to people 

who are fully vaccinated

[Downloaded free from http://www.jscisociety.com on Wednesday, December 7, 2022, IP: 103.104.223.147]
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Mansukh Mandaviya, announced in September that India 
would resume the export of vaccines from October to the 
rest of the world.[7]
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Re: Nerli RB, Ghagane SC, Rangrez S, Chandra S, 
Thakur ML, Gomella L. Detection of bladder cancer 
using voided urine sample and by targeting genomic 
VPAC receptors. Indian J Urol 2021;37:345‑9

We read the article titled “Detection 
of bladder cancer using voided urine 
sample and by targeting genomic VPAC 
receptors” by Nerli et al. with interest.[1] We 

appreciate the authors’ research on new cytological 
markers which have found application in bladder 
malignancy. The authors have shown that the 
VPAC Combined vasoactive intestinal peptide and 
pituitary adenylate cyclase activating peptide family 
of cell surface receptors positivity in low‑grade 
bladder cancer is as high as 83.33%, higher than 
that of 5‑Aminolevulinic acid (ALA) and the 
cytology group, which is a promising finding. In the 
methodology, it was mentioned that the suspicious 
area of the follow‑up group (n = 38) was biopsied. 
However, the cystoscopic findings of these patients 
and characteristics which compelled the investigator 
to take biopsies to detect the presence or absence of 
carcinoma in situ in these cases were not mentioned. 
Was mitomycin/Bacillus Calmette‑Guerin (BCG) 
given during the primary treatment in this group?

VPAC receptor is not tissue specific. It is expressed 
by various tissues such as breast, pituitary, pancreas, 
and prostate. If VPAC is positive, then how do the 
authors differentiate whether it is from the bladder or 
the prostate? It is not mentioned whether the urine 
samples were examined by the same pathologist and 
whether the pathologist was blinded. In the result 
part, there is a disparity regarding the information 
provided in the text and the table. The text mentions 
four false‑positive results in the 5‑ALA group, 
whereas the table mentions the same in the VPAC 
group.

In a study conducted by Miyake et al., 614 urine 
samples were included.[2] Logistic regression showed 

that false‑positive results in fluorescent voided urine 
cytology group may be due to high density of white blood 
cells and alkaluria. Could there be any such occurrence in 
this study too? In a similar study based on 5‑ALA cytology 
done by Pytel et al., the study group was further classified 
based on T stage and grade.[3]

Another study by the same group as this paper shows 
5‑ALA urine cytology to have sensitivity of 100% and 
specificity of 98%.[4] Its sensitivity is higher than this 
study’s VPAC cytology group. In the same study, the 
sensitivity and specificity of 5‑ALA cytology is 100% for 
low‑grade bladder cancers. Thus, two studies by the same 
author have two different implications regarding the 
superiority of each test.

Overall, the result of this study is admirable as it shows 
better performance than most of the markers available in the 
market and the authors should be credited for taking up this 
new subject. This could avoid repeated check cystoscopies 
in carcinoma of bladder patients.
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Abstract

Background: Picture-naming tests (PNTs) evaluate linguistic impairment in dementia due to
semantic memory impairment, impaired lexical retrieval or perceptual deficits. They also assess the
decline in naming impairment at various stages of dementia and mild cognitive impairment (MCI)
that occurs due to progressive cognitive impairment. With the increasing numbers of people with
dementia globally, it is necessary to have validated naming tests and norms that are culturally and
linguistically appropriate.

Aims: In this cross-sectional study we harmonized a set of 30 images applicable to the Indian
context across five languages and investigated the picture-naming performance in patients with
MCI and dementia.

Methods & procedures: A multidisciplinary expert group formed by the Indian Council of Medical
Research (ICMR) collaborated towards developing and adapting a picture naming test (PNT) known
as the ICMR-PNT in five Indian languages: Hindi, Bengali, Telugu, Kannada and Malayalam. Based
on cross-cultural adaptation guidelines and item-wise factor analysis and correlations established
separately across five languages, the final version of the ICMR-PNT test was developed. A total of
368 controls, 123 dementia and 128 MCI patients were recruited for the study. Psychometric
properties of the adapted version of the ICMR-PNT were examined, and sensitivity and specificity
were examined.

Outcomes & results: The ICMR-PNT scores in all languages combined were higher in controls
compared with patients with dementia and MCI (F  = 139.85; p < 0.001). Furthermore, PNT
scores for MCI was higher in comparison with patients with dementia in all languages combined (p
< 0.001). The area under the curve across the five languages ranged from 0.81 to 1.00 for detecting
dementia. There was a negative correlation between Clinical Dementia Rating (CDR) and ICMR-PNT
scores and a positive correlation between Addenbrooke's Cognitive Examination-III (ACE-III) and
ICMR-PNT scores in control and patient groups.

Conclusions & implications: The ICMR-PNT was developed by following cross-cultural adaptation
guidelines and establishing correlations using item-wise factor analysis across five languages. This
adapted PNT was found to be a reliable tool when assessing naming abilities effectively in mild to
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moderate dementia in a linguistically diverse context.

What this paper adds: What is already known on this subject Picture-naming evaluates language
impairment linked to naming difficulties due to semantic memory, lexical retrieval or perceptual
disturbances. As a result, picture naming tests (PNTs) play an important role in the diagnosis of
dementia. In a heterogeneous population such as India, there is a need for a common PNT that can
be used across the wide range of languages. What this study adds to existing knowledge PNTs
such as the Boston Naming Test (BNT) were developed for the educated, mostly English-speaking,
Western populations and are not appropriate for use in an Indian context. To overcome this
challenge, a PNT was harmonized in five Indian languages (Hindi, Bengali, Telugu, Kannada and
Malayalam) and we report the patterns of naming difficulty in patients with MCI and dementia. The
ICMR-PNT demonstrated good diagnostic accuracy when distinguishing patients with mild to
moderate dementia from cognitively normal individuals. What are the potential or actual clinical
implications of this work? With the growing number of persons suffering from Alzheimer's disease
and other forms of dementia around the world, its critical to have culturally and linguistically
relevant naming tests and diagnosis. This validated ICMR-PNT can be used widely as a clinical tool
to diagnose dementia and harmonize research efforts across diverse populations.

Keywords: ICMR-PNT; dementia; language impairment; linguistic diversity; picture-naming.
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Abstract

Introduction and Objectives: Early dementia diagnosis in low and middle�income

countries (LMIC) is challenging due to limited availability of brief, culturally

appropriate, and psychometrically validated tests. Montreal Cognitive Assessment

(MoCA) is one of the most widely used cognitive screening tests in primary and

secondary care globally. In the current study, we adapted and validated MoCA in

five Indian languages (Hindi, Bengali, Telugu, Kannada, and Malayalam) and deter-

mined the optimal cut�off points that correspond to screening for clinical diagnosis

of dementia and MCI.

Methods: A systematic process of adaptation and modifications of MoCA was ful-

filled. A total of 446 participants: 214 controls, 102 dementia, and 130 MCI were

recruited across six centers.

Results: Across five languages, the area under the curve for diagnosis of dementia

varied from 0.89 to 0.98 and MCI varied from 0.73 to 0.96. The sensitivity, speci-

ficity and optimum cut�off scores were established separately for five Indian

languages.

Conclusions: The Indian adapted MoCA is standardized and validated in five Indian

languages for early diagnosis of dementia and MCI in a linguistically and culturally

diverse population.

K E YWORD S

cognitive screening tool, cross�cultural, dementia, Indian Council of Medical Research�Neuro
Cognitive Toolbox (ICMR�NCTB), linguistic diversity, MCI
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Carotid Health in Patients with 
Cerebral Venous Thrombosis
Naman M Shah, Aralikatte Onkarappa Saroja, Karkal Ravishankar Naik, 
Pradeep S Goudar

Abstract:
Background: Cerebral venous thrombosis (CVT) is an uncommon cause of stroke and shares common risk 
factors with arterial strokes such as hyperhomocysteinemia, tobacco, alcohol, drugs, and hypercoagulable 
state. These risk factors can alter both arterial and venous health leading to the occurrence of atherosclerosis 
in CVT patients.
Aims: To evaluate carotid hemodynamics in CVT patients.
Settings and Design: Prospective hospital‑based case‑control study.
Methods: This study included 50 consecutive CVT patients and 50 healthy controls. The demographic data, 
vascular risk factors, clinical data, biochemical, and radiological parameters were recorded. Carotid sonography 
was performed in CVT patients within the first 24 h of admission.
Statistical Analysis: MedCalc 17.
Results: The age of the patients was 35.04 ± 9.48 years and the controls 38.88 ± 10.41 years 
with male preponderance in both groups. Risk factors for atherosclerosis among patients included 
hyperhomocysteinemia (40 patients), diabetes mellitus (4 patients), hypertension (9 patients), 
alcohol (17 patients), and tobacco (21 patients). Eight patients had abnormal carotid sonography. Six had 
nonflow‑limiting plaques, one had carotid occlusion, two had increased intimal‑medial thickness, and one 
had increased peak systolic velocity. Among the controls, three subjects had nonflow‑limiting plaques. There 
was no difference in carotid hemodynamic parameters between controls and patients; and those with normal 
and elevated homocysteine.
Conclusion: This is the first study to our knowledge looking at carotid health in venous strokes. The relative 
risk for carotid atherosclerosis in CVT patients is higher and requires long‑term follow‑up for the initiation of 
preventive measures.
Key Words:
Carotid atherosclerosis, carotid ultrasonography, cerebral venous sinus thrombosis, hyperhomocysteinemia

Cerebral venous thrombosis (CVT) involving 
dural venous sinuses and cortical veins is 

a less common cause of stroke and accounts 
for up to 5% of all ischemic and hemorrhagic 
strokes.[1,2] CVT has multifactorial etiology 
including infections, trauma, drugs, hormones, 
puerperal state, malignancy, hypercoagulable 
states, and so on.[3,4,21] Arterial and venous strokes 
share some common causative factors such as 
tobacco, alcohol, drugs, and hypercoagulable 
states.[3,5,22‑24] Venous sinus thrombosis results 
predominantly by the interplay of erythrocytes 

and fibrin whereas the arterial thrombosis 
results from atherosclerosis and platelet 
aggregation. Atherosclerosis is postulated to 
produce inflammation and predispose to venous 
thrombosis.[6,7] Studies have shown an association 
of carotid atherosclerosis and venous thrombosis 
in middle‑aged and elderly individuals.[5]

Hyperhomocysteinemia is a risk factor for 
atherosclerosis, coronary, and cerebrovascular 
disease.[7‑9] Hyperhomocysteinemia is associated Address for 
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Key Message:
CVT is common in younger individuals and shares common risk factors with carotid atherosclerosis and 
arterial strokes. The study of carotid abnormalities is essential to substantiate the risk for arterial strokes in 
such patients especially with secondary prevention.
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with carotid arterial disease and has been reported to correlate 
with the degree of carotid atherosclerosis.[7‑9,25‑29] We postulated 
that multiple risk factors could alter both venous and arterial 
health resulting in concurrent CVT and carotid atherosclerosis. 
Identification of carotid atherosclerosis in patients with CVT 
necessitates long‑term follow‑up, therapeutic modifications, 
and control of risk factors. Hence, we undertook this study to 
evaluate carotid hemodynamics in patients with CVT.

Methods

We prospectively enrolled consecutive radiologically confirmed 
CVT patients admitted in the university teaching hospital 
between December 2016 and March 2018. Informed consent 
was taken from the caregivers or the participants. Patients 
with a history of symptomatic atherosclerosis (ischemic stroke, 
transient ischemic attack, acute myocardial infarction, or 
intermittent claudication) and those who declined participation 
were excluded. The study was approved by the institutional 
ethical committee.

The imaging modality of choice was magnetic resonance 
imaging (MRI) with magnetic resonance venogram (MRV) 
using SIEMENS Magnetom Symphony 1.5 T scanner. Unstable 
patients and those with contraindications for MRI underwent 
computerized tomography of the brain before and after 
intravenous contrast using the SIEMENS Somatom Sensation 
64‑slice scanner. The demographic data, presence of vascular 
risk factors, clinical presentation, and neurological examination 
findings were recorded in all patients. Data including the 
site of infarction, sinuses involved, presence of hemorrhage, 
biochemical tests including serum homocysteine, and treatment 
modalities were obtained. All recruited patients received 
parenteral anticoagulation with either unfractionated or 
low‑molecular‑weight heparin followed by oral anticoagulants.[10] 
Data on the presence of hypertension, diabetes mellitus, smoking, 
and alcohol consumption were documented.

Fifty age and gender‑matched controls were randomly selected 
after obtaining written informed consent. These included 
asymptomatic healthy employees working in the institution 
and relatives of the patients who had no clinical evidence, 
history, or risk factors for venous thromboembolism or 
atherosclerosis.

Carotid sonography
Carotid sonography was performed in all the patients within 
24 h after enrolment by an experienced radiologist who was 
unaware of the patients’ diagnosis. Carotid sonography was 
carried out with standardized methods[11] using GE Voluson P8. 
B ‑ mode imaging was done at 8 to 11 MHz and color doppler 
imaging at 6 MHz. All subjects were examined in the supine 
position with the neck rotated to the opposite side by 45°. The 
following segments were examined: carotid trunk, common 
carotid artery, carotid bifurcation, vertebral, and external and 
internal carotid arteries. The parameters studied were peak 
systolic, end‑diastolic velocities, and intimal medial thickness. 
The peak systolic and end‑diastolic velocities were expressed 
in centimeters per second. The percentage of vessel occlusion 
was classified as stenosis up to 50%, 50 to 69%, more than 
70% and near or complete occlusion.[12] The plaque was defined 
as a protrusion extending into the vessel lumen by at least 2 mm 

from the border between the adventitial and medial layers. The 
intimal medial thickness was measured 2 to 3 cm proximal to 
the carotid bifurcation and was expressed in millimeters.

Statistical analysis
Sonographic data of patients were compared with the control 
subjects and between patients with normal and elevated 
homocysteine using Student’s t‑test. Chi‑Square test was used 
to compare the incidence of carotid sonographic abnormalities 
between the patients and control subjects. The odds ratio was 
calculated amongst patients with hyperhomocysteinemia and 
carotid abnormalities. Statistical analyses were performed with 
MedCalc 17.

Results

Fifty‑eight patients with CVT were admitted during the 
study period. Among these patients, four were excluded 
due to declined consent for the study. Two patients required 
emergency decompressive craniectomy, one patient was 
on mechanical ventilation and one patient had an arterial 
stroke in the past. The remaining 50 patients were included 
in the study whose age was 35.04 ± 9.48 years (range 19–55) 
with the majority of the patients belonging to 25 to 34 years. 
Fifty healthy individuals were included as control subjects 
for the carotid ultrasound study (38.88 ± 10.41 years, 
range 21–55). There was male preponderance among the 
patients and controls (80% and 74%, respectively). The risk 
factors for atherosclerosis among the patients included 
diabetes mellitus (4 patients), hypertension (9 patients), 
alcohol (17 patients), and tobacco (21 patients).

The most common presentation was raised intracranial 
tension including headache and vomiting (43 patients). 
Twenty‑five patients presented with seizures among 
whom 20 had generalized seizures and five had focal onset 
seizures. Two patients presented with status epilepticus 
and 12 patients had seizures in clusters. Twenty patients 
had altered consciousness at admission and the commonest 
neurological deficit was hemiparesis (17 patients) followed 
by language dysfunction (15 patients) and cranial nerve 
deficit (8 patients). Nineteen patients (38%) had no neurological 
deficit. Papilledema was found in 37 patients (74%). Venous 
hemorrhagic infarction was present in 29 patients.

Among the patients, 21 (42%) had thrombosis of three or 
more venous sinuses and five patients (10%) had cortical 
vein thrombosis. Transverse sinus was most commonly 
involved (36 patients) followed by sigmoid sinus (33 patients), 
and superior sagittal sinus (30 patients). Serum homocysteine 
was elevated in 40 patients and normal in 10 patients. 
Hyperhomocysteinemia was mild (15 to 30 µmol/L) in 
16, moderate (30.1 to 50 µmol/L in 13, and severe (>50.1 µmol/L) 
in 11 patients.

Carotid hemodynamics
Eight patients had abnormal carotid ultrasound examinations. 
Six had non‑flow limiting plaques, one patient had right carotid 
occlusion, and one patient had increased peak systolic velocity 
without plaque. Among these patients, two had increased 
intima‑media thickness. Non‑flow limiting plaques were 
present in the carotid bulb in four patients and common carotid 
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artery two patients. Carotid plaques were present on the right 
side in four patients and the left side in one patient. One patient 
had bilateral plaques. Comorbidities in these eight patients 
were isolated hypertension in two patients and hypertension 
with diabetes in one patient. There was no significant difference 
between other vascular risk factors including the use of tobacco 
and alcohol. Amongst the controls, two had bilateral carotid 
bulb non‑flow‑limiting plaques and one had left carotid bulb 
plaque. There was no statistically significant difference amongst 
patients and controls [Table 1] in the presence of the plaques 
or increased intima‑media thickness (P = 0.110). However, the 
relative risk of developing carotid atherosclerosis in a patient 
with CVT was higher than the control subjects (RR = 1.54; 95% 
confidence interval 1.0092 to 2.3535; P = 0.0453).

Six of the eight patients (75%) with abnormal carotid ultrasound 
were found to have elevated serum homocysteine levels 
(Odds ratio, 0.7; 95% confidence interval, 0.1 to 4.1) which was 
not statistically significant [Table 2]. There was no significant 
difference between the patients and the control subjects in the 
carotid flow velocities and between the patients with normal 
and elevated serum homocysteine.

Discussion

Arterial and venous strokes share common risk factors such 
as hyperhomocysteinemia, alcohol, and tobacco. Venous 
thrombosis is common in younger individuals and treatment 
includes modification of the risk factors in addition to 
anticoagulation therapy. Elevated serum homocysteine level is 
an independent risk factor for both arterial and venous strokes 
and can be substantially reduced by combined folic acid and 
B‑vitamin therapy.

Serum homocysteine levels in Asian Indians have been 
demonstrated to be higher than in western countries.[4,13] This 
may be due to low intakes of vitamin B12 and folate with 
their subsequent deficiencies, higher prevalence of intestinal 
infections and tropical sprue causing malabsorption and 
undernutrition. This probably might be one of the reasons 
for the higher prevalence of CVT in the Indian subcontinent.

The availability of noninvasive ultrasound imaging methods 
has made it possible to study risk factors for arteriosclerosis 
of the extracranial carotid artery in large populations. 
Ultrasonographic findings of carotid artery arteriosclerosis have 
proved to be a useful predictor of systemic atherothrombosis, 
especially coronary heart disease and cerebrovascular 
disease.[14,15,30,31] Hyperhomocysteinemia has been demonstrated 
to increase the risk of carotid stenosis by up to 25%.[8]

To our knowledge, ours is the first study evaluating the 
extracranial carotid atherosclerosis in patients presenting with 
venous strokes. As both stroke types share common vascular 
risk factors, we looked for the presence of carotid atherosclerosis 
in patients with CVT using carotid ultrasonography. We also 
compared the carotid sonography findings amongst the 
patients with or without elevated homocysteine levels.

In  the  present  s tudy ,  the  percentage  o f  serum 
hyperhomocysteinemia in patients with CVT was high (80%). 
This finding was consistent with the study done by Martinelli 
et al. who showed a four‑fold increase in the risk of CVT in 
patients with elevated serum homocysteine levels.[16] Similar 
results regarding the association between serum homocysteine 
and CVT have been documented previously.[17,18] Serum 
hyperhomocysteinemia is also a risk factor for carotid and 
coronary atherosclerosis.[19,20] A cross‑sectional study done by 
Jacob et al. showed the risk of carotid stenosis as measured 
by carotid ultrasonography is up to 25% in subjects with 
increased serum homocysteine levels as compared to normal 
subjects.[8,32‑36] This premature cerebral, peripheral, and 
coronary atherosclerosis is secondary to the damage caused 
to the endothelial cells by excess homocysteine in the blood 
resulting in an increased risk of thrombosis. The serum levels 
of homocysteine can rise due to deficiency of vitamin B12 
or cystathionine beta‑synthase which disrupts folate and 
methionine pathway, respectively.

An earlier study in elderly subjects with spontaneous deep 
venous thrombosis demonstrated carotid plaques in 47.1% 
with an odds ratio of 2.3. The higher incidence of carotid 

Table 1: Showing carotid hemodynamic data in the 
patients and control subjects
Parameter Controls (n=50) Patients (n=50) P
Common Carotid PSV 91.89±23.87 84.41±19.89 0.092
Common Carotid EDV 24.27±5.42 22.71±5.23 0.146
Internal Carotid PSV 65.27±19.47 67.41±17.56 0.564
Internal Carotid EDV 25.19±7.18 25.53±6.68 0.805
External Carotid PSV 74.21±18.18 75.72±19.01 0.686
External Cartoid EDV 17.93±6.10 18.10±5.44 0.880
Vertebral PSV 43.88±6.70 42.91±6.97 0.483
Common Carotid IMT 0.06±0.01 0.07±0.01 0.488
PSV=Peak systolic velocity (cm/s); EDV=End diastolic velocity (cm/s); 
IMT=Intimal medial thickness (cm)

Table 2: Showing the carotid hemodynamics in CVT patients with normal and elevated serum homocysteine 
levels
Parameter Normal Homocysteine Hyperhomocysteinemia P
Common Carotid PSV 88.05±12.83 92.57±27.03 0.28
Common Carotid EDV 25.35±7.36 23.72±5.88 0.37
Internal Carotid PSV 66.93±20.00 66.51±21.77 0.93
Internal Carotid EDV 26.95±8.75 25.52±8.13 0.51
External Carotid PSV 74.13±16.83 74.71±20.28 0.90
External Carotid EDV 18.39±7.92 18.11±5.96 0.89
Vertebral PSV 42.81±8.71 44.38±8.25 0.47
Common Carotid IMT 0.06±0.01 0.07±0.05 0.13
PSV=Peak systolic velocity (cm/s); EDV=End diastolic velocity (cm/s); IMT=Intimal medial thickness (cm)
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plaques in this study was likely due to the study population 
being elderly.[6,37,38] In contrast, in our study, the CVT patients 
were younger and only 16% had carotid atherosclerosis. The 
difference in the age of the study population could have 
contributed to the difference. Asymptomatic Polyvascular 
Abnormalities Community study (APAC) which evaluated 
5393 participants aged above 40 years who were clinically free 
of vascular disorders identified 361 persons with asymptomatic 
carotid artery disease (6.69%). The strong association of 
asymptomatic carotid artery disease with increasing serum 
homocysteine levels was demonstrated.[9]

This is the first study to the best of our knowledge addressing 
the carotid health in CVT. We did not find a significant 
association between carotid sonographic abnormalities and 
hyperhomocysteinemia in CVT. This difference may be due 
to the small sample size and younger age group of our study 
population. This also raises the contribution of additional 
aetiologies of CVT like thrombotic states, e.g., deficiency of 
protein C and S, lupus anticoagulant, and factor V Leiden 
which may not alter the carotid endothelial function. However, 
the relative risk of developing carotid atherosclerosis was 
higher amongst the patients who presented with venous 
stroke. Our study aimed to find out the percentage of carotid 
atherosclerosis in patients presenting with venous thrombosis 
who share common risk factors and are at high risk for 
developing an arterial stroke. This study, thus, warrants further 
research including long‑term follow‑up and serial monitoring 
of carotid Doppler findings to provide insight regarding the 
initiation of preventive measures such as lifestyle modification 
and lipid‑lowering agents in patients presenting with venous 
strokes. Limitations of our study included the nonavailability 
of lipid profile in the patients.

Conclusion

Patients with venous strokes share common risk factors with 
arterial strokes and are at higher risk of developing carotid 
atherosclerosis. However, there is no increase in carotid 
abnormalities in CVT patients with hyperhomocysteinemia.
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I. ABSTRACT  

Background:In males, testosterone, an androgenic hormone, provides protection against multiple 
diseases including coronary artery disease (CAD). Evidence suggests a link between low serum 
testosterone and increased risk of CAD in the male population of varying ages. The main objective of 
the present study was to assess the relationship of serum testosterone level with coronary artery 
disease in young Indian men. 

Methodology:A cross-sectional study was conducted on 75 male patients of age 44 years and below 
who were diagnosed with CAD on coronary angiography. The present study was conducted at the 
Departments of Cardiology at J.N Medical College, KAHER University, Belagavi, North Karnataka, 
India, during the period of May 2020 –  January 2022. Venous blood samples were analyzed to collect 
biochemical parameters like testosterone, lipid profile, and troponin. Coronary angiography was 
performed to assess the frequency and severity of CAD. Collected data were analyzed using different 
statistical tools like chi-square and Pearson correlation tests on the SPSS software v24.0. A p-value 
below 0.05 was considered significant. 

Results:Majority (36%) of patients were between 18-25 age group. Most of them had single-vessel 
disease (37.3%), and mild Lv dysfunction (62.7%). Serum testosterone levels showed insignificant 
association with comorbidities like hypertension (χ2 = 3.389, p > 0.05), diabetes mellitus (χ2 = 
31.705, p > 0.05) and left ventricular ejection fraction (χ2 = 12.791, p > 0.05). Serum testosterone 
level showed significant association with tobacco consumption / smoking (χ2 = 11.889, p = 0.008).  
Low Serum testosterone level was significantly associated with severity of CAD (χ2 = 36.55, p < 
0.05). Results also showed a significant positive and linear relation between serum testosterone and 
HDL-c while a negative and insignificant correlation with LDL-c implying that testosterone levels 
can modulate HDL level thereby exerting anti-atherogenic effect. 

ConclusionIn the present cross-sectional study, among 75 young Indian male patients the severity of 
coronary artery disease was inversely correlated with serum testosterone level. Serum testosterone 
level showed insignificant association with comorbidities such as hypertension and diabetes 
mellitus.The association of serum testosterone level with the severity of CAD and tobacco 
consumption / smoking was significant. The study also validates the correlation of testosterone with 
lipid profile and HDL-c, in particular. 
 
Keywords Serum testosterone, CAD, coronary angiography 
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II. Introduction 
 
Cardiovascular diseases (CVD) contribute significantly to the worldwide demise rate and coronary 

course illnesses (CAD) are the most common among CVD. The unfriendly results of CVD 

(principally CAD and strokes) increment the death rate, no matter what the preventive measures and 

prescriptions being taken. The weight of CVD is powerfully extending, as the quantity of impacted 

individuals has multiplied during the last 10 years. Worldwide Burden Death,1assessed 18.6 million 

passing’s caused because of CVD, among which 49.2% cases (9.14 million) were related to 

CAD.2The World Health Organization (WHO) expects 20 million passing’s caused because of CHD 

by 2030.3Although the reasoning is yet to be investigated, androgens are seen to be answerable for 

the commonness of CADs more among men than among ladies. 

 

Epidemiological investigations have evidenced CAD to be a major concern in males than females.4,5 

Framingham’s study has found a significant association between male sex hormone testosterone and 

cardiovascular risk factors.6 In contrast, a study showed that myocardial infarction associated with 

CAD was elevated in men undergoing testosterone replacement therapy (TRT) and risk factors, such 

as serum glucose levels and insulin resistance in men with diabetes, were found to be increased in 

TRT.7 Premature coronary artery diseases (PCAD) less commonly occur young people when 

compared with middle aged and elderly individuals. A gradual decline in testosterone is initiated after 

puberty and it progresses along with increasing age. Evidence on low endogenous testosterone level 

has not conclusively addressed the enhancing mechanism of coronary risk in CAD patients. It is 

assumed that testosterone plays a role in the pathogenesis of CAD through genomic and non- genomic 

pathways.8 

 

According to Gururani et al.9,low serum testosterone level among middle -aged Indian males was 

related to impaired brachial artery flow -mediated dilation, which increased the risk of CAD. 

Meanwhile, atherogenic lipid profile, mainly high -density lipoprotein level and diabetes, was linked 

to low serum testosterone level and pathogenesis of cardiac diseases among elderly males.10The 

association between CAD and serum testosterone level is a hot topic in cardiovascular medication 

III. Coronary artery disease and diagnosis 

CAD is caused either by a disturbance of blood flow dynamics. Ischemic damage to the myocardium 

increases the permeability of the endothelial layer towards low-density lipoprotein (LDL) cholesterol, 

leading to a build-up of cholesterol plaque in the innermost walls of arteries and a build -up of 

atherosclerosis plaque.11 Over a period, CAD weakens the heart muscle and contributes to myocardial 

infarction (MI). 

Physical examinations for comorbid conditions are compulsory to diagnose the risks for CAD.12 

Cardiologists suggest electrocardiography despite the reports of risk factors and biochemical tests 

being normal. Non-invasive techniques are appropriate for patients who are prone to risks involved 

with the invasive practice of coronary angiography.13Cassar et al.12reported the limitations and 

advantages of various non-invasive stress tests, namely, Electrocardiogram (ECG), 2D 

Echocardiogram, Treadmill Test (TMT), Dobutamine echocardiography, Adenosine positron 

emission tomography (APET), Coronary Angiography, and Adenosine magnetic resonance imaging, 

for symptomatic patients. The choice of test depends on the patient’s condition and the laboratory 

expertise. Imaging techniques, such as nuclear imaging and computed tomography angiogram, are 

considered when variations occur in electrocardiography reports –both at rest and at stress. A new 
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invasive technique called intravascular ultrasonography facilitates the cross-sectional examining of 

the artery and coronary atherosclerosis.  

IV. Problem specification 

Premature coronary artery disease (CAD) is a rapidly increasing phenomenon in the developing 

world. The insusceptibility of male sex hormones against atherosclerosis evidenced that age and sex 

are primary risk factors in elder patients with CVD.23Numerous studies have reported a negative 

association between androgen and severity of CVD in young people. Studies have found low levels of 

testosterone in elder people with CAD. Hereditary is a vital risk factor in middle-aged and young 

people.  

However, some studies have accounted for controversial issues with patients aged less than 45 years. 

The high incidence of MI in elderly men compared to women of the same age and young men 

manifests that sex hormones have a prominent role in the pathogenesis of CVD and the risk for 

MI.24Dyslipidemia, obesity, and diabetes mellitusare the risk factors for MI. Low testosterone levels 

predicted acute myocardial infarction in patients suffering from Type 2 diabetes along with coronary 

heart diseases.25 

V. Aim & Objectives: 

 The aim of the study is to investigate the influence of serum testosterone level on coronary 

artery disease in young men.  

 The objective is to find the correlation between coronary artery disease in young Indian males 

and their serum testosterone levels. 

VI. REVIEW OF LITERATURE: ROL  

A systematic literature review (SLR) identifies, selects and critically appraises research in order to 

answer a clearly formulated question (Dewey, A. &Drahota, A. 2016). The systematic review should 

follow a clearly defined protocol or plan where the criteria is clearly stated before the review is 

conducted. PRISMA stands for Preferred Reporting Items for Systematic Reviews and Meta-

Analyses. It is an evidence-based minimum set of items for reporting in systematic reviews and meta-

analyses. 

Testosterone is one the most prevalent androgens and is one of the central chemicals in the male 

regenerative framework. The essential capacity of this chemical is to control spermatogenesis, 

empower male conceptive organ development, and guide optional sexual qualities improvement. It is 

to a great extent combined by Leydig cells and is discharged in the adrenal cortex. The convergence 

of testosterone can go from 4-10 mg/day; the assessed typical plasma focus goes from 300-1000 ng/dl 

in ordinary adults.26,27 

In blood around 1%-2% of the testosterone circles as free testosterone while the remainder of the 

testosterone chemical is bound to egg whites and SHBG (Sex steroid Hormone Binding Globulin).28 

The testosterone impacts on cardiovascular frameworks are being impacted by plasma cells' 

intracellular pathway balance, cell digestion, and articulation of androgen receptors.29 A genomic 

system is related with the physiological impacts of androgen which is interceded by the receptor of 

androgens, be that as it may, non-genomic pathways have likewise been recognized in a few cases 
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Coronary artery Disease 

Coronary Artery Disease (CAD), one of the major diseases that cause death among humans in both 

developed and developing countries.1 Worldwide, it is the third leading cause of death due to CAD 

that is about 17.8 million.1,31,32,33 This disease is caused by the accumulation of plaque in the walls of 

blood vessels that carry oxygen to the heart. Plaque, a combination of components viz., fat, 

cholesterol, and deposits of calcium over years that narrows and hardens arteries, is a condition 

referred to as atherosclerosis that results in heart failure. Generally, the epidemiology of CAD varies 

according to their geographical locations, gender, and ethnicity (Go et al., 2014) and these studies 

provide information on the prevention and eradication of disease.34 Moreover, young age people get 

affected by cardiovascular diseases in developing countries thereby workforce and economic 

productivity were negatively affected.35. 

Diagnosis and management of disease play an important role for the physicians to determine the 

mortality and morbidity associated with CAD. It is necessary to examine the patient’s history such as 

hypertension, tobacco intake, smoking habits, and xanthelasma to determine the risk factors and 

benefits of treatment strategy.39Diagnosis of CAD depends on the following method.40 

 Biochemical tests include Fasting Blood Glucose level, serum Creatinine, Total 

Cholesterol, Triglyceride, Low-Density Lipoprotein Cholesterol, High Lipoprotein 

Cholesterol, Lipoprotein, and Inflammatory biomarkers  

 Cardiac biomarkers Troponin (T or I; cTnT or cTnI) and Creatine Kinase MB isoenzyme 

(CK-MB)  

 Echocardiography  

 Stress testsinclude exercise Electrocardiogram; Single Photon Emission Computed 

Tomography(SPECT); Adenosine Single Photon Emission Computed Tomography; 

Echocardiography; Dobutamine Echocardiography. Few studies involve imaging 

techniques and this method is recommended to the patients on depends on 

electrocardiography which has an effect due to stress. Patients whose history of coronary 

revascularization and having an insufficient report of electrocardiography shows the 

difficulty to assess in guiding. In case the patient is unable to exercise because of heart 

failure, acute aortic dissection, deconditioning, acute pulmonary embolus, frailty, 

orthopedic limitations, and 48hours before MI, a pharmacological imaging test is 

needed.39 

 Cardiac Magnetic Resonance Imaging (CMR) indicates subsequent efficient recovery 

after surgical percutaneous revascularisation.  

 A recent stress imaging technique is Magnetic Resonance Imaging (MRI) can be used for 

dobutamine wall motion imaging and adenosine perfusion. Among asymptomatic 

patients, the use of non-invasive testing is discouraged except for patients who express 

myocardial ischemia on electrocardiography or for the reports of coronary 

calcification.39Among cardiac death survived patients, the invasive coronary angiography 

technique can be used for diagnosis and for the patients who cannot perform non-invasive 

testing. Some patients who are not certain with a diagnosis on increased risk occupational 

testing, non-invasive testing, multiple hospitalizations, presence and/or absence of 
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obstructive diseases, and patients who are suspected clinically for non-atherosclerotic 

causing ischemia and vasospasm with proactive testing are the other testing indications.39 

 Coronary Angiography includes guidelines of American College Cardiology / American 

Heart Association for coronary angiography is based on symptomatic status and 

stratification risk related to non-invasive investigation outcome. For precise assessment of 

anatomical severity,invasivetechniquesare followed. Novel invasive techniques, such as 

Intravascular UltraSonography (IVUS) helps for cross-sectional analysis of CAD for 

enhanced diagnosis of the disease. Studies show that angiography is not enough for 

diagnosing CAD severity and hence, it must be proceeded along with Intravascular 

UltraSonography. 

Treatment and management 

Initial treatment is given according to the guidelines of the American College Cardiology / American 

Heart Association that includesthe following:40 Management of the disease can be best achieved by 

proper diet, reduced smoking, exercise and by replacement of hormones such as estrogen and 

testosterone. Further treatment of hypertension, diabetes and dyslipidemia can also help to manage 

CAD. Secondary management procedures included intake of tablets like Aspirin, Clopidogrel, Beta 

Blockers, and Antioxidants. In addition, pharmacological management methods include nitrates, 

blocking agents of beta-adrenoceptor, calcium antagonists, ranolazine, nicorandil, ivabradine, and 

fasudil a rho kinase oral inhibitor.  

CAD can also be managed by other related therapies such as stimulation of the spinal cord, external 

counterpulsation enhancer, and chelation. Also, the management of the CAD can be achieved by 

percutaneous coronary intervention, bypass surgery of the coronary artery.40,41 

Coronary Artery Disease and Testosterone 

Besides the traditional risk factors like smoking, obesity, hypertension, etc, recent reports imply that 

deficiency in the testosterone levels in men with progressing age contributes a possible role in raising 

the risk of heart attack and stroke87, FDA, 2014). The effect of testosterone in cardiovascular 

physiology possessing various hormonal impacts on CVD is shown in Figure2.3. 

 

Figure 1: Mechanism action of testosterone on several risk factors of cardiovascular disease 
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Besides testosterone, BMI-body mass index; Ca- calcium, HbA1c- hemoglobin A1c; hs-CRP- high-

sensitivity, C-reactive protein, K-potassium, QTc interval- heart-rate−corrected QT interval is the 
undetermined research area with a possibility of a bidirectional relationship.88 

VII. RESEARCH METHODLOGY: 

All sequential patients satisfying the consideration measures will be remembered for the review. 

Further, they will be exposed to a point by point history and predesigned proforma. As per general 

meaning of MI/ACS, patients with normal chest uneasiness or other ischemic side effects who grew 

new ST-portion rises in at least 2 bordering leads and new group branch blocks with ischemic 

repolarization designs on a standard 12-lead electrocardiogram (ECG) were characterized as ST-

raised myocardial dead tissue (STEMI) patients. Patients with high troponin levels yet without 

STEMI ECG rules were characterized as non-ST raised myocardial dead tissue (NSTEMI). 

Venous Blood tests were gathered from the two sorts of patients ,the serum, and were shipped off the 

research facility. Serum levels of Testosterone, Lipid profile, Troponin I were assessed utilizing the 

standard techniques. 

Complete testosterone is explicit for youthful patients with comorbidities like insulin opposition 

(metabolic disorder), and free testosterone is valuable for older patients and in patients with prostrate 

cancer.123 

Testosterone under 8nmol/l is viewed as low and further partitioned into 6-8 (gentle), 4-6(moderate), 

<4(severe). 

Testosterone estimation was finished by Chemiluminescence Immunoassay (CLIA) recognition 

utilizing microplate luminometers gives a delicate, high throughput, and practical option in contrast to 

regular colorimetric procedures, for example, Enzyme-connected immunosorbent measures (ELISA). 

Coronary Angiography was finished to lay out the occurrence and seriousness of Coronary Artery 

Stenosis. Coronary angiography is a highest quality level method for the conclusion of CAD due to its 

capacity to give the seriousness of atherosclerosis and qualities of plaque. 

The Coronary Angiography was performed to really look at the presence of CAD by a talented 

Interventional Cardiologist in the catheterization lab. Critical coronary stenosis and Coronary Artery 

Disease were characterized assuming that there was half or more stenosis on the lumen width in 

somewhere around one of the significant coronary veins. The patients with CAD were grouped into 

(I) Single vessel sickness (SVD): Stenosis happens in one of the left or right coronary vein (II) 

Double vessel illness (DVD): stenosis occurs in two coronary courses (III) Triple vessel illness 

(TVD): stenosis in three coronary corridors (IV) Left fundamental stenosis (LMS). stenosis in the left 

fundamental corridor no matter what the presence of stenosis in different courses. Among these vessel 

scores, TVD or potentially LMS (implies LAD) has been related with high-risk factors for 

atherosclerosis according to remedial rules. 

VIII. RESULT ANALYSIS: 

The gathered information were dissected involving the Statistical Package for Social Sciences (SPSS) 

programming adaptation 24.0. Expressive examination remembered portrayal of information for the 

type of recurrence, rate, mean and standard deviation. Relationship between's serum testosterone and 
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different variables like age and lipid profile were directed utilizing Pearson's connection. Chi-square 

investigation were performed to concentrate on the relationship between straight out factors. 

Numerous relapse examination was utilized to know the connection among factors and CAD in young 

fellows. 

1.1 Serum testosterone level 

Table 4.5 exemplifies the serum testosterone level. Data shows that 27 (36%) patients had normal 

testosterone levels, 13 (17.3%) patients had mild testosterone levels, 22 (29.3%) patients had 

moderate testosterone levels and 13 (17.3%) patients had severe testosterone levels. 

Table 4.5: Serum testosterone 

  Frequency Percent 

Normal >8 nmol/L 27 36.0% 

Mild deficiency (6-8 nmol/L) 13 17.3% 

Moderate deficiency (4-6 nmol/L) 22 29.3% 

Severe deficiency (<4 nmol/L) 13 17.3% 

Total 75 100.0% 

 

 

Figure 4.5: Serum testosterone 

 
The relationship among hypertension and serum testosterone was viewed as unimportant (Chi-Square 

= 3.389, p > 0.335) (Table 4.7). Among 13 subjects with hypertension3patients (23.1%) were 

accounted for to have typical testosterone levels, 6 patients (46.2%) were accounted for to have 

moderate testosterone levels and 3 patients were accounted for to have serious testosterone levels. 

Along similar line 62 subjects without hypertension 12 patients (19.4%) were accounted for to have 

gentle testosterone levels, while 16 patients announced of moderate testosterone levels and 10 patients 

(16.1%) were accounted for to have serious testosterone levels. Be that as it may, 24 patients 

announced of having typical degrees of testosterone. 

The relationship between diabetic mellitus and serum testosterone level was viewed as 

inconsequential (Chi-Square = 1.705, p > 0.636). Among 9 subjects with diabetes 2 patients (22.2%) 

were accounted for to have typical testosterone levels, 4 patients (44.4%) were accounted for to have 

moderate testosterone levels, while 2 patients had extreme testosterone levels. Along similar line 66 
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subjects without diabetes 12 patients (18.2%) were accounted for to have gentle testosterone levels 

and 11 patients (16.7%) were accounted for to have extreme testosterone levels (Table 4.7). 

From Table 4.7, a relationship of testosterone level with tobacco utilization/smoking was viewed as 

measurably critical (Chi Square= 11.889, p = 0.008). Among 19 subjects with tobacco 

utilization/smoking, 5 subjects (26.3%) were accounted for to have ordinary testosterone levels and 8 

patients (42.1%) were accounted for to have serious testosterone levels. Among the excess 56 subjects 

without tobacco utilization/smoking 12 patients (21.4%)  were accounted for to have gentle 

testosterone levels and 17 patients (30.4%). 

Table 4.7: Association between different variables and serum testosterone 

  Normal Mild Moderate Severe Total Chi square p value 

Hypertension  

Yes 
3  
(23.1%) 

1  
(7.7%) 

6  
(46.2%) 

3  
(23.1%) 

13 
3.389 0.335 

No 
24  
(38.7%) 

12  
(19.4%) 

16  
(25.8%) 

10  
(16.1%) 

62 

Diabetes Mellitus 

Yes 
2  
(22.2%) 

1  
(11.1%) 

4  
(44.4%) 

2  
(22.2%) 

9 
1.705 0.636 

No 
25  
(37.9%) 

12  
(18.2%) 

18  
(27.3%) 

11  
(16.7%) 

66 

Tobacco Consumption / smoking  

Yes 
5  
(26.3%) 

1  
(5.3%) 

5  
(26.3%) 

8  
(42.1%) 

19 

11.889 0.008 

No 

22  
(39.3%) 
 
 
 

12  
(21.4%) 

17  
(30.4%) 

5  
(8.9%) 

56 
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Figure 4.7: Total Cholesterol 

Table 4.9: Association between coronary artery angiography and serum testosterone 

  
Normal Mild Moderate Severe Total 

Chi 

square 
p value 

Single vessel disease (SVD) 

36.555 0.019 

LAD 

5  

(27.8%) 

5  

(27.8%) 

3  

(16.7%) 

5  

(27.8%) 
18 

RCA 

0  

(0%) 

3  

(42.9%) 

4  

(57.1%) 

0  

(0%) 
7 

LCX 

0  

(0%) 

0  

(0%) 

2  

(66.7%) 

1  

(33.3%) 
3 

Double vessel disease (DVD) 

LAD and RCA 

3  

(30%) 

3  

(30%) 

3  

(30%) 

1  

(10%) 
10 

LAD and LCX 

4  

(33.3%) 

2  

(16.7%) 

6  

(50%) 

0  

(0%) 
12 

RCA and LCX 

2  

(100%) 

0  

(0%) 

0  

(0%) 

0  

(0%) 
2 

Triple vessel 

disease (TVD) 

8  

(72.7%) 

0  

(0%) 

0  

(0%) 

3  

(27.3%) 
11 

Recanalized 

Coronary artery 

5  

(41.7%) 

0  

(0%) 

4  

(33.3%) 

3  

(25%) 
12 
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Figure 4.8: Low-density lipoproteins 

 

 
 
 
 

 Figure 4.9: High-density lipoproteins 

The plaque develop in the blood vessel dividers upsets the blood supply to the heart prompting a 

condition for the most part alluded to as coronary course sickness. Older guys are inclined to a higher 

gamble of coronary course sickness, and a potential low bioavailability of testosterone is related with 

an expanded gamble of CAD. In the current review, the low serum testosterone level was related with 

seriousness of CAD. From the information it tends to be derived that in young fellows the 

bioavailability of testosterone levels can influence cardiovascular circumstances. 

 

IX. DISCUSSION 

In males, testosterone, a sex hormone, is known to produce male secondary characteristics like body 

hair and also promote reproductive system development including sperm production, etc. Besides this, 

the impact of testosterone on men’s health is also noted. Low levels of testosterone are known to 

contribute to bone loss, increased incidences of cardiovascular events, mortality, etc.Testosterone was 

found to have beneficial effects in men with cardiac disease. 

The main objective of the present study was to assess the relationship of serum testosterone level with 

coronary artery disease in young Indian men. Low testosterone level is considered as a risk factor for 

CAD in male population. 
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There is clinical evidence indicating a relationship between serum testosterone and coronary artery 

disease in male population of elderly age, middle-age 1 and young age. The lowering of serum 

testosterone is attributed to the normal physiological process of aging. However, there is clinical 

evidence of low testosterone in the presence of chronic illnesses like diabetes mellitus, pulmonary 

disease, CAD, etc. 

 

The present cross-sectional study showed association between coronary artery disease and serum 

testosterone level in men. In a case-control study, authors found no correlation between the severity of 

coronary artery disease and serum testosterone level as low as 3.51 ± 1.39 ng/ml (approximately 8.7 ± 

3.4 nmol/l); accumulated evidence showed low serum testosterone levels in middle-aged men (40-59 

years)131 as well as low serum total, free and bioavailable testosterone in male (54 ± 6 years) with 

CAD 134which was in contrast to the present findings. Likewise, Bashyal state that reported no 

association between testosterone level (12.01 ± 6.1 nmol/l) and CAD among elderly men aged 60.4 ± 

11.1 years. However, findings similar to the present study are reported in literature. 

 

In the present study, CAD was categorized into single-vessel disease (SVD), double-vessel disease 

(SVD), triple-vessel disease (TVD), and recanalized vessel. In the present study, the association 

between serum testosterone level and the number of affected vessels was found to be significant. 

Studies citing the association between serum testosterone level and affected vessels are available in 

literature. With an increase in the severity of CAD (one to three-vessel disease), a significant drop in 

both serum testosterone level was observed in CAD patients.139 

 

The authors did not address the possible physiological mechanism for this observation. On the 

contrary, a meta-analysis of four RCTs showed no significant effect of testosterone replacement 

therapy on LVEF in patients with congestive heart failure.141In a male rat model, administration of 

low doses of testosterone was able to restore the reduced LVEF following MI thereby indicating a 

possible positive role of testosterone in normal heart function. Yet, from the available data it can be 

inferred that more clinical studies on the relationship of serum testosterone level with left ventricular 

function and LVEF in CAD patients are required to draw a conclusion. 

 

Low serum testosterone level is known to increase the stiffness in arterial blood vessels thereby 

increasing the risk of hypertension.However, in the present study, association of serum testosterone 

with hypertension was found to be insignificant. 

 

Further, in the present study, the lipid profile was not significantly different amongnormal, mild, 

moderate and severe serum testosterone levels. Lipid parameters such as HDL-c, triglycerides, LDL 

and total cholesterol were found to be lower in CAD patients with low serum testosterone level. 

Evidence indicates association between serum testosterone level and lipid profile.148 The association 

of Testosterone in Older Men with Mobility Limitations (TOM) trials reported higher 

triglycerides and lower HDL with low testosterone. High triglycerides and low HDL-c is associate 

with an increased risk of CAD. A proatherogenic lipid profile is associated with low testosterone 

level. Wickramatilake described that posited that low testosterone level creates an atherogenic (plaque 

formation in arteries) lipid profile, a primary cause for the pathogenesis of CAD.  
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Besides, the author showed a significant positive and linear relation between serum testosterone and 

HDL-c while a negative and insignificant correlation with LDL-c implying that testosterone levels 

can modulate HDL level thereby exerting anti-atherogenic effect. In concordance with the present 

findings Helaly found that the  low levels of free testosterone and low HDL-c in elderly patients 

presented with CAD. Authors found this unique to CAD implying contribution of low free 

testosterone to the increased risk of CAD. Durukanfound that  a positive correlation of serum 

testosterone level with total cholesterol and low-density lipoprotein. Overall, it can be concluded that 

association of serum testosterone with lipid profile has been heterogeneous and may need further 

investigation.  

 

The heterogeneity in the findings related to serum testosterone and CAD in male patients could be 

attributed to the study design, selection of patient population with different manifestations of CAD 

and of varying age, the estimation of type of testosterone, the number of times the estimation of 

testosterone level was performed during the course of study and the follow-up period. To summarize, 

the association between serum testosterone and CAD in terms of severity of CAD.. Thus, it can be 

postulated that low serum testosterone level can contribute to CAD by affecting blood pressure level, 

HDL-c and ventricular dysfunction. 

 

X. CONCLUSON AND FUTURE SCOPE: 

This review was led to find the relationship be-tween’s serum testosterone levels and seriousness of 

coronary course sickness, and significant discoveries are 

 In the current cross-sectional review, among 75 youthful Indian male patients the seriousness 

of coronary supply route sickness was conversely corresponded with serum testosterone level. 

 Serum testosterone level showed immaterial relationship with comorbidities, for example, 

hypertension and diabetes mellitus. 

 The relationship of serum testosterone level with the seriousness of CAD and tobacco 

utilization/smoking was critical. 

 The concentrate likewise approves the relationship of testosterone with lipid profile and 

HDL-c, specifically. 

 

XI . LMITATONS: 

The review was restricted to a little measure male populace who were owned up to the 

Department of Cardiology, J.N Medical school, KAHERS University Belagavi, Karnataka. 

Taking into account there are expanded occurrences of CAD among the Indian populace, little 

example size and from a solitary region or focus/clinic unit could highlight choice 

predisposition and furthermore limit the speculation of the discoveries to a bigger Indian 

populace as well regarding the populace past geological limits of India. 

This cross-sectional review showed the relationship of serum testosterone level with CAD, 

not the causation. Consequently, extrapolation of the discoveries to the causal connection 

between testosterone levels and results in CAD patients ought to be performed with alert. 

Free testosterone wasn't possible at our middle and complete testosterone was taken for this 

review. 

 

In future, study ought to be led from multi-focus and on a bigger male populace with a wide 

age range including male patients as long as 80 years or above. A planned report with a more 

drawn out follow-up period will address the causal connection among testosterone and CAD. 

The relationship of serum testosterone with different variables like future cardiovascular 

occasions like MI, cardiovascular breakdown or stroke and all-cause mortality ought to be 

directed. Further, assessment of relationship utilizing Gensini score could give a more exact 
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relationship of testosterone level with the seriousness of CAD. A more definite and relative 

examination utilizing all out serum, free and bioavailable testosterone ought to be performed 

to help the relationship of testosterone with CAD. 
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I. ABSTRACT  

OBJECTIVE:To study the correlation between Vitamin-D level with deficiency and hyperuricemia 

with severity of coronary artery disease in stemi patients: novel approach. 

Background:Coronary ARTERY sickness is one of the significant reason for death around the world. 
Relationship between lack of vitamin D and hyperuricemia with CAD had been less contemplated. Proof 
proposes there is connection between hyperuricemia, vitamin D lack, and the seriousness of CAD 
independently. The fundamental goal of the current review was to research the relationship be tween’s 
lack of vitamin D and hyperuricemia with the seriousness of coronary supply route sickness in STEMI 
patients. 
 

Methodology:The current cross-sectional review was led in the Department of Cardiology, KAHER's 
Jawaharlal Nehru clinical school, Belagavi, Karnataka, India, during the time of January 2020 - December 
2020. Complete of 100 patients were remembered for the review. Venous blood tests were examined to 
gather biochemical boundaries like Serum Vit D levels and lipid profile. Renal capacity tests like Serum 
Creatinine, blood urea, and serum uric corrosive have been finished. Coronary angiography was 
performed to survey the recurrence and seriousness of CAD. Gathered information were examined 
utilizing a factual device different relapse investigation on the SPSS programming v24.0. A p-esteem 
underneath 0.05 was viewed as huge. 
 
Results:The larger part (68%) had hyperuricemia or lack of vitamin D or hyperuricemia + lack of vitamin 
D. Most of patients had triple-vessel sickness (TVD) (46%). Hyperuricemia and serum lack of vitamin D 
showed huge relationship with CAD (OR= 2.1, 0.8; p < 0.001, 0.01). 
 
Conclusion: In the present The review tracked down direct relationship among hyperuricemia and lack of 
vitamin D autonomously and blend of hyperuricemia + lack of vitamin D with seriousness of CAD. 
Likewise, in the review, patients with TVD had a fundamentally higher worth of hyperuricemia, vitamin 
D lack, and hyperuricemia + lack of vitamin D in contrast with patients with SVD or DVD. 
Hyperuricemia and lack of vitamin D were viewed as free and huge indicators of CAD. 
Keywords Vitamin D deficiency, hyperuricemia, CAD, MI, STEMI. 

 

II. Introduction 
 
vitamin D is launched out by a keratinocyte plasma film. The chylomicrons assimilate the vitamin D that 

is ingested through diet. Vitamin D enters the blood flow through the two different ways, ties to Vitamin 
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D restricting protein (DBP), and is moved tothe liver.7 In the hepatic parenchyma, vitamin D is hydroxyl 

lated by CYP2R1 (fundamental catalyst), CYP2D11, and CYP2D25 chemicals and structures 25-

hydroxyvitamin D (25(OH)D), which is the major circling type of vitamin D and is seen as more in 

 

serum.15 Hydroxylation of 25(OH)D by 25(OH)D-1α-hydroxylase (CYP27B1) in the proximal renal 

tubule frames a functioning type of vitamin D which is, 1,25-dihydroxy vitamin D (1,25(OH)2D) and is 

liable for significant capacities. This (1,25(OH)2D) is viewed as in just 0.1% of 25(OH)D in serum. The 

combination of 1,25(OH)2D is invigorated by parathyroid chemicals (PTH) and it is restrained by 

coursing fibroblast development factor 23 (FGF23) made by osteocytes.14,7,16 The calcitriol or 1,25-

dihydroxyvitamin D (1,25(OH)2D3) restrains vascular smooth muscle cell expansion, manages the renin-

angiotensin framework, diminishes coagulation, and shows mitigatingproperties.9 In the objective tissues, 

the Vitamin D receptor (VDR), and (1,25(OH)2D) 

 

have a high-fondness ligand for VDR.16 VDRs are tracked down in vascular tissues of the myocardium, 

smooth muscle, cerebrum, heart, stomach, pancreas, enacted T and Blymphocytes, skin, and gonads.13,17 

The kidney creates an idle metabolite 24,25-dihydroxy nutrient D3 (24,25(OH)2D). When calcitriol 

limits, hydroxylation through 25-hydroxyvitamin D3 24-hydroxylase (CYP24), in target tissues, the 

catalystcatabolizes 1,25(OH)2D and produces calcitroic corrosive or 24,25(OH)2D.14,7. 

 

Nutrients are a gathering of fundamental mixtures of diet that are expected for typical wellbeing upkeep 

and metabolic integrity.1-3 Vitamins are of two sorts, to be specific, fat-solvent (A, D, E K ) and water-

dissolvable (thiamin (B1), riboflavin (B2), niacin (B3), pantothenic corrosive (B5), pyridoxine (B6), 

cyanocobalamin (B12), biotin, and 

 

folate/folic acid).4,5 The fat-solvent Vitamin D exists in two structures: Ergocalciferol (D2) which is 

made by plants, organisms, and fish, and cholecalciferol (D3) which is blended in the skin when 

presented to sunlight.6,7 Cod liver oils, the tissue of fish, mackerel, trout and salmon, hamburger liver, 

egg yolks, cheddar, mushrooms, vitamin D sustained milk, and prepared to eat cereal, broccoli and 

almonds are the rich wellsprings of nutrient D.8 The suggested dietary recompenses for vitamin D shift 

for all time which are 400 IU/day (new-brought into the world to one year), 600 IU/the very first moment 

(year to 70 years age), 

 

Vitamin D deficiency 

 

Serum 25(OH)D is considered a marker of vitamin D levels.18 Levels of 25OHD ranging from 50-75 

nmol/liter or 20-30 ng/ml signify vitamin D insufficiency andlevels of 25OHD < 50 nmol/liter or < 

20 ng/ml signify vitamin D deficiency.19,16Maintaining normal levels of 25OHD, which is >30 ng/ml 

is important.20 Prevalence of coronary artery disease, heart failure, and peripheral artery disease will 

be morewhen 25OHD levels will be < 30 ng/ml.21,22,16 In the skeletal system decrease in 25OHD 

levels leads to secondary hyperparathyroidism, increased osteoclast genesis,and increased bone 

resorption rather than bone formation.16 

 

 

Less exposure to sunlight and less dietary intake of vitamin D results in low. levels of 25(OH)D.23 

Apart from this, confounding factors, such as obesity (caused by deposition primarily in adipose 

tissue), physical activity, and age result in low 25(OH)D levels.9 The populations that are at risk for 

deficiency of vitamin D include infants, elders, dark-skinned individuals, overweight, pregnant 
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women, and peopleliving at high altitudes.24,25 Vitamin D deficiency mainly causes rickets in 

children and osteoporosis in adults. Fortification of milk helped to reduce such diseases in 

the1930s.20 The absence of this vitamin also leads to increased risk of hypertension, multiple 

sclerosis, cancers of the colon, prostate, breast, and ovary, Type1 diabetes,depression, pregnancy-

related complications, autoimmunity-related diseases.26,27 Table 1.1. It also results in impaired 

glucose tolerance, reduced insulin turnover, andless insulin resistance.28,29 Moreover, vitamin D 

balances the renin-angiotensin system and thereby causes positive effects on smooth vascular muscle 

cells, endothelium, and cardio myocytes. Deficiency of vitamin D imbalances the renin-angiotensin 

system and causes hypertension and changes in cardio myocytes and the cardiovascularsystem.30,16. 
 

Coronary course illness (CAD) in STEMI patients 

Changes in diet and way of life cause an epidemiological progress from transmittable to non-transferable 

illnesses, wherein cardiovascular sickness (CVD) is one of the major threat.55,56 CVD is a gathering of 

problems that influences the cardiovascular framework, which comprises of the heart and veins. Different 

types of entanglements are cerebrovascular sickness that incorporates stroke and transient ischemic 

assault, fringe conduit illness, and aortic atherosclerosis.57 Coronary Artery Disease (CAD) causes the 

restricting of the coronary corridor through atherosclerosis. Thus, blood provided to the heart becomes 

inadequate.45,58 The modifiable gamble variables of CAD are hypertension, unusual blood lipids, liquor, 

and tobacco use, weight, actual inertia, undesirable eating regimens. The non-modifiable gamble variables 

of CAD are age, sex, race, and family ancestry. Controlling the modifiable gamble factors assists with 

disposing of CAD.59 CVD is one of the main sources of mortality and dismalness internationally, that is 

32% of demise in 2019 (WHO, 2019), among that CAD represents one-half.57,60,61 Owing to CVD, 

"computer aided design will be the main source of death in dev eloping nations continuously 2020" and 

more than 4.5 million passings would happen worldwide.62,56,63,64,65. In Iran, the DALY assessment 

of CAD tracked down an increment of 2 overlap by 2025 (from 847,309DALYs in 2005 to 1,728,836 

DALYs in 2025).66 The death due to CAD is highest in India (22.6% in males and 3% in females) and a 

systematic review of 31 studies found that the prevalence of CAD is higher in urban areas than rural areas 

in India (Men 35–90/1000 vs. 17–45/1000; Women 28–93/1000 vs. 13–43/1000).67 

 

Impaired nutrition and a decrease in vitamin D levels cause inflammation, higher coronary artery calcium 

scores, impaired endothelial function, and increased arterial stiffness, and eventually lead to CAD.68,69 

Studies have proved the supplementation ofvitamin D aids in preventing and managing CAD.70,69 Vitamin 

D suppresses inflammation by inhibiting prostaglandin and cyclooxygenase 2 pathways, reducing matrix 

metalloproteinase-9 (MMP-9), and upregulating the anti-inflammatory cytokine interleukin (IL)-10. A 

decrease in the level of 25-OHD would cause an increase of matrix metalloproteinase-9 (MMP-9) after 72 

h of ST-elevationmyocardial infarction (STEMI).69. 

 

III. Problem specification 

Vitamin D deficiency, hyperuricemia in CVDs like CADare some of the least investigated and major 

causes of diseases that lead to death worldwide.71,20,41 The current global and Indian scenarios show an 

alarming rate of mortality and morbidity due to such issues. Globally, vitamin D deficiency is a public 

health issue as 1 billion people and more than 50% of the global population are deficient in this 

essentialvitamin.72  Factors, such as decreased physical activity, less intake of food, and less exposure to 

the sun result in reduced bioavailability of Vitamin D among all.73,74 Theincreased prevalence of low 

vitamin D in all is an important public health problem.9 The prevalence of vitamin D deficiency is 47% 

among US infants, 56% among African American infants and Caucasian infants, and 90% among Iranian, 
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Turkish, and Indian infants.20,75 In adults, the prevalence of vitamin D deficiency is 35% in theUS and 

80% in Pakistan, India, and Bangladesh.20 The prevalence of vitamin D deficiency among the elderly 

population is 61% in the US, 90% in Turkey, 96% in India, 72% in Pakistan, and 67% in 

Iran.72,76Hyperuricemia is increasing worldwide, and its growth was recorded by 8.5% in 2005and by 

11.9% in 2009.77,78 Such an increasing trend indicates an epidemic problem.  

 

This is mainly because of overweight, obesity, and increased consumption of meat alcohol, and soft 

drinks.79,80  The prevalence of hyperuricemia in western countries like the US is 21% followed by China 

with 13%,78, in India it is 25.8% in 2018.81 I India, the prevalence of hyperuricemia with CAD is 

42.68%.82More than 3 million people are affected with acute ST-elevation myocardial 

infarction(STEMI).83 Elderly people are at risk because of the poor prognosis.84 According to the Global 

Registry of Acute Coronary Events (GRACE) and Jakarta Acute Coronary Syndrome (JAC) registry 

database 36% and 37% of acute coronary syndromes,respectively, are of STEMI.45 

 

The association of vitamin D abnormality and hyperuricemia can substantially enhance the chances 

of CVDs like MI. As these diseases are creating global issues, maintaining a normal level of vitamin 

D and serum uric acid is important as it helps to decline the progression of such diseases. Therefore, 

the issue needs immediate action. 

IV. Aim & Objectives: 

 The objective of the present study is to investigate the correlation between vitamin D 

deficiency and hyperuricemia with the severity of coronary artery disease in STEMI 

patients. 

V. REVIEW OF LITERATURE: ROL  

A systematic literature review (SLR) identifies, selects and critically appraises research in order to answer 

a clearly formulated question (Dewey, A. & Drahota, A. 2016). The systematic review should follow a 

clearly defined protocol or plan where the criteria is clearly stated before the review is conducted. 

PRISMA stands for Preferred Reporting Items for Systematic Reviews and Meta-Analyses. It is an 

evidence-based minimum set of items for reporting in systematic reviews and meta-analyses. 

Considering the cardiovascular diseases, coronary artery disease (CAD) has been found to be the 

prevalent reason behind the occurrence of disabilities, morbidities andmortalities across the world, 

even in developed nations.86,87 In fact, CAD has been known to contribute towards millions of 

deaths.88. The critical risk factors concerned with CAD include increasing age, dark complexion, 

elevated levels of homocysteine, vitamin D deficiency, renal or liver disorders, overweight, smoking 

addiction, etc. Enhanced uric acid has been reported to be an “inde pendent risk factor” for 

cardiovascular and kidney-related medical ailments.89–91 

 

 Vitamin D deficiency and coronary artery diseases 

The association of vitamin D deficiency with coronary artery disease has been reported by many 

researchers. Such studies have been described elaborately below in a decreasing chronological order. 

 

Recently in 2021, Siddiki et al. 
88 conducted a cross-sectional observational study to understand the 

correlation between serum Vitamin D and its severity in terms of coronary angiography among 

patients suffering from acute coronary syndrome (ACS). It was observed that levels of vitamin D 
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were statistically and significantly associated with the severity of coronary atherosclerosis. A 

majority (64.7%) of patients with moderate to severe levels of coronary atherosclerosis displayed 

mild to moderate vitamin D deficiency, followed by 33.3% of them suffering from vitamin D 

insufficiency. The reverse was observed in case of patients with absent or mild coronary 

atherosclerosis, where a majority (40%) of them presented vitamin D insufficiency, followed by 35% 

of them falling under the sufficiency category. It was also concluded that a majority of the patients 

displayed low levels of vitamin D. 

 

Raslan et al. 99concentrated on the relationship of vitamin D with persistent stable angina (CSA) 

as a cardiovascular gamble factor among patients from Cairo. The outcomes uncovered 

pervasiveness of lack in Vitamin D was seen in patients with CSA in contrast with the benchmark 

group. It was gotten from the calculated relapse test that hypertension alongside Vitamin D 

anticipated CSA fundamentally. While the likelihood of getting CSA in individuals having 

hypertension is multiple times more, there is a 0.7 times chance that an individual with lower 

vitamin D levels will get CSA in the long run. Seriousness of CSA is subject to the presence of 

diabetes among patients. No association was tracked down concerning orientation, home, level of 

active work, measure of sun openness, hypertension and level of lack of vitamin D. 

 

Morgan et al. 101 analyzed the immediate relationship of coronary course luminal stenosis with 

vitamin D-inadequate ladies. The patients were encouraged to embrace elective coronary 

angiography. A larger part (31%) of them introduced the indications of left foremost plummeting 

vessel illness (LAD), trailed by 22% of them with left circumflex (LCX) coronary vessel sicknesses 

and 26% of them with right coronary supply route (RCA) infections. The outcomes showed that 25-

hydroxyvitamin D was adversely yet essentially related with the level of luminal stenosis in any 

vessel. 

 

Shor et al. 
102, in their observational study of patients who were supposed to undertake coronary 

catheterization, studied the implications of 25-Hydroxyvitamin D as a diagnostic factor of CAD 

 Hyperuricemia and Coronary Artery Diseases 

 

The association of hyperuricemia with cardiovascular diseases has beenlong 

established by researchers over several past decades 89. 

 
The essential point of the concentrate by Tatli et al. 104 was to lay out the relationship of coronary vein 

sickness with the gamble factors, clinical attributes and serum uric corrosive among youthful grown-up 

patients (matured around 35 years) with intense myocardial disease. The patients who had visited the 

clinic for coronary angiography were picked and partitioned into Group I with basic CAD (n=36) and 

Group II with typical coronary supply routes (n=44). 

 

Duran et al. 
105 explained the association of serum uric acid with the severity of CAD in patients 

who were detected with acute coronary syndrome (ACS). The severity of CAD was also 

evaluated through the Gensini score. The baseline clinical characteristics significantly varied 

among the groups categorised according to angiographic findings in terms of uric acid, Gensini 

score, age and LDL. 
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De Luca et al. 106 examined the relationship of hyperuricemia with CAD in a patient populace 

going through coronary angiography. The correlation of pattern qualities relying fair and square 

of uric corrosive showed contrasts in the gatherings. 

Raikou et al. 
90

 examined the relationship of serum uric acid with CAD in patients suffering 

from chronic kidney diseases (CKD). A significant positive correlation was found between 

serum uric acid and age, BMI, waist circumference, triglycerides, systolic blood pressure (SBP), 

estimated pulse wave velocity (ePWV), pulse pressure (PP), phosphorus levels and intact 

parathormone (i-PTH), while serum uric acid was negatively correlated with 1, 25-dihydroxy 

vitamin D, HDL-cholesterol and estimated glomerular filtration rate (e-GFR). 

 

 Correlation of Vitamin D deficiency, Hyperuricemia with Coronary ArteryDiseases 

 

Somuncu et al.113 researched the relationship of two significant gamble factors, specifically, vitamin D 

and hyperuricemia, on patients with CAD. Patients undertaking coronary angiography were remembered 

for the review. Among the 502 review subjects structure Turkey, 44% of the patients were lacking in 

vitamin D (n = 221), while 11.3% of them had hyperuricemia alone (n = 57). Just 16.5% of the patients 

gave lack of vitamin D and more elevated levels of serum uric corrosive (n =83). No distinctions were 

found among the review populace concerning benchmark qualities, for example, age, orientation, 

hyperlipidemia, diabetes mellitus, hypertension, smoking propensities, family background of CAD, BMI, 

levels of creatinine, systolic and merciless circulatory strain, pulse, levels of calcium, LDH-cholesterol, 

HDL-cholesterol and fatty substances, other than the uric corrosive levels and 25-hydroxyvitamin D 

levels.  

No distinctions were found among the control (n = 141), patients with hyperuricemia, vitamin D lack and 

a mix of both lack of vitamin D and hyperuricemia regarding the sort of myocardial localized necrosis, 

infarct related supply route and the therapy including percutaneous coronary mediation, clinical 

intercession and coronary vein sidestep unite (CABG).  

Satilmis et al. 
112 studied the link between vitamin D and coronary atherosclerosis among young 

patients from Turkey. There were hardly any differences in the clinicalfurthermore, research facility 

boundaries of patients with coronary atherosclerosis and controls concerning orientation, age, 

hypertension, LDL-cholesterol and BMI, aside from diabetes, smoking, glucose levels, complete 

cholesterol, HDL-cholesterol, fatty oils, vitamin D levels, uric corrosive levels and creatinine levels. 

The discoveries showed that vitamin D was adversely connected to calcific plaque arrangement. 

Besides, multivariate relapse investigation for atherosclerosis showed a likelihood of 0.69 seasons of 

getting atherosclerosis with low degrees of vitamin D, while the likelihood expanded to 3.67 times 

when the degrees of uric corrosive were high. 

 Research gaps & issues  

Therefore, there is an urgent need to conduct this study in the Indian context. The findings of this 

study will be helpful in understanding the treatment of CAD, prioritising the risk factors (which can 

then be explained to patients) and increasing awareness towards such critical cardiac issues. The 

present study intends to bridge the gap in research that was well realised and will be directly useful 

to the millions of patients suffering from CAD. 

VI. RESEARCH METHODLOGY: 
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A convenient sampling method was used. Patients admitted at KAHER’s Jawaharlal Nehru medical 

college, Belagavi. with a diagnosis of STEMI and who underwent coronary angiography, and patients 

fulfilling the inclusion criteria and willing to participate were included in the study. Informed consent 

was obtained from each patient. A detailed history and clinical features were recorded for each 

patient. All patients are clinically evaluated and vitals are recorded on admission Data will be 

analyzed and tabulated for an etiological profile of the patients. 

 

 The collected data will be quantitatively analyzed and expressed in mean and standard 

deviation. 

 

 Statistical analysis will be done by multiple regression analysis and performed using 

Statistical Package for the Social Sciences (SPSS) version. 

 

 Serum vitamin D levels, Serum Uric Acid 
 

 CBC 
 

 Renal function tests (serum creatinine, serum urea) 
 

 Fasting blood sugar, postprandial blood sugar, HbA1c level. 
 

 Lipid profile: triglycerides, LDL cholesterol and HDL cholesterol, Total Cholesterol. 
 

 Serum thyroid stimulating hormone (TSH 

VII. RESULT ANALYSIS: 

The current review was completed to explore the relationship between hyperuricemia alone, vitamin D 

lack alone and hyperuricemia + lack of vitamin D, and the seriousness of coronary course illness (CAD) 

in ST-rise myocardial localized necrosis (STEMI) patients. The previously mentioned boundaries have 

been chosen for the concentrate after an intensive survey of surviving writing. 

We further compared the prevalence of hyperuricemia, vitamin D deficiency and hyperuricemia + vitamin 

D deficiency based on their demographics and baseline characteristics. As presented in Table 4.6, there 

were significant differences in the prevalence of CAD among the groups with respect to sex (p < 0. 001) 

(Figure 4.14), type 2 diabetes mellitus (p < 0.01) (Figure 4.15), and hypertension (p < 0. 001) (Figure 

4.16). 

 

Males presented significantly higher levels of vitamin D deficiency while females presented significantly 

higher levels of hyperuricemia and hyperuricemia + vitamin D deficiency (p < 0.001). Out of 100 

participants, hyperuricemia, vitamin D deficiency, hyperuricemia + vitamin D deficiency and normal uric 

acid and vitamin D levels were present in 20 (28.2%), 11 (15.5%), 9 (12.7%), and 31 (43.7%) of the 

males while females with hyperuricemia was 12 (41.4%), vitamin D deficiency was 2 (6.9%), 

hyperuricemia + vitamin D deficiency was 14 (48.3%), and normal levels of uric acid and vitamin D was 

1 (3.4%) (p = 0.000).Also, patients with type 2 diabetes mellitus and hypertension presented significantly 

higher hyperuricemia and hyperuricemia + vitamin D deficiency values than patients without these 

disorders (p < 0.01, 0.001). Out of the 40 diabetes mellitus patients, hyperuricemia was present in 18 

(45.0%), vitamin D deficiency in 5 (12.5%) and hyperuricemia + vitamin D deficiency in 12 (30.0%) 

patients. 
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Similarly, out of 39 hypertensive patients, hyperuricemia was present in 17 (43.6%), vitamin D deficiency 

in 5 (12.8%) and hyperuricemia + vitamin D deficiency in 14 (35.9%) patients (p = 0.000). However, we 

did not find a significant difference in CAD prevalence in participants with and without hyperuricemia, 

vitamin D deficiency and a hyperuricemia + vitamin D deficiency having thyroid disorder (Figure 4.17). 

 

Correlation of coronary angiogram with serum vitamin D and 

hyperuricemia + vitamin D deficiency 

 

 

As shown in Table 4.8, correlation between CAD and serum vitamin D, and hyperuricemia + 

vitamin D deficiency was evaluated among the four groups. There was an inverse correlation of 

coronary angiogram with serum vitamin D (r = -.382, p<0.01) and with hyperuricemia + vitamin D 

deficiency (r = -.366, p < 0.01).. Besides, hyperuricemia combined + vitamin D deficiency showed 

significant correlation with serum vitamin D (r = .655, p < 0.01). 

 

 

Table 4.8: Correlation ofcoronary angiogram with serum vitamin D and hyperuricemia + vitamin 

D deficiency 

 

 

 1 2         3  

Serum vitamin D (ng/mL) (1) 1   

HU + Vit D deficiency (2) 0.655** 1  

Coronary angiogram (SVD, DVD, TVD) (3) -0.382** -0.366** 1 

 
 

 

 

 

**
Correlation is significant at the 0.01 level (2-tailed) 

 

4.8Association between coronary angiogram profile with serum uric aciddeficiency and serum 

vitamin D deficiency 

 

The coronary angiogram profile was found to be significantly associated with Hyperuricemia (Chi 

square = 25.812, p < 0.001) (Table 4.11). Among 44 patients with mild Hyperuricemia 14 patients 

(31.8%) were reported to have DVD and among 55 patients with severe Hyperuricemia 37 patients 

(67.3%) were reported to have TVD. Thus, it is show that severe Hyperuricemia is highly related to 

the severity of CAD. 

 

 

Table 4.9: Association between Hyperuricemia and coronary angiogram 

 

Serum     Chi  
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 SVD DVD TVD Total  p value 

uric acid     square  

       

Mild 21 (47.7%) 14 (31.8%) 9 (20.5%) 44   

       

Moderate 1 (100%) 0 (0%) 0 (0%) 1 25.812 0.001 

       

Severe 7 (12.7%) 11 (20.0%) 37 (67.3%) 55   

       

 

 

Serum vitamin D deficiency was also found to have significant association with coronary angiogram 

profile (Chi square = 18.163, p < 0.01) (Table 4.12). Among 22 patients with mild vitamin D 

deficiency 11 patients (50%) were reported to have SVD and among 42 patients with moderate 

vitamin D deficiency 14 patients (33.3%) were reported to have DVD. Among 36 patients with 

severe vitamin D deficiency 26 patients (72.2%) were reported to have TVD. 

 

Table 4.10:  Association between serum vitamin D deficiency and coronaryangiogram 

 

 

 

Serum     Chi  

 SVD DVD TVD Total  p value 

vitamin D     square  

Mild 11 (50.0%) 6 (27.3%) 5 (22.7%) 22   

Moderate 13 (31.0%) 14 (33.3%) 15 (35.7%) 42 18.163 0.001 

Severe 5 (13.9%) 5 (13.9%) 26 (72.2%) 36   

 

 

The current discoveries along with the outcomes examined above propose that there is a relationship 

between hyperuricemia alone, vitamin D lack alone, and a blend of hyperuricemia + lack of vitamin 

D and seriousness of CAD in STEMI patients, especially in patients with a background marked by 

hypertension and Dyslipidemia. Taking into account this reality, further examinations should make 

sense of the job of vitamin D and uric corrosive in the improvement of CAD and its complexities in 

patients with metabolic issues. Likewise, clinicians ought to know about this affiliation and give 

experiences toa dietary intervention to increase vitamin D levels. Besides, future randomized 

controlled trials assessing the effects of vitamin D supplements could help to understand if such 

intervention is effective for STEMI patients with metabolic disorders. 

 

Among STEMI patients, hyperuricemia alone was present in the majority of the study population, 

followed by both hyperuricemia + vitamin D deficiency, while vitamin D deficiency was present in 

the lowest number of the population. This is unlike a recent study where the majority of the study 

population (44.0%) had vitamin D deficiency alone, followed by a combination of hyperuricemia 

and vitamin D deficiency (16.5%)and hyperuricemia alone (11.3%).113 This difference may be due to 

the small sample size of the present study and different geographical location. Also, the mean value 
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of serum vitamin D in the entire population was 23.61 ng/ml while the mean value of serum vitamin 

D in the deficient population was 17.28 ng/ml. 
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VIII. DISCUSSION: 

The present study has been undertaken to investigate the correlation of hyperuricemia and vitamin D 

deficiency with the severity of coronary artery disease (CAD) in ST-elevation myocardial infarction 

(STEMI) patients. In doing so, the study investigated the association between hyperuricemia alone, 

vitamin D deficiency alone, a combination of both hyperuricemia + vitamin D deficiency and the levels of 

CAD (SVD, double vessel disease (DVD) and triple vessel disease (TVD)) in STEMI patients, classified 

as per age, sex and status of hypertension, diabetes mellitus, thyroid and other metabolic risk factors. 

 

This is unlike a recent study where the majority of the study population (44.0%) had vitamin D deficiency 

alone, followed by a combination of hyperuricemia and vitamin D deficiency (16.5%)and hyperuricemia 

alone (11.3%).113 This difference may be due to the small sample size of the present study and different 

geographical location. Also, the mean value of serum vitamin D in the entire population was 23.61 ng/ml 

while the mean value of serum vitamin D in the deficient population was 17.28 ng/ml. 

 

This variation in serum vitamin D levels in our study in comparison to other studies could be due to the 

method of measuring vitamin D concentration. Nevertheless, the values obtained from this study are 

consistent with the value reported from the epidemiological study assessing the vitamin D status (mean 

value = 18.0 ng/ml) in the Polish population despite the difference in themethod of assessment 118 Also, in 

the present study, serum vitamin D level was significantly lower in the patient groups (hyperuricemia, 

vitamin D deficiency, hyperuricemia + vitamin D deficiency) compared with the normal group (26.66 ± 

4.69, 17.28 ± 1.68, 15.39 ± 2.49 vs 29.03 ± 4.15 ng /ml). 

 

Besides, in this study, vitamin D deficiency was present in 36% of patients in the entire population, which 

is different from a previous finding, where vitamin D deficiency was present in the majority (80%) of the 

population whileonly 7% had optimal levels.120 Moreover, this study observed that vitamin D levels 

decrease with age, that is, the higher the age, the more the vitamin D deficiency. 

Single vessel disease          

SVD)  

Double vessel disease 

(DVD)  

Triple vessel disease 

(TVD) 
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In this study, a significant correlation between serum vitamin D and serum uric acid was found in STEMI 

patients. We observed that the serum uric acid levels were inversely and significantly associated with 

serum vitamin D levels. This finding is supported by previous studies that reported an inverse correlation 

between serum uricacid and serum vitamin D levels.122 

 

This finding is somewhat similarto a study by Peng et al.122 where the association between vitamin D 

insufficiency and hyperuricemia was significant in postmenopausal Chinese women without both diabetes 

and hypertension. However, the relationship between vitamin D deficiency and hyperuricemia, which as a 

significant metabolic risk factor for CAD, has not beenwell-documented.122 

The main objective of our study was to assess the influence of hyperuricemia, vitamin D deficiency and 

hyperuricemia + vitamin D deficiency on the severity of CAD reflected by the number of diseased vessels 

in STEMI patients. To our knowledge, it is one among the first few studies to assess the relationship of 

these variables among the group of patients. In this study, the association between hyperuricemia and the 

severity of CAD was observed after adjusting for the potential confounders. Patients with TVD presented 

a significantly higher value of hyperuricemia compared to patients with DVD. 

These findings suggest the clinical significance of monitoring hyperuricemia and intervention based 

on the diagnosis. However, whether hyperuricemia could be a potential target to prevent CVD is 

unknown. 

the association between vitamin D deficiency and the severity of CAD (TVD) was independent and 

significant after adjusting for the confounders; that is, we showed that hypertensive STEMI patients 

with TVD presented a significantly highervitamin D deficiency in comparison to patients with DVD. 

 

This study utilized different boundaries to decide the degree of CAD seriousness and various 

discoveries were acquired. TVD was more normal in patients with hyperuricemia alone, vitamin D 

lack alone and in patients with a mix of hyperuricemia + lack of vitamin D. At the point when the 

seriousness of CAD was examined, an essentially high worth was gotten for TVD and DVD patients 

with both Hyperuricemia and Vit D lack and TVD is more corresponded in patients with either Vit D 

or Hyperuricemia inadequacy. It isn't is to be expected for see problematic feelings in examinations 

researching the relationship between hyperuricemia or vitamin D 

lack and CAD.113 The distinction in the outcomes could be because of the distinction in age of the 

review populaces and various areas. Albeit clashing discoveries have been gotten in regards with the 

impact of hyperuricemia and lack of vitamin D on the level of CAD, the current outcomes showed 

that the mix of hyperuricemia + lack of vitamin D altogether anticipated the seriousness of CAD in 

all definitions. 

 

IX. CONCLUSON AND FUTURE SCOPE: 

The current review was led to explore the connection among hyperuricemia and lack of vitamin D and 

hyperuricemia + lack of vitamin D, and the seriousness of coronary conduit sickness (CAD). Significant 

discoveries of the review are: 
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As STEMI patients with more extreme CAD have more successive unfavorable results, clinicians should 

accentuate on serum uric corrosive and serum vitamin D levels, and especially the mix, in all STEMI 

patients and consider more thorough control of metabolic gamble elements and treatment of these 

problems. Further examinations are expected to comprehend the unexpected impact of hyperuricemia + 

lack of vitamin D on the seriousness of CAD. 

 

 

 

 STEMI patients with typical serum uric corrosive and vitamin D levels (ordinary gathering) had 
essentially better fasting and postprandial glucose and HbA1c values in examination with patients 
having hyperuricemia, vitamin D lack and hyperuricemia + lack of vitamin D. 

 
 In our review, patients with hyperuricemia + lack of vitamin D had the fundamentally higher 

benefits of fasting glucose and HbA1c ( p < 0.001). 
 

 ·In our review patients with two gamble factors like diabetes mellitus and hypertension had 
fundamentally higher Uric corrosive levels and hyperuricemia + lack of vitamin D qualities than 
patients without these issues (p < 0.01, 0.001). 

 
 ·Then again, greater part of the STEMI patients without risk factors like diabetes and 

hypertension had critical lack of vitamin D. 
 

 ·There was a converse connection of coronary conduit sickness with serum vitamin D (r = - .382, 
p < 0.01) and with hyperuricemia + lack of vitamin D (r =-.366, p < 0.01). 

 
 ·Our discoveries recommended that the serum uric corrosive levels were conversely and 

altogether corresponded to serum vitamin D levels in STEMI patients. 
 

 Hyperuricemia and vitamin D deficiency were found to be independent and significant predictors 
of CAD severity among STEMI patients after adjusting for confounders highlighting that serum 
uric acid and vitamin D can be possible risk factors. 

 
 Also, we found a significant synergistic effect of hyperuricemia + vitamin D deficiency on the 

severity of CAD, as evident by the number of diseased vessels. 
 

 In the present study, patients with TVD had a significantly higher value of serum uric acid, 
vitamin D deficiency and hyperuricemia + vitamin D deficiency in comparison to patients with 
DVD. 

 
 In our study we also found that the more severe vitamin D deficiency patients had more severe 

CAD 
 
 

X. LMITATONS: 

One of the significant qualities of this study is that one among the main concentrate straightforwardly 

researches the connection between hyperuricemia, vitamin D inadequacy and hyperuricemia + lack of 

vitamin D, and the seriousness of CAD.Nevertheless, there are a few constraints to this study that should 

be tended to. The single-focus nature of the review might bring about determination predisposition. 

Likewise, this study incorporated a little populace consequently restricting the force of certain 

examinations, and further examinations with a bigger example size are expected to affirm our discoveries 

and to survey measurable contrasts saw in gauge and clinical qualities among the gatherings. Besides, this 



Journal of Cardiovascular Disease Research 
 
ISSN: 0975-3583,0976-2833        VOL13,ISSUE05,2022 

 
 
 

1072 
 

study included information from a gathering of patients from only one geological locale. Subsequently, 

the current review ought to be reached out to different locales of the country to extrapolate the discoveries 

into the whole Indian populace. Likewise, our review doesn't had control gathering to look at which is a 

significant limit. 
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MRI in Non‑Ketotic Hyperglycemia in an Infant

Non-ketotic hyperglycemia (NKH) seen mainly in adults with 
noninsulin-dependent diabetes mellitus is rare in children and 
can be seen in the setting of monogenic diabetes secondary 
to mutations in potassium channels. NKH presents as focal 
motor seizures/epilepsia partialis continua and occipital lobe 
seizures. The seizures are more related to chronic hyperglycemia 
due to diabetes mellitus and are associated with increased 
hemoglobin A1c (Hb1Ac) levels. Chronicity of hyperglycemia 
is more important than the degree of hyperglycemia.[1] It 
responds to treatment of underlying hyperglycemia than to 
use of anti-epileptic drugs. It is associated with characteristic 
hypointensities on T2 and FLAIR (fluid-attenuated inversion 
recovery) sequences which could be due to the effect of seizure 
that occurs in the setting of chronic hyperglycemia without 
ketosis. We here present the neuroimaging findings of 45-day-old 
boy, who presented with left focal motor clonic seizures. There 
was history of frequent feeding and passing frequent urine 
2 weeks prior to the seizure. His blood sugar on admission was 
536 mg/dL and Hb1Ac was 14.3 mg/dL. There was no acidosis 
and urine ketones were negative. The seizures did not respond 
to full doses of phenytoin and levetiracetam but responded 
to control of sugar with insulin. Electroencephalogram (EEG) 
showed right occipital and central epileptiform discharges. 
Cerebrospinal fluid examination was normal and magnetic 
resonance imaging (MRI) showed hypointensities in right 
occipital lobe on T2W and FLAIR images [Figure 1]. Genetic tests 
revealed defect in KCNJ11 gene. To the best of our knowledge, 
this is the first report of MRI changes in NKH in a young infant.

Accumulation of iron associated with disruption of axonal 
transportation, due to early cortical ischemia or excitotoxic 
damage from seizures, are potential mechanisms of T2 
hypointensities.[2] Differentials for this MRI findings include 
rare presentation of ischemia, multiple sclerosis, leptomeningeal 
metastasis, and meningitis or meningoencephalitis. This MRI 
finding should prompt one to think of NKH in a given setting.

ATP-sensitive potassium (KATP) channels have been recently 
shown to play a role in hyperglycemia-induced seizures. KATP 
channels that have a role in insulin secretion by pancreatic 
cells are present even in neurons (e.g., hippocampal and 
neocortical). These channels are responsible for increasing 
neuronal excitability in a hyperglycemic environment and these 
are the ones that are mutated in monogenic diabetes mellitus.[3]
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Neuroimage

Figure 1: Axial T2 weighted (a), FLAIR (b) Diffusion weighted (c) and ADC map (d) magnetic resonance imaging of brain demonstrating right occipital subcortical 
hypointensities (arrows). SWI (e) was normal and did not show any evidence of bleed and the follow up MRI (f) showed complete resolution of the signal hypointensities
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Abstract
Adenocarcinoma of prostate with pleomorphic giant cells is very rarely encountered entity. It is necessary to identify 

this variant due to its highly aggressive clinical course and bad prognosis. Though this variant has been described in 

other sites, very few cases has been reported in the prostate till date. We report one such case with typical features 

with discussion on the differential diagnosis that must be considered when such case is encountered.

Keywords: Prostate, Pleomorphic, Giant cell, Carcinoma

enlarged prostate with heterogeneously enhancing 

nodular lesions, with extracapsular extension and 

metastases to bilateral external iliaclymph nodes, 

liver, left lung and bilateral iliac bones, pubic bone 

and sacrum. Urinary bladder was spared. On 

Technetium 99m-Methyl Diphosphonate (99mTc 

MDP) whole body bone scan, osteoblastic 

metastases to sternum, cervical, thoracic, lumbar 
st th

vertebrae and 1  and 6  ribs was noted. A 12-core 

needle biopsy from the prostate was submitted to 

the surgical pathology department. The tissues 

were formalin fixed, processed and embedded in 

paraffin. Haematoxylin and eosin stain was used to 

study the morphology. Microscopy of 6 cores taken 

from right side revealed a high-grade adeno-

carcinoma with neoplastic cells in diffuse sheets, 

fused glands and cribriform pattern with Gleason's 

score 5+4=9; grade group 5. The other 6 cores from 

the left side revealed large pleomorphic cells, with 

bizarre enlarged nuclei, nucleoli were prominent, 

some showing atypical mitotic figures. Cytoplasm 

was abundant and showed small hyaline globules. 

Introduction

Adenocarcinoma of the prostate with pleomorphic 

giant-cells is an extremely rare unusual subtype 

with aggressive clinical course and poor 

prognosis. Many patients survive for less than a 

year after diagnosis. Thorough literature search 

revealed only 30 cases of prostate adenocarcinoma 

with pleomorphic giant cells till date [1].

Case Report

A 70 year old male presented with urinary 

obstruction for the past 2 months, complete 

obstruction in the last 7 days and hematuria for 15 

days. Digital rectal examination revealed an 

enlarged indurated and fixed prostate. He was a 

known hypertensive and was on medication for the 

same. There was no history of any surgery, 

radiotherapy or chemotherapy in the past. His 

blood examination revealed anaemia and 

eosinophilia. Serum Prostate Specific Antigen 

(PSA) which was 11 ng/ml two months prior had 

increased to 52.98 ng/ml at admission. 

Computerised Tomography (CT) scan and Magne-

tic Resonance Imaging (MRI) scan revealed 
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Mononuclear as well as multinucleated giant cells 

were present. Necrosis was also seen. Spindle cell 

morphology or heterologous elements were not 

seen. Hence a diagnosis of pleomorphic giant cell 

carcinoma of prostate was made. The patient was 

advised chemotherapy. Six months of follow up 

revealed good response to treatment.

Discussion 

Pleomorphic giant cell variant of prostate 

adenocarcinoma is a new variant mentioned in the 

WHO classification 2016. It is associated with 

higher mortality than the conventional acinar 

adenocarcinomas [2]. Clinical course is aggressive. 

Pleomorphic giant cell carcinoma has been 

reported in various organs like bladder, pancreas, 

ovary, oesophagus, breast and lung as well [3-9]. 

However, in prostate very few cases have been 

reported. Thirty cases have been reported between 

2005-2018 [1]. Further, no cases have been 

reported till date. Characteristic histologic findings 

of this subtype include large cells which are 

dyscohesive, with abundant cytoplasm, enlarged 

mononuclear and multinuclear, atypical or bizarre 

nuclei, having prominent nucleoli. Cells may show 

small hyaline globules within the cytoplasm and 

atypical mitotic figures. Presence of necrosis is 

another important finding. It lacks significant 

spindle cell component. Marked atypia and 

presence of pleomorphic component ranges from 

5% to up to 70% [10]. The pleomorphic giant cell 

component can coexist or be a component of the 

prostatic adenocarcinoma of high grade or other 

types of prostatic epithelial carcinomas [11].

According to WHO, Gleason's score or grading is 

not recommended for the rare variants [12]. Only 

the coexisting adenocarcinoma if present can be 

graded which almost always is of high grade with 

Gleason's score of 9-10 and Grade group 5. 

Histogenesis of this entity is not known. But it is 

suggested that chemotherapy and radiotherapy 

could be the etiological factors which can lead to 

development of this variant [13]. However, this has 

not been proved. Differential diagnoses that may 

be considered in these cases include sarcomatoid 

carcinoma, Radiation atypia, pleomorphic variant 

Figure 2: High grade prostate adenocarcinoma 
with Gleason's pattern 4 & 5; Score 9. 
(× 100; H & E Stain)

Figure 1: Mononuclear and multinucleated 
giant cells with nuclear atypia, 
atypicalmitotic figures. (×100; H & E 
Stain)
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of bladder carcinoma and metastatic carcinoma 

with pleomorphic giant cells. Sarcomatoid carci-

noma have significant spindle cell component, 

with very few or no bizarre giant cells. However, 

differentiating these two will be of no clinical 

significance. Radiation atypia can show hyper-

chromasia, bizarre cells and necrosis. However, 

these changes are not atypical but are of degene-

rative nature with smudgy nuclear chromatin. In 

pleomorphic carcinoma of bladder with extension 

into prostate, primary tumour has to be demon-

strated in the urinary bladder, which may also show 

in-situ urothelial component and PSA will be 

negative. In addition, the conventional prostatic 

adenocarcinoma of prostate component which 

usually coexist, will be absent. For metastatic 

pleomorphic carcinoma history is critical, with a 

panel of immunostains in addition to PSA. 

But again, the presence of coexisting typical 

primary prostatic adenocarcinoma can rule out a 

metastatic carcinoma to prostate. In our case, there 

was presence of coexisting typical high-grade 

prostatic adenocarcinoma on right side and 

pleomorphic giant cells component on the left 

side, constituting almost up to 50%. PSA levels 

were high, there was absence of urinary bladder 

involvement, osteoblastic metastasis to bones was 

present, all of which point towards the diagnosis of 

primaryhigh-grade prostatic adenocarcinoma with 

a rare pleomorphic giant cell carcinoma variant. 

Hence, this eliminated the need for immuno-

histochemistry (IHC). However, Immunohisto-

chemical staining is not diagnostic since the giant 

cells may be negative for PSA, or may show 

varying degree of positivity. Strong positivity for 

Cam 5.2 and Cytokeratin AE1/AE3 is noted in the 

giant cells [12].

Parwani and his associates in 2006 [14] reported 6 

cases, their observations being, marked pleomor-

phism and bizarre cells constituted 5-70% in 

different cases. The coexisting histologic compo-

nents were conventional acinar adenocarcinoma, 

squamous carcinoma, ductal adenocarcinoma and 

small cell carcinoma. Staining of giant cells for 

PSA varied from 0-50%, 2 cases had received 

chemotherapy and radiotherapy few years back. 

All the cases had aggressive clinical course, three 

of them with wide spread disease, two alive for 3 

months and 1 year respectively at the time of 

follow up, and one succumbed. Alharbi et al. [1] in 

the year 2018 identified and reported 30 cases of 

prostatic adenocarcinoma with focal pleomorphic 

giant cell features during the period 2005-2018. 

Literature search revealed that no more cases have 

been reported later till date. Diagnostic specimens 

included needle biopsies, TUR, bladder biopsies, 

radical prostatectomy and orchidectomy. 

According to their observations, most of them 

showed extensive disease, with high grade 

prostatic adenocarcinoma (Grade group 5). They 

observed that areas with pleomorphic giant cell 

features were focal and constituted less than 5%. 

Many of those diagnosed as prostate adeno-

carcinoma with such giant cells did not survive for 

more than a year after diagnosis. In contrast to the 

30 cases reported by Alharbi [1], where they found 

that pleomorphic giant cell component constituted 

less than 5% in their series, our case showed 

entirely pleomorphic giant cell morphologyin 6 

out of 12 cores taken from right half of prostate 

while the other half showed conventional high 

grade adenocarcinoma. Lotan et al. [15] 

performed next-generation sequencing on cases of 

this rare variant and found that such rare variant of 

prostate carcinoma frequently show DNA damage 
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repair mutations, and also found that homologous 

DNA repair genes and mismatch repair genes 

showed bi-allelic pathogenic mutations.

Conclusion

We report this case since occurrence of this variant 

is extremely rare and it showed all the typical 

morphological features and the aggressive nature 

as described in the WHO classification. One 

should be aware that poor prognosis is associated 

with this subtype.
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Role of magnetic resonance imaging in 
assessment of extensor compartment 
abnormalities of knee joint – A 
cross‑sectional study
Santosh D. Patil, Vihag Raman, Pradeep Siddappa Goudar, Aravind D. Patil1, 

Priyanka Patil2

Abstract:
INTRODUCTION: The patellofemoral joint (PFJ) is a complex joint structure with high functional and 

biomechanical requirements. The magnetic resonance imaging (MRI) is an effective tool for definition 
and characterization of knee pathology as it can accurately detect, localize, and characterize various 

pathologies of the knee joint.

OBJECTIVES: (1) Evaluate MR images to identify different pathologies that are seen in the extensor 

compartment of the knee joint. (2) Quantitative assessment of patellofemoral measurements to 

determine predisposing risk factors that contribute to patellofemoral joint instability.

METHODOLOGY: A cross‑sectional study was conducted from January 2017 to December 2017 with 

a sample size of 30 in the Department of Radiodiagnosis at The KLE’s Dr. Prabhakar Kore Hospital 

and MRC, Belagavi. The data were collected using a pretested semi‑structured questionnaire. The 

pro forma included sociodemographic profile of the study subjects, clinical presentation MRI to 
identify different pathologies that are seen in extensor compartment of the knee joint and quantitative 

assessment of patellofemoral measurements to determine predisposing risk factors that contribute 

to patellofemoral joint instability.

RESULTS: Among the study population majority of people had normal synovium, laterally subluxated/

dislocated patella. Among the study population, the majority had normal lateral trochlear inclination 

angle, normal trochlear facet asymmetry, normal trochlear depth, normal sulcus angle, and trochlear 

dysplasia. Twenty‑four (80%) people had normal Insall–Salvati index, 27 (90%) people had normal 

lateral patella femoral angle, 25 (83.30%) people had normal lateralization of the patella, 28 (93.30%) 

people had normal tibial tubercle to trochlear groove distance, majority, i.e., 11 (36.70%) had Hoffa’s 

fat pad edema followed by chondromalacia patella, trochlear dysplasia, medial patellofemoral 

ligament tear, patella alta, synovial plicae, subluxated/dislocated patella, transient dislocated patella, 

Osgood–Schlatter disease, and patellar tendonitis.

CONCLUSION: MRI has also been useful in identifying extensor compartment pathologies that lead 

to anterior knee pain.

Keywords:
Extensor compartment of knee, magnetic resonance imaging, patellofemoral joint

The knee joint is the largest joint of the 
human body. It is a modified hinge joint 

made up of two individual components – 
t i b i o f e m o r a l  a n d  p a t e l l o f e m o r a l 

joints (PFJs).[1,2] Knee pain is one of the 
most common problems faced by people.[3,4] 
Anterior knee pain is a common complaint 
in physically active individuals. The reason 
for this is multifactorial with patellar 
abnormalities or extensor mechanism 
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disorders being the cause for patellar malalignment 
during joint movement.

The PFJ is a complex joint structure with high functional 
and biomechanical requirements. [5] The normal 
functioning of this joint (extension of the knee) is 
dependent on the congruent relationship of the patella 

with the trochlear groove. Pathologic conditions 
involving the extensor compartment of the knee are 
challenging in clinical practice and can result in significant 
morbidity if not treated in time. Traumatic injuries, 
inflammatory processes, congenital abnormalities, and 
rarely neoplastic conditions may be seen in this area.

Acute or chronic osteochondritis may affect the patella in 
a disease such as Sinding‑Larsen‑Johansson or the tibial 
tuberosity in Osgood–Schlatter. Although radiography 
may be used in the initial evaluation of these conditions, 
magnetic resonance imaging (MRI) is an important tool 
for a precise diagnosis.[6,7] Patellofemoral pain syndrome 
is the leading cause of knee pain in patients younger 
than 45 years.[3]

It may be related to an underlying patellar tracking 
abnormality or patellofemoral impingement. The role 
of MRI has steadily increased and has been shown to 
be an effective tool for definition and characterization 
of knee pathology as it can accurately detect, localize, 
and characterize various pathologies of the knee joint 
and help in arriving at a correct anatomical diagnosis 
thereby grading further management of the patient.[8‑11]

The need of the study arises because the literature in India 
with respect to MRI imaging of extensor compartment 
injuries and correlating it with the associated factors are 
very limited and still, several doubts persist regarding the 
anatomical variations and function of some structures in 
the joint dynamics of the knee extensor mechanism[12‑14] 
and the factors contributing to it. Hence, this study was 
undertaken to study the different extensor compartment 
pathologies and identify the risk factors along with 
different patellofemoral measurements that contribute to it.

Table 1: Technique with cut off values of magnetic resonance imaging parameters for determining 
patellofemoral instability in my study
Measured parameter Technique Cut off (abnormal) value
Lateral trochlear 

inclination angle

At the superior most section of trochlear cartilage

On axial image, a line drawn along the subchondral bone of the lateral trochlear facet and 

a tangential line along posterior femoral condyles

<11°

Trochlear facet 

asymmetry

At 3 cm above the tibiofemoral joint cleft

On axial image, the ratio of the length of medial and lateral trochlear facet

<40%

Trochlear depth At 3 cm above the tibiofemoral joint cleft

On axial image, the deepest point of the sulcus

>3 mm

Sulcus angle At 3 cm above the tibiofemoral joint cleft

On axial image, between lines paralleling bony femoral trochlea

>144°

Insall‑Salvati index On sagittal image, patellar tendon to height ratio. Tendon length measured along the 

posterior surface from apex to tibial tuberosity and height as maximum superoinferior 

length of the patella

>1.3

Lateral patellofemoral 

angle

On axial image, line along the lateral patellar surface to a line along anterior femoral 

condyles

Opening medially

TT‑TG On axial image, the distance between the deepest point in trochlea to the middle of the 

tibial tubercle

>15 mm

Lateralization of 

patella

On axial image, distance from lateral trochlear margin to most lateral part of patella >6 mm

TT‑TG: Tibial tuberosity to trochlear groove distance

Table 2: Demographic profile of the study 
population (n=30)
Parameter Frequency (%)
Age (years), mean±SD 34.87±15.96

Gender

Male 18 (60)

Female 12 (40)

SD: Standard deviation

Table 3: Clinical presentation of the study 
population (n=30)
Parameter Frequency (%)
Side involved

Right 17 (56.70)

Left 13 (43.30)

Duration of pain (months), mean±SD 4.8 (5.09)

Location of pain

Anterior 22 (73.30)

Anterior and medial 5 (16.70)

Diffuse 3 (10.00)

Positive complaints

Pain and tenderness 15 (50.00)

Stiffness 13 (43.30)

Similar past history 12 (40.00)

Restriction of movements 11 (36.70)

Redness 4 (13.30)

Old trauma history 2 (6.70)

SD: Standard deviation
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Objectives
1. Evaluate MRI to identify different pathologies that 

are seen in the extensor compartment of the knee 
joint

2. Quantitative assessment of patellofemoral 
measurements to determine predisposing risk factors 
that contribute to patellofemoral joint instability.

Methodology

Study site
This  study  was  conducted  in  the  Department  of 
Radiodiagnosis at KLE’s Dr. Prabhakar Kore Hospital 
and MRC, Belagavi.

Study population
Patients  who  were  referred  to  the  Department  of 
Radiodiagnosis  at  The  KLE’s  Dr.  Prabhakar  Kore 
Hospital and MRC, Belagavi, with suspicion of or 
clinically diagnosed with extensor compartment 
abnormality of the knee joint were considered as the 
study population.

Study design
The current study was a cross‑sectional study.

Sample size
The prevalence of extensor compartment abnormalities 
of the knee joint in the Indian population in most of 
the studies done is very less. Therefore, all cases fitting 
into the inclusion criteria during the study period were 
included in the study. The study had included a total of 
30 subjects in the final analysis.

Sampling method
All eligible subjects were recruited into the study 
consecutively by convenient sampling till the sample 
size was reached.

Study duration
The data collection for the study was done between 
January  2017  and  December  2017  over  a  period  of 
1 year.

Table 4: Clinical and magnetic resonance imaging 
findings of the study population (n=30)
Parameter Frequency (%)
Patellar tendon injury

Absent 26 (86.70)

Tendonitis 2 (6.70)

Heterotopic ossification at tibial insertion/Osgood 
Schlatter disease

2 (6.70)

Medial patellofemoral ligament injury

Absent 23 (76.70)

Complete tear 5 (16.70)

Partial tear 1 (3.30)

Reconstructed 1 (3.30)

Osteochondral/chondral defect location

Absent 17 (56.70)

Osteochondral defect of lateral femoral condyle 1 (3.30)

Osteochondral defect of medial femoral condyle 0

Osteochondral defect at medial patella 4 (13.30)

Osteochondral defect at lateral patella 5 (16.70)

Chondral defect at medial patella 0

Chondral defect at lateral patella 3 (10.00)

Fat pad injury

Absent 16 (53.30)

Hoffa’s fat pad edema 14 (46.70)

Supra‑patellar fat pad edema 0

Retro‑patellar fat pad edema 0

MRI marrow edema/contusion

Absent 21 (70.0)

Present on subchondral lateral patella 2 (6.70)

Present on subchondral medial patella 2 (6.70)

Present on lateral tibial and femoral condyle 2 (6.70)

Kissing contusion 3 (10.00)

Synovial involvement

Normal 22 (73.30)

Hypertrophy 2 (6.70)

Synovial plicae 6 (20.00)

MRI patellar dislocation

Absent 23 (76.70)

Lateral subluxation 4 (13.30)

Prior/transient subluxation 3 (10.00)

Joint effusion

Normal 11 (36.60)

Mild (0.5‑1.0 cm) 9 (30.00)

Moderate (1.1‑1.5 cm) 8 (26.70)

Severe (>1.5 cm) 2 (6.70)

MRI: Magnetic resonance imaging

Table 5: Trochlear measurements, Insall-Salvati index, and tibial tubercle to trochlear groove distance in the 
study population (n=30)
Parameter Mean±SD Median Minimum Maximum 95% CI

Lower Upper
Lateral trochlear inclination angle (degree) 20.1±5.03 20.5 10 32 18.22 21.98

Trochlear facet asymmetry (%) 68.5±12.02 67 50 90 64.01 72.99

Trochlear depth (mm) 4.77±1.58 5 2 7 4.18 5.36

Sulcus angle (degree) 142.07±8.96 140 127 162 138.72 145.41

Insall‑Salvati index 1.14±0.17 1.1 0.9 1.44 1.07 1.20

TT‑TG (mm) 10.36±3.6 11 1 19 9.02 11.71

SD: Standard deviation, CI: Confidence interval
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Inclusion criteria
All patients, of different age groups presenting 
primarily with anterior knee joint pain not responding 
to conservative treatment, were sent for MRI of the knee.

Exclusion criteria
1. Patients with proven knee arthropathies, infective, 

and inflammatory etiology
2. Traumatic cases
3. Postoperative cases
4. Patients with ferromagnetic implants, pacemakers, 

and aneurysm clips.

Ethical considerations
Study was approved by the institutional human ethics 
committee. Informed written consent was obtained from 
all the study participants, and only those participants 
willing to sign the informed consent were included in the 
study. The risks and benefits involved in the study and 
voluntary nature of participation were explained to the 
participants before obtaining consent. The confidentiality 
of the study participants was maintained.

Data collection tools
All the relevant parameters were documented in a 
structured study pro forma.

Method of data collection
MRI knee of all the patients was done using 1.5 Tesla 
Symphony Maestro class‑MRI with help of a dedicated 
knee coil.

Scan protocol
MRI T2 PD Coronal/sagittal; T2 Axial; T2 IRM Coronal; 
T1 SE Coronal/Sagittal; STIR Coronal; STIR Axial; 
MEDIC  FAT  SAT  Sagittal  PD  FAT  coronal/sagittal/
transverse.

The following parameters were assessed: patellar height 
ratio, lateral trochlear inclination angle, sulcus angle, 
trochlear facet asymmetry, trochlear depth, lateral 
patellofemoral angle, lateralization of patella, and tibial 
tubercle (TT) to trochlear groove (TG) distance [Table 1].

Statistical methods
Descriptive analysis was carried out by the mean and 
standard deviation for quantitative variables, frequency, 
and proportion for categorical variables.

IBM SPSS version 22 (IBM Corp. IBM SPSS Statistics 
for Windows. Ver. 22.0. Armonk, 48 NY: IBM Corp; 
2013)  was used for statistical analysis.[15]

Results

A total of 30 subjects were included in the final analysis.
The mean age was 34.87 years ± 15.96. The minimum age 
was 11 years, and the maximum age was 70 years in the 
study population. Among the study population, 18 (60%) 
people were male and remaining 12 (40%) people were 
female [Table 2].

Among the study population, 17 (56.70%) people had 
right‑side involvement and 13 (42.30%) people had 
left‑side involvement. The mean duration of pain was 
4.8 ± 5.09 months. Minimum duration was 1 month, 
and maximum duration was 24 months in the study 
population. Among the study population, 22 (73.30%) 
people had pain in anterior location, 5 (16.70%) people 
had in anterior and medial location, and remaining 
3 (10%) people had diffuse pain. Majority of the 
population, 15 (50%) people had pain and tenderness, 
13 (43.30%) people had stiffness, 12 (40%) people had a 
similar history in the past and 11 (36.70%) people had 
the restriction on movements [Table 3].

Among the study population, 2 (6.70%) people had 
patellar tendonitis and 2 (6.70%) people had heterotopic 
ossification of patellar tendon at tibial insertion/

Table 6: Trochlear measurements in the study 
population (n=30)

Frequency (%)
Lateral trochlear inclination angle (degree)

Normal (above 11) 27 (90.00)

Abnormal or decreased (11 or below) 3 (10.00)

Trochlear facet asymmetry (%)

Normal (up to 39.9) 30 (100.00)

Increased/abnormal (40 and above) 0

Trochlear depth (mm)

Normal (3 and above) 21 (70.00)

Abnormal or decreased (up to 2.9) 9 (30.00)

Sulcus angle (degree)

Normal (up to 143.9) 21 (70.00)

Increased/abnormal (144 and above) 9 (30.00)

Table 7: Insall-Salvati index in the study population 
(n=30)
Insall-Salvati index Frequency (%)
Normal (0.9‑1.2) 24 (80.0)

Abnormal (Patella Alta) (1.3 and above) 6 (20.0)

Table 8: Lateral patellofemoral angle in the study 
population (n=30)
Lateral patellofemoral angle Frequency (%)
Opening laterally (normal) 27 (90.00)

Opening medially (abnormal) 3 (10.00)

Table 9: Lateralization of the patella in the study 
population (n=30)
Lateralization of patella Frequency (%)
Normal (<6 mm) 25 (83.30)

Abnormal (>6 mm) 5 (16.70)
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Osgood–Schlatter disease. Among the study population, 
5 (16.70%) people had complete medial patellofemoral 
ligament (MPFL) tear, 1 (3.30%) person had a partial tear, 
and 1 (3.30%) person had reconstructed MPFL. Majority 
of the population, 5 (16.70%) people had osteochondral 
defect at lateral patella and 4 (13.30%) people had an 
osteochondral defect at medial patella. Among the study 
population, 14 (46.70%) people had edema in Hoffa’s 
fat pad.

Among the study population, 2 (6.70%) people had 
marrow edema/contusion present subchondral 
lateral patella, 2 (6.70%) people had it present on the 
subchondral medial patella, 2 (6.70%) people had 
it present on lateral tibial and femoral condyle and 
3 (10%) people had kissing contusions. Among the study 
population, 22 (73.30%) people had normal synovium, 

2 (6.70%) people had synovial hypertrophy and 
6 (20%) people had synovial plicae. Among the study 
population, 4 (13.30%) people had laterally subluxated/
dislocated patella, and 3 (10%) people had prior/
transient subluxated patella. The mean of joint effusion 
was 0.82 ± 0.61. The minimum level was 0 and maximum 
level  was  2  in  the  study  population  (95%  confidence 
interval [CI] 0.58–1.06). Among the study population, 
9 (30%) people had mild joint effusion, 8 (26.70%) people 
had moderate joint effusion and 2 (6.70%) people had 
severe joint effusion [Table 4].

The mean of lateral trochlear inclination angle was 
20.1 ± 5.03. The minimum level was 10 and maximum 
level was 32 in the study population (95% CI 18.22–
21.98). The mean of trochlear facet asymmetry was 
68.5 ± 12.02. The minimum level was 50 and maximum 
level was 90 in the study population (95% CI 64.01–
72.99). The mean of trochlear depth was 4.77 ± 1.58. The 
minimum level was 2 and maximum level was 7 in the 
study population (95% CI 4.18–5.36). The mean of sulcus 
angle was 142.07 ± 8.96. The minimum level was 127 and 
maximum level was 162 in the study population (95% 
CI 138.72–145.41). The mean of Insall–Salvati index 
was 1.14 ± 0.17. The minimum level was 0.90 and the 
maximum level was 1.44 in the study population (95% 
CI 1.07–1.20). The mean of TT to TG distance was 
10.36 ± 3.6. The minimum level was 1 and the maximum 
level was 19 in the study population (95% CI 9.00–11.53) 
[Table 5].

Among the study population, 27 (90%) people 
had normal lateral trochlear inclination angle and 
remaining 3 (10%) people had abnormal or decreased 
lateral trochlear inclination angle. Among the study 
population, all 30 (100%) people had normal trochlear 
facet asymmetry. Among the study population, 
21 (70%) people had normal trochlear depth and 9 (30%) 
people had decreased trochlear depth. Among the 
study population, 21 (70%) people had a normal sulcus 
angle and 9 (30%) people had increased sulcus angle. 
Trochlear dysplasia was confirmed in 9 (30%) people 
out of the 30 in the study population [Table 6]. Among 
the study population, 24 (80%) people had normal 
Insall–Salvati index and 6 (20%) people had increased 
index (i.e., they were diagnosed to have patella alta) 
[Table 7].

Among the study population, 27 (90%) people had 
normal lateral patella femoral angle and 3 (10%) people 
had abnormal lateral patella femoral angle (i.e., they were 
diagnosed to have patellar tilt) [Table 8].

Among the study population, 25 (83.30%) people had 
normal lateralization of the patella and 5 (16.70%) people 
had abnormal lateralization of the patella [Table 9].

Table 10: Tibialtubercle to trochlear groove distance 
in the study population (n=30)
TT-TG Frequency (%)
Normal (Up to 14.9) 28 (93.30)

Increased/abnormal (15 and above) 2 (6.70)

TT‑TG: Tibial tuberosity to trochlear groove distance

Table 11: Descriptive analysis of other findings in the 
study population (n=30)
Other findings Frequency (%)
Absent 15 (57.70)

Medial meniscal tear (posterior horn) 3 (11.50)

Varicose veins 2 (7.70)

Partial tear of ACL 1 (3.80)

Mucoid degeneration of posterior horn of medical 

meniscus

1 (3.80)

Muscle edema 1 (3.80)

Baker’s cyst 1 (3.80)

MPFL implant 1 (3.80)

Ganglion cyst 1 (3.80)

MPFL: Medial patellofemoral ligament, ACL: Anterior cruciate ligament

Table 12: Final diagnosis in the study population 
(n=30)
Final diagnosis Frequency (%)
Hoffa’s fat pad edema/impingement 11 (36.70)

Chondromalacia patella 9 (30.00)

Trochlear dysplasia 9 (30.00)

Subluxated/dislocated patella 7 (23.30)

MPFL tear 6 (20.0)

Synovial plicae 6 (20.00)

Patella Alta 6 (20.00)

Normal 3 (10.0)

Osgood‑Schlatter disease 2 (6.70)

Patellar tendonitis 2 (6.70)

Synovial hypertrophy 2 (6.70)

Transient patellar dislocation 3 (10.0)

Asymmetrical patella 1 (3.30)

MPFL: Medial patellofemoral ligament, ACL: Anterior cruciate ligament

[Downloaded free from http://www.bldeujournalhs.in on Friday, December 9, 2022, IP: 103.104.223.172]



Patil, et al.: MRI assessment of extensor compartment abnormalities of knee joint

BLDE University Journal of Health Sciences  - Volume 7, Issue 2, July-December 2022 237

Among the study population, 28 (93.30%) people had 
normal TT to TG distance and 2 (6.70%) people had 
increased/abnormal TT to TG distance [Table 10].

Majority of the population 15 (57.70%) people had no 
other associated findings, 3 (11.50%) people had a medial 
meniscal tear (posterior horn), and 2 (7.70%) people had 
varicose veins [Table 11].

Among the study population majority of people, 
11 (36.70%) had Hoffa’s fat pad edema, 9 (30%) people 
had chondromalacia patella, 9 (30%) people had trochlear 
dysplasia, 6 (20%) people had MPFL tear, 6 (20% people) 
had patella alta, 6 (20%) people had synovial plicae, 
7 (23.30%) people were diagnosed with subluxated/
dislocated patella, 3 (10%) people had transient 
dislocated patella, 2 (6.70%) people were diagnosed with 
Osgood–Schlatter disease, 2 (6.70%) people had patellar 
tendonitis,  3  (10%) people  had no abnormal  findings, 
and 1 (3.30%) person presented with the asymmetrical 
patella [Table 12].

Discussion

Baseline demographic characteristics and clinical 
features
Our study population included 30 subjects out of which 
60% were male and 40% were female and the mean age 
was 34.87 years. 56.7% had right‑sided knee pain while 
42.3% had left‑side involvement. Osman and Ebrahim[16] 
enrolled knee MRI scans of 38 patients with lateral 
patellar dislocation in their study with a mean age of 
32 years, similar to subjects in our study who had a mean 
age of 35 years. Similar to our study, most of the previous 
studies had enrolled more males than females in their 
study. Majority of the study population (50%) people 
had Pain and Tenderness while 43.3% also reported joint 
stiffness and 36.7% had restriction of movements. In 
our study, subjects suffered from knee pain for a mean 
duration of 4.8 months. 73.3% of subjects had pain in the 
anterior location and 16.7% had pain in the anterior and 
medial location, while 10% had diffuse pain.

Patellar dislocation and correlation with medial 
patellofemoral ligament tear
In our study, 23.3% had subluxated or dislocated patella 
as confirmed by MRI. 13.3% had laterally subluxated/
dislocated patella and 10% had signs of prior/transient 
patellar subluxation. Fahmy et al.[17] observed disruption 
of the MPFL in 31% of subjects while in our study 20% 
had MPFL tear. In our study, 16.7% had complete 
MPFL tear, 3.3% had a partial tear of MPFL, and 3.3% 
had reconstructed MPFL. 76.7% had no MPFL injury. 
Balcarek et al.[18] in their study observed that injury to the 
MPFL was found in 98.6% of the patients after the acute 
lymphoproliferative disorder, with a complete tear in 

51.4%, most commonly seen at the femoral attachment 
site, and a partial tear in 48.6%. Their study showed that 
patterns of MPFL injury depend on trochlear dysplasia, 
patellar height, and TT‑TG distance. In our study, the 
correlation between MPFL injury and patellar dislocation 
was strong. MPFL injury was absent in 76.7% of subjects 
and patellar dislocation was also absent in 76.7% of the 
subjects. Out of the remaining 23.3% with MPFL injury, 
there was prior/transient subluxation in 10% of subjects 
and acute lateral subluxation in 13.3% of subjects. In our 
study population, 90% had the normal lateral trochlear 
inclination angle and the remaining 10% had abnormal 
or decreased lateral trochlear inclination.

Patellar tendon and fat pad injuries
In our study population, 6.7% of subjects had Patellar 
Tendonitis and those with heterotopic ossification 
of the patellar tendon at tibial insertion/Osgood–
Schlatter disease was 6.7%. In our study, 36.7% had 
Hoffa’s fat pad edema or impingement, and similarly, 
Fahmy et al.[17] observed that in the 55 knees they 
analyzed for patellofemoral instability, there was 
Hoffa’s fat pad edema in 55% of their study subjects. 
Immunohistochemical studies have shown that in 
comparison to a normal individual, patients with anterior 
knee pain have more nerve fibers  in  their anterior  fat 
pads.[19] It has also been implied that suprapatellar pouch 
impingement, which manifests as quadriceps fat pad 
edema or enlargement, also contributes to pain in some 
patients.[20]

Trochlear dysplasia and patellar malalignment
Trochlear dysplasia was observed in 9 (30.0%) subjects. 
Of the 9 (30.0%) subjects who presented with dysplasia, 
all 9 had shallow trochlear depth and increased sulcus 
angle and 3 subjects had abnormal or decreased lateral 
trochlear inclination. Fahmy et al.[17] observed trochlear 
dysplasia in a very higher proportion of subjects at about 
63%. Similarly, Kurtul Yildiz et al.[9] observed that in 
their study, the frequencies of patellar malalignment and 
trochlear dysplasia were 34.7 and 63.7%, respectively. 
Souza et al.[21] also reported that trochlear dysplasia was 
present in 51% of the cases who presented with patellar 
instability and were easily identified using MRI. In our 
study, subluxated or dislocated patella was found in 
23.3% of subjects out of which 13.3% had an acute history 
of laterally subluxated/dislocated patella and 10% had 
prior/transient subluxated patella.

In our study, high riding patella/patella alta was found 
in 20% of subjects. Fahmy et al.[17] observed that in the 55 
knees they analyzed for patellofemoral instability, high 
patella was found in 56% of subjects, a laterally inclined 
patella in 31% of subjects, cartilaginous injuries were 
found in 58%, joint morphology abnormalities in 74.5% 
of patients, and bone edema in 27% of patients.
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In our study, 30% of subjects were diagnosed with 
chondromalacia patella out of which 16.7% had an 
osteochondral defect at the lateral patella and 13.3% 
had an osteochondral defect at the medial patella. 
Chondromalacia patellae were detected in 44 knees and 
were absent in 54 knees at arthroscopy in a study done 
by Endo et al.[22]

Bone contusion and kissing contusion
Seventy percent of our subjects had no visible edema 
or contusion on MRI. In our study, single contusion/
marrow edema was present in 20.0% of the subjects out 
of which 6.7% had it on the subchondral medial patella, 
6.7% had it on the subchondral lateral patella and 6.7% 
had it on either lateral tibial or femoral condyles.

In our study, kissing contusion was seen in 10% of 
subjects  that  signified  prior  subluxation/dislocation. 
Terzidis et al.[23] reported that in their study bone 
contusions were diagnosed in 27.8% of subjects that is 
almost similar to our study (30%). In their study, 22.5% 
had single contusions and 6.3% had kissing contusions. 
In our study, kissing contusions was reported in a 
slightly higher proportion (10%) of subjects.

Joint effusion, synovial plicae, hypertrophy, and 
other findings
In our study, 6.7% had synovial hypertrophy while 
20% had synovial plicae. In our study, 63.3% of the 
subjects had joint effusion out of which 30% had mild 
joint effusion, 26.7% had moderate joint effusion, and 
6.7% had severe joint effusion. Osman and Ebrahim[16] 
in their study on subjects with patellofemoral instability 
observed that a total of 60.5% of the study group had joint 
effusion similar to our study. In our study, the majority of 
the population (57.7%) had no other associated findings 
with 11.5% having medial meniscal tear (Posterior horn).

In our study, there was wide variability in the comparison 
of our results to relevant studies. This could be due to 
variabilities in the sample sizes when dealing with 
prevalences/percentages. The other attributable factor 
while comparing the numerical values of the measured 
MR parameters could be racial/population differences.

Indices of measurements at trochlea and patella
In our study, all subjects had normal trochlear facet 
asymmetry. 70% of the subjects had normal trochlear 
depth and 30% presented with decreased trochlear 
depth. Osman and Ebrahim[16] observed abnormal 
trochlear depth in 57.9% of subjects. The sulcus angle 
was normal in 70% of subjects and was increased in 
30% of the subjects in our study. Osman and Ebrahim[16] 
observed normal sulcus angle in 42.1% of subjects while 
57.9% had abnormal sulcus angle.

The patellar height ratio known as the Insall–Salvati 
index is a measure for patella alta. In our study, 80% 
had normal Insall‑Salvati index and 20% had increased 
index (Patella Alta) while Osman and Ebrahim[16] 
observed abnormal Insall–Salvati index in 52.6% of 
subjects.

Grelsamer et al.[24] in their study reported that the mean 
tilt angle in a group of patients suspected to have 
patellofemoral malalignment was 12° ± 6°. In our study, 
10% of subjects in our study had abnormal patellofemoral 
angle/patellar tilt. Abnormal lateralization of a patella 
of more than 6 mm was observed in 16.7% of subjects 
in our study. Osman and Ebrahim[16] observed a greater 
proportion of subjects with abnormal patellar tilt 
compared to our study. In their study, 26.3% of subjects 
had abnormal patellar tilt. Similarly, Steensen et al.[25] 
also reported abnormal patellar tilt in 26.7% of their 
study subjects.

In our study, the TT to TG distance was increased or 
abnormal only in 6.7% of subjects compared to 13.1% in 
a study by Osman and Ebrahim[16] and 42% in a study 
done by Steensen et al.[25]

Insall–Salvati index had the highest positive predictive 
value of 90.9% with 52.6% sensitivity and 94.7% 
specificity in the study by Osman and Ebrahim[16] In our 
study, the mean Insall–Salvati index was1.14 ± 0.17 while 
Osman and Ebrahim[16] observed a slightly higher index 
of 1.34 ± 0.09 in their study. Ali et al.[26] in their study on 
subjects, <40 years old observed Insall–Salvati index of 
1.08 ± 0.17 in subjects with no cartilage defect while it 
was 1.3 ± 0.3 in subjects with mild cartilage defects and 
1.17 ± 0.11 in subjects with severe cartilage defects. They 
also observed an association between abnormal trochlear 
morphology and patellofemoral cartilage defects in 
patients younger than 40 years.

In our study, the mean trochlear depth was 4.77 ± 1.58, 
and the mean sulcus angle was142.07 ± 8.96 degrees 
while Osman and Ebrahim[16] observed a lower trochlear 
depth of 2.4 ± 0.4 in their study and a higher sulcus angle 
of 152.7 ± 7.4 in their study. In our study, the mean TT 
to TG distance was 10.36 ± 3.6 mm while Osman and 
Ebrahim[16] observed a very higher TT to TG distance 
of 27.3 ± 5.1 mm in their study. In our study, the mean 
lateral trochlear inclination angle was 20.1 ± 5.03 degrees 
while it was only 6.9° ± 2.6° in the study bone by Osman 
and Ebrahim.[16]

In conclusion, MRI knee confirmed extensor compartment 
abnormalities in 90% of the subjects in our study. 
Trochlear dysplasia was seen in 30% of the subjects, 
patella alta in 20%, patellar tilt in 10%, and increased 
TT‑TG distance in 6.7%. MR imaging has emerged as the 
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first modality of choice in young patients who present 
with anterior knee pain or in whom patellofemoral 
instability is clinically suspected. MR imaging not 
only helps in diagnosing different anatomic variants, 
ligamentous injuries, and chondral lesions that lead to 
instability but also guide surgeons in selecting the most 
optimal treatment.

Conclusion

In our study, 23.3% of the subjects had acute or prior/
transient subluxated patella. 16.7% of them showed 
complete MPFL tear, 3.3% showed a partial tear, and 3.3% 
had reconstructed MPFL. Of the PFJ abnormalities, 30% 
of the subjects had trochlear dysplasia, 20% had patella 
alta, 10% had patellar tilt, and 6.7% had increased TT‑TG 
distance. Of the 9 (30%) subjects who were diagnosed 
with trochlear dysplasia, all 9 (30%) had shallow/
decreased trochlear depth and increased sulcus angle 
and 3 (10%) subjects had abnormal or decreased lateral 
trochlear inclination angle. All subjects had normal 
trochlear facet asymmetry. The mean Insall–Salvati index 
was 1.14 ± 0.17. The mean trochlear depth was 4.77 ± 1.58, 
the mean sulcus angle was 142.07° ± 8.96° and the mean 
lateral trochlear inclination angle was 20.1 ± 5.03. The 
mean TT to TG distance was 10.36 ± 3.6 mm. 6.7% of the 
subjects had patellar tendonitis and Osgood–Schlatter 
disease/heterotopic ossification of the patellar tendon 
at tibial insertion was seen in 6.7%. 30% of subjects had 
chondromalacia patella. 16.7% had osteochondral defect 
at the lateral patella and 13.3% had osteochondral defect 
at the medial patella. 20% of the subjects had Synovial 
plicae. 30% had mild joint effusion, while 26.7% had 
moderate joint effusion and 6.7% had severe joint 
effusion. 36.7% of subjects had edema involving Hoffa’s 
fat pad. Our study has important diagnostic implications 
as quantitative measurements on MRI provide valuable 
information regarding the predisposing factors that 
contribute to PFJ instability. MRI has also been useful in 
identifying extensor compartment pathologies that lead 
to anterior knee pain.

Limitations
In our study, only symptomatic knee patients were 
analyzed and the study sample size was smaller. One 
limiting factor of MRI imaging is the extended knee that 
causes physiological lateralization and inclination of the 
patella. Hence, the evaluation of these parameters should 
be done in flexed knee position, which is not routinely 
done during MR imaging of the knee joint.

Recommendations
The capacity to combinedly evaluate bone, cartilage 
and soft‑tissue structures has made MRI the preferred 
imaging modality in assessing patellofemoral joint 
pathologies. A broader spectrum prospective study is the 

need of the hour in the assessment of the predisposing 
factors of patellofemoral derangements.
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introduCtion
Acute respiratory failure (ARF) is a life-threatening condition 

and continues to be one of the leading factors for admission 

of patients to intensive care unit (ICU).[1,2] The in-hospital 

mortality due to ARF was 33%–37%, and the associated 
health-care expenses were as high as US$54 billion annually 

in the US alone.[3,4] ARF is a key symptom of most cardiac 

and respiratory diseases such as cardiogenic pulmonary 

edema, chronic obstructive pulmonary disease (COPD), 
community-acquired pneumonia and pulmonary embolism 

which themselves are associated with poor prognosis.[5]

The imaging technicalities incompatible with the ICU 

infrastructure along with the inconvenience caused to 

patients during chest radiography highlight the need for 

an alternative.[6] Bedside lung ultrasound as a point of 

care diagnostic is non-invasive, easily repeatable, widely 
available, and suitable for the ICU environment.[7] Bedside 

Lung Ultrasound in Emergency (BLUE) protocol described 

by Lichtenstein and Meziere is becoming an emerging tool in 

critical care that can complement clinical evaluation, showing 
great promise especially for the dyspneic or hypoxemic 

patients.[8] By drastically curtailing the diagnosis time and 

providing clear evidence, the BLUE protocol can augment a 
diagnostician’s decision-making during exigencies.[9]

Considering the multifarious nature of ARF and the vacuum in 

literature pertaining to efficiency and relevance of the BLUE 
protocol in a sizeable local population in India, this study 
was designed. The primary objective of this study was to 

establish diagnostic accuracy of bedside thoracic ultrasound in 

pulmonary edema, pneumothorax, COPD/asthma, pulmonary 
thromboembolism, pneumonia, and adult respiratory distress 

Diagnostic Accuracy of Bedside Lung Ultrasound in Emergency 

Protocol for the Diagnosis of Acute Respiratory Failure
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Background: The multifactorial etiology of acute respiratory failure (ARF) often complicates diagnosis at an early stage of clinical presentation. 

Despite being a common life-threatening disorder, accurate and timely diagnosis is hindered by bad quality of bedside radiographs and 
nonavailability of immediate computed tomography imaging. This study was an attempt to evaluate the diagnostic accuracy of ultrasound 

in diagnosing ARF. Methods: This hospital-based cross-sectional study investigated the underlying etiological factor in 130 patients 
presenting with ARF and admitted to the intensive care unit. Lung ultrasound was performed according to the Bedside Lung Ultrasound in 

Emergency (BLUE) protocol. The diagnostic accuracy of lung ultrasound by emergency protocol was measured against each final diagnosis. 
Results: The mean age observed was 49.28 ± 14.9 years among the cohort. Of the 130 patients, pneumonia was the most common cause of 
ARF, seen in 42 patients. Breathlessness (56.15%) and fever accompanied by cough (25.38%) were the chief complaints. Diagnostic accuracy 
of ultrasound lung emergency protocol was 95.38% in the diagnosis of pulmonary edema, 100% for pneumothorax, 93.85% for pneumonia, 
96.92% for chronic obstructive pulmonary disease, 99.23% for pulmonary thromboembolism, and 95.38% for acute respiratory distress 
syndrome. Conclusion: Lung ultrasound is a reliable modality that provided accurate and timely diagnosis of ARF in this study. Therefore, 
BLUE protocol is feasible, easily implementable in the intensive care unit, and must be scaled up in respiratory health-care settings.
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syndrome (ARDS). In addition to which, parameters such 
as sensitivity, specificity, predictive values, and area under 
receiver operating characteristic (ROC) plot were also 

assessed.

MEthods

This 1-year cross-sectional study was conducted at the 

department of radiodiagnosis in a tertiary care hospital and 

medical research center from January 2017 to December 
2017. Patients above 18 years of age admitted to ICU 
with ARF were included in the study. ARF is clinically 

characterized by a respiratory rate above 30 breaths/min or 
PaO

2 
<55 mm Hg or oxygen saturation <92% with pulse 

oximeter or PaCO2 >45 mm Hg with an arterial pH <7.3.[10] 

Exclusion criteria included patients with ARF of unusual 

etiology including chronic diffuse interstitial disease, 
fat embolism, tracheal stenosis, unidentified diagnosis 
posthospitalization, progression preventing conclusion, proven 
lung malignancy, and having required intubation before 
admission. A total of 130 patients fulfilling the selection criteria 
were studied. The calculated sample size was based on the 

prevalence rate of 28% for ARF among patients consecutively 

admitted to the ICU, in the 3 years preceding the study. Thus, 
a sample size of 130 subjects was obtained for this study. The 
ethical clearance was obtained from the institutional ethics 

committee (approval no. MDC/DOME/75 obtained on Oct. 
17th, 2016), before the initiation of the study. Written informed 
consent was acquired from patients or patient’s relatives.

The baseline data were recorded using a pro forma by a single 

observer to oversee the study. Clinical diagnosis was conducted 

by the ICU personnel, based on a respiratory rate exceeding 30 
breaths per min with deranged arterial blood gases. Laboratory 

tests such as TLC and blood culture were done to assess the 

infectious profile. Ultrasonography (USG) of the lungs was 
performed using a linear and curvilinear probe of ALPINON 

ECUBE i7 machine with patients in a semirecumbent position, 
or supine if intubated. In the case of dyspneic patients, an 
emergency ultrasound protocol was conducted to diagnose 

ARF and included a venous analysis in appropriate cases.

The ultrasound areas included in the BLUE protocol in a 

supine patient are the anterior chest wall (zone 1), lateral 
wall (zone 2), and posterolateral chest wall (zone 3) using a 
short probe, by moving the patient only minimally. Six areas 
of investigation are derived as each wall consists of upper 

and lower halves. The BLUE-protocol connects signs and 

associates them with a specific location, thereby culminating 
in seven profiles, namely, A-profile, A’-profile, B-profile, 
B’-profile, C-profile, A/B-profile, and PLAPS-profile. The 
A-profile associates anterior lung-sliding with A-lines. 

The A’-profile is an A-profile with abolished lung-sliding. The 
B-profile associates anterior lung sliding with lung rockets. 
The B’-profile is a B-profile with abolished lung sliding. 
The C-profile indicates lung consolidation. The A/B profile 
is a half A-profile at one lung, a half B-profile at another. 

The PLAPS-profile connotes posterolateral alveolar and/or 
pleural syndrome.[1] The B-profile (anterior interstitial disease 
and lung sliding) indicates pulmonary edema, whereas the 
B’-profile  (lung sliding abolished) indicates pneumonia. The 
A/B profile (asymmetric anterior interstitial syndrome) and 
the C-profile  (anterior consolidation) indicate pneumonia, 
as does the A-profile  plus PLAPS. The A profile plus venous 
thrombosis indicates pulmonary embolism. A normal profile 
indicates COPD/asthma.[1] Conclusive diagnosis for all 

patients was established by clinical and radiological (computed 

tomography) examinations which is considered to be the gold 

standard for ARF and investigative (infectious profile, COPD 
by functional tests) data.[11] A radiologist with considerable 

experience compared the lung USG findings with the final 
diagnosis made by ICU team before the patient was discharged.

Diagnostic criteria for different types of acute respiratory 

failure
Two distinct criteria of the ultrasound profile were employed 
to detect pulmonary edema; criterion 1 consisted of observance 
of bilateral B3 lines and absence of lung sliding, and criterion 
2 consisted of observance bilateral B3 lines and presence of 
lung sliding.[1,12,13] With regard to detection of pneumothorax, 
three distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of absence of lung sliding, presence of 
A line, barcode sign, and lung point, criterion 2 consisted of 
absence of lung sliding, presence of A line, and barcode sign, 
and criteria 3 consisted of absence of lung sliding and presence 
of A line.[1,12,13] In regard to detection of COPD/asthma, two 
distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of observance of lung sliding and bilateral 

A lines, whereas criterion 2 consisted of absence of bilateral 
lung sliding and presence of bilateral A line.[1,12,13] In the case 

of pulmonary thromboembolism, a single distinct criterion 
of the ultrasound profile was employed; criterion 1 consisted 
of observance bilateral A Lines, bilateral lung sliding, and 
deep venous thrombosis.[1,12,13] For detecting pneumonia, 
four distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of presence of B7 lines, absence of 
consolidation, and presence of lung sliding; criterion 2 
consisted of presence of B7 lines, absence of consolidation, 
and absence of lung sliding; criteria 3 consisted of observance 
of consolidation and B7 lines; and criterion 4 consisted of 
observance of consolidation, bilateral A line, and absence of 
B lines.[1,12,13] In reference to diagnosis of ARDS, two distinct 
criteria of the ultrasound profile were employed; criterion 1 
consisted of observance of bilateral lung sliding and bilateral 

B3 lines, whereas criterion 2 consisted of bilateral lung sliding, 
bilateral B3 lines, and consolidation.[1,12,13]

Statistical analysis of the collected datasets was done using 

R software version 3.6.1 and Microsoft Excel. Categorical 
variables were expressed in the form of frequencies. 

Continuous variables were presented as mean ± standard 

deviation values. The standard criteria for various respiratory 

disorders were compared using sensitivity, specificity, area 
under ROC curve, and diagnostic accuracy.

[Downloaded free from http://www.jmuonline.org on Thursday, November 24, 2022, IP: 103.104.223.174]



Chaitra and Hattiholi: Diagnosis of acute respiratory failure

96 Journal of Medical Ultrasound ¦ Volume 30 ¦ Issue 2 ¦ April‑June 2022

rEsults
Out of the 130 enrolled patients, 83 were male. The mean age 
was 49.28 ± 14.9 years among the cohort of 46.70–51.87 years. 
Breathlessness was the chief complaint (56.15%) followed by 

cough with fever (25.38%). Other ancillary symptoms noted 
include cough (7.69%), cough with breathlessness (6.15%), 
cough with sputum (1.54%), fever with breathlessness (1.54%), 
fever (0.77%), and hemoptysis (0.77%). Pneumonia was the 
most common cause of ARF observed in this study, followed by 
pulmonary edema, COPD/Asthma, pneumothorax, pulmonary 
thromboembolism, and ARDS.

Subjects with criteria 2 were 6.87 times more likely to have 
pulmonary edema. A substantial agreement between criteria 

2 and the final diagnosis regarding pulmonary edema was 
observed as per Cohen’s kappa [Table 1]. An almost perfect 

agreement was noted between USG findings and final 

diagnosis. The BLUE protocol had an overall diagnostic 

accuracy of 95.38% in the diagnosis of pulmonary edema.

No differences emerged between criteria 2, USG, and 
the final diagnosis in the classification of pneumothorax 
[Table 1 and Figure 1]. An almost perfect agreement and 

substantial agreement were noted between criteria 1 and criteria 

2 with final diagnosis, respectively.

In comparison to criteria 1 and 2 for COPD diagnosis, 
the BLUE protocol had a higher diagnostic accuracy of 

96.92% [Table 2]. In the case of pulmonary thromboembolism, 

Table 1: Confusion matrix for ultrasound profiles used in diagnosing pulmonary edema and pneumothorax

Type of acute 

respiratory 

failure

Diagnostic 

criteria

Final 

diagnosis

Sensitivity 

(%)

Specificity 

(%)

Positive 

predictive 

value (%)

Negative 

productive 

value (%)

Area under 

ROC curve

Kappa 

coefficient

Diagnostic 

accuracy (%)

Yes No

Pulmonary 

edema

Criteria 1*
Yes 0 0 0 (0.13) 100 (96-100) - 79 (71-86) - - 78.46
No 28 102

Criteria 2

Yes 28 14 100 (88-100) 86 (78-92) 67 (50-80) 100 (96-100) 0.8333 
(0.7612-0.9055)

0.7303 89.23
No 0 88

USG

Yes 28 6 100 (88-100) 94 (88-98) 82 (65-93) 100 (96-100) 0.9118 

(0.8467-0.9768)
0.8733 95.38

No 0 96

Pneumothorax Criteria 1*
Yes 15 0 88 (64-99) 100 (97-100) 100 (78-100) 98 (94-100) 0.9913 

(0.9793-1)
0.9287 98.46

No 2 113
Criteria 2

Yes 17 0 100 (80-100) 100 (97-100) 100 (80-100) 100 (97-100) 1 1 100

No 0 113
Criteria 3*

Yes 17 4 100 (80-100) 96 (91-99) 81 (58-95) 100 (97-100) 0.9048 

(0.8187-0.9908)
0.877 96.92

No 0 109

USG

Yes 17 0 100 (80-100) 100 (97-100) 100 (80-100) 100 (97-100) 1 1 100

No 0 113
*ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category. 
ROC: Receiver operating characteristic, USG: Ultrasonography

a perfect agreement was observed between criterion 1 and the 

BLUE protocol as per kappa test results, with an equivalent 
diagnostic accuracy of 99.23% [Table 2].

As depicted by Table 3, in the pneumonia cases, criterion 
2 performed better than other criteria. Kappa coefficient 

indicated that their substantial agreement was present between 

criteria 3 and final diagnosis, whereas criteria 1, 2, and 4 were 
in fair agreement with the final diagnosis. An almost perfect 
agreement between USG diagnosis and final diagnosis was 
determined by the kappa coefficient.

Among cases of ARDS, there was a substantial agreement 
between criteria 2, and USG each with the final diagnosis. A 
fair agreement was seen between criteria 1 and final diagnosis 
according to Kappa test results [Table 3 and Figure 2].

disCussion
The modality chosen for the diagnosis of ARF in adults is 

not only contingent on the clinical presentation but also 

on the available resources and patient’s medical status, 
which significantly affects the feasibility of examining lung 
disorders.[14]

In this study, patients were aged between 18 and 81 years 
and the chief complaint noted at the time of admission 

was breathlessness. The primary clinical diagnosis among 

most patients was found to be pneumonia. These findings 
are in consonance with the research done by Wallbridge 
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et al., wherein 17 out of 50 patients were diagnosed with 
pneumonia.[15] Breathlessness is one of the most common 

and telling symptoms of pneumonia; however, it can also be 

a result of myriad of other factors.[16] With a mortality rate of 

5%–10%, the accurate and timely diagnosis of pneumonia 
becomes imperative.[16]

Table 2: Comparison of ultrasound profiles used for diagnosing chronic obstructive pulmonary disease/asthma and 

pulmonary thromboembolism

Type of acute 

respiratory 

failure

Diagnostic 

criteria

Final 

diagnosis

Sensitivity 

(%)

Specificity 

(%)

Positive 

predictive 

value (%)

Negative 

productive 

value (%)

Area under 

ROC curve

Kappa 

coefficient

Diagnostic 

accuracy (%)

Yes No

COPD/asthma Criteria 1*
Yes 13 17 76 (50-93) 85 (77-91) 43 (25-63) 96 (90-99) 0.6967 

(0.6044-0.7889)
0.4636 83.85

No 4 96

Criteria 2

Yes 3 1 18 (4-43) 99 (95-100) 75 (19-99) 89 (82-94) 0.8194 

(0.5729-1)
0.2482 88.46

No 14 112

USG

Yes 14 1 82 (57-96) 99 (95-100) 93 (68-100) 97 (93-99) 0.9536 
(0.8667-1)

0.2482 96.92

No 3 112

Pulmonary 

thromboembolism

Criteria 1*
Yes 12 0 92 (64-100) 100 (97-100) 100 (74-100) 99 (95-100) 0.9958 

(0.9875-1)
0.95575 99.23

No 1 117
USG

Yes 12 0 92 (64-100) 100 (97-100) 100 (74-100) 99 (95-100) 0.9958 

(0.9875-1)
0.95575 99.23

No 1 117
ROC: Receiver operating characteristic, USG: Ultrasonography, COPD: Chronic obstructive pulmonary disease. *ROC curve, kappa value, positive 
likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category

Table 3: Comparison of ultrasound profiles used for diagnosing pneumonia and acute respiratory distress syndrome

Type of acute 

respiratory 

failure

Diagnostic 

criteria

Final 

diagnosis

Sensitivity 

(%)

Specificity 

(%)

Positive 

predictive 

value (%)

Negative 

productive 

value (%)

Area under 

ROC curve

Kappa 

coefficient

Diagnostic 

accuracy (%)

Yes No

Pneumonia Criteria 1

Yes 3 1 8 (2-22) 99 (94-100) 75 (19-57) 73 (64-81) 0.7401 
(0.492-0.9881)

0.0961 73.08
No 34 92

Criteria 2

Yes 3 0 8 (2-22) 100 (96-100) 100 (29-100) 73 (65-81) 0.8661 

(0.8275-0.9048)
0.112 73.85

No 34 93
Criteria 3

Yes 26 12 70 (53-84) 87 (79-93) 68 (51-82) 88 (80-94) 0.7823 
(0.7004-0.8643)

0.569 82.31
No 11 81

Criteria 4

Yes 5 2 14 (5-29) 98 (92-100) 71 (29-96) 74 (65-81) 0.7271 
(0.5422-0.9119)

0.15 73.85
No 32 91

USG

Yes 37 8 100 (91-100) 91 (84-96) 82 (68-92) 100 (96-100) 0.9111 

(0.8546-0.9676)
0.858 93.85

No 0 85

Acute 

respiratory 

distress 

syndrome

Criteria 1*
Yes 13 17 76 (50,93) 85 (77-91) 43 (25-63) 96 (90-99) 0.6967 

(0.6044-0.7889)
0.4636 77.69

No 4 96

Criteria 2

Yes 3 1 18 (4-43) 99 (95-100) 75 (19-99) 89 (82-94) 0.8194 

(0.5729-1)
0.2482 94.62

No 14 112

USG

Yes 14 1 82 (57-96) 99 (95-100) 93 (68-100) 97 (93-99) 0.9536 
(0.8667-1)

0.2482 95.38
No 3 112

ROC: Receiver operating characteristic, USG: Ultrasonography. *ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be 
calculated for above criteria 1 because it has only one category
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In this study, 28 patients were finally diagnosed with pulmonary 
edema. The BLUE protocol diagnosis made at admission 

displayed good agreement with the final diagnosis with a 
diagnostic accuracy of 95.38% for pulmonary edema. Anterior 
predominant bilateral B3 lines with absent A lines (B-profile) 
were observed in all 28 cases. B-profile with preserved 

lung sliding had a sensitivity of 100.0% for the detection of 

pulmonary edema with a specificity of 94% and diagnostic 
accuracy of 89.23% in good agreement with a study conducted 
by Lichtenstein and Meziere,[1] which showed a sensitivity of 

97% and specificity of 95%. All patients with pulmonary edema 
had preserved lung sliding, and thus absence of lung sliding had 
100% specificity in ruling out pulmonary edema. The B-profile 
characterizes pulmonary edema with high accuracy.[1]

In the present study, 17 patients were finally diagnosed with 
pneumothorax. The BLUE protocol diagnosis made at admission 

had a perfect agreement with final diagnosis along with a 
diagnostic accuracy of 100% in the case of pneumothorax. Chest 

X-ray detected pneumothorax in 11 cases; thus, ultrasound had 
a greater diagnostic accuracy in detecting pneumothorax. In the 

current study, abolished anterior lung sliding was associated 
with anterior-predominant A lines and barcode sign was seen in 

all pneumothorax cases, correlating with a study conducted by 
Lichtenstein and Menu, demonstrating absence of lung sliding 

in all patients diagnosed with pneumothorax.[17] The presence 

of lung point was noted in 15 cases, with sensitivity of 88.2% 
and specificity of 100%, similar to a study by Lichtenstein et al., 

which reported a sensitivity of 79% and specificity of 100%.[18] 

A study by Raimondi et al. detected a higher sensitivity and 

specificity of 100% among A’-profile  and lung point.[19]

The absence of both lung sliding and B lines was seen in all 

cases of pneumothorax, thereby producing a specificity of 

100%; however, the same profile can rarely be seen in COPD 
and thus it had a slightly lower specificity of 99%. COPD and 
asthma are bronchial diseases assumed to yield a normal lung 

surface. COPD formed the diagnosis for 17 patients, out of 
which in 13 cases, anterior-predominant bilateral A lines with 
lung sliding and no PLAPS were observed. In three cases, the 
same pattern with abolished lung sliding (without lung point) 

was seen. Anterior-predominant bilateral B lines were present in 

one case, and PLAPS was seen in 2 cases. Predominant anterior 
A lines without PLAPS and with lung sliding (normal profile) 
had a sensitivity of 76% and specificity of 85%, in correlation 
to a study by Ghanem et al. who found A-profile to have 86% 
sensitivity and 96% specificity.[20] Lichtenstein and Meziere 

also reported a comparable sensitivity of 89% and specificity 
of 97%.[1] In the current study, BLUE protocol had an overall 
diagnostic accuracy of 96.92% in the diagnosis of COPD. 

X-ray had a diagnostic accuracy of 100% in the diagnosis of 

COPD.

In this study, 13 patients were diagnosed with pulmonary 
thromboembolism. None of the patients with anterior 

interstitial patterns had pulmonary embolism. All patients had 

anterior-predominant A lines with lung sliding. Twelve patients 

had venous thrombosis. Predominant anterior bilateral A lines 

plus venous thrombosis criterion had a sensitivity of 92% and 

specificity of 100%, correlating with a study conducted by 
Lichtenstein and Meziere, demonstrating a sensitivity of 81% 
and specificity of 99%.[1] There was a good agreement with 

BLUE protocol diagnosis, with an overall diagnostic accuracy 
of 99.23% ultrasound, correlating with a study by Silva et al., 

which showed a diagnostic accuracy of 0.81 ± 0.17.[2]

Among the study cohort, 42 patients who presented with 
ARF were finally diagnosed to have pneumonia. Patients 

Figure 1: Ultrasound and chest X‑ray of a female patient aged 
about 50 years presenting with sudden onset of breathlessness, 
postbronchoscopy. (a) A lines and barcode sign in the ultrasound of the 
right lung and (b) right peripheral radiolucent area in the chest X‑ray with 
no vascular markings consistent with right pneumothorax. A male patient 
presenting with hemoptysis: (c) A lines in the right lung ultrasound and 
(d) superficial femoral vein thrombus in Doppler of the left leg

dc

ba

Figure 2: Ultrasound of the left lung of male patient aged 62 years 
presenting with cough and breathlessness: (a) Normal B lines and 
(b) consolidation in the lung. A female patient aged 48 years presenting 
with breathlessness: (c) Diffuse bilateral B lines in left lung ultrasound 
and (d) homogenous opacities in bilateral lower zones and perihilar 
opacities in the chest X‑ray indicating acute respiratory distress syndrome

dc

ba
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with pneumonia in this study presented with various profiles 
as described below.

B‑profile  (preserved lung sliding + B 7 lines)
This profile had a sensitivity of 8% and specificity of 99% in 
diagnosing pneumonia, which was similar to a study conducted 
by Lichtenstein and Meziere, who reported a sensitivity of 
14.5% and specificity of 100%.[1]

B’‑profile  (abolished lung sliding + B 7 lines)
This profile had a low sensitivity of 8%, but specificity of 
100% for the diagnosis of pneumonia. This is in congruence 

to the findings of Lichtenstein and Meziere who found the 
sensitivity and specificity of the B’-profile to be 11% and 
100%, respectively.[1] Similarly, a study by Agmy et al. reported 

a specificity of 100%.[21]

Consolidation profile (consolidation + B 7 lines)
The presence of consolidation had a higher sensitivity of 

70% and specificity of 87% in the diagnosis of pneumonia. 
The presence of focal B lines is explained by the presence of 

fluid due to inflammatory changes. In a study conducted by 
Nazerian et al., consolidation profile had a sensitivity of 82.8% 
and specificity of 95.5%.[22] Agmy et al. also demonstrated this 

profile to have a sensitivity of 81% and specificity of 100%.[21]

Consolidation + A‑profile 
This profile had a sensitivity of 14% and specificity of 98%. 
In a study conducted by Lichtenstein and Meziere, this profile 
had a sensitivity of 42% and specificity of 96%.[1]

The diagnostic accuracy of the four characteristic signs of 

pneumonia was lower than 93.85% accuracy rate of the 
bedside lung ultrasound. The sensitivity and specificity of the 
BLUE protocol in diagnosing pneumonia noted by the present 

study are similar to the corresponding values of 88% and 90% 

reported by Dexheimer Neto et al. Correlation between the two 

studies differing in sample sizes further reinforces the validity 
bedside lung ultrasound as an effective diagnostic tool for 
pneumonia in the ICU.[8]

All 13 patients diagnosed with ARDS presented with bilateral 
symmetrical B lines and preserved lung sliding in our study. 

Bilateral lung sliding + bilateral symmetrical B lines had 
a sensitivity of 100% in the diagnosis of ARDS; however, 
similar pattern also indicated pulmonary edema and thus had 

a lower specificity of 75% in the diagnosis of ARDS. Out of 
the 13 patients, 7 patients also had consolidation along with 
preserved lung sliding and bilateral symmetrical B lines; thus, 
this pattern had a specificity of 99%. However, it showed a 
lower sensitivity (54%) in the diagnosis of ARDS. BLUE 

protocol had a low sensitivity (54%) in the diagnosis of ARDS; 
however, it had a high specificity (100%) and diagnostic 
accuracy (95.38%). In a study conducted by Leblanc et al., 
USG had a sensitivity of 58% and specificity of 96%.[23]

Several recent studies have expounded the use of bedside 

lung ultrasound in detecting an omnibus of COVID-19 

complications in a timely manner, while precluding 

contamination and radiation risks. Amidst a raging pandemic 

that targets the respiratory tract, it becomes exponentially 
crucial to delineate the use and diagnostic accuracy of 

beside lung ultrasound in mapping the myriad presentation 

of ARF.[24-27] With the limited infrastructural and financial 
resources of many affected regions worldwide, reliance on 
bedside lung ultrasound can go a long way in tiding over 

this health crisis.[27]

Use of ultrasound has been greatly increasing in critically 

ill patients. There are multiple advantageous like quick 

examinations by the bedside to answer specific clinical queries, 
no need to move the patients to ICU, and reduced exposure 
to ionizing radiation.[28] Ultrasound technique has found 

several applications in pre-hospital setting, one of them is 
aeromedical transport. Ultrasound technique has the potential 

to collaborate the in-hospital physicians to get ready for the 

trauma patients and to recognize intra-peritoneal bleeding 

in the field. Ultrasound technique can be helpful in military 
situations and disasters for patients’ triage, as well as the 
rapid assessment. One research involving adult population 

concluded that critical care ultrasound can be successfully used 

for discovering the nontraumatic pneumothorax. Furthermore, 
critical care ultrasound is often performed before paracentesis 

for identification of optimal needle insertion point and depth, 
as well as for recognition of ascites.[29]

Few limitations of this study include possibility of interoperator 

discrepancies and missed opportunity of including pleural 

effusion as a distinct category, an important contributor 
to ARF. Furthermore, ARDS and severe pneumonia were 
not differentiated clinically, which is an important aspect. 
Nevertheless, this study is noteworthy in its attempt to 
replicate results in a reasonable sample size of a wide age 

range and delineated representation of almost all profiles 
outlined in the BLUE protocol with respect to the Indian 

scenario. The often-elusive pulmonary embolism was also 

aptly detected by the ultrasound in the presence of deep vein 

thrombosis. Lung ultrasound was also useful in differentiating 
pulmonary edema and ARDS. These findings will help in 
providing a comprehensive understanding of the bedside 

lung ultrasound’s diagnostic accuracy across multiple forms 

of ARF.

ConClusion
Based on the observations, this study infers that the BLUE 
protocol is a feasible tool, convenient for ICU usage, and 
imperative for the immediate diagnosis of conditions 

manifesting as ARF. Future studies can explore the efficiency 
of bedside ultrasound in patients with multiple ARF diagnoses 

in monocentric experimental design.
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Abstract

Introduction: The ossicular chain formed by malleus, incus, and stapes, is considered an essential 
content of the middle ear and is responsible for the transmission of sound vibrations from 
the tympanic membrane to the oval window. This study aims to evaluate the morphology and 
anthropometry of ossicles from human cadavers. Material and Methods: This is a cross‑sectional 
study conducted in the Department of Otorhinolaryngology and Head‑and‑Neck Surgery of 
KAHER’s JN Medical College, Belagavi, for 1 year. Twenty fresh cadavers (40 sets of ossicles) 
were dissected using zero‑degree endoscope. With gentle manipulation, ossicles were removed to 
study anthropometry and morphology of each middle ear bone using osseous sizer. Results: Among 

the three bones, based on mean measurements, the heaviest bone was incus (19.08 mg), followed by 
malleus (16.65 mg) and the lightest bone was stapes (2.28 mg). The longest bone among the three 
bones was malleus (7.18 mm), followed by incus (5.71 mm) and stapes (2.70 mm). Malleus showed 
variations in the distal ends, incus showed variation in the lenticular process and the obturator 

foramen of stapes had different shapes. Discussion and Conclusion: With a rapid rise in the demand 

for ossiculoplasty in India, knowledge of morphology and possible anthropometric variation existing 
in Indian subjects is needed to add up to a better understanding of middle ear dynamics.

Keywords: Incus, malleus, morphology, ossicles, ossiculoplasty, stapes
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Introduction

The special function of hearing is carried 
out by a small organ like ear and it only 

makes it more interesting that inside 

this miniature ear structure, there are 

three minor bones‑ malleus(hammer), 
incus(anvil) and stapes(stirrup) tactically 
positioned to form a semi rigid structure 
acting like a bony cable for transmitting 
sound in the middle ear.[1] The malleus 
is the first bone and is attached to the 
eardrum and the stirrup or the stapes is 

attached to the oval window. The incus 
is bridged between them, and articulates 

with both the bones on its either side. 

This arrangement, along with the 
ventilation, is the driving force of middle 
ear mechanics. Discontinuity or fixity of 
the ossicular chain leads to conductive 

hearing loss. An eroded incudo‑stapedial 
joint, an absent incus or an absent incus 

and stapes superstructure together leads to 

ossicular discontinuity in increasing order 

of frequency of hearing loss.[2] To restore 
appropriate sound transmission, ossicular 

chain reconstruction has to be performed. 
Several factors have to be considered 
when selecting a material to use for 
ossicular reconstruction. This includes 
ease of availability, stiffness, stability, 
biocompatibility, and cost‑effectiveness. 
According to Mudhol et al., autografts 
were preferred for ossicular reconstruction 
because they had a very low extrusion rate. 
However, with the development of newer 
bioactive synthetic prosthesis and moldable 

materials, the extrusion rate has become 
low. Hence, we can expect biosynthetic 
materials to be more popular.[3] To study 
the morphology and anthropometry of 
middle ear ossicles during surgery is 

difficult. Studying them on cadavers gives 
a better understanding about its variations 

and dimensions. The knowledge of these 
ossicle dimensions, their variations, and 

their morphometric data will help the 

otologists during reconstructive surgery 

and also aid in designing better prosthesis.

Objective

This study aims to evaluate the morphology 
and anthropometry of ossicles from human 
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Figure 1: Instruments used for dissection and measurements

Figure 2: Set of 40 ossicles obtained from 20 cadavers
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Material and Methods

This is a cross‑sectional study carried out over a period of 
1 year (January 2019 to December 2019) from available 
cadavers for dissection during the study period in J. N. 
Medical College, Belagavi. All cadavers subjected to 

dissection were included except temporal bones with 
any evidence of previous surgeries and those bones 
with history or evidence of trauma. Each cadaver was 
numbered categorically and postauricular (Wilde’s) incision 
was taken. Using the instruments shown in Figure 1, 

dissection was carried out. Skin and subcutaneous tissue 

till the periosteal layer was dissected and the external 
auditory canal was entered. The tympanic membrane 
was meticulously dissected from the malleus. All three 
ossicles were visualized using a zero‑degree endoscope 
and their muscle attachments were separated. With gentle 

manipulation, ossicles were removed. All three ossicles 

were washed with the hydrogen peroxide solution and 
each set of ossicles was stored in a clean box after labeling 
it. Each ossicle was weighed using an Mettler Toledo™ 
digital analytical balance with 0.1 mg readability electronic 

weighing machine and its measurements were taken using 

an osseous sizer. Photographs were taken from a fixed 
distance using the NIKONTM D3500 DSLR camera. This 
study was approved by the Institutional Ethics Committee 
on human subjects research of Jawaharlal Nehru Medical 
College, Belagavi (MDC/DOME/51) on 24/11/18.

All measurements were noted and their mean, median, 

and standard deviation were calculated. Statistical analysis 

was done by Chi‑square test, Paired t‑test, Independent 
t‑test and Karl Pearson’s correlation coefficient method 
using Statistical Package for Social Sciences version 24 
(SPSSTM 24). Developed on 2016 March, IBM Developer 
by Norman H Nie, Dale H Bent, C. Hadlai Hull Chicago.

Results

A total of 20 cadavers (40 sets of ossicles) were evaluated, 
as shown in Figure 2. About 70% were male and 30% were 

female cadavers.

Malleus

The weight ranged from 12 mg to 21 mg with an average 
of 16.65 mg. The total length of the malleus ranged from 
6 mm to 9 mm with an average of 7.19 mm. The length 
of the manubrium ranged from 2.5 mm to 5 mm with an 
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average of 4.21 mm. The maximum width of the head 
ranged from 1.5 mm to 4.5 mm and an average of 2.44 mm. 
There is no statistical difference between the right and left 
sides. Out of 40 sets of ossicles, morphologically malleus 
showed very less variations except that the distal end of 13 
bones was straight (30%) and 27 bones were curved (70%) 
as shown in Figure 3. There was no statistical difference 
noted between the right and left sides [Table 1].

Incus

The weight of the incus ranged from 12 mg to 28 mg with 
an average of 19.8 mg. The total length of the incus ranged 
from 4.40 mm to 7 mm with an average of 6.74 mm. The 
total width of the body ranged from 3 mm to 5.50 mm with 
an average of 3.80 mm. The length of the long process 
ranged from 2.50 mm to 4.50 mm with an average of 
3.80 mm. Out of 40 sets of ossicles, the morphology of 
the incus showed variation which could be developmental 

or maybe necrosis of the lenticular process. In 28 (70%) 
bones, a fully developed lenticular process was seen and in 
12 (30%) bones an underdeveloped or necrosis lenticular 
process was observed [Figure 3]. There was no statistical 
difference noted between the right and left sides [Table 2].

Stapes

The weight ranged from 1.50 mg to 3 mg with an average 
of 2.29 mg [Table 3]. The total height of the stapes ranged 
from 2 mm to 3.5 mm with an average of 2.7 mm. The 

length of the footplate ranged from 2 mm to 3 mm with 
an average of 2.42 mm. The width of the footplate ranged 
from 1 mm to 2 mm with an average of 1.26 mm. The 
length of the anterior crus ranged from 1 mm to 2.5 mm 
with an average of 1.66 mm. The length of the posterior 
crus ranged from 1.5 mm to 2.5 mm with an average of 
2.08 mm. The width of the head ranged from 0.5 mm to 
1.5 mm and an average of 1 mm. Out of 40 sets of ossicles, 
we found 18 (45%) bones having a triangular shaped and 
around 22 (55%) bones having an oval‑shaped obturator 
foramen, as shown in Figure 3.

Among all three bones, the heaviest bone was incus 

(19.08 mg), followed by malleus (16.65 mg) and the 
lightest bone was stapes (2.28 mg). The longest bone 
among the three was malleus (7.18 mm), followed by incus 
(5.71 mm) and last being stapes (2.70 mm).

Discussion

The human auditory system is a remarkable engineering 
design that is made up of complex geometries. Although the 
knowledge of the ossicular chain has been there for around 
500 years, there are only a small number of morphometrical 
studies done on ear ossicles.[4] Quam and Rak provided 

Table 1: Characteristics of malleus

Parameters Sides n Minimum Maximum Range Mean

Weight Right 20 12.00 21.00 9.00 16.60

Left 20 13.00 20.00 7.00 16.70

Overall 20 12.50 20.50 8.00 16.65

Length Right 20 6.00 8.50 2.50 7.08

Left 20 6.00 9.00 3.00 7.28

Overall 20 6.00 8.80 2.80 7.19

Length of 
manubrium

Right 20 2.50 5.00 2.50 4.15

Left 20 2.50 5.00 2.50 4.25

Overall 20 2.50 5.00 2.50 4.21

Maximum 
width

Right 20 1.50 4.50 3.00 2.43

Left 20 1.50 4.50 3.00 2.43

Overall 20 1.50 4.50 3.00 2.44

Figure 3: (a) Straight and curved distal end of manubrium. (b) Fully 

developed lenticular process and underdeveloped/necrosed lenticular 

process. (c) Triangular shaped and oval shaped obturator foramen

c

b

a

Table 2: Characteristics of incus

Sides n Minimum Maximum Range Mean±SD

Weight Right 20 13.00 26.00 13.00 19.65±3.75

Left 20 12.00 28.00 16.00 18.50±4.48

Overall 20 12.50 27.00 14.50 19.08±4.04

Length Right 20 4.50 7.00 2.50 5.68±0.86

Left 20 4.40 7.00 2.60 5.74±0.93

Overall 20 4.50 7.00 2.50 5.74±0.87

Length of 
long process

Right 20 2.50 4.50 2.00 3.50±0.51

Left 20 2.50 4.50 2.00 3.38±0.56

Overall 20 2.50 4.50 2.00 3.45±0.50

Width of 
body

Right 20 3.00 5.50 2.50 3.80±0.85

Left 20 3.00 5.00 2.00 3.78±0.68

Overall 20 3.00 5.30 2.30 3.80±0.77

SD: Standard deviation
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Table 5: Comparison of morphometry of incus with 

other studies

Author Length of incus (mm) Width (mm)

Present study 6.47 3.80

Arensburg et al.[12] 6.4 5.1

Jyoti[13] 6.3 4.4

Kumar[10] 7.04 5.31

Table 4: A comparison of morphometry of malleus with 

other studies

Author Length of 

malleus (mm)

Length of 

manubrium (mm)

Present study 7.19 4.21

Radha[7] 7.4 4.2

Unur et al.[8] 7.7 4.7

Harneja[9] 7.15 4.22

Kumar[10] 8 4.17

Singh et al.[11] 7.9 4.76

Table 3: Characteristics of stapes

Parameters Sides n Minimum Maximum Range Mean±SD

Weight Right 20 1.80 3.00 1.20 2.39±0.47

Left 20 1.50 3.00 1.50 2.17±0.46

Overall 20 1.70 3.00 1.30 2.29±0.43

Length Right 20 2.00 3.50 1.50 2.70±0.38

Left 20 2.00 3.50 1.50 2.70±0.38

Overall 20 2.00 3.50 1.50 2.70±0.38

Length of 
foot plate

Right 20 2.00 3.00 1.00 2.43±0.37

Left 20 2.00 3.00 1.00 2.40±0.38

Overall 20 2.00 3.00 1.00 2.42±0.37

Width of 
foot plate

Right 20 1.00 2.00 1.00 1.28±0.38

Left 20 1.00 2.00 1.00 1.23±0.38

Overall 20 1.00 2.00 1.00 1.26±0.37

Length of 
anterior crus

Right 20 1.00 2.50 1.50 1.63±0.46

Left 20 1.00 2.50 1.50 1.68±0.41

Overall 20 1.00 2.50 1.50 1.66±0.42

Length of 
posterior 

crus

Right 20 1.50 2.50 1.00 2.05±0.36

Left 20 1.50 2.50 1.00 2.10±0.31

Overall 20 1.50 2.50 1.00 2.08±0.32

Width of 
head

Right 20 0.50 1.50 1.00 1.00±0.28

Left 20 0.50 1.50 1.00 1.00±0.28

Overall 20 0.50 1.50 1.00 1.00±0.28

SD: Standard deviation

the foremost set of well‑defined measurements by 
determining the X‑ and Y‑axis of the bone following which 
all the distances and angles were calculated.[5] However, 

Hallgrimsson et al. gave one of the most efficient and 
accurate methods by using computed tomography which 

provided the measurements of ossicles.[6]

A comparison of morphometry of malleus in our study 
with other studies is shown in Table 4. The weight in 
our study ranged from 12 to 21 mg with an average of 
16.65 mg which was slightly low compared to other 

studies. The length of malleus in our study ranged from 
6 to 9 mm with an average of 7.19 mm which is almost 
similar to other studies. A comparison of morphometry of 
incus with other studies is shown in Table 5. The length 
of incus in the present study is almost similar to other 
studies. The width of the incus is lesser compared to other 
studies. The mean weight of incus in our study was found 
to be 19.8 mg which was lesser than that reported by 

Jyoti and Shama. in India (23.8 mg).[13] This suggests that 
considerable variations in anthropometry and morphology 

exist in the same country and hence, designing appropriate 
prosthesis is a challenge as there are no generalized fixed 
measurements. A comparison of morphometry of stapes 
is shown in Table 6. According to David Victor et al,[10] 

the mean total height of stapes is 3.44 mm. The height 
of the stapes in our study is lesser compared to other 
studies; the length and width of the footplate are similar in 
measurements as compared to other studies. In the present 
study, out of the 40 stapes specimens, the length of the 
anterior and posterior crus was equal in five specimens 
and in all other specimens, the posterior crus was longer 

than the anterior crus. Differences in the shape of foramen 
obturatum ranging from circular, oval, triangular to even 
tunnel shaped are mentioned in different studies.[9,16] Sarrat 

et al., distinguished numerous shapes of obturator foramen 
of stapes as round, oval, or angled.[17] In our study, we 
observed triangular‑shaped foramen in 45% of the bones 
and oval shaped in 55%. Ossiculoplasty is performed by a 
large number of surgeons using a wide variety of prosthesis 
materials. According to a study done by Mudhol et al., 

there was significant betterment in hearing in people with 
ossiculoplasty done using autologous incus as compared 

to titanium prosthesis.[18] Surgeons operating in the middle 

ear should be aware of the dimensions and the possible 
variations that can be present in the region to perform the 
needed and anticipated corrections without causing any 

instability to the structural integrity in middle ear dynamics. 

Reckoning this, ossicles are of significant importance in 
reconstructive efforts and a careful assessment of this 
region should be carried out during ossiculoplasty.

Since it is not practical to assess all the finer details of 
these structures in live patients, it becomes essential to 

assess, interpret and analyze with an alternative, the only 
feasible possibility being cadaveric studies. Till date, very 

Table 6: Comparison of morphometry of stapes with 

other studies

Author Height of 

stapes

Length of 

foot plate

Width of 

foot plate

Present study (mm) 2.7 2.42 1.26

Unur et al., 2002[8] 3.22±0.31 2.57±0.33 1.29±0.22

Harneja[9] 3.12±0.21 2.68±0.27 1.26±0.08

Wadhwa et al., 2005[14] 3.41±0.20 2.97±0.31 0.39±0.10

Rathava et al., 2014[15] 3.33±0.25 2.78±0.15 1.34±0.13
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few Indian studies have been done on ossicles. Most of 
them were done using various digital software, graph 
sheets, or Vernier calipers for measuring ossicles. These 
measurements may be associated with errors. In this study, 
an attempt has been made for the first time to use an 
osseous sizer, a more accurate tool for the assessment of 
ossicular morphometry.

Conclusion

With a rapid rise in demand for ossiculoplasty in our 
country, this study assesses the possible morphology 

and anthropometric variation that can exist in Indian 
cadavers with an intention to add up to the present 

understanding of middle ear dynamics. With considerable 
inter‑ and intra‑regional variations in the morphology and 
anthropometry, we also expect that the effort of this study 
will motivate several others to carry out temporal bone 

dissections with an intention to supplement the present 

understanding with additional information on ossicles 
and also be conserved in ossicular banks by practicing 

appropriate safeguarding and sterilization approaches for 
forthcoming use as homograft in ossiculoplasty. These 
collected ossicles may be used to substitute eroded middle 

ear ossicles as an alternative to the commercially available 

prosthesis.
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Introduction

Mucormycosis has emerged in the second wave of the 

COVID-19 pandemic as a challenge to otorhinolaryngolo-

gists primarily with its high invasive and fulminant pro-

gression of the disease leading to the most common type of 

presentation—Rhino-Orbito-Cerebral-Mucormycosis. It’s a 

life-threatening infection caused by fungi belonging to the 

family Mucoraceae, specifically Rhizopus oryzae. With its 

high predilection towards invading sinuses, orbit, brain, pal-

ate causing necrotizing infection along with systemic spread 

especially when the immunity of the host is compromised. 

Patients with diabetic ketoacidosis have elevated levels 

of serum iron, likely due to release of iron from binding 

protein in presence of acidosis due to proton mediated dis-

placement of iron from transferrin [1, 2]. Hyperglycaemic 

state favours rapid growth of fungal elements by impairing 

phagocytosis. Dissociation of iron sequestering proteins in 

the serum caused by acidosis promotes fungal multiplica-

tion and disease progression. Prior to the COVID-19 pan-

demic, D-dimer was not considered a useful biomarker for 

bacterial or viral pneumonia despite evidence. But post the 

pandemic, elevated D-dimer and thrombotic complications 

have been widely reported in COVID-19 patients [3]. Thus, 

amalgamation of monitoring of serum ferritin, blood sugar 

and D-Dimer levels is a promising therapeutic strategy in 

decelerating the rapid progression of this deadly disease.

Abstract India was severely affected by the second 

wave of coronavirus disease (COVID-19), leading to sud-

den expansive spread of Mucormycosis, presenting with 

sinusitis, blackish mucus secretions, discolouration of pal-

ate, facial pain, swelling and blurring of vision. Hypergly-

cemia, hypercoagulable state and elevated levels of serum 

ferritin were the major contributing factors in progression 

of the deadly disease. To highlight the correlation between 

Diabetes Mellitus, hyperferritenimia and elevated levels of 

D-Dimer with increased rate of incidence and poor prog-

nosis of the disease. This study was undertaken in KLES 

Dr Prabhakar Kore Hospital & MRC, Belagavi, including 

30 patients, between April to July 2021. Serum ferritin, 

HbA1C and D-Dimer were evaluated for patients on admis-

sion, along with the other routine blood investigations. The 

mean age was 50 years (49.99 ± 1.8), with a male predomi-

nance of 83.33% (25 Male patients). 93.33% patients had 

uncontrolled Diabetes Mellitus with a mean value of 10.12% 

(± 0.37) indicating Diabetes Mellitus to be the prime risk 

factor. The raised levels of serum ferritin with a mean of 

662.01 ng/ml (± 129.18) and high levels of D-Dimer (Mean- 

761.33 ± 151.8 ng/ml) also demonstrated their role as inter-

linked factors. Mucor epidemic was caused by convergence 

of interlinked risk factors. Awareness of red flag clinical 

features, prompt diagnosis, early initiation of treatment with 

amphotericin-B with aggressive surgical debridement are 

essential for successful outcome, to avoid high rate of mor-

tality and morbidity rates in the mucormycosis patients.
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Materials and Methods

Patient Selection

This study was undertaken in the Department of Otorhino-

laryngology & Head and Neck Surgery in KLES Dr Prabha-

kar Kore Hospital & MRC, Belagavi. The study included 30 

patients who presented to our tertiary care hospital, between 

April 2021 to July 2021, with complaints of sinusitis-like 

features along with palatal and orbital involvement with a 

history of contracting COVID-19 infection (RT-PCR posi-

tive cases).

Method

Serum ferritin, HbA1C and D-Dimer was evaluated for 

patients on admission, along with the other routine blood 

investigations. All the patients underwent surgical debride-

ment of the necrosed area (Fig. 1) based on MRI/CT find-

ings, all the fungal debris was extensively removed (Fig. 2) 

and adjunctive anti-fungal therapy with liposomal Ampho-

tericin-B was given.

Results

The patients involved in the study were monitored closely 

for HbA1 levels, Serum Ferritin and the D-Dimer levels as 

on the day of admission to the hospital was charted, as has 

been displayed in the Table 1.

The data collected was analysed. The mean age of the 30 

patients was 50 years (49.99 ± 1.8), with a male predomi-

nance of 83.33% (25 Male patients) and Male:Female ratio 

as 5:1 as depicted in Fig. 3

The mean value of HbA1c was 10.12% (± 0.37) as 

depicted in Fig. 4 indicating Diabetes Mellitus to be one 

Fig. 1  Surgical debridement of the necrotic area

Fig. 2  Fungal debris material in the right middle meatal region

Table 1  Patient details with HbA1c, serum ferritin, D-dimer levels

Patient Age Sex HbA1c 

levels (%)

Sr. Ferritin (ng/ml) D-Dimer 

levels (ng/

ml)

1 51 M 14.1 9.1 339

2 48 M 12.7 4120 1000

3 42 M 11.8 452.50 221

4 40 F 12.3 227.20 354

5 60 M 9.7 986.50 714

6 31 M 8.2 261.60 377

7 31 M 10.0 360.70 562

8 52 M 9.8 560.80  > 5000

9 43 M 4.9 367 452

10 30 M 6.2 908.70 564

11 65 M 10.2 782 891

12 52 M 11.0 602.50 408

13 68 F 11.1 593.70 701

14 50 M 8.2 232 503

15 45 M 10.6 489 631

16 52 M 11.9 984.50 1019

17 48 F 9.2 218 576

18 60 M 13.5 746.20 895

19 60 F 8.0 372.40 271

20 46 M 10.2 702 881

21 59 M 9.8 578.20 298

22 65 M 11.2 332 681

23 38 M 8.5 203 487

24 48 F 10.8 936.40 635

25 54 M 12.1 471 782

26 42 M 7.9 902.30 561

27 62 M 9.4 567 824

28 51 M 10.1 884 927

29 47 M 8.5 781 826

30 58 M 11.7 229 472
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of the most common underlying predisposing factor to 

contribute to mucormycosis. Apart from 2 patients, all 

patients had increased value of HbA1c > 6.5% representing 

Uncontrolled Diabetes Mellitus. Out of these 28 patients, 

15 were newly diagnosed on admission.

The raised levels of serum ferritin with a mean of 

662.01 ng/ml (± 129.18) as depicted in Fig. 5 showed that 

hyperferritinemia was one of the major contributing fac-

tors in pathophysiology of mucormycosis.

Highly elevated levels  of  D-Dimer (Mean- 

761.33 ± 151.8 ng/ml) as depicted in Fig. 6 substantiated 

their role as additional risk factors.

So, in almost all the patients, hyperferritinemia, elevated 

D-Dimer and hyperglycemia was seen.

Discussion

Mucormycosis is a rare but aggressive opportunistic fungal 

infection, which has shown increased incidence in the recent 

COVID-19 pandemic. The affected COVID-19 patients are 

more susceptible to infections due to their immunocom-

promised state as seen in diabetic ketoacidosis, neutrope-

nia, organ or stem cell transplantation, trauma and burns, 

hematological disorders, metabolic acidosis, intravenous 

drug usage, renal insufficiency, broad-spectrum antibiotics, 

increase in iron in the system and malnutrition [4]. These 

conditions in addition to the heavy use of steroids have 

played a major role in the progression of the disease.

Acidosis temporarily disrupts the capacity of transfer-

rin to bind iron. Therefore, the increased susceptibility of 

patients with diabetic ketoacidosis to mucormycosis is likely 

due, at least in part, to an elevation in available serum iron 

during diabetic ketoacidosis due to proton-mediated disso-

ciation of iron from transferrin. Patients with elevated levels 

of serum iron are susceptible to infection with R. oryzae 

and other zygomycetes [2]. Siderophores secreted by the 

fungi provided the cell with much needed iron by chelating 

these ferric ions. In our study, the mean Sr. Ferritin level was 

662.01 ng/ml (± 129.18), and a state of hyperferritinemia 

was seen in the patients.

D-dimer is a fibrin degradation product, widely used as 

a biomarker for thrombotic disorders [3]. A study in India 

83%

17%

Gender Distribu�on
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Fig. 3  Pie chart for gender wise distribution of patients
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found the optimal cutoff value for admission D-dimer to 

predict hospital mortality to be 1.44 μg/ml, whereas the 

optimal value for highest D-dimer measurement during 

hospital stay for predicting hospital mortality was 2.01 μg/

ml [5]. SARS-CoV-2-induced coagulation alterations and 

consequent micro- and macro- thrombotic events appeared 

to be an issue of primary importance [6]. The increased 

level of pro-inflammatory cytokines, activated coagulation 

cascade as well as hypoxia itself predisposes to throm-

bosis. Thus, the severe elevation of D-dimer levels has a 

strong association with the grave condition of critically ill 

COVID-19 patients. Treatment schemes with anticoagu-

lant drugs, especially heparin and Low Moelcular Weight 

Heparin(LMWH), based on monitoring the levels of 

D-dimer and other coagulation factors, should be further 

addressed in order to define adequate timing (therapeutic 

and prophylactic) and efficacy, based on patients’ charac-

teristics, clinical presentations and coagulative function 

[6]. In our study, the mean levels for Serum D-Dimer were 

761.33 ± 151.8 ng/ml, contributing for the poor prognosis 

for the mucormycosis patients.

India has a high burden of mucormycosis among 

patients with uncontrolled diabetes mellitus. It is also one 

of the countries which is worst affected by the COVID-

19 pandemic [7]. In our study, almost all the patients had 

uncontrolled diabetes mellitus (HbA1c > 6.5%) leading to 

decreased activity of the phagocytic action of macrophages 

and neutrophils. This corroborated Diabetes Mellitus as the 

Fig. 5  Line graph depicting 

serum ferritin levels of the study 

group
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most common predisposing factor of the deadly Black Fun-

gus infection.

Conclusion

India was majorly hit for COVID–Mucor during the second 

wave of the pandemic. The study showed that high blood 

sugar levels, iron overload, increased D-Dimer values have 

a critical contribution in the pathogenic mechanism. Serum 

Ferritin can help in monitoring the patient’s prognosis, resid-

ual infection and aid in early diagnosis while the histopa-

thology report is awaited, which may take about 7–10 days. 

D-Dimer shows hypercoagulable state. So, increased levels 

indicate the need of heparinization to prevent complications 

like pulmonary embolism and stroke. Excessive steroid 

usage even for milder cases also induces hyperglycaemia, 

ultimately predisposing the patient to opportunistic infection 

like mucormycosis.

Hence, prompt diagnosis, early identification and exten-

sive investigations is extremely crucial in significantly 

reducing the severity of the disease and thus combat the 

high morbidity and mortality rates for the same.

Author Contributions All authors contributed to the study concep-

tion and design. Material preparation, data collection and analysis were 

performed by Dr. PN, Dr. IK, Dr. ADK, Dr. PB and Dr. RR. The first 

draft of manuscript was written by Dr. IK, Dr. ADK, Dr. PB and Dr. 

RR. Review and guidance were provided by Dr. ASH and all authors 

commented on previous versions of the manuscript. All authors read 

and approved the final manuscript.

Funding No funding was received for conducting this study.

Declarations 

Conflict of interest All authors declare that they have no conflict 

of interest.

Ethical Approval Institutional ethical committee approval was 

obtained for the conduction of this study. All procedures performed 

in studies involving human participants were in accordance with the 

ethical standards of the institutional and/or national research commit-

tee and with the 1964 Helsinki declaration and its later amendments 

or comparable ethical standards.

Consent to Participate Informed consent was obtained from all 

individual participants in the study, after explaining the objectives and 

methodology clearly.

Consent to Publish Patients signed informed consent regarding 

publishing their data as per the guidelines of the institution and the 

journal prerequisites.

References

 1. Artis WM, Fountain JA, Delcher HK, Jones HE (1982) A mecha-

nism of susceptibility to mucormycosis in diabetic ketoacidosis 

transferrin and iron availability. Diabetes 31(12):1109–1114

 2. Ibrahim A, Spellberg B, Edwards J Jr (2008) Iron Acquisition: a 

novel prospective on mucormycosis pathogenesis and treatment. 

Curr Opin Infect Dis 21(6):620

 3. Poudel A, Poudel Y, Adhikari A, Aryal BB, Dangol D, Bajracha-

rya T, Maharjan A, Gautam R (2021) D-dimer as a biomarker for 

assessment of COVID-19 prognosis: D-dimer levels on admission 

and its role in predicting disease outcome in hospitalized patients 

with COVID-19. PLoS ONE 16(8):e0256744

 4. Mahalaxmi I, Jayaramayya K, Venkatesan D, Subramaniam 

MD, Renu K, Vijayakumar P, Narayanasamy A, Gopalakrishnan 

AV, Kumar NS, Sivaprakash P, Rao KR (2021) Mucormyco-

sis: an opportunistic pathogen during COVID-19. Environ Res 

201:111643

 5. Soni M, Gopalakrishnan R, Vaishya R, Prabu P (2020) D-dimer 

level is a useful predictor for mortality in patients with COVID-

19: Analysis of 483 cases. Diabet Metab Syndrome Clin Res Rev 

14(6):2245–2249

 6. Vidali S, Morosetti D, Cossu E, Luisi ML, Pancani S, Semeraro V, 

Consales G. D-dimer as an indicator of prognosis in SARS-CoV-2 

infection: a systematic review. ERJ Open Res. 2020;6(2).

 7. Patel A, Agarwal R, Rudramurthy SM, Shevkani M, Xess I, 

Sharma R, Savio J, Sethuraman N, Madan S, Shastri P, Thangaraju 

D (2021) Multicenter epidemiologic study of coronavirus disease–

associated mucormycosis, India. Emerg Infect Dis 27(9):2349

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 

a publishing agreement with the author(s) or other rightsholder(s); 

author self-archiving of the accepted manuscript version of this article 

is solely governed by the terms of such publishing agreement and 

applicable law.



RESEARCH ARTICLE

Hyperglycemia and steroid use increase the

risk of rhino-orbito-cerebral mucormycosis

regardless of COVID-19 hospitalization: Case-

control study, India

Manickam Ponnaiah1‡, Sivaraman Ganesan2‡, Tarun Bhatnagar1*,

Mahalakshmy ThulasingamID
2*, Marie Gilbert Majella1☯, Mathan KaruppiahID

1☯, S.

A. Rizwan1☯, Arun Alexander2☯, Sonali Sarkar2☯, Sitanshu Sekhar Kar2☯,

Tamilarasu Kadhiravan2☯, Aparna Bhatnagar3☯, Prasanna Kumar S.4☯, Vivekanandan

M. Pillai2☯, Pradeep Pankajakshan Nair2☯, Rahul Dhodapkar2☯, Pampa Ch Toi2☯,

Rakesh Singh2☯, Nirupama Kasthuri2☯, Girish C. P. Kumar1☯, Saranya Jaisankar1☯,

Vaibhav Saini5☯, Ankita Kankaria5☯, Anuradha Raj5☯, Amit GoyalID
6☯, Vidhu Sharma6☯,

Satyendra Khichar6☯, Kapil Soni6☯, Mahendra Kumar Garg6☯, Kalaiselvi Selvaraj7☯,

ShriKrishna B. H.ID
7☯, Kranti Bhavana8☯, Bhartendu Bharti8☯, C. M. Singh8☯,

Neha Chaudhary8☯, Vijayaravindh R.9☯, Gopinath K.9☯, Karthikeyan Palaninathan9☯,

Simmi Dube10☯, Rita Singh Saxena10☯, Nikhil Gupta10☯, A. Rathinavel11☯, S. Priya11☯,

Arulsundareshkumar11☯, Shama A. Bellad12☯, Avinash Kavi12☯, Anilkumar S. Harugop12☯,

Kailesh Pujary13☯, Kirthinath Ballala13☯, Sneha Deepak Mallya13☯, Hanumanth

M. Prasad14☯, D. Ravi14☯, N. K. Balaji14☯, Raghuraj Hegde15☯, Neha Mishra15☯,

Shalina Ray15☯, S. Karthikeyan16☯, Sudha Ramalingam16☯, A. Murali16☯,

Sudhakar Vaidya17☯, Mohit Samadhiya17☯, Dhaval Bhojani17☯, Somu Lakshmanan4☯,

Sudagar R. B. Singh4☯, Nataraj PillaiID
18☯, P. Deepthi18☯, K. Banumathi18☯, V. Sumathi19,

D. Ramesh19☯, Sonam Poonam Nissar19☯, Khushnood M. Sheikh20☯, Manisha N. Patel20☯,

Vipul Shristava20☯, Suresh S. Kumar21☯, K. ShantaramanID
21☯, Rajkamal D. Pandian21☯,

Manoj Murhekar1‡, Rakesh Aggarwal2‡

1 ICMR-National Institute of Epidemiology, Chennai, India, 2 Jawaharlal Institute of Postgraduate Medical

Education and Research, Puducherry, India, 3 Apollo Specialty Hospitals, Vanagaram & Billroth Hospital,

Shenoy Nagar, Chennai, India, 4 Sri Ramachandra Medical Centre, Chennai, India, 5 All India Institute of

Medical Sciences, Bathinda, India, 6 All India Institute of Medical Sciences, Jodhpur, India, 7 All India

Institute of Medical Sciences, Nagpur, India, 8 All India Institute of Medical Sciences, Patna, India, 9 G

Kuppuswamy Naidu Memorial Hospital, Coimbatore, India, 10 Gandhi Medical College, Bhopal, India,

11 Government Rajaji Hospital and Medical College, Madurai, India, 12 Jawaharlal Nehru Medical College,

Belagavi, India, 13 Kasturba Medical College, Manipal, India, 14 Mandya Institute of Medical Sciences,

Mandya, Karnataka, India, 15 Manipal Hospitals, Bangalore, India, 16 PSG Institute of Medical Sciences and

Research, Coimbatore, India, 17 Ruxmaniben Deepchand Gardi Medical College, Ujjain, India, 18 SRM

Institutes for Medical Science, Chennai, India, 19 Sundaram Medical Foundation, Chennai, India, 20 Surat

Municipal Institute of Medical Education and Research, Surat, India, 21 Tirunelveli Medical College,

Tirunelveli, India

☯ These authors contributed equally to this work.

‡ MP and SG are joint first authors. MM and RA joint senior authors.

* mahalakshmi.dr@gmail.com (MT); tarunbhatnagar@nie.gov.in (TB)

Abstract

Background

In the ongoing COVID-19 pandemic, an increased incidence of ROCM was noted in India

among those infected with COVID. We determined risk factors for rhino-orbito-cerebral
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mucormycosis (ROCM) post Coronavirus disease 2019 (COVID-19) among those never

and ever hospitalized for COVID-19 separately through a multicentric, hospital-based,

unmatched case-control study across India.

Methods

We defined cases and controls as those with and without post-COVID ROCM, respectively.

We compared their socio-demographics, co-morbidities, steroid use, glycaemic status, and

practices. We calculated crude and adjusted odds ratio (AOR) with 95% confidence inter-

vals (CI) through logistic regression. The covariates with a p-value for crude OR of less than

0�20 were considered for the regression model.

Results

Among hospitalised, we recruited 267 cases and 256 controls and 116 cases and 231 con-

trols among never hospitalised. Risk factors (AOR; 95% CI) for post-COVID ROCM among

the hospitalised were age 45–59 years (2�1; 1�4 to 3�1), having diabetes mellitus (4�9; 3�4 to

7�1), elevated plasma glucose (6�4; 2�4 to 17�2), steroid use (3�2; 2 to 5�2) and frequent

nasal washing (4�8; 1�4 to 17). Among those never hospitalised, age� 60 years (6�6; 3�3 to

13�3), having diabetes mellitus (6�7; 3�8 to 11�6), elevated plasma glucose (13�7; 2�2 to 84),

steroid use (9�8; 5�8 to 16�6), and cloth facemask use (2�6; 1�5 to 4�5) were associated with

increased risk of post-COVID ROCM.

Conclusions

Hyperglycemia, irrespective of having diabetes mellitus and steroid use, was associated

with an increased risk of ROCM independent of COVID-19 hospitalisation. Rational steroid

usage and glucose monitoring may reduce the risk of post-COVID.

Introduction

Mucormycosis is a rare opportunistic angio-invasive fungal infection associated with high

morbidity and mortality. Several clinical presentations of mucormycosis have been described

depending on the site of involvement, the most common being rhino-orbito-cerebral mucor-

mycosis (ROCM). Globally, reported incidence (per million population) ranges from 0�005 to

1�7 in the pre-Coronavirus disease 2019 (COVID-19) era, and in India, the incidence is 140,

about 80 times higher than reported in developed countries [1]. This higher burden could be

due to the relatively significant burden of uncontrolled diabetes mellitus [2].

Rapid progression of Mucormycosis makes its early diagnosis and treatment critical, con-

sidering that a delay of even six days doubles 30-day fatality from 32% to 66% [3]. Tissue

necrosis resulting from angioinvasion and vascular thrombosis is a hallmark of the disease

but is a late sign. Patients with diabetes, on steroids, with immunocompromised states such as

haematological malignancy, hematopoietic/solid organ cell transplantation, treatment with

deferoxamine, acquired immunodeficiencies, trauma, and malnutrition are at high risk for

mucormycosis [4, 5]. A high index of suspicion is necessary for them, especially if they report

unilateral facial pain or swelling, orbital swelling or proptosis.

In the context of the ongoing COVID-19 pandemic in India, reports highlighted the

increased incidence of ROCM, otherwise a rare entity [6–8]. The risk of COVID-19 associated
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ROCM is reported to be higher among men, diabetics, more so with poor glycemic control,

steroid users, and severe COVID-19 [5, 6, 8–11]. The usual time of diagnosis with mucormy-

cosis among COVID-19 varied from that of a concurrent infection to even seven weeks post

COVID-19 diagnosis [9]. Towards the end of June 2021, the Indian health ministry reported

over 40,000 mucormycosis cases and mandated its notification while several Indian states

declared it an epidemic [10]. The upsurge of mucormycosis amidst the ongoing pandemic was

hypothesized to be driven by the interplay between host factors like weakened immunity fol-

lowing COVID-19, poorly controlled diabetes mellitus, rampant use of steroids/immunomod-

ulators, and other factors like prolonged hospital stay, continuous oxygen support, poor

hospital infection control, and nursing care practices [11]. Indian researchers documented var-

ious factors linked with COVID-19 associated mucormycosis, including steroid use, diabetes

mellitus, higher serum ferritin, and hypoxemia [12, 13]. Few studies have focused on highly

immunocompromised groups [14] and individual-level risk factors such as zinc supplementa-

tion [15] and mean serum iron and total iron-binding capacity [16]. However, many of these

studies lacked adequate sample size, did not comprehensively evaluate the range of risk factors,

and did not specifically generate evidence on differential factors operating for PC-ROCM by

their COVID-19 specific hospitalization status and factors thereof. Such studies may inform

ways to be prepared and thus reduce the burden of PC-ROCM. Therefore, we conducted a

multicentric study to determine the risk factors for PC-ROCM separately among those ever

and never-hospitalised for COVID-19 management.

Methods

Study design and setting

We designed and conducted an unmatched case-control study in 20 tertiary care hospitals

from the public and private sectors providing management for COVID-19 and ROCM across

India during June and July 2021.

Study participants

Test positive COVID-19. Those testing positive for Severe Acute Respiratory Syndrome

(SARS)-Coronavirus (CoV)-2 through rRT-PCR/TrueNat/ GeneXpert/Rapid Antigen Test.

Post COVID rhino-orbito-cerebral mucormycosis (PC-ROCM). Individuals diagnosed

with ROCM clinically and/or based on diagnostic nasal endoscopy and/or contrast-enhanced

MRI/CT scan with laboratory confirmation on direct microscopy (KOH/ Calcofluor white) or

culture or histopathology or molecular diagnostic methods (diagnosed after April 1, 2021) and

tested positive for COVID-19 any time between 12 weeks to 1 day before ROCM diagnosis.

Case for the ever-hospitalized group. Patients who had PC-ROCM and received hospi-

talised COVID-19 care, irrespective of the duration of hospitalization.

Controls for the ever-hospitalized group. Patients who had the negative history of

ROCM symptoms and received hospitalised COVID-19 care, irrespective of the duration of

hospitalization.

Case for the never-hospitalized group. Patients who had PC-ROCM and received

COVID-19 care at home/COVID care centre only.

Control for the never-hospitalized group. Patients who had a negative history of ROCM

symptoms and received COVID-19 care at home/COVID care centre only.

Sample size for case-control study among ever-hospitalised for COVID-19. We needed 256

cases and controls each based on assumptions that 68% of the hospitalised COVID-19 patients

were treated with steroids [17], odds ratio (OR) of at least two for steroid use, alpha error of

5%, power of 80%, 1:1 ratio of cases to controls and 25% non-response.
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Sample size for case-control study among never-hospitalised for COVID-19. We needed 108

cases and 216 controls for the assumptions that 15% of the never-hospitalised COVID-19

patients were treated with steroids, expected OR of at least three for steroid use, alpha error of

5%, power of 80%, the ratio of cases: controls to be 1:2 and 25% non-response.

We used OpenEpi Online calculator version 3�01 for sample size calculation (https://www.

openepi.com/SampleSize/SSCC.htm).

Selection of cases and controls

Cases were recruited from those who received care for ROCM from the study hospital. Con-

trols were recruited from those tested positive for COVID-19 at the study hospital and on the

same date as the case. We excluded those were 18 years of age, without information on

COVID-19 hospitalisations/management, and who were not traceable. Each study hospital

created a sampling frame of cases and controls separately for hospitalised and never-hospital-

ised groups (during COVID-19 illness). We selected controls through simple random sam-

pling from the list of patients who tested positive for COVID-19 on the same date as cases

through a custom-built web tool [18].

Data collection and data quality management

We developed case record forms (CRFs) to gather data on exposure (a) from the time of diag-

nosis of COVID-19 until discharge from the hospital/home care and (b) from the time of dis-

charge from the hospital for COVID/19 until the development of PC-ROCM. Trained site

investigators interviewed the cases in the hospital and abstracted treatment and diagnostic

information from hospital records. For controls, data was collected through telephone inter-

views, and relevant clinical information was abstracted from hospital records/prescriptions.

The filled-in CRFs were shared online with the I-MUCOR study group for data entry into

Research Electronic Data Capture (REDCap) software (https://www.project-redcap.org/).

Statistical analysis

We used descriptive statistics (percentages), means (standard deviation), median (inter-quar-

tile range) to describe cases and controls. We converted steroid dose into prednisolone equiva-

lents [19] and used the median cumulative dose among the controls to categorize the variable

into low and high steroid use. We used the median duration of hospitalisation among controls

to dichotomize the cases. While evaluating the blood sugar on PC-ROCM, the glycaemic status

during the COVID-19 illness is crucial, rather than HbA1C, which would depict the past con-

trol, including the period before COVID-19 infection. Hence, we defined hyperglycemia as

random blood sugar value above 200 mg/dl and fasting blood sugar above 126mg/dl, at least

once during COVID-19 management was considered as elevated plasma glucose.

We used logistic regression to calculate crude and adjusted odds ratios (AOR) with 95% CI.

For each of the ever- and never-hospitalised groups we selected covariates with a p-value for

crude OR of less 0�20 for consideration in the multiple regression model [20]. The variables

rural/urban residence, type of house, and occupation were collinear. Hence occupation was

chosen for further analysis.

Using these variables, we constructed directed acyclic graphs (DAG) separately for the

never- and ever-hospitalized using DAGitty software (http://www.dagitty.net/) [21] to visually

represent the causal relationships between various risk factors and PC-ROCM. (Fig 1) The

causal relationships were assumed based on literature review, and contextual understanding

arrived at by consensus among the research team, including specialists in medicine, otorhino-

laryngology, epidemiology, and public health. We used the backdoor criterion to identify the
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Fig 1. Directed acyclic graph of Post COVID-19 rhino orbito cerebral mucormycosis for (a) ever-hospitalised and

(b) never-hospitalised patients.

https://doi.org/10.1371/journal.pone.0272042.g001
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minimal set of covariates as potential confounders that needed to be adjusted for each risk fac-

tor separately [21]. We compared the -2 log-likelihood ratios of models with and without

potential confounders to arrive at the final list of covariates to be adjusted for each risk factor

using multiple logistic regression. We did not observe any difference between the effect esti-

mates obtained with or without adjustment for ’study site’ (data not shown). We hence did not

include it in the final logistic regression model. We used Stata ver. 16 (StataCorp LLC, Texas,

USA) for the analyses.

Human participants protection

The Institutional Human Ethics Committee of the lead institutions of I-MUCOR and all the

study hospitals approved the study procedures. The treating physicians of the study hospitals

recruited study participants after explaining the study procedures and obtaining written

informed consent directly from the cases and through digital modes from the controls.

Results

Among cases and controls ever-hospitalised for COVID-19

Profile of cases and controls (Table 1). We included 267 cases and 256 controls. More

cases than controls (48% vs. 35%) were 45–59 years old. The majority of cases and controls

were men (67% and 62%), resided in a city or town (63% vs. 72%), had completed secondary

Table 1. Socio-demographic characteristics of the cases and controls, multi-centric case-control study of post-COVID rhino-orbito-cerebral mucormycosis, India,

2021.

Characteristics Ever-hospitalised for COVID-19 Never-hospitalised for COVID-19

Cases (N = 267) Controls (N = 256) p value Cases (N = 116) Controls (N = 231) p value

n (%) n (%) n (%) n (%)

Age group�

(in years)

18–44 75 (28�1) 108 (42�4) 0�002 37 (31�9) 169 (73�2) <0�001

45–59 129 (48�3) 90 (35�3) 53 (45�7) 44 (19�0)

� 60 63 (23�6) 57 (22�4) 26 (22�4) 18 (7�8)

Gender Female 89 (33�3) 97 (37�9) 0�276 41 (35�3) 98 (42�4) 0�204

Male 178 (66�7) 159 (62�1) 75 (65�7) 133 (57�6)

Place of residence† City or town 168 (63�2) 184 (71�9) <0�001 66 (56�9) 181 (78�4) <0�001

Village 98 (36�8) 72 (28�1) 50 (43�1) 50 (21�6)

Occupation‡ Unemployed 103 (38�8) 96 (37�5) 0�101 42 (36�2) 79 (34�3) 0�026

Agriculture 31 (11�6) 17 (6�7) 22 (19�0) 22 (9�6)

Other types of occupation 132 (49�6) 143(55�9) 52 (44�8) 129 (56�1)

Education§ No formal education 28 (10�0) 24 (9�0) 0�051 16 (13�8) 13 (5�6) <0�001#

Primary level 57 (21�0) 38 (15�0) 23 (19�8) 27 (11�7)

Secondary level 81 (30�0) 75 (29�0) 39 (33�6) 55 (23�9)

Graduate and above 101 (38�0) 118 (46�0) 38 (32�8) 135 (58�7)

Housing type¶ Pucca 249 (93�3) 248 (96�9) 0�057 98 (85�0) 222 (97�0) <0�001

Semi-pucca / kutcha 18 (6�7) 8 (3�1) 18 (15�0) 8 (3�0)

Missing values:

�Age for 1 control in ever-hospitalised group;
† Place of residence for 1 case in ever-hospitalised group;
‡ occupation for 1 case in ever-hospitalised and 1 control in never-hospitalised groups;
§ education for 1 control each in ever and never-hospitalised groups;
¶ Housing type for 1 control in never-hospitalised group, pucca house indicates solid and permanent structure, kutcha house indicates temporary structure.

https://doi.org/10.1371/journal.pone.0272042.t001
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and graduate education (68% vs. 75%), and lived in pucca (solid and permanent structure)

house (93% vs. 97%).

Analysis of risk factors for PC-ROCM (Table 2). A significantly higher proportion of

cases had a known history of diabetes mellitus (71% vs. 33%) than controls. Participants with

diabetes mellitus were five times more likely to have PC-ROCM (AOR = 4�9; 95% CI = 3�4 to

7�1). A substantial number of non-diabetic cases and controls had elevated plasma glucose lev-

els (97% and 53%, respectively, data not shown in the table). Hence, it necessitated the inclu-

sion of plasma glucose as an independent variable in the multiple regression model. Elevated

plasma glucose was six times more likely to be associated with PC-ROCM after adjusting for

diabetes mellitus and steroid use (AOR = 6�4; 95% CI = 2�4 to 17�2; Fig 1). After adjusting for

confounders, hypertension, occupation, duration of hospitalization, receipt of oxygen support,

use of antibiotics, remdesivir, and ivermectin were not associated with PC-ROCM.

Steroid use, irrespective of the cumulative dose, was significantly associated with

PC-ROCM (OR = 3�2; 95% CI: 2�0 to 5�2) (Table 2). No dose-response relationship was docu-

mented between the amount of steroid use and duration of hospitalization with PC-ROCM.

After adjustment for age, diabetes mellitus, and hypertension, the oxygen support was not

associated with PC-ROCM (AOR = 1�0; 95% CI = 0�7 to 1�5). Among the cases who received

oxygen support, nearly one-third (32%; n = 57) received it through cylinders. Cases had three

times higher odds of receiving oxygen support through cylinders (AOR = 3�5, 95% CI = 1�9 to

6�1) than controls. Cases had around five times higher odds of practicing frequent nasal wash-

ing than controls (AOR = 4�8, 95% CI = 1�4 to 17�0) after adjusting for age. Presence of end

organ damage and type of treatment for diabetes mellitus was not associated with PC-ROCM

(S1 Table).

Among cases and controls never-hospitalized for COVID-19

Profile of cases and controls (Table 1). We included 116 cases and 231 controls. The pro-

portion aged 45–59 years and�60 years was significantly higher among the cases (46% and

22%) as compared to the controls (19% and 8%). The majority of the cases than the controls

were men (66% vs. 58%), had completed secondary and graduate-level education (66% vs.

83%), and lived in a pucca house (85% vs. 97%). More cases were village residents (43%) than

the controls (22%).

Analysis of risk factors for PC-ROCM (Table 3). Cases were more likely to be�45 years

of age. Cases were seven times more likely to have had diabetes mellitus (AOR = 6�7; 95%

CI = 3�8 to 11�6) than controls after adjusting for age. After adjusting for steroid usage, those

with elevated plasma glucose levels were 14 times more likely to have RC-ROCM

(AOR = 13�7; 95% CI = 2�2 to 84�0). Steroid usage was associated with PC-ROCM (AOR for

above median levels = 16�6; below median levels = 4�1).

Cases had lower odds of using oxygen concentrators/humidifiers than the controls

(AOR = 0�3; 95% CI = 0�1 to 0�8) after adjusting for age, diabetes mellitus, and hypertension.

The odds of use of steam inhalation was also lower among the cases than in the controls

(OR = 0�5; 95% CI = 0�3 to 0�8). Nasal washing, other medications such as remdesivir, iver-

mectin, iron/zinc supplementation, and medications from the traditional medical system were

not associated with PC- ROCM.

Discussion

The results of this pan-India case-control study indicates that older age, hyperglycemia, diabe-

tes mellitus, and steroid usage were associated with PC- ROCM, irrespective of hospitalization

for COVID-19. Frequent nasal wash and use of oxygen from cylinders were additional risk
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Table 2. Risk factors for mucormycosis among ever-hospitalised COVID-19 patients, multi-centric case-control study of post-COVID rhino-orbito-cerebral

mucormycosis, India, 2021.

Characteristics Cases (N = 267) Controls (N = 256) Odds Ratio (95% CI)

Crude estimate p value Adjusted estimate p valuen (%) n (%)

SOCIO-DEMOGRAPHIC

Age group (years)�† 18–44 75 (28�1) 108 (42�4) Reference -

45–59 129 (48�3) 90 (35�3) 2�1 (1�4 to 3�1) <0�001

� 60 63 (23�6) 57 (22�4) 1�6 (1�0 to 2�5) 0�050

Occupation‡$ Agricultural 31 (11�6) 17 (6�6) 1�8 (1�0 to 3�4) 0�052 1�7 (0�9 to 3�2) 0�089

Non-agricultural occupations & unemployed 235 (88�4) 239 (93�4) Reference

CO-MORBIDITY

Presence of Diabetes Mellitus† 189 (70�8) 84 (32�8) 4�9 (3�4 to 7�1) <0�001 -

Presence of Hypertension§ 86 (32�2) 60 (23�4) 1�6 (1�1 to 2�3) 0�026 1�0 (0�7 to 1�6) 0�923

Presence of any other comorbidities 24 (9�0) 24 (9�4) 0�9 (0�5 to 1�7) 0�873

CLINICAL STATUS/ MANAGEMENT

Elevated plasma glucose level¶@ 162 (96�4) 80 (70�2) 11�5 (4�6 to 28�5) <0�001 6�4 (2�4 to 17�2) <0�001

Median Serum ferritin in μg/L (IQR) 585†† (297–796) 474‡‡ (166–723) 0�122

Steroid use†

Ever used steroids 239 (89�5) 186 (72�7) 3�2 (2�0 to 5�2) <0�001 -

More than 480 mg prednisolone equivalent {Median dose among
controls}

124(46�4) 89 (34�8) 3�5 (2�1 to 5�8) <0�001 -

Less than 480 mg prednisolone equivalent {Median dose among
controls}

104(38�9) 93 (36�3) 2�8 (1�7 to 4�7) <0�001 -

Unknown dose 11 (4�1) 4 (1�6) 6�9 (2�0 to 23�4) 0�002 -

No steroid use 28 (10�5) 70 (27�3) Reference

Antibiotic use† 237 (88�8) 213 (83�2) 1�6 (1�0 to 2�6) 0�068 -

More than 9 days of hospitalization# {Median among controls} 141 (52�8) 120 (46�9) 1�3 (0�9 to 1�8) 0�175 0�8 (0�5 to 1�2) 0�241

Received Oxygen support�� 177 (66�3) 156 (60�9) 1�3 (0�9 to 1�8) 0�203 1�0 (0�7 to 1�5) 0�859

Source of Oxygen support among those who received oxygen

support (n = 333)†

Oxygen cylinder 57 (32�2) 19 (12�1) 3�5 (1�9 to 6�1) <0�001 -

Other sources of oxygen 120 (67�8) 137 (87�9) Reference

Used other medications

Remdesivir 126 (47�2) 123 (48�1) 1�0 (0�7 to1�4) 0�845 -

Ivermectin 103 (38�6) 95 (37�1) 1�1 (0�7 to1�5) 0�729 -

Hydroxychloroquine 3 (1�1) 0 - - -

Tocilizumab 2 (0�7) 2 (0�8) 1�0 (0�1 to 6�8) 1 -

Iron supplements 12 (4�5) 7 (2�7) 1�7 (0�6 to 4�3) 0�29 -

Zinc containing vitamin supplements� 204 (76�4) 211 (82�4) 0�7 (0�5 to 1�1) 0�090 -

Indian traditional medicines (Ayush) 9 (3�4) 8 (3�1) 1�1 (0�4 to 2�8) 0�874 -

Nasal wash‡

Did many times in a day 15 (5�6) 3 (1�2) 5�1 (1�5 to 17�9) 0�011 4�8 (1�4 to 17�0) 0�014

Once a day 17 (6�4) 12 (4�7) 1�5 (0�7 to 3�1) 0�336 1�4 (0�6 to 3�0) 0�399

Never done 235 (88�0) 241 (94�1) Reference Reference

Never practiced steam Inhalation 186 (69�7) 189 (73�8) 1�2 (0�8 to 1�8) 0�291 -

Under home isolation prior to hospitalization 119 (44�6) 106 (41�4) 1�1 (0�8 to 1�6) 0�465 -

Median (IQR) days of home isolation 3 (2, 6) 4 (2, 6) 0�835

Oxygen use at home 14 (5�2) 14 (5�5) 1�0 (0�4 to 2�0) 0�909 0�6 (0�3 to 1�5) 0�304

MASK USE†

Prior to onset of COVID-19

(Continued)
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factors among those ever-hospitalised. In the never-hospitalised group, individuals reporting

the use of oxygen through concentrators/humidifiers and practice of steam inhalation were at

a lower risk for PC-ROCM.

Hyperglycemia as an independent risk factor for PC-ROCM, irrespective of hospitalization

for COVID-19, merits attention. Published reports indicate that COVID-19 is associated with

hyperglycemia in general. Hyperglycemia or new-onset diabetes mellitus has been observed

with COVID-19 [22] and is hypothesized to predispose to ROCM through phagocyte dysfunc-

tion, defective chemotaxis, and impaired intracellular killing of Mucorales [11, 23]. Hypergly-

caemia during COVID-19 could be due to SARS-CoV-2 infection per se [11] and steroid usage

during treatment of COVID-19 [23, 24]. Therefore, it is critical to distinguish the influence of

prior diabetic status and hyperglycemia induced by steroid/COVID-19 on PC-ROCM. This

emphasises tight monitoring of plasma glucose even among non-diabetic COVID-19 patients.

Diabetes mellitus as a risk factor for ROCM is well documented during the pre-COVID era

[5, 25]. In COVID-19 pandemic, pre-existing diabetes could worsen glycaemic control,

thereby causing ketoacidosis and increasing the risk of mucormycosis [26, 27]. Our finding is

consistent with published studies reporting a higher risk of mucormycosis among people with

diabetes and more so after COVID-19 [4, 9, 11, 24, 26–28].

In this study steroid usage was associated with PC-ROCM independent of hospitalisation,

irrespective of cumulative dose. We documented substantial steroid usage among all COVID-

19 patients and more so among the never-hospitalised group indicating irrational and unmon-

itored use. Poor adherence to the guidelines on steroid use for COVID-19 has been reported

Table 2. (Continued)

Characteristics Cases (N = 267) Controls (N = 256) Odds Ratio (95% CI)

Crude estimate p value Adjusted estimate p valuen (%) n (%)

Cloth masks only 105 (39�3) 98 (38�3) 0�7 (0�3 to 1�5) 0�374 -

Surgical masks only 102 (38�2) 112 (43�7) 0�6 (0�3 to 1�3) 0�198 -

Both Cloth and Surgical mask 43 (16�1) 35 (13�7) 0�8 (0�3 to 1�9) 0�609 -

No masks 17 (6�4) 11 (4�3) Reference -

After hospitalisation&

Cloth masks only 59 (22�9) 67 (26�6) 0�6 (0�2 to 1�7) 0�356 -

Surgical masks only 151 (58�5) 152 (60�3) 0�7 (0�3 to 1�9) 0�473 -

Both Cloth and Surgical mask 38 (14�7) 26 (10�3) 1�0 (0�3 to 3�0) 0�967 -

No masks 10 (3�9) 7 (2�8) Reference

� 1 missing data among cases;
† No confounders identified;
‡ Adjusted for age;
$ 1 missing data among cases;
§ Adjusted for age and diabetes mellitus;
¶ Adjusted for diabetes mellitus, and Steroid use;
@ data missing for 99 cases and 142 controls;
& data missing for 9 cases and 4 controls;
# Adjusted for diabetes mellitus, hypertension, and steroid use;

�� Adjusted for age, diabetes mellitus, and hypertension;
†† Missing values, n = 90;
‡‡ Missing values, n = 105;
¥ co-morbidities includes heart disease, chronic kidney disease, cancer, organ transplant, HIV/AIDS, chronic sinusitis

https://doi.org/10.1371/journal.pone.0272042.t002
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Table 3. Risk factors for mucormycosis among never-hospitalised COVID-19 patients, multi-centric case-control study of post-COVID rhino-orbito-cerebral

mucormycosis, India, 2021.

Characteristics Cases (N = 116) Controls (N = 231) Odds Ratio (95% CI)

Unadjusted estimate p value Adjusted estimate p valuen (%) n (%)

SOCIO-DEMOGRAPHIC

Age group (years)� 18–44 37 (31�9) 169 (73�2) Reference

45–59 53 (45�7) 44 (19�0) 5�5 (3�2 to 9�4) <0�001 -

� 60 26 (22�4) 18 (7�8) 6�6 (3�3 to 13�3) 0�001 -

Occupation†$ Agricultural 22 (19�0) 22 (9�6) 2�2 (1�2 to 4�2) 0�015 1�8 (0�9 to 3�7) 0�093

Non-agricultural occupations & unemployed 94 (81�0) 208 (90�4) Reference

CO-MORBIDITY

Presence of Diabetes Mellitus† 74 (63�8) 36 (15�6) 9�5 (5�7 to 16�0) <0�001 6�7 (3�8 to 11�6) <0�001

Presence of Hypertension‡ 34 (29�3) 26 (11�3) 3�3 (1�8 to 5�8) <0�001 1�2 (0�6 to 2�4) 0�623

Presence of any other comorbidities¥ 10 (8�6) 14 (6�1) 1�4 (0�6 to 3�4) 0�384

CLINICAL STATUS/MANAGEMENT

Elevated plasma glucose level§ @ 44 (89�8) 15 (62�5) 5�3 (1�5 to 18�3) 0�009 13�7 (2�2 to 84�0) 0�005

Median (IQR) Serum ferritin in μg/L 630‡ (400–1000) 172§ (40�9–793) 0�384

Steroid use�

Ever used steroids 74 (63�8) 35 (15�2) 9�8 (5�8 to 16�6) <0�001 -

More than 480 mg prednisolone equivalent {Median dose among
controls}

57 (49�1) 16 (6�9) 16�6 (8�7 to 31�7) <0�001 -

Less than 480 mg prednisolone equivalent {Median dose among
controls}

14 (12�1) 16 (6�9) 4�1 (1�9 to 9�0) <0�001 -

Unknown dose 3 (2�6) 3 (1�3) 4�7 (0�9 to 23�9) 0�065 -

No steroid use 42 (36�2) 196 (84�9) Reference

Antibiotic use† 94 (81�0) 188 (81�4) 1�0 (0�6 to 1�7) 0�937 -

More than 9 days of hospitalization {Median among controls} 141 (52�8) 120 (46�9) 1�3 (0�9 to 1�8) 0�175 0�8 (0�5 to 1�2) 0�241

Used other medications

Remdesivir 0 0 - -

Ivermectin 57 (49�1) 92 (39�8) 1�5 (0�9 to 2�3) 0�108 -

Hydroxychloroquine 1 (0�9) 6 (2�6) 0�3 (0�04 to 2�7) 0�431 -

Tocilizumab 0 0 - -

Iron supplements 3 (2�6) 3 (1�3) 2�0 (0�4 to 10�2) 0�406 -

Zinc containing vitamin supplements� 71 (61�2) 160 (69�3) 0�7 (0�4 to 1�1) 0�134 -

Indian traditional medicines (Ayush) 2 (1�7) 7 (3�0) 0�6 (0�1 to 2�7) 0�723 -

Mask use prior to onset of COVID-19

Cloth masks only 50 (43�1) 61 (26�4) 2�6 (1�5 to 4�5) <0�001 -

Surgical masks only 34 (29�3) 109 (47�2) Reference

Both Cloth and Surgical mask 24 (20�7) 61 (26�4) 1�3 (0�7 to 2�3) 0�455 -

No masks 8 (6�9) 0 Omitted

Oxygen use at home through oxygen concentrator/humidifier¶ 7 (6�0) 13 (5�6) 1�1 (0�4 to 2�8) 0�878 0�3 (0�1 to 0�8) 0�017

Practiced nasal washing# 7 (6�0) 6 (2�6) 2�4 (0�8 to 7�3) 0�122 2�8 (0�8 to 10�1) 0�116

Practiced steam inhalation� 52 (44�8) 139 (60�2) 0�5 (0�3 to 0�8) 0�007

� No confounders identified;
† Adjusted for age;
$1 missing data in controls;
‡ Adjusted for age and diabetes mellitus;
@ data missing for 67 cases and 207 controls;
§ Adjusted for steroid use;
¶ Adjusted for age, diabetes mellitus, and hypertension;
# Adjusted for age, and steam inhalation,
¥ co-morbidities includes heart disease, chronic kidney disease, cancer, organ transplant, HIV/AIDS, chronic sinusitis

https://doi.org/10.1371/journal.pone.0272042.t003
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widely in India [29–32]. Hyperglycemia is a known side effect of steroid intake [33, 34]. Before

the emergence of COVID-19, steroid usage was not seen as an independent risk factor for

mucormycosis [5]. However, studies on COVID-19 associated mucormycosis have reported

steroids as an important predisposing factor [4, 8, 22, 24, 25, 28, 35]. The occurrence of mucor-

mycosis among steroid users is mediated through macrophages/neutrophil dysfunction or

hyperglycemia [5]. The viral-induced lymphopenia and endothelitis add to the favorable envi-

ronment produced by steroids, diabetes mellitus, and hyperglycemia in causing COVID-19

associated ROCM. Therefore, COVID-19 patients on steroid treatment need to be monitored

for their glycaemic status and educated to recognize and report symptoms and signs of

ROCM. Further, prescribing steroids for COVID-19 patients in home isolation or non-hospi-

tal care centres needs to be done rationally, along with stringent monitoring and control of

plasma glucose levels.

Similar to the widely reported use of steroids, antibiotic overuse and consequent secondary

bacterial infections were documented [30, 31]. Antibiotics could potentially eliminate the nor-

mal nasal flora and favour fungal growth. However, there was no established association in the

present study, where antibiotic usage was high.

In India, people use nasal irrigation with warm saline water at home (either before/after hos-

pitalisation) for symptom relief based on the traditional Indian systems of medicine. Among the

ever-hospitalised group, frequent nasal wash (many times a day) was associated with PC-ROCM

despite being reported by a small subset. It is possible that repeated nasal washing depletes the

commensal organisms of the nasal mucosa and thus allowing the fungus to thrive uninterrupted

[32]. Poor maintenance of cloth masks, especially in the humid environment of India, could add

to fungus friendly environment, although not specifically explored in this study.

Oxygen requirement during COVID-19 reflects the severity of pneumonia caused by

SARS-CoV-2. During the pandemic’s peak, receipt of oxygen and its type depended entirely

on the availability of hospital beds. Acute shortage of hospital beds with oxygen support could

have been the reason for higher case fatality among severe COVID-19. Hence, it is likely that

our participants could have had mild to moderate COVID-19, and such survival bias might

have obscured any reported association with oxygen requirement. Among those who received

oxygen, we documented a higher likelihood of PC-ROCM among those receiving through

oxygen cylinder, albeit based on small sample size. Oxygen cylinders were used when the

health care system was overwhelmed over and above that which could be met by piped oxygen

supply. We hypothesize that a breach in the infection control practices during these periods

could have contributed to the higher risk for PC-ROCM. During the same period, increased

use of industrial oxygen for medical purposes was also implicated in the rise of mucormycosis

among hospitalised patients [35]. This is contrary to the fact that a high concentration of oxy-

gen does not sustain the growth of fungi [36].

The practise of steam inhalation and the use of oxygen concentrators/humidifiers seemed

to reduce the likelihood of PC-ROCM among those isolated at home or in non-hospital set-

tings in our study. A large proportion of study participants reported the practice of steam

inhalation. The Indian Ministry of AYUSH (exclusive to India’s traditional medicine) recom-

mended steam inhalation once a day for symptomatic relief during COVID-19 [37]. We did

not document any benefit of steam inhalation among the hospitalised participants [25].

Nevertheless, steam inhalation and use of oxygen in non-hospitalised settings could reflect

better adherence to COVID-19 protocols and home management. The participants had mild

COVID-19, and thus they were not hospitalised. Further, recall of such practices is likely to be

better among the non-hospitalised than those hospitalised, attributable to their health-seeking

behaviour. Finally, we cannot rule out bias in the effect estimates due to unmeasured or

unknown confounders and residual confounding.
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Strengths of our study

We did a multicentric study with representation from all regions of India to strengthen the

generalisability of our findings. Internal validity of the study was ensured by systematic

training and monitoring of the site investigators and assessment of risk separately in ever-

and never-hospitalized groups. We used an unmatched design since matching may compli-

cate the enrolment of the study participants. Instead, we identified confounders (through

DAG) and estimated adjusted measures of association. We analysed the role of an exhaustive

set of factors linked to PC-ROCM, such as plasma glucose, steroid dose, and behavioural fac-

tors, that were hitherto not commonly examined. Statistical analysis of risk factors was based

on an a-priori causal framework guided by directed acyclic graphs for the relationship

between PC-ROCM and other variables. Thus each of the associations was adjusted sepa-

rately for the relevant confounders only, which prevented over adjustment by covariates that

are not confounders that would have resulted in potentially biased effect estimates due to

induced confounding.

Limitations of our study

Our study had a few limitations. Firstly, the selection of cases could suffer from survival bias as

those who survived ROCM were more likely to be recruited. This could bias our estimates in

either direction. To increase representativeness and reduce selection bias, the study included

individuals from both private and public health facilities, as well as two groups of people par-

ticipants (never and ever hospitalized), to also include the persons who did not seek medical

care for COVID-19. Secondly, although recruited from within the same hospital, many of the

cases and controls in the ever-hospitalised group had received COVID-19 treatment elsewhere

before their hospitalization for ROCM management. Hence, we could have missed certain risk

factors from earlier hospitalization. However, we included only those individuals wherever

complete information was available. In addition, misclassification could have occurred for cer-

tain factors such as plasma glycaemic status and steroid usage among the ever-hospitalised

group. However, that is likely to be non-differential, leading to the association being biased

towards the null. Despite this, we could calculate the odds ratios with reasonable precision.

Thirdly, among the never-hospitalised group, recall bias and unverifiable level of practices

leading to misclassification of key risk factors could have resulted in biased estimates in either

direction. Fourthly, we could not directly measure the association of PC-ROCM with the

severity of COVID-19 on account of a lack of uniformity in severity grading and irregular doc-

umentation across the multiple hospitals where cases and controls were managed. Finally, we

could not incorporate factors like HbA1C and BMI, due to substantial missing values.

Conclusions and recommendations

We concluded that in COVID-19, hyperglycaemia irrespective of pre-existing diabetes mellitus

and high steroid usage, was associated with the occurrence of PC-ROCM regardless of hospita-

lisation for COVID-19. To reduce the risk of PC-ROCM, we recommended adherence to pro-

tocols for rational use of steroids and systematic monitoring of plasma glucose levels

notwithstanding the diabetic status.
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Rhinoscleroma – still a predominant 
entity managed by rubber tube 
recanalization
A. S. Harugop, S. Puneeth Nayak, Yashita Singh, Rahul Gulaganji

Abstract:

Rhinoscleroma is a chronic granulomatous infection affecting the nasal cavity and nasopharynx 
primarily. It results in functional and esthetic sequelae in patients. A patient presented to us with 
chronic extensive vestibular stenosis with external deformity of the nose. The patient underwent 
multistaged diagnostic nasal endoscopy with biopsy and recanalization using a sterile rubber catheter 
which showed significant clinical improvement. This case demonstrates that medical advancements 
have enabled a quicker diagnosis of rhinoscleroma and recanalization still remains an essential entity 
in managing the sequelae of rhinoscleroma.
Keywords:

Anosmia, narrowed nasal cavities, recanalization, rhinoscleroma, rubber tube, saddle nose

Introduction

Rhinoscleroma is a rare, chronic, slowly 
progressive, granulomatous infection 

caused by Klebsiella  rhinoscleromatis , 
rod‑shaped Gram‑negative bacilli. It was first 
described by the dermatologist Ferdinando 
Von Hebra in 1870.[1] It commonly affects the 
nasal cavity and nasopharynx, but it can also 
involve the larynx, trachea, bronchi, middle 
ear, and orbit.[2] Nasal involvement is initial 
and almost constant. After the nasal cavity, 
other common sites affected in the respiratory 
tract are the nasopharynx (18%–43%), 
paranasal  s inus (22%),  and larynx 
(15%–40%). Rhinoscleroma is common in 
the rural areas where socioeconomic status 
is very low. It is more common in females, 
the female‑to‑male ratio being (13:1).[3] 
Usually encountered in the second and third 
decades of life. The disease is endemic in 
Central America, Indonesia, Poland, Russia, 
Hungary, and African countries. Despite 
the diverse presentations in patients across 

the world, the epidemiological data are 
unsubstantial.[4,5]

Case Report

A 30‑year‑old male presented to the 
ENT outpatient department with chief 
complaints of bilateral progressive nasal 
obstruction for 1½ years. It was associated 
with complaints of epistaxis for 4 months 
which was intermittent and resolved 
spontaneously. History of anosmia and 
mouth breathing were also present. On 
examination, external deformity of the nose 
was observed. Depressed dorsum, pinched 
up ala, and drooping tip were observed 
[Figures 1 and 2]. A written informed 
consent was taken and patient was managed 
by performing diagnostic nasal endoscopy 
and biopsy. On rhinoscopy, the bilateral 
nasal cavity showed circumferential 
stenosis at the nasal valve area along 
with crusting. The patient underwent 
diagnostic nasal endoscopy with biopsy 
for similar complaints previously which 
was conclusive of rhinoscleroma on 
histopathological examination [Figure 3]. 
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Stage 2 or stage of granuloma formation includes 
granulation tissue formation, widening of the nasal 
pyramid causing external deformity, subdermal 
infiltration causing “woody hard” feel of nose, and 
nasal septum cartilage destruction. Finally, stage 3 or 
stage of sclerosis is characterized by extensive scarring 
and laryngeal and nasal vestibular stenosis in severe 
cases. The histological picture of rhinoscleroma is 
characterized by the presence of Mikulicz cells and 
Russel bodies seen in granulomatous stage. Mikulicz 
cells are pale vacuolated cells with clear cytoplasm 
possessing the bacteria. Russel bodies originate from 
the disintegration of plasma cells. Intracytoplasmic 
bacilli can be demonstrated by special stains such 
as Gram stain, periodic acid–Schiff, Giemsa stain, 
Warthin–Starry, and Grocott’s silver methenamine 
stains.[6‑8] A study done by Abdel Razek concluded 
that rhinoscleroma of the nose in the hypertrophic 
stage appeared as a well‑defined mass on CT, and 
involvement of the inferior and middle turbinate 
was more common. On magnetic resonance imaging, 
granulomas can be identified in the T1‑weighted 
images owing to the high protein content within 
Mikulicz cells and Russell bodies.[9]

In rhinoscleroma, owing to the high relapse rate, a 
prolonged antibiotic therapy is usually recommended. 
It is inclusive of doxycycline, rifampicin, streptomycin, 
second‑ and third‑generation cephalosporins, and 
ciprofloxacin. Traditionally, streptomycin was the 
drug of choice for the treatment of rhinoscleroma. 
However, tetracycline soon became the preferred 
antibiotic, owing to its oral administration and 
avoidance of the vestibulotoxic side effects of 
streptomycin. Fluoroquinolones have been researched 
to be a potent and economical treatment option. The 
advantage being that quinolones are concentrated 
within macrophages, less toxic and are comparatively 
less expensive.[10] Surgical intervention is indicated 
in patients with external nasal deformity or airway 
obstruction.[11] Surgical excision and recanalization are 
usually done for the tertiary stage of sclerosis.[12] Silastic 
sheet stents or polyethylene tubes can be used for nasal 
dilatation and recanalization. It is inserted in each nostril 
and fixed in place by silk sutures. There are very limited 
studies that highlight the recanalization technique in 
advanced cases of rhinoscleroma. It ensures adequate 
clinical improvement by relieving the nasal obstruction 
and nasal dilatation.

Conclusion

Rhinoscleroma is a chronic disfiguring disease. The 
advancements in diagnosis and medical and surgical 
management have made its early recognition possible. 
Therefore, a planned complete medical management 

Ear, throat, and neck examination was normal. Routine 
blood investigations were normal except for elevated 
bilirubin levels. Computed tomography [CT] scan of 
paranasal sinuses was normal.

The patient was managed by performing a diagnostic 
nasal endoscopy with biopsy and recanalization 
procedure using a sterile rubber catheter under general 
anesthesia. Marked circumferential valvular stenosis 
was noted in bilateral nasal cavities which were excised 
and sent for histopathological examination. There was a 
circumferential narrowing at the mucocutaneous junction 
of the vestibule, and no space was observed. Concentric 
narrowing of choana was also observed bilaterally. 
Before the recanalization procedure, multiple biopsies 
were taken from middle turbinate mucosa and sent 
for histopathological examination which was reported 
as mucosa lined by stratified squamous epithelium. 
Subepithelial tissue showed mixed inflammatory 
infiltrate composed of lymphocytes, plasma cells, 
Mikulicz cells, and Russell bodies suggestive of 
rhinoscleroma [Figure 4]. The patient was treated with 
antibiotics consisting of piperacillin + tazobactam, 
rifampicin, and saline nose drops. The circumferential 
stenosed mucosa was excised endoscopically, following 
which the patient underwent recanalization by the 
placement of a sterile rubber catheter in both nasal 
cavities. Through‑and‑through sutures were passed 
through the catheter and septum on both sides to secure 
the rubber catheter in both nasal cavities [Figures 5‑7] 
which were removed after 6 weeks. The recanalization 
was done by the conventional method without the 
use of LASER technology. The patient was followed 
up for 6 months and showed significant improvement 
clinically.

Discussion

Rhinoscleroma is a chronic granulomatous disease 
which can involve any area of the respiratory tract from 
the nose to the trachea. The causative agent Klebsiella 
rhinoscleromatis, which belongs to the Enterobacteriaceae 
family, is nonmotile, encapsulated, facultative, and 
glucose‑fermenting. The bacteria is contracted through 
direct inhalation or dissemination of respiratory 
droplets. The pathophysiology indicates that the 
disease predominantly occurs in transition zones of 
two epithelia‑stratified squamous epithelium of the 
vestibule and respiratory epithelium of the nose. It is 
hypothesized that decreased iron in the body may lead 
to this disease. The scarcity of iron alters the epithelial 
regeneration causing squamous metaplasia. The disease 
progression can be staged into stage 1 or catarrhal 
stage which comprises features similar to nonspecific 
rhinitis which evolves into foul‑smelling purulent 
nasal discharge, crusting, and nasal obstruction. 
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Figure 1: Right lateral view Figure 2: Basal view

Figure 3: Showing marked valvular stenosis in the nasal cavity

Figure 4: Showing H- and E-stained histopathology slide showing Mikulicz 

cells (black arrows) and Plasma cells (red arrows)

Figure 6: Sterile rubber catheter being inserted in the nasal cavity

Figure 5: Demonstrating the recanalization procedure using sterile rubber

Figure 7: Sterile rubber catheter being secured by suture in the nasal cavity

along with endoscopic surgical procedures with 
recanalization can aid in managing advanced sequelae 
of rhinoscleroma such as nasal stenosis and yield apt 
results as well as provide symptomatic relief to the 
distressed patients.
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Determinants of immediate adverse pregnancy outcomes: A hospital-
based study 

Jaya Koirala,1 Sudha. A Raddi,2 Anita Dadi Dalal3

ABSTRACT
Adverse pregnancy outcomes are a major public health problem which can lead to serious short 
and long- term health effect to the mother and the newborn. Hence, the objective of this study is to 
find out the determinants of immediate adverse pregnancy outcomes in tertiary care hospital in 
South India. The study comprised of antenatal mothers admitted for delivery in selected tertiary 
care hospital in Belgaum, Karnataka, India from 10th November, 2021 to 20th January 2022. All 
registered deliveries in the study period have been included, comprises of 101. Bivariate logistic 
regression was used to determine the factors associated with outcome variables. A significance 
level of 5% was used to decide the significance of statistical tests. The mean age (± SD) of the 
mother was 24.6 (± 3.9) Year is. The average cost invested for a family health check-up in a year 
was Rupees 18099. The average birth weight of the newborn was 2.7 kg, while the minimum 
weight of the newborn was 1.4 kg, and the maximum weight was 3.8 kg. The average week of 
gestation for the first-time with respect to antenatal care visit of pregnant women was 9.6 weeks. 
The average weight of the women was 47.6 kg during first antenatal care visit and 61.5 kg during 
last antenatal care visit. Adverse outcomes reported were post-partum hemorrhage was 7.9%, 
low birth weight 26.7%, preterm delivery 28.7%, anemia 53.5%, neonatal physiological  and 
jaundice 15.8%. However, use of mode of transportation during antenatal care visit was found 
to be significant factor for preterm delivery. Every fourth baby was low birth weight, and every 
fourth women have preterm delivery and every second woman was anemic. Socioeconomic, 
demographic and chronic illness was associated with immediate adverse pregnancy outcomes. 
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Introduction
The adverse pregnancy outcomes include low 
birth weight (LBW), stillbirth, and preterm 
birth.1,2 Worldwide 15 million neonates are born 
preterm (<37 weeks of gestation) and this trend 
is increasing. A rate of 5% to 18% of preterm 
offsprings are born among 184 countries.3 The 
most severe adverse outcome of pregnancy is 
the death of mother or her offspring.4,5

Birth or pregnancy-related complications 
occur every 2 minutes as per UNFPA report 
2017.6 Prematurity and low birth weights are 
the considerable cause of neonatal morbidity 
and mortality. This may lead to serious and 
long-term health effects on the mother and 
the neonates.2,7 Socio- demographic and 
economic factors affect preterm delivery and 
low biological weight, dependent on maternal 
health status, maternal health behavior, and 
provision utilization of health facilities.8

Maternal mortality ratio (MMR) in India still 
remains high as 113 per 1, 00000 live births 
and Karnataka 92 per 1, 00000 live births9. The 
neonatal mortality rate is not uniform across 
the country with Kerala and Tamil Nadu having 
a low neonatal mortality rate (<20 per 1000 live 
births), Odisha, Madhya Pradesh, and Uttar 
Pradesh with very high neonatal mortality rate 
(NMR) neonate mortality rate (35 or more per 
1000 live births).10

Maternal, neonatal and infant mortality are the 
leading health problem in India, still maternal 
and neonatal mortality and morbidity, 
stillbirth has impacted by data gaps, especially 
regarding coverage and quality care of health 
institutions. Findings of the study will be useful 
in identifying the determinants of immediate 
adverse pregnancy outcomes among the women 
who are admitted to tertiary care hospital 
for delivery. This data can be used for health 
planning, policy-making, and implementation. 
With the high burden of maternal and newborn 
morbidity and mortality, health care providers 
and policy makers can think and take required 
action against complications during pregnancy 
and labor. Based on the facts and figures, 
researcher realized that this type of study has 
rarely been done in India and it is needed to do 
such study.

Materials and methods
The study was conducted in KLE (Dr. Prabhakar 
Kore Charitable Hospital, Belagavi, Karnataka,) 
which is one of the tertiary care hospitals located 
in south India. The hospital has a mainly rural 
catchment population for tertiary-level care.

Study design: Hospital-based cross-sectional 
study.

Study population: The study population 
comprises of antenatal mothers admitted for 
delivery in a tertiary care hospital in Belgaum, 
Karnataka, India from 10th November to 20th 
January 2022.

Sample size determination:

Z2 1-α/2 X Pq
X 1.05n=

(20 % of P)2

Where, 
5% attrition
p= 50.1 (Prevalence of anemia)
q=100-50.1
49.9
Sample size=101

Participant and enrolment: The purpose of 
the study has been already explained to women 
before the data collection, and written informed 
consent was taken from every subject. For 
socio-demographic, socio-economic condition, 
personal and previous antenatal information, 
semi-structured interview schedule techniques 
were used. For the maternal and new-born 
immediate adverse pregnancy outcome 
information checklist and patient’s case 
sheet have been used. The total number of 
samples were 101. Data was collected from 10th 
November 2021 to 20th January, 2022.

Statistical analysis: The collected data was 
entered in MS Excel-2016 and exported in 
SPSS- version 20 for analysis. Data has been 
checked for consistency and completeness by 
exploratory data analysis before running the 
statistical analysis. Univariate and bi-variate 
were used to see the distribution of the study 
subjects by outcome variables (Post-Partum 
Hemorrhage (PPH), low birth weight, Anemia, 
preterm delivery, neonatal jaundice and Blood 
Transfusion). Bivariate logistic regressions 
were used to determine the factors associated 
with outcome variables. A significant level 
of 5%, was used to decide the significance of 
statistical tests.

Ethical considerations: Ethical clearance was 
obtained from the ethical review committee 
of KLE Academy of Higher Education and 
Research (KAHER), to conduct the study. 
Approval number (Ref. No. KAHER/EC/21- 
22/015). Further permission obtained from the 
Medical Director of KLE’s Dr. Prabhakar Kore 
Charitable Hospital, and Medical Research 
Centre (MRC), department head of gynecology 

Koirala  et al



Nepal Medical College Journal

240 NMCJ

and obstetric ward. Discretion was maintained 
by making the data collectors aware not to 
record identifying information found on the 
persistent case sheet.

Data quality control and management: Data 
quality was ensured in collection, coding, 
entry, and analysis. Semi-structured interview 
schedule and patient case sheet, each case 
information was checked for its consistency, 
provision of full information and apposite 
documents.

RESULTS
The mean age (± SD) of the mother was 24.6 (± 
3.9). The minimum scheduled family income in 
Indian currency was Rs. 9,000 while, maximum 

scheduled family income was Rs. 2, 00,000. 
The average cost invested for a family health 
check-up in a year was Rs.18099. The average 
size of the family living in a house was 7.3. The 
average birth weight of the newborn was 2.7 
kg, while the minimum weight of the newborn 
was 1.4 kg, and the maximum weight was 3.8 
kg. The average APGAR score of the newborn 
within one minute was 7.1/10.The average 
APGAR score of the newborn within 5 minutes 
was 8.5/10, and the average total hospital stay 
(day) was 7.9 days (Table 1a).

The average week of gestation for the first-time 
antenatal care visit of pregnant women was 
9.6 weeks. While, the average total number of 
ANC visit was 7.9 times, whereas maximum 
total number of antenatal care visits was 15 

Table 1a: Descriptive statistics by socio-demographic and health variables
N Mean SD Median Min Max

Age (years) 101 24.6 3.9 24.0 19.0 40.0
Monthly family income (INR) 101 39703.0 33265.8 30000.0 9000.0 200000.0
cost invested for family health check up in 
a year (INR) 101 18099.0 19241.4 10000.0 2000.0 100000.0

No of family members live in Home 101 7.3 4.1 6.0 2.0 30.0
No of room in house 101 4.0 3.1 4.0 1.0 30.0
Birth weight(kg) -overall 101 2.7 0.6 2.7 1.4 3.8
Singleton Birth weight(kg) 97 2.8 0.5 2.7 1.4 3.8
First twins Birth weight(kg) 4 1.9 0.2 1.9 1.7 2.0
Weight of the second baby 4 1.9 0.1 1.9 1.8 2.0
APGAR score within 1 min 101 7.1 1.2 7.0 0.0 8.0
APGAR score within 5 min (/10) 101 8.5 1.0 9.0 0.0 9.0
Duration of hospital stay(day) 101 7.9 4.7 7.0 3.0 20.0
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Fig 1: Immediate adverse pregnancy outcomes’ in tertiary care hospital, Karnataka, India. Post-
partum hemmorrhage (PPH) 7.9%, Low Birth weight (LBW) 26.7%, Preterm delivery 28.7%, 

Anemia 53.5%, Neonatal physiological Jaundice 15.8% and blood transfusion (9.9%)
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Table 1b: Descriptive statistics by health variables
Variables N Mean SD Median Min Max
Family use health facilities (in times) in a year 101 8.1 4.0 8.0 2.0 25.0
Gestational weeks of pregnancy during first ANC visit 101 9.6 4.2 8.0 4.0 24.0
ANC visited in a government health facility during your 
pregnancy 101 2.9 3.1 2.0 0.0 11.0

ANC visited in a private health facility during your pregnancy 101 5.0 3.7 5.0 1.0 15.0
Total ANC visit during Pregnancy 101 7.9 2.7 8.0 2.0 15.0
Travel one way for ANC visit in minutes 101 54.4 43.3 45.0 5.0 240.0
Height of women in feet 101 5.1 0.3 5.2 4.1 5.6
weight of the mother in first visit 101 47.6 8.6 45.0 32.0 80.0
Weight during last visit Weight at last visit 101 61.5 9.8 60.0 42.0 93.0
Systolic BP During admission 101 118.8 11.8 120.0 90.0 160.0
Diastolic BP during admission 101 76.8 8.3 80.0 60.0 100.0
Hb checked (in times) 101 3.5 1.1 3.0 2.0 7.0
Current Hb% 101 11.6 1.4 11.7 8.1 14.5
Hb% last time 101 11.4 1.4 11.5 7.7 14.5
mother USG (in times) 101 4.0 1.3 4.0 1.0 8.0
Systolic BP ( within 30 minutes of delivery) 101 118.8 10.4 120.0 90.0 160.0
Diastolic BP( within 30 minutes of delivery) 101 77.8 8.0 80.0 60.0 100.0
Fatal heart rate during Admission 101 148.6 12.4 148.0 120.0 182.0
Gestational age at delivery 101 38.0 2.4 38.0 23.0 41.0
Blood loss after vaginal delivery within two hours (in ml) 51 275.5 115.1 250.0 150.0 600.0

Blood loss after C/S Delivery within one hour (in ml) 50 402.0 177.3 350.0 200.0 1050.0

Blood loss within 24 hours (in ml) 101 188.1 53.5 200.0 100.0 500.0

Foot Note: USG- ultra sonography, ANC visit-Antenatal care visit, BP- Blood Pressure, Hb%- Hemoglobin 
level, C/S delivery- Caesarean Section

times. The average gestational age of expecting 
women was 38 weeks (Table 1b).

The average number for utilization of health 
facilities was 8 times in a year. The average 
week of gestation for the first-time antenatal 
(ANC) visit of pregnant women was 9.6 weeks. 
The average total number of ANC visit was 
7.9 times, whereas maximum total number of 
antenatal (ANC) visits was 15 times. (Table 1b).

Complication previous pregnancy was 34.5%, 
while complication current pregnancy was 
53.5%. Mode of delivery previous pregnancy 
was 23.8% caesarean section, whereas 52.5% 
(C/S) delivery was current pregnancy. Normal 
delivery in previous pregnancy was 29.7%, 
while normal delivery in current pregnancy 
was 45.5%. Whereas, current pregnancy birth 
outcomes were 26.7% low birth weight and 2% 
stillbirth (Table 2).

Below 25 years of age pregnant women had 
post-partum hemorrhage which was 13.7%, 
mild anemia, 56.9%, preterm delivery 33.3%, 

neonatal jaundice 7.5%, and 9.8% blood 
transfusion. Whereas, 30 years age or above 
30 years age group pregnant woman 57.1% 
mild anemia, 14.3% preterm delivery, 14.3%, 
low birth weight, 21.4% neonatal jaundice and 
14.3% blood transfusion (Table 3).

Women’s total ANC visit of ≤3 times had 50% 
mild anemia and 50% preterm delivery. 
Women with more than 4th gravida was 50% 
mild anemic 50%, preterm delivery, 50% low 
birth weight and 37.5% neonatal physiological 
jaundice (Table 3).

The table 4 shows that, less <25 years age group 
women were high risk for anemia, preterm 
delivery, and low birth weight than age >25 
years age group women. Anemia, Preterm 
delivery and low birth weight were higher in 
women ≤4 times’ antenatal visit than antenatal 
visit more than 5 times. Anemia was 2.01 times, 
preterm delivery was 3.77 times and low birth 
weight was 4.53 times higher in women who 
were more than 1st gravida. (Table 4)
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Table 2: Distribution of immediate adverse pregnancy outcome by previous and current pregnancy

Background characteristics
Previous Current

% n % n

Eclampsia

Primi 43 42.6 * *
Yes 0 0.0 2 2.0
No 58 57.4 99 98.0

Preeclampsia
Primi 43 42.6 * *
Yes 2 2.0 6 5.9
No 56 55.4 95 94.1

Prolonged labour
Primi 43 42.6 * *
Yes 2 2.0 4 4.0
No 56 55.4 97 96.0

PPH
Primi 43 42.6
Yes 6 5.9 6 5.9
No 52 51.5 95 94.1

PROM
Primi 43 42.6 * *
Yes 8 7.9 O O
No 50 49.5 93 92.1

IUGR
Primi 43 42.6 * *
Yes 2 2.0 6 5.9
No 56 55.4 95 94.1

Hemorrhage Primi 43 42.6 * *
Yes 1 1.0 1 1.0
No 57 56.4 100 99.0

Breech presentation Primi 43 42.6 * *
Yes 5 5.0 6 5.9
No 53 52.5 95 94.1

Complication detected 
during Pregnancy

Primi 43 42.6 * *
Yes 35 34.7 53 52.5
No 23 22.8 48 47.5

Cord round the neck Primi 43 42.6 * *
Yes 18 17.8 6 5.9
No 40 39.6 95 94.1

Meconium Stain Primi 43 42.6 * *
Yes 8 7.9 11 10.9
No 50 49.5 90 89.1

Oligohydramnios Primi 43 42.6 * *
Yes 15 14.9 9 8.9
No 43 42.6 92 91.1

Polyhohydraminos Primi 43 42.6
Yes 5 5.0 4 4.0
No 53 52.5 97 96.0

Mode of delivery Primi 42 41.6 * *
Emergency C/S 24 23.8 52 52.5
Normal delivery 30 29.7 46 45.5
Vacuum delivery 1 1.0 3 3.0
Forceps delivery 0 0.0 0.0 0.0
C/S delivery 2 times 4 4.0 0.0 0.0
C/S delivery more than 2 Times 0.0 0.0 0.0 0.0
Elective C/S 1 1 1 1.0

Birth outcome Primi 42 41.6 * *
Normal alive 41 40.6 73 72.3
Congenital abnormal 2 2.0 0 0.0
Low birth weight 12 11.9 27 26.7
Stillbirth 2 2.0 1 1.0
Abortion 15 15.0 O O

Note : P r i m i  women ( *), no abortion d u r i n g  current pregnancy- O , IUGR- Intra Uterine Growth Retardation, 
PROM- Premature Rupture of Membrane, PPH- Postpartum Haemorrhage



243NMCJ

Table 3: Distribution of outcomes (PPH, preterm delivery, low birth weight, jaundice, blood 
transfusion and Hb% count Mild Moderate, severe and Normal

Background characteristics
PPH %

Hb%
Preterm 

Delivery %
Low Birth 

Weight
Jaundice 

%
Blood 

Transfusion %Mild Normal

Age
< 25 Years 13.7 56.9 43.1 33.3 31.4 7.8 9.8
25-29 Years 2.8 47.2 52.8 27.8 25 25 8.3
30+ Years 0 57.1 42.9 14.3 14.3 21.4 14.3

Labor started
Spontaneous 4 64 36 28 26 20 6
Augmented 16.1 45.2 54.8 22.6 19.4 9.7 19.4
No 5 40 60 40 40 15 5

Travel for ANC

<20 6.7 53.3 46.7 20 20 6.7 6.7
20-59 5.3 52.6 47.4 34.2 26.3 15.8 15.8
60-99 12.1 51.5 48.5 30.3 21.2 15.2 3
100+ 6.7 60 40 20 46.7 26.7 13.3

Total ANC Visit

<=3 0 50 50 50 0 0 0

4-10 8 53.4 46.6 28.4 27.3 14.8 10.2
11+ 11.1 55.6 44.4 22.2 33.3 33.3 11.1

Gravida
1 11.9 50 50 33.3 33.3 19 7.1
2-3 5.9 56.9 43.1 21.6 17.6 9.8 13.7
4+ 0 50 50 50 50 37.5 0

Monthly family 
income

<20000 13 60.9 39.1 30.4 26.1 21.7 17.4
20000-40000 4.8 52.4 47.6 35.7 28.6 9.5 7.1
40001+ 8.3 50 50 19.4 25 19.4 8.3

Residence
Urban 6.3 56.3 43.8 21.9 21.9 21.9 9.4
Semi urban 15.8 42.1 57.9 26.3 26.3 15.8 10.5
Rural 6 56 44 34 30 12 10

Education of 
Woman

Illiterate 0 100 0 100 100 0 0
Primary 0 100 0 0 0 100 0
Secondary 7 53.5 46.5 30.2 32.6 16.3 9.3
PUC 5.1 53.8 46.2 25.6 20.5 12.8 15.4
Graduation 23.1 46.2 53.8 15.4 15.4 15.4 0
Post-
Graduation 0 50 50 75 50 25 0

Dietary habit Thrice a day 8.1 53.5 46.5 29.3 27.3 16.2 9.1
4+ times a day 0 50 50 0 0 0 50

current Hb% Mild 7.4 100 0 31.5 24.1 22.2 16.7
Normal 8.5 0 100 25.5 29.8 8.5 2.1

Foot Note: PPH- Post Partum Hemorrhage, PD (Preterm Delivery), LBW- Low Birth Weight, NPJ-Neonatal 
physiological Jaundice, BT- Blood Transfusion, PT- Public Transportation, ANC visit – antenatal care visit, 
DM- Diabetes mellitus, HTN- Hypertension

Anemia was 1.62 times, preterm delivery 
was 5.27 times and low birth weight was 
1.27 times higher in women who were from 
rural than urban residence. The women 
who had received iron tablets was at low 
risk of anemia, preterm delivery and low 
birth than women who had not received iron 
tablets. The risk of anemia was 3.58 times 
and preterm delivery was 1.34 times higher 
in women who had not attended health 
education provided by health professional 
during antenatal visit than mother who had 
attended health education provided by the 
health professional. (Table 4)

Table 5 shows that, neonatal jaundice in 25-29 
years age group women’s newborn was 10.48 
times higher than in <25 years age group. Blood 
transfusion was 64% increase risk in above 
30 years age group women. While, neonatal 
physiological jaundice was 7.65 times higher in 
more than 4th gravida than 2-3 gravida.  Neonatal 
physiological jaundice was higher in women 
whose family income was Rs <20000 per month 
than above Rs.20000 per month. (Table 5).

Neonatal physiological jaundice was 2.43 times 
higher in women with PUC education than 
secondary level education women. Neonatal 
jaundice was higher in women with the problem 
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Table 3: Distribution of outcomes (PPH, Anemia, preterm delivery, low birth weight, jaundice, 
and blood transfusion and Hb% count Mild Moderate, severe and Normal

Background characteristics PPH % 
Mild

Hb (%)
PD (%) LBW 

(%) NJ (%) BT (%)
Normal

No of TT inj

Admitted from

One 9.8 53.7 46.3 22 29.3 14.6 12.2

Two 6.7 53.3 46.7 33.3 25 16.7 8.3

Received iron

tablet

Yes 8.4 53.7 46.3 29.5 26.3 14.7 9.5

No 0 50 50 16.7 33.3 33.3 16.7

Received 
vitamins and

calcium

Yes 8.5 54.3 45.7 29.8 25.5 14.9 9.6

No 0 42.9 57.1 14.3 42.9 28.6 14.3

Health education 
by health

professional

Yes 7.1 50 50 28.6 31.4 18.6 11.4

No 9.7 61.3 38.7 29 16.1 9.7 6.5

Mode of 
transportation 
during your ANC 
visit

Walking 0 66.7 33.3 50 50 16.7 16.7
Motorbike 7.7 50 50 30.8 23.1 11.5 15.4
PT 6 52 48 24 30 16 8
Private car 15.8 57.9 42.1 31.6 15.8 21.1 5.3

HTN
Yes 0 50 50 50 50 50 0
No 8.2 53.6 46.4 27.8 25.8 14.4 10.3

DM
Yes 0 100 0 0 0 100 0
No 8 53 47 29 27 15 10

Heart disease
Yes 0 66.7 33.3 0 66.7 33.3 0
No 8.2 53.1 46.9 29.6 25.5 15.3 10.2

Infectious

disease

Yes 0 100 0 0 0 0 0

No 8 53 47 29 27 16 10

Hypothyroidism
Yes 14.3 57.1 42.9 42.9 28.6 14.3 14.3
No 7.4 53.2 46.8 27.7 26.6 16 9.6

Kidney disease
Yes 0 50 50 50 50 100 0
No 8.1 53.5 46.5 28.3 26.3 14.1 10.1

Most of visit 
during sick?

Private 
Hospital 12.1 51.5 48.5 27.3 24.2 21.2 6.1

Government 
Hospital 4.5 52.3 47.7 29.5 25 9.1 9.1

Both Hospitals 8.3 58.3 41.7 29.2 33.3 20.8 16.7
Total 7.9 53.5 46.5 28.7 26.7 15.8 9.9

of hypertension than women without problem 
of hypertension. Likewise neonatal jaundice 
was higher    in women without attend heath 
education provided by the health professional 
during antenatal visit than mother who 
attended antenatal health education (Table 5).

Neonatal jaundice was 3.72 times higher in 
women who used public transportation during 

antenatal care visit than women who walked 
during antenatal care visit. Neonatal jaundice 
was 13.23 times higher in women without 
problem of hypothyroidism than women with 
problem of hypothyroidism. While, neonatal 
jaundice was 2.11 times higher in women 
who had used to visit both health facilities 
(government and public) than only private 
health facilities during sick. (Table 5).
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4+ 1.89 (0.25, 14.54) 3.77 (0.35, 40.62) 4.53 (0.52, 39.57)

Monthly family income
<20000 1 1 1
20000-40000 1.96 (0.45, 8.58) 1.25 (0.26, 6.05) 2.18 (0.42,11.18)
40001+ 0.91 (0.18, 4.54) 0.29 (0.05, 1.89) 2.98 (0.47, 19.01)

Residence
Urban 1 1 1
Semi-urban 1.17 (0.22, 6.32) 1.81 (0.24, 13.56) 0.54 (0.07, 4.37)
Rural 1.62 (0.4, 6.51) 5.27 (0.88, 31.77) 1.27 (0.25, 6.6)

Women Education
Secondary or less 1 1 1
PUC 0.54 (0.18, 1.66) 0.78 (0.22, 2.83) 0.58 (0.15, 2.22)
Graduate and above 0.67 (0.13, 3.48) 0.94 (0.15, 6.03) 0.56 (0.08, 4.12)

HTN
Yes 1 1 1
No 0.98 (0.05, 18.23) 0.18 (0, 7.84) 2.13 (0.07, 61.86)

TT injection
Yes 1 1 1
No 1.2 (0.36, 4.09) 2.07 (0.53, 8.12) 0.5 (0.13, 2.01)

Received iron tablet
Yes 1 1 1
No 0.65 (0.07, 6.5) 0.07 (0, 1.39) 0.3 (0.02, 5.66)

Health education

Received

Yes 1 1 1

No 3.58 (1.08, 11.8) 1.34 (0.36,5.03) 0.39 (0.09, 1.67)

Mode of transportation 
during ANC visit

Walking 1 1 1
Motorbike 0.15 (0.01, 1.81) 0.15 (0.01, 2.26) 0.1 (0.01, 1.63)
Public transportation 0.18 (0.02, 1.8) 0.06 (0, 0.88) 0.22 (0.02, 3.12)
Private car 0.76 (0.06, 9.1) 0.3 (0.02, 4.88) 0.06 (0, 1.19)

Heart disease
Yes 1 1 1
No 0.1 (0, 2.32) 0.06 (0, 2.32)

Hypothyroidism
Yes 1 1 1
No 0.65 (0.09, 4.71) 0.27 (0.03, 2.39) 0.7 (0.07, 7.01)

Table 4: Multiple binary logistic registration output for socio-demographic, obstetric, and medical 
factors associated with immediate adverse pregnancy conclusions, Karnataka, 2022

Background characteristics (95% C.I.)
Anemia Preterm Delivery Low birthweight

 (95% C.I.)  (95% C.I.)

Age

<25 1 1 1
25-29 0.74 (0.23, 2.38) 0.37 (0.09, 1.5) 0.48 (0.12, 1.9)
30+ 0.69 (0.14, 3.35) 0.26 (0.03, 2.54) 0.19 (0.02, 1.9)

Labor started

Spontaneous 1 1 1
Augmented 0.23 (0.06, 0.82) 0.62 (0.14, 2.77) 1.02 (0.23, 4.5)

No 0.28 (0.06, 1.28) 2.52 (0.47, 13.62) 1.67 (0.3, 9.29)

Travel for ANC

<60 Min 1 1 1

60+ Min 1.53 (0.48, 4.89) 0.89 (0.23, 3.39) 1.58 (0.35, 7.1)

Total ANC Visit
<=4 1 1 1
5+ 1.32 (0.26, 6.65) 0.34 (0.05, 2.21) 0.86 (0.11, 6.78)

Gravida
1 1 1 1
2-3. 2.01 (0.58, 6.9) 0.91 (0.23, 3.61) 0.3 (0.07, 1.31)

Kidney disease
Yes 1 1 1
No 1.32 (0.03, 54.18) 0.34 (0.01, 21.32) 0.04 (0, 2.23)

Most of visit during sick
Private Hospital 1 1 1
Government Hospital 0.72 (0.21, 2.52) 0.46 (0.09, 2.2) 1.58 (0.34, 7.43)
Both Hospitals 1.43 (0.32, 6.42) 0.61 (0.11, 3.54) 2.56 (0.46, 14.25)
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Table 5: Multiple binary logistic regression output for socio-demographic, obstetric and medical 
factors associated with immediate adverse pregnancy outcomes, Karnataka, 2022

Background characteristics OR (95% C.I.)
Neonatal physiological Jaundice Blood Transfusion

OR (95% C.I.)

Age
<25 1 1
25-29 10.48 (1.09, 98.1) 0.65 (0.08, 5.11)
30+ 6.39 (0.5, 81.96) 1.64 (0.11, 23.81)

Labour started
Spontaneous
Augmented 0.25 (0.03, 2.34) 5.8 (0.51, 65.93)
No 0.43 (0.02, 9.27) 1.41 (0.06, 32.26)

Travel for ANC
<60 Min
60+ Min 6.69 (0.67, 67.03) 0.34 (0.05, 2.27)

Total ANC Visit
<=4 1 1
5+ 0.5 (0.02, 12.87)

Gravida
1 1 1
2-3. 0.28 (0.03, 2.64) 2.07 (0.21, 20.17)
4+ 7.65 (0.36, 163.47)

Monthly family 
income

<20000 1 1
20000-40000 0.32 (0.02, 4.3) 0.16 (0.01, 2.25)
40001+ 0.57 (0.04, 8.37) 0.63 (0.03, 13.4)

Residence Urban
Semi-urban 0.31 (0.02, 6.5) 0.14 (0.01, 3.45)
Rural 0.31 (0.03, 3.13) 0.47 (0.03, 6.99)

Women Education

Secondary or less 1 1
PUC 2.43 (0.24, 24.35) 2.68 (0.34, 21.35)

Graduate and above 0.99 (0.05, 20.02)

HTN
Yes 1 1

No 0.9 (0.01, 135.97)

TT injection
No
Yes 0.62 (0.09, 4.46) 0.45 (0.05, 4.03)

Received iron tablet
No 1 1
Yes 0.89 (0.03, 31.05) 3.72 (0.17, 80.21)

Health education 
Received

Yes 1 1

No 0.12 (0.01, 2.03) 0.19 (0.02, 2.25)

Mode of 
transportation during 
ANC visit

Walking 1 1

Motorbike 0.39 (0.01, 20.48) 10.11 (0.2, 524.25)

Public transportation 3.72 (0.08, 173.54) 3.65 (0.09, 148.13)

Private car 1.71 (0.04, 72.18) 1.03 (0.02, 61.46)

Heart disease
Yes 1 1
No 0.59 (0, 89.6)

Hypothyroidis m
Yes 1 1

No 13.23 (0.09, 1927.78) 0.86 (0.03, 23.8)

Kidney disease
Yes 1 1
No

Most of visit during 
sick

Private Hospital 1 1

Government Hospital 0.41 (0.06, 2.89) 1.09 (0.07, 17.93)

Both Hospitals 2.11 (0.18, 25.24) 1.53 (0.06, 36.79)
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Discussion
The adverse pregnancy outcomes comprise 
preterm birth, stillbirth, and low birth weight1,11. 
In planned pregnancies, complications are 
few and outcomes are generally auspicious 
for maternal and newborns in developed 
countries4,12. However, in low- income countries, 
chances of adverse pregnancy outcomes are 
more frequent. Therefore, this study was aimed 
to measure the determinants of immediate 
adverse pregnancy outcomes in Karnataka, 
India. Postpartum hemorrhage was 7.9%, low 
birth weight 26.7%, preterm delivery 28.7%, 
anemia 53.5%, neonatal physiological jaundice 
15.8% and blood transfusion 9.9%. Whereas, 
12% premature birth, 8% low birth weight and       
3% have major congenital abnormalities.13,14

This study also revealed that, preterm delivery 
(28.7%) was higher than a previous study 
which was done in Gondar University Hospital, 
Northwest Ethiopia (17.1%).15Similarly, this 
finding was higher than reports from South 
West Ethiopia (22.5%), and nearly similar in 
West Bengal (28.8%). Preterm delivery was 
similar to Ethiopian Demographic Health 
Survey (EDHS) 2011, which was (28%).16-18

In this study augmented labor and blood 
transfusion was found to be significant 
factor for anemia and preterm delivery was 
significantly associated with using the mode of 
transportation during ANC visit. Other studies 
found that, adverse pregnancy outcomes were 
significantly associated with previous obstetric 
history and adverse birth outcomes.19-21

Socioeconomic factors, maternal education, 
residence and family monthly income were 
associated with preterm delivery. Other studies 
indicates that, socioeconomic factors, maternal 
education, residence, monthly household 
income had a significant association with 
preterm delivery.22-25 This study shows that, 
illness during pregnancy was associated with 
poor pregnancy outcomes. However previous 
study had illness during pregnancy which was 
significantly associated with poor pregnancy 
outcomes. This finding was consistent with a 
similar study done in Kenya24. Furthermore, 
this study disclose that, anemic mothers had 
a higher chance to deliver low birth weight 
neonates, consistent with a study.25 In this study 
gravida, residence, number of antenatal visits, 
utilization of health facilities, TT vaccination, 
dietary pattern, distance of health facilities, 
previous pregnancy complications, current 
medical illness, previous obstetric/ abortion 
history, and anemia are determines factors of 
current pregnancy outcomes. Whereas a similar 

study ‘Determinants of adverse pregnancy 
outcomes’ was done in Jimma university’s 
specialized hospital.1

In conclusion, determinants of immediate 
adverse pregnancy outcomes were; 7.9% post-
partum hemorrhage, 26.7% low birth weight 
28.7%, preterm delivery 53.5% anemia, 15.8% 
neonatal physiological jaundice and 9.9% blood 
transfusion. Whereas, determinants factors 
which affected immediate adverse pregnancy 
outcomes were; socioeconomic, demographic, 
previous obstetric history, and chronic illness, 
which were associated with anemia, preterm 
delivery, low birth weight, neonatal jaundice, 
postpartum hemorrhage, and blood transfusion. 
Augmented labor and blood transfusion were 
found significant factor for anemia, whereas 
use of mode of transportation during antenatal 
visit was found to be significant factor for 
preterm delivery.
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A battery where it should not be
Anil S. Harugop, Mansi A. R. Venkatramanan, Lakshmi Goswami, S. Puneeth Nayak

Abstract:

The shiny and attractive nature of objects such as button batteries or coins draws children toward 
them. It is vital to correctly identify such foreign bodies and promptly remove them without causing 
any fragmentation or damage as that may cause the electrolyte within the battery to leak and further 
corrode the mucosa. Here, we present the case of a 5‑year‑old girl referred from a community hospital 
with a foreign object in the nose and how it was managed in a timely and successful manner.
Keywords:

Alkali, battery, button, foreign body, nasal cavity

Introduction

Small objects such as button batteries, 
seeds, small stones, coins, and pieces of 

food particles are becoming common objects 
that children place in their nose/ears. Nasal 
cavity foreign bodies are usually unnoticed 
unless the patient develops symptoms such 
as pain or foul‑smelling discharge. Button 
batteries pose several risks such as tissue 
damage due to spontaneous electrolyte 
leakage, corrosive effects, pressure necrosis, 
and electric burns due to electric currents 
generated.

Case Report

A 5‑year‑old girl child presented with 
complaints of pain in the nose for 6 h. Her 
parents suspected that she put some small 
objects into her nose while playing with 
her friends in the morning. The pain was 
insidious in onset, gradually progressive, 
continuous, and nonradiating type. The 
patient was otherwise normal and achieved 
all developmental milestones. They initially 
took the child to a community hospital 
where an X‑ray of the nose, lateral view was 
done and a round radiopaque foreign object 
was seen in the left nasal cavity [Figure 1]. 

She was then rushed to our hospital for 
further management and foreign body 
removal. On examination, a shiny, metallic 
foreign body was identified in the left nasal 
cavity between the middle turbinate and the 
septum. The mucosa of the left nasal cavity 
was congested with mucoid discharge 
present. There was tenderness on palpating 
the dorsum of the left side of the nose. She 
was immediately admitted and taken up 
for foreign body removal under IV sedation 
in an operative setup. Under endoscopic 
visualization, a shiny metal object was 
visualized that most likely was a button 
battery, lodged between the septum and 
the middle turbinate of the left nasal cavity 
[Figure 2] that was successfully removed 
[Figure 3]. There was no bleeding, and the 
child tolerated the procedure well. A nasal 
pack was placed for a few hours and was 
removed. She was kept for observation 
for 24 h where she was given intravenous 
antibiotics to prevent any possible infection. 
She was discharged after a day and was told 
to follow up after a week.

Discussion

Children are curious in nature and want to 
experiment with the environment around 
them. They commonly put small objects 
such as small beads, button batteries, small 
rocks, beans, cotton from earbuds, coins, 
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etc., into their nose, ears or may swallow it or sometimes 
worse, aspirate it. Viji et al. stressed about how child 
care providers need to be informed of the hazard of 

these button batteries and about the prevention of such 
incidents. Hence it is important in creating awareness 
about the hazards associated with battery exposure 
among parents is vital and prevention is the most 
effective treatment strategy in such cases.[1] The first 
reported case of a button battery foreign body was in 1977 
and involved a child who swallowed a camera battery 
which lodged in the proximal esophagus.[2,3] Mechanisms 
of injury by these batteries to the mucosa have been 
proposed by Litovitz (1986):[4] (1) spontaneous electrolyte 
leakage, with liquefaction necrosis and cumulative tissue 
damage; (2) corrosive effects of mercury oxide after 
leakage; (3) pressure necrosis from the impacted foreign 
body; (4) electric current generation causing electric burn; 
and (5) there is some evidence that the use of saline nasal 
drops or vasoconstrictors may provide electrolytes[4] that 
produce chlorine gas and sodium hydroxide resulting 
in further necrosis.[5] Hence, the use of such drops must 
be strictly avoided. Foreign bodies lodged into natural 
orifices of the head and neck are commonly encountered 
in ENT clinic and in the emergency room, and most of 
these cases belong to the pediatric age group. Taking 
a detailed history and doing a quick and thorough 
physical examination is very important. Active ENT 
intervention such as taking up for operative procedure 
or debridement must be decided promptly. In this case 
report, we focused on a button battery in the nose of a 
toddler of acute onset and how it was quickly intervened 
and the child was saved from serious complications. 
Dane et al. in a similar study emphasized the serious 
orbital and otologic complications in a case where a 
button battery was lodged in the nose.[5]

A case series by Zanetta et al. stressed about how button 
batteries deserve particular interest due to the severity 
and precocity of the injuries they cause such as septal 
perforation.[6] Button cell causing septal perforation in a 
child was a case report by Bhatia et al. that emphasized 
the hazards of button battery impaction and the value 
of early diagnosis and treatment to prevent serious 
complications.[7] It is important to create awareness 
among parents about the hazards associated with battery 
exposure and stress on the fact that prevention is the most 
effective treatment strategy in such cases.[8]

Conclusion

The shiny and attractive nature of objects such as button 
batteries draws children toward them. An important 
differential diagnosis to button batteries is coins that 
children commonly put into the nose. The use of 
decongestants with the foreign body in situ poses a risk for 
further complications such as necrosis from electrolytes 
in the foreign body slipping further deep into the nasal 
cavity making their removal even more difficult or worse 
and slipping into the nasopharynx from where it may 

Figure 1: A round radiopaque object (shown by the red arrow) in the anterior part 

of the nasal cavity seen in X-ray

Figure 2: Endoscopic view of the left nasal cavity showing a metallic object (shown 

by the red arrow) lodged between the septum (s) and MT. MT: Middle turbinate

Figure 3: The foreign body – button battery was removed in toto as shown

[Downloaded free from http://www.ijournalhs.org on Saturday, September 24, 2022, IP: 241.189.11.143]
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be aspirated or ingested. It is vital to correctly identify 
such foreign bodies and promptly remove them  without 
causing any fragmentation or damage to the button 
battery since that may cause the electrolyte within it to 
leak and further complicate the condition.
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Abstract: Poor infant young child feeding (IYCF) practices result in malnutrition, poor psychosocial
development, poor school performance and less productivity in later life, thereby perpetuating a
vicious cycle. The current study aims to characterize the IYCF practices during the first year of life in
a maternal–child birth cohort (DHANI) in Belagavi, Karnataka, India. We collected data from the
dyad at birth, 6 and 12 months postpartum. We examined dietary diversity among these infants at
12 months using WHO criteria. A total of 902 live births were recorded, and 878 mother–child pairs
completed the 12-month follow up. The overall prevalence of early (within 1 h of delivery) initiation
of breastfeeding (EIBF) was 77.9%, and that of exclusive breastfeeding (EBF) at 6 months was 52.4%.
At 12 months, most (90%) infants were breastfed, while 39% also received formula. The large majority
(94.4%) of infants met minimum meal frequency (MMF), but only 55% of infants were receiving a
minimum acceptable diet (MAD). The mean dietary diversity (DD) score was 4.7 ± 1.1. Only 21.9% of
infants consumed egg and/or flesh food. A large proportion (33.8%) of infants received no vegetables
and/or fruits till 12 months of age. Consumption of sweet beverage was 4.8%, but consumption of
ultra-processed foods high in trans-fats, sugars and salt was high (85.8%). High-quality, sustainable
and scalable interventions to enhance knowledge and support positive behaviour change for adopting
and implementing better IYCF practices may be urgently needed in low- and middle-income group
settings to improve diet diversity and overall nutritional intake amongst young children.

Keywords: infant young child feeding practices; diet diversity; anthropometry; complementary
foods; South India; breastfeeding

1. Introduction

Undernutrition is responsible for about 45% of deaths among children under 5 y
worldwide, being an important etiological factor that increases vulnerability to diarrhea,
malaria and pneumonia [1]. Poor infant and young child feeding (IYCF) practices, espe-
cially during the first thousand days (birth to 2 years old), result in malnutrition, poor
psychosocial development, poor school performance and less productivity in later life,
thereby setting up a vicious cycle [2]. An analysis showed that appropriate breastfeeding
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and complementary feeding practices could alone prevent under-five deaths by 19% [3].
Although improvements have been made, dietary quality remains suboptimal for infants
and young children globally and has not improved much in the last decade [4]. In urban
and rural regions, respectively, only about 39% and 23% of children under 5 years of age
receive a minimally diversified diet [4].

The World Health Organization/United Nations Children’s Emergency Fund (WHO/
UNICEF) has operationalized IYCF guidelines [5,6]; the core recommendations include
early (within one hour of birth) initiation of breastfeeding (EIBF), exclusive breastfeeding
for the first six months (EBF), continued breastfeeding for up to two years (CBF) and the
introduction of nutritious and safe complementary food at six months of age. It is extremely
important to ensure a Minimum Acceptable Diet (MAD), which is defined as a diet having
Minimum Dietary Diversity (MDD) and Minimum Meal Frequency (MMF) [5]. MDD is an
indicator of micronutrient density, whereas MMF reflects the adequacy of energy intake.
Recently, the WHO and UNICEF have introduced additional indicators, including whether
the child was ever breastfed, was exclusively breastfed for the first two days, received mixed
milk feeding under six months, consumed egg and/or flesh food, consumed no vegetable
or fruits, consumed sweet beverage or consumed foods considered unhealthy [5,6]. The
WHO/UNICEF’s Global breastfeeding scorecard is also another advocacy tool to call for
improving, monitoring and tracking robust action in the breastfeeding efforts by each
country. This again highlights the significance of investing in better IYCF practices to
positively shape children’s growth and development.

In India, the burden of both childhood undernutrition and overnutrition are increasing
along with multiple micronutrient deficiencies, also known as “hidden hunger” [4,7,8]. The
National Family Health Survey-4 (NFHS-4; 2015-16) data show that the all-India prevalence
of EIBF was 41.6% and EBF was 54.9%. Less than half (42.7%) of children aged 6–8 months
were receiving solid or semi-solid food along with breastfeeding, and only 9.6% of children
aged 6–23 months were receiving an adequate diet [9]. The Comprehensive National
Nutrition Survey (CNNS) of 2016–2018 [10] has reported similar data. The prevalence of
EIBF was 57% of children under 2 years, 58% of infants were exclusively breastfed and
83% of children received continued breastfeeding at one year old. The timely introduction
of complementary food was 53%. MDD, MMF and MAD were achieved by only 42%,
21% and 6% of children aged 6–23 months. However, since most of the studies conducted
have been cross-sectional in nature and longitudinal data are scanty, high-quality studies
highlighting the regional variation in IYCF and understanding specific reasons or attributes
to inform and strengthen practices are urgently warranted.

In the current study, we characterize the breastfeeding patterns and IYCF practices at
6 and 12 months in a longitudinal follow-up of a maternal–child birth cohort in Belagavi,
Karnataka, India [11]. We also examine the dietary diversity among these infants at
12 months. The association among maternal sociodemographic factors, health conditions
and breastfeeding and child’s dietary diversity have also been examined in the paper. The
findings may inform local governance, plan required interventions and help strengthen
gaps where applicable.

2. Methods

Women were participants in a double-blind, parallel-group, randomized, placebo-
controlled trial consisting of 957 pregnant women aged 18–35 years from ≤20 weeks
gestation through 6 months postpartum with 400 mg/d algal-derived Docosahexaenoic
Acid (DHA) or placebo, referred to as the DHANI trial for short [11]. The first mother was
enrolled on the 6th Jan 2016 and the last one on the 31st Aug 2017. The mother–infant dyads
were followed from recruitment (less than equal to 20 weeks gestation) through 12 months
of age, and the data collection ended in April 2019. Ethical clearances for the DHANI study
were obtained from the Institutional Ethics Committee, Jawaharlal Nehru Medical College
(JNMC), Public Health Foundation of India (No: TRC-IEC-261/15.1), and the Centre for
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Chronic Disease Control (CCDC). The trial is registered on both ClinicalTrials.gov (Identifier
NCT03072277) and Ctri.nic.in (Identifier CTRI/2017/08/009296).

2.1. Data Collection

Data on the pregnant women’s socio-demographic and health profile (age, education,
occupation, household income, family size and structure, parity, obstetric history, etc.),
anthropometric measurements (height, weight, mid-upper arm circumference) and dietary
intake were recorded at baseline. The delivery details such as type of delivery, child
anthropometry, hospitalization, etc., were also collected. The method collection details
have already been published elsewhere [11]. In short, trained personnel interviewed
pregnant women (at≤20 weeks of gestation) and noted their socio-demographic details and
anthropometry. Information on breastfeeding and complementary feeding was collected
from the mother at 1, 6 and 12 months postpartum by trained research personnel. Specific
information on colostrum, pre-lacteal feeding, reasons for not breastfeeding (as applicable),
continued breastfeeding, etc., were gathered using questionnaires. At 12 months, a Food
Frequency Questionnaire (FFQ) indicative of the food groups consumed by the infant
over the past 6 months was completed. Food groups covered in the Food Frequency
Questionnaire are provided in Supplement Materials Box S1. A 24 h dietary recall for
the infant was also administered at 12 months. Both these tools were validated during
piloting [11]. Data were coded and assigned to the following categories: breast milk, grains,
roots, tubers and plantains, pulses (beans, peas, lentils), nuts and seeds, dairy products
(milk, infant formula, yogurt, cheese), flesh foods (meat, fish, poultry, organ meat), eggs,
vitamin-A-rich fruits and vegetables and other fruits and vegetables.

2.2. Derived Variables

We computed the set of WHO IYCF indicators, including EIBF: early initiation of
breastfeeding within 1 h of birth; EBF: exclusive breastfeeding for the first 6 months; CF: ini-
tiation of complementary feeding at 6 months; CBF: continued breastfeeding at 12 months,
attainment of MDD, MMF and MAD, attainment of MMFF: minimum milk feeding fre-
quency for non-breastfed children, EFF: egg and/or flesh food consumption, SwB: sweet
beverage consumption, UFC: unhealthy food consumption, ZVF: zero vegetables or fruit
consumption and BoF: bottle feeding at 12 months [6]. The definitions of each are provided
in Supplement Materials Box S2. The 24 h dietary recall data were used for calculating
the dietary diversity scores. If a food group was consumed, a score of ‘1′ was assigned,
and if not, a score of ‘0′ was assigned. The total scores were summed up to obtain the diet
diversity (DD) scores for each infant.

2.3. Statistical Analysis

Continuous variables were reported as mean (standard deviation), and categorical
variables were reported as number (percent). Bivariable association of EBF with mother’s
demographic and child characteristics was performed using the chi-square test for categori-
cal variables and t-test for continuous variables. The log binomial regression was used to
determine the strength of association of EBF with mothers’ age, education, parity, type of
delivery and hospitalisation of a child reported at 1 month, 6 months or 12 months. The
unadjusted and adjusted relative risk with a 95% confidence interval (CI) was reported.
The model was adjusted for the mother’s age, education, income, parity, type of hospital
delivery and hospitalisation of the child reported at 1 month, 6 months or 12 months.

The difference in mean child weight, height and head circumference at 6 and 12 months
by EBF was assessed using a t-test. The mean difference with a 95% confidence interval was
reported. Multiple linear regression was used to determine the association of child anthro-
pometrics, i.e., birth weight, height and waist circumference, as the outcome variable and
exclusive breastfeeding as the exposure variable. We reported the β coefficient adjusting for
each of the factors, i.e., mother’s age, mother’s education, household income, mother’s BMI,
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parity, delivery type and treatment group (the intervention group had received 400 mg
DHA/d from enrolment, i.e., less than 20 weeks gestation to 6 months postpartum).

We assessed the association of the DD score with the mother’s age, education, income,
parity, type of delivery and breastfeeding exlusivity. The mean difference between DD
score with mothers’ age, education, income, parity and type of delivery was assessed using
a one-way analysis of variance and t-test.

All statistical analysis was carried out using Stata 16.0 (MP) version.

3. Results

There were 902 live births of 957 randomized women. Baseline characteristics of mothers are
presented in Table 1. The CONSORT diagram is provided as Supplementary Materials Figure S1.
The mean age of the mothers was 23.5 (3.6) years, and the gestational age at enrolment
was 15.0 weeks. Most had completed high school (78.9%) and were homemakers (76.1%).
There were 902 singleton births, of whom 477 (53%) were males. The infant’s median birth
weight, length and head circumference of the infant were 2740.0 g, 47.2 cm and 34.0 cm,
respectively. The median APGAR score at 1 min and 5 min was 7.0 and 8.0, respectively.

Table 1. Mother and Child characteristics.

Mother n = 902 n (%)

Mother’s age (years), mean (SD) 23.5 (3.6)

Gestation age (week), median (IQR) 15.0 (12.0, 18.0)

Parity

Multiparous 469 (52.0)

Nulliparous 433 (48.0)

Education

College graduate and above 163 (18.1)

High school/Secondary 712 (78.9)

Up to primary 27 (3.0)

Employment Status

Working 216 (23.9)

Homemakers 686 (76.1)

Household income per month (INR)

<10,000 (USD 133.46) 216 (23.9)

10,001 (USD 133.47)–20,000 (USD 266.91) 249 (27.6)

>20,000 (USD 266.91) 108 (12.0)

Don’t Know 21 (2.3)

Vegetarian (self-reported) 152 (16.9)

Height (cm), mean (SD) 153.9 (5.6)

Weight (kg), mean (SD) 48.9 (8.8)

BMI (kg/m2), mean (SD) 20.6 (3.6)

Mid-arm circumference (mm), mean (SD) 24.3 (3.1)

Haemoglobin, mean (SD) 11.1 (1.3)

Gestation age at delivery (Weeks), median (IQR) * 39.0 (38.0, 40.0)

Preterm (Gestation age < 37 weeks) 61 (6.8)



Int. J. Environ. Res. Public Health 2022, 19, 5088 5 of 12

Table 1. Cont.

Mother n = 902 n (%)

Children n = 902 Live singleton births

Male sex 477 (52.9)

Birth weight (grams), median (IQR) 2740.0 (2500.0, 3011.0) (n = 880)

Birth length (cm), median (IQR) 47.2 (46.1, 48.5) (n = 823)

Head circumference (cm), median (IQR) 34.0 (33.0, 34.5) (n = 823)

Apgar score at 1 min, median (IQR) 7.0 (6.0, 7.0) (n = 748)

Apgar score at 5 min, median (IQR) 8.0 (8.0, 8.0) (n = 751)
* n = 880.

3.1. Early Breastfeeding Practices (at Birth)

Among the 902 women who delivered a live child, 703 (77.9%) reported initiating
breastfeeding within 1 h. The data are provided in Table 2. The most frequently reported
reasons for the delay in the initiation of breastfeeding were that breastmilk could not be
expressed within the first hour (4.2%), and there was a delay in shifting the mother to the
maternity ward after delivery (7.7%).

Table 2. Feeding Practices.

Feeding Practices n = 902
n (%)

Early initiation of Breastfeeding (within 1 h)
Not available

703 (77.9)
32 (3.5)

Reason for delay of Early initiation of breastfeeding (n = 167)
Breastmilk was not expressed within 1 h of birth
Mother was shifted to the ward after 1 h of delivery
After delivery, baby was shifted to NICU
Others *
Reason not available

38 (4.2)
63 (6.9)
29 (3.2)
31 (3.5)
6 (0.8)

Colostrum fed to the baby 859 (95.2)

Baby given pre-lacteal feed 77 (8.5)

Kind of pre-lacteal feed (n = 77)
Cow’s Milk
Dates
Ghutti
Gripe Water
Honey
Sugar Water
Warm Water
Water
Not available

1 (1.3)
1 (1.3)
1 (1.3)
1 (1.3)
35 (45.5)
31 (40.3)
1 (1.3)
1 (1.3)
5 (6.5)

Mode of feeding prior to hospital discharge
Exclusive Breast Milk
Mixed Feeding
Exclusive formula feeding
Expressed milk
Any other
Not available

843 (93.5)
9 (1.0)
11 (1.2)
1 (0.1)
1 (0.1)
37 (4.1)

* Baby was handed to the mother after 1 h of delivery; baby was not able to suck; mother was unconscious; mother
was having medical complication; religious ritual.

The colostrum was fed to 859 (95.2%) infants. A total of 77 (8.5%) children were
reported to receive pre-lacteals. Honey was provided to 3.9% of infants, and sugar water
was provided to 3.4% of the infants as pre-lacteal feed.

Prior to discharge, 843 (93.5%) children were exclusively breastfed, with 1% of the
mothers providing mixed feeding and another 1.4% providing exclusive formula feed-
ing/expressed milk.
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3.2. Feeding in the First Month and Complementary Feeding Practices at Six Months

About 774 (85.8%) children were reported to be exclusively breastfed at one month,
and 427 (47.3%) continued this exclusive breastfeeding till six months. In total, 321 (35.6%)
infants were introduced complementary foods during their sixth month. About 9.3%
(n = 84) of mothers reported giving one complementary feed per day; 18% (n = 160) said
they provided it twice; and the rest provided three or more times per day. The median age
for introducing complementary feed was 5.5 months, and the frequency of complementary
feed was reported as either once, twice a day or more than three times at 9.3%, 17.7% and
8.6%, respectively. The reported consistency of the complementary foods ranged between
thin and medium. About 88.8% of the mothers reported practicing responsive feeding
at 6 months. Finally, 71 mothers reported providing bottle-feeding at 6 months. IYCF
indicators at 12 months are provided in Figure 1.
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Figure 1. IYCF Indicators at 12 months. CBF: Continued breast feeding; MDD: Minimum Dietary
Diversity; MMF: Minimum Meal Frequency; MAD: Minimum Acceptable Diet; MMFF: Minimum
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SwB: Sweet Beverage Consumption; UFC: Unhealthy Food Consumption; ZVF: Zero Vegetable or
Fruit Consumption; BoF: Bottle Feeding.

3.3. Feeding Practices at Twelve Months

Breastfeeding was being continued for 90% of infants at 12 months. The proportion
of infants meeting MMF and MDD was 94.4% and 57.4%, respectively. Further, only 55%
infants were receiving a MAD. The mean DD score was 4.7 ± 1.1. Around 93% of non-
breastfed infants achieved MMFF. Only 21.9% of infants consumed egg and/or flesh food.
A large proportion (33.8%) did not consume vegetable and/or fruits. The consumption of
sweet beverages was low (4.8%) but very high (85.8%) for ultra-processed foods high in
trans fats, sugars and salt. Prevalence of bottle feeding at 12 months was 33.6%.

3.4. Association of Exclusive Breastfeeding at 6 Months with Maternal and Infant Characteristics

Mothers with secondary education were more likely to breastfeed at 6 months than
those who were less educated (56.4% vs. 47.0%, p-value = 0.006). The mothers who had
normal delivery were more likely to exclusively breastfed compared to those who had
caesarean deliveries (67.4% vs. 58.0%, p-value = 0.005). Infants who were exclusively
breastfed at 6 months were also less likely to be hospitalized when compared to those who
were not exclusively breastfed (7.3% vs. 11.3%, p-value = 0.044). Detailed data are provided
in Table 3.
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Table 3. Association of exclusive breastfeeding at 6 months with mother and child characteristics.

Mother and Child Characteristics

Exclusive Breastfed at 6 Month

Yes No p-Value Relative Risk (95% CI)

427 417 Unadjusted Adjusted * Adjusted **

Mother’s characteristics
Mother’s age
18–20 197 97 (49.2) 90 (45.7) 0.51 1.0 1.0 1.0
21–25 461 218 (47.3) 209 (45.3) 0.98 (0.83, 1.16) 1.00 (0.84, 1.21) 1.00 (0.83, 1.21)
26–30 208 97 (46.6) 98 (47.1) 0.96 (0.79, 1.17) 1.00 (0.81, 1.25) 1.01 (0.81, 1.26)
31–35 38 15 (41.7) 20 (55.6) 0.83 (0.55, 1.24) 0.90 (0.56, 1.3) 0.84 (0.55, 1.28)
Mother’s education
≤Secondary 467 241 (51.6) 196 (42) 0.006 1.21 (1.05, 1.38) 1.15 (1.00, 1.32) 1.16 (1.01, 1.33)
Senior Secondary or Professional 435 186 (42.8) 221 (50.8) 1.0 1.0 1.0

Monthly Income (INR)
<10,000 524 251 (47.9) 238 (45.4) 0.61 1.0 1.0 1.0
10,000–20,000 249 112 (45) 123 (49.4) 0.93 (0.79, 1.09) 0.95 (0.81, 1.11) 0.95 (0.82, 1.11)
>20,000 108 52 (48.1) 48 (44.4) 1.01 (0.82, 1.25) 1.20 (0.97, 1.48) 1.22 (0.99, 1.51)
BMI (kg/m2), mean (SD) 20.3 (3.2) (n = 427) 21.1 (3.9) (n = 417) 0.002 0.97 (0.95, 0.99) 0.97 (0.95, 0.99) 0.97 (0.95, 0.99)
Parity (no. of live children)

Multiparous 469 239 (51) 202 (43.1) 0.029 1.16 (1.01, 1.33) 1.21 (1.05, 1.41) 1.23 (1.06, 1.43)
Nulliparous 433 188 (43.4) 215 (49.7) 1.0 1.0 1.0

Type of Delivery
Vaginal normal/instrument 551 288 (52.3) 242 (43.9) 0.005 1.23 (1.06, 1.42) 1.17 (1.01, 1.37) 1.18 (1.01, 1.37)
Caesarean 329 139 (42.2) 175 (53.2) 1.0 1.0 1.0

Child characteristics
Hospitalisation at 1, 6 or 12 months

Yes 21 6 (28.6) 13 (61.9) 0.044 0.62 (0.32, 1.2) 0.60 (0.31, 1.15) 0.59 (0.30, 1.16)
No 874 421 (48.2) 404 (46.2) 1.0 1.0 1.0

* adjusted only for the treatment group. ** values reported adjusted for each factor and treatment group.
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3.5. Association of Exclusive Breastfeeding at 6 Months with Child Weight, Height and Head
Circumference at 6 and 12 Months

There were no significant differences in child anthropometry (weight, height, and
head circumference) when comparing exclusively breastfed infants to those who were not
exclusively breastfed at 6 or 12 months of age. The detailed data are provided in Table 4.

Table 4. Association of exclusively breastfeeding at 6 months with child weight, height and head
circumference at 6 and 12 months.

Exclusive Breastfed at 6 Months
p-Value Difference

(95% CI)
β Coefficient *

(95% CI)Yes No

Weight (grams) at 6 months, mean (SD) 6956.5 (854.7) 6882.2 (911.3) 0.22 74.2
(−45.1,193.6)

91.8
(−29.9,213.5)

Height (cm) at 6 months, mean (SD) 64.6 (2.8) 64.7 (2.9) 0.74 −0.07
(−0.46,0.32) 0.004 (−0.39,0.4)

Head Circumference (cm) at 6 months,
mean (SD) 42.0 (1.4) 42.1 (1.4) 0.19 −0.13

(−0.31,0.06)
−0.07

(−0.26,0.12)
Weight (grams) at 12 months,
mean (SD) 8415.1 (1022.4) 8392.7 (1024.1) 0.75 22.4

(−116.3,161.1)
56.5

(−83.2,196.2)

Height (cm) at 12 months, mean (SD) 72.2 (3.0) 72.4 (3.3) 0.44 −0.17
(−0.59,0.26)

−0.074
(−0.51,0.36)

Head Circumference(cm) at 12 months,
mean (SD) 44.6 (1.3) 44.6 (1.4) 0.30 −0.10

(−0.28,0.09)
−0.04

(−0.23,0.14)

Difference calculated as those who exclusively breastfed at 6 months minus those who did not breastfeed.
* Adjusted for the treatment group, mother age, mother education, household income, mother BMI, parity and
delivery type.

3.6. Association of Diet Diversity (DD) Score with the Mother’s Characteristics

The mean DD score was 4.66 (1.15). DD score was higher among infants in households
with monthly income ≥ INR 20,000 as compared to households with incomes in the range
of INR 10,000–20,000 and those with household monthly income < INR 10,000 (4.93 (1.17)
vs. 4.76 (1.09) vs. 4.55 (1.16), respectively, p-value = 0.002). The detailed data are provided
in Table 5.

Table 5. Association of the Diet Diversity (DD) score with the mother’s characteristics.

DD p-Value

n mean (SD)
Overall 878 4.66 (1.15)
Mother’s age, years 0.335
18–20 193 4.53 (1.13)
21–25 448 4.68 (1.18)
26–30 202 4.73 (1.10)
31–35 35 4.71 (1.15)
Mother’s education
≤Secondary 427 4.62 (1.14) 0.218
Senior Secondary or Professional 451 4.71 (1.16)

Monthly Income (INR)
<10,000 507 4.55 (1.16) 0.002
10,000–20,000 244 4.76 (1.09)
>20,000 106 4.93 (1.17)
Parity (no. of live children)

Multiparous 455 4.65 (1.13) 0.655
Nulliparous 423 4.68 (1.17)

Type of Delivery
Vaginal normal/instrument 537 4.68 (1.15) 0.414
Caesarean 319 4.61 (1.15)

Exclusive breastfed
Yes 425 4.65 (1.15) 0.803
No 414 4.67 (1.16)
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4. Discussion

Our analysis of IYCF practices among mother–infant dyads in the DHANI cohort in
Belagavi, Karnataka, showed that the overall prevalence for early initiation of breastfeeding
(EIBF) within 1 h was 77.9% and that of exclusive breastfeeding (EBF) at 6 months was
52.4%. In another study from Belagavi, 65.9% of mothers reported EBF [12]. A similar
study from Wardha, Central India, reported lower percentages of EIBF (41.6%) and EBF
(36.6%) [13]. In the capital city of India, these percentages were reported to be even lower
(EIBF, 38.8%; EBF, 30.6%) [14]. Only 61% of children under 6 months are exclusively
breastfed as per the NFHS-5 (2021) report [15]. In the current study, 33.6% of mothers
reported bottle-feeding by 12 months, which is significantly higher than that reported in
another study from a similar setting (3.2% bottle-fed) [12]. The global weighted prevalence
for 57 LMICs (2010–2018) is around 51.9% for early initiation of breastfeeding, 45.7% for
exclusive breastfeeding till 6 months and 83.1% for continued breastfeeding at 1 year [16].

Given that prelacteal meals can cause delays in breastfeeding initiation, as well as
hinder the appropriate setup and future success of breastfeeding [17], in our study, only
8.5% of babies were given prelacteal feed, and honey and sugar water were mostly given.
This was largely reported due to traditional practices followed by the family. We also
found a significant positive association between the mother’s education and EBF till 6
months. A study in Uganda found no association between maternal education and IYCF
practices [18]. On the contrary, in Ethiopia, the maternal education status of primary school
has been identified as one of the independent predictors of IYCF practices [19]. A review of
trends of IYCF in 81 LMICs from 2000–2019 showed a significant increase in early initiation
and exclusive breastfeeding across all education categories. This increase has been more
pronounced for early breastfeeding and exclusive breastfeeding among women with no
formal education and in higher educated women, respectively [20]. In our study too,
maternal education positively influenced EBF practice. In addition, household income
also emerged as a significant variable that influenced EBF. Other studies also confirm
this association.

According to NFHS-5, less than half (45%) of children in Karnataka receive breastmilk
and complementary foods at the age of 6–8 months [21]. Infants who were exclusively
breastfed in our study till 6 months of age had a mean bodyweight of 6.9 kg and 8 kg at
6 and 12 months, respectively. The infants who were not exclusively breastfed had mean
weights of 6.8 kgs and 8.3 kgs at 6 and 12 months, respectively. In the US, infants who were
breastfed till 6 months of age had lower fat-free mass, and greater trunk fat mass and body
fat percent than in formula-fed infants at 6 months of age [22]. Whether this association
holds in Indian children is not known.

In this present study, 33.8% were not fed any vegetables or fruits till about 12 months
of age. A majority of infants (85.8%) were also fed at least some ‘unhealthy’ foods. A low
proportion of infants met the MDD, defined as consumption of foods from five or more food
groups. Another study from Delhi noted that 32.6% of infants aged 6–23 months met their
MDD [23]. This was lower than that reported in the present study (57.4% at 12 months).
Infants who consume foods 3–4 times per day are considered to meet the MMF indicator.
Our study shows 94.4% MMF, which is more than another study from Karnataka reporting
82.8% MMF [24]. NFHS-5 in Karnataka reported 12.8% MAD in 12–17 months, which is
significantly lower than our findings of 55% MAD at 12 months of age [15]. Secondary
analysis of NFHS-4 data has also found that as low as 10% of children in the 6–23-month
age group consume a MAD, and this trend has remained the same for a decade [25]. A
study in Ethiopia found that 17% and 72.2% of children aged 6–23 months consumed diets
that met the criteria for MDD and MMF, respectively [26]. A study on diet quality of infants
aged 6–23 months in 42 LMICs has revealed that wealthier households introduce more
diverse foods at earlier ages [27]. Furthermore, a recent study reported that only 21.3%,
56.2% and 10.1% of the 80 LMICs with data on IYCF had prevalence levels above 50% for
MDD, MMF and MAD among children aged 6–23 months, respectively [28].
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A systematic review on interventions in LMICs has revealed that breastfeeding ed-
ucation interventions can improve the rates of early initiation of breastfeeding by 20%,
exclusive breastfeeding (EBF) at 3 months by 102% and EBF at 6 months by 53%. Ad-
ditionally, when these interventions are led by healthcare professionals, they are more
effective [29]. Other interventions that can help promote breastfeeding amongst working
women include having crèches at the workplace and flexible working hours and creating
public awareness of the dangers of bottle and formula feeding [30].

The results of the present study must be interpreted in light of some limitations.
This study was conducted in one community in southern India and may have limited
generalizability. Although we used pre-piloted tools and established a good rapport with
the enrolled participants (as indicated by high rates of retention and follow-up), the quality
of diet data can be influenced by the mother’s recall and social desirability bias. The
mother–infant dyads in the DHANI cohort were followed up only till 12 months as per the
parent study plan and available funds. The information on the exact measure of ingredients
for all the commonly consumed dishes was not available. However, all efforts to capture
food groups and frequencies were rigorously carried out by trained staff.

5. Conclusions

It can be concluded that in our cohort from Belagavi in South India, compliance with
three IYCF recommendations, i.e., the early initiation of breastfeeding within one hour of
birth, exclusive breastfeeding for first six months and the introduction of complementary
foods at the age of six months is sub-optimal. Our findings show that poor IYCF practices
were continued (poor diet diversity, minimum acceptable diet, consumption of high fat,
salt and sugary foods, etc.) through the first year of the child’s life. This could be because of
poor awareness or lower education of the women regarding IYCF practices. It could also be
that the health care workers were not emphasizing or offering sustained support on correct
IYCF practices. Most of the women enrolled in the present study were first-time mothers
and thus may lack appropriate experience and knowledge of infant feeding. Improvement
in IYCF practices necessitates support from multiple stakeholders, including health care
workers, family members and friends, peer educators, etc. Community-level campaigns
should be organized so as to create mass level awareness amongst the caretakers. Mother
and family should be motivated, encouraged, educated and supported regarding proper
infant feeding practices so as to sustain and maintain infant health. Appropriate nutritional
practices, especially during their first 1000 days (conception to two years), play a pivotal
role in determining optimal health and development of children.
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Abstract 

Background: Iron‑deficiency anemia is a known risk factor for several adverse perinatal outcomes, but data on its 
impact on specific maternal morbidities is less robust. Further, information on associations between anemia in early 
pregnancy and subsequent outcomes are understudied.

Methods: The study population was derived from the Community Level Interventions for Pre‑eclampsia (CLIP) trial in 
Karnataka State, India (NCT01911494). Included were women who were enrolled in either trial arm, delivered by trial 
end date, and had a baseline measure of hemoglobin (Hb). Anemia was classified by WHO standards into four groups: 
none (Hb ≥ 11 g/dL), mild (10.0 g/dL ≤ Hb < 11.0 g/dL), moderate (7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/
dL). Targeted maximum likelihood estimation was used to estimate confounder‑adjusted associations between 
anemia and a composite (and its components) of adverse maternal outcomes, including pregnancy hypertension. 
E‑values were calculated to assess robustness to unmeasured confounding.

Results: Of 11,370 women included, 10,066 (88.5%) had anemia, that was mild (3690, 32.5%), moderate (6023, 53.0%), 
or severe (68, 0.6%). Almost all women (> 99%) reported taking iron supplements during pregnancy. Blood transfu‑
sions was more often administered to those with anemia that was mild (risk ratio [RR] 2.16, 95% confidence interval 
[CI] 1.31–3.56), moderate (RR 2.37, 95% CI 1.56–3.59), and severe (RR 5.70, 95% CI 3.00–10.85). No significant associa‑
tion was evident between anemia severity and haemorrhage (antepartum or postpartum) or sepsis, but there was a 
U‑shaped association between anemia severity and pregnancy hypertension and pre‑eclampsia specifically, with the 
lowest risk seen among those with mild or moderate anemia.

Conclusion: In Karnataka State, India, current management strategies for mild‑moderate anemia in early pregnancy 
are associated with similar rates of adverse maternal or perinatal outcomes, and a lower risk of pregnancy hyperten‑
sion and preeclampsia, compared with no anemia in early pregnancy. Future research should focus on risk mitigation 
for women with severe anemia, and the potential effect of iron supplementation for women with normal Hb in early 
pregnancy.
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Introduction
Anemia in pregnancy is a global health concern with 

the burden falling on low- and middle-income countries 

(LMIC) in Africa and Southeast Asia, with rates more 

than twice as high as in high-income settings [1–4]. Iron 

deficiency is the most common cause of anemia in preg-

nancy; other causes include deficiency of B12 or folic 

acid, thalassemias, intrinsic red blood cell disorders, bac-

terial and parasitic infections [1]. In India specifically, 

although the prevalence of anemia during pregnancy has 

been decreasing as of 2018, rates remain high [2, 5].

Maternal anemia has well established connections with 

adverse neonatal outcomes such as low birth weight, 

small for gestational age and premature delivery [6–9]. 

Further, recent evidence from diverse LMIC settings 

found maternal deaths to be nearly twice as high in indi-

viduals with severe anemia [10]. There are also published 

data linking anemia with pre-eclampsia, puerperal sepsis, 

ante-partum hemorrhage (APH), and post-partum hem-

orrhage [11–15]. These studies have well-documented 

limitations, and their remains a need for high-quality 

prospective data to further understanding of the associa-

tions between severity of anemia and adverse maternal 

outcomes [10, 16]. Furthermore, although iron supple-

mentation has been shown to have protective effects of 

maternal anemia (at delivery) and low birthweight, there 

is little evidence for its impact on other adverse preg-

nancy outcomes [17–19].

Using data from over 10,000 pregnancies in the Com-

munity Level Interventions for Pre-Eclampsia (CLIP) 

trial in Karnataka State, India [20] these analyses measure 

the prevalence of anemia and iron supplementation and 

assess the impact of anemia severity in early pregnancy 

on adverse maternal outcomes including need for blood 

transfusion, ante-partum hemorrhage, and hypertension.

Methods
This was an unplanned secondary analysis using data 

from the CLIP India trial [20] with the goal of estimat-

ing the effect of early pregnancy anemia on maternal and 

perinatal outcomes in a population with high rates of 

iron supplementation.

CLIP India trial

The CLIP India trial was a prospective, cluster rand-

omized control trial that took place in 12 clusters in 

Belagavi and Bagalkote districts, rural Karnataka. The 

units of randomization were primary health care cent-

ers and were chosen by the site teams based on a variety 

of feasibility and logistical considerations. Four clusters 

(two per arm) were included in a pilot phase from Feb-

ruary  1st, 2014 to October  31st, 2014. These four clusters 

were then joined by the additional eight for a two-year 

definitive phase from November  1st, 2014 to October 

 31st, 2016.

Participants were married pregnant women (ages 

15–49) who provided written informed consent for data 

collection. In both the intervention and control clus-

ters, data was obtained via household and facility-based 

surveys. These surveys were conducted by community 

health care workers and research staff to collect socio-

demographic characteristics, care seeking behaviours, 

maternal outcomes and neonatal outcomes. Data was 

collected at three time points, (i) as soon as possible 

after enrolment after pregnancy confirmation (focus on 

obstetric and medical and previous pregnancy history), 

(ii) as soon as possible after delivery (focus on care seek-

ing, delivery information and pregnancy outcome for 

current pregnancy), and (iii) within 42 days postpartum 

(confirmation and update of pregnancy outcome). Data 

collection was done through the Maternal and Newborn 

Health (MNH) registry system [21].

Women in the intervention clusters received addi-

tional ‘CLIP visits’ during both the antenatal and postna-

tal periods. These visits were conducted by community 

health care workers and were guided by the PIERS on 

the Move (POM) mobile health technology risk stratifi-

cation tool [22]. Depending on blood pressure measure 

and other risk factors, POM provided recommendations 

around need to 1) continue routine care, 2) seek non-

emergent care (within 24  h) or 3) seek emergency care 

(immediately). Further, in cases with high blood pressure 

(> 160/110) or preeclampsia, oral methyldopa (750  mg) 

or intramuscular magnesium sulphate (10 g) was admin-

istered, respectively. The intervention clusters also had 

community engagement sessions for women and other 

community members to promote knowledge about risks 

and symptoms of pregnancy hypertension.

Inclusion and exclusion criteria

The inclusion criteria for the analyses were women who 

had delivered by the end of the trial (October  31st, 2016) 

with a hemoglobin measurement at trial enrolment.

Exposure, outcomes and confounders

Hemoglobin level was collected at trial enrolment, 

which for the majority of women was during the first 

trimester. Hemoglobin was assessed using Sahli’s 

Keywords: Anemia in pregnancy, Hypertension, Global health
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method. Maternal anemia was defined as hemoglobin 

(Hb) < 11  g/dl and severity was further subdivided 

based on World Health Organization (WHO) stand-

ards into: mild (10.0  g/dL ≤ Hb < 11.0  g/dL), moderate 

(7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/dL).

We analyzed several maternal outcomes. First, we 

looked at those that have been commonly associated 

with anemia, including blood transfusion, antepartum 

hemorrhage, maternal sepsis, and postpartum hem-

orrhage. Outcomes were self-reported and clinically 

adjudicated by a group of (non-treating) physicians for 

accuracy as part of the CLIP trial [20]. The only excep-

tion was postpartum hemorrhage, which was collected 

within the MNH registry, which is based on treating 

physician diagnosis. Second, we assessed pregnancy 

hypertension (defined as systolic blood pressure ≥ 140 

and/or diastolic blood pressure ≥ 90). Blood pressure 

data were only available on women in the intervention 

arm, so analyses of hypertension were restricted to this 

group. Data were collected during POM visits using 

standardised methods and a semi-automated, preg-

nancy-validated digital device (Microlife BP 3AS1-2) 

[23]. In addition to defining hypertension based strictly 

from POM measurements, we also used a previously 

published definition (for this data) to combine infor-

mation from POM and hypertension reported in trial 

surveillance data sources to assess an expanded ver-

sion of hypertension, as well as pre-eclampsia [24]. Pre-

eclampsia was defined as gestational hypertension with 

proteinuria or 1 or more relevant end-organ complica-

tions [24].

Secondary outcomes included severe perinatal out-

comes including perinatal death, stillbirth, early and 

late neonatal death, neonatal morbidity, and a compos-

ite of these outcomes.

Possible confounders were identified based on expert 

knowledge and possible relationship between anemia 

and adverse outcomes [25] (Figure  S1). These include 

trial arm, cluster, maternal age, nulliparity, body-mass-

index (measured at enrolment), maternal and husband 

basic education (as measure of socioeconomic status), 

gestational age at booking (as a measure of access to 

care), religion (as a possible proxy for vegetarian diet), 

and twin pregnancy.

Information on iron supplementation was only col-

lected postpartum, and timing of initiation was not 

ascertained. We did not adjust for iron supplementa-

tion as it occurred after exposure and therefore may be 

on the causal pathway between exposure and outcome. 

Furthermore, almost all women (> 99%) who deliv-

ered reported taking supplementation, but timing and 

adherence were not available.

Statistical analysis

The rates of women with no, mild, moderate, and severe 

anemia were estimated. Demographic and clinical out-

comes were stratified across anemic groups and summa-

rized as counts and percentages for categorical variables 

and medians and IQR for continuous variables. For each 

anemic group, iron supplementation rates were com-

pared between women with miscarriages and MTP 

and those whose pregnancies ended in live or stillbirth. 

Women with medically terminated pregnancies or mis-

carriages were excluded from analysis of maternal and 

perinatal outcomes.

We used Targeted Maximum Likelihood Estima-

tion (TMLE) to estimate risk ratios and risk  differences 

between non-anemic women and women with mild and 

moderate anemia on our primary outcomes of interest 

[26]. TMLE has the advantage over traditional regres-

sion (e.g., logistic) models in that it combines a propen-

sity score model for the exposure (anemia) and a model 

for the outcome and if either of these models is correctly 

specified the estimate of association is unbiased; this is 

known as a doubly robust estimator [27]. Further, TMLE 

allows one to use nonparametric algorithms which do not 

make modeling assumptions (e.g., linearity, no interac-

tion etc.) that are common in standard regression mod-

els. In these analyses we used an ensemble (i.e., ‘stacking’) 

of prediction algorithms. These included standard regres-

sion models both with and without interactions, gen-

eralized additive models, mean outcome models and 

tree-based algorithms. These  models were used in both 

the exposure and outcome models. All results are pre-

sented with 95% confidence intervals estimated via the 

delta method and were adjusted for the clustered nature 

of the trial data via previously published methods [28].

To assess possible dose–response relationship between 

hemoglobin level and adverse outcomes we included 

baseline hemoglobin as a continuous variable in mixed 

effects logistic regression models to estimate adjusted 

(for all above confounders) dose–response curves. We 

used restricted cubic splines with 3 degrees of freedom to 

allow for non-linearity in the hemoglobin/outcome rela-

tionship and plotted marginal risk curves for each out-

come. Due to software limitations, TMLE is not available 

for continuous exposures.

We used E-values to assess the strength of an unmeas-

ured confounder (such as dietary or nutritional intake) 

between baseline hemoglobin and adverse outcomes (on 

the risk ratio scale) that would be needed to explain away 

our results [29]. These were applied to all points esti-

mates and lower bounds of the 95% confidence intervals 

when these values were > 1.0.

All perinatal outcomes were analyzed similarly to the 

above. All data analysis was conducted using R statistical 
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software version 4.0.3 [30] TMLE was conducted using 

the drtmle package. Following guidance from the Ameri-

can Statistical Association and current practice in leading 

epidemiological journals, no null-hypothesis significance 

tests were performed [31].

Results
A total of 14,783 pregnancies were enrolled in the trial. Of 

these, 13,017 (88.1%) had completed pregnancies within 

the trial period, and 11,370 delivered, while 1013 miscar-

ried and 629 had a medically terminated pregnancy and 5 

had unknown status. Among those who delivered, 11,085 

had a baseline hemoglobin value; 10,066 (88.5%) were 

anemic at enrolment with the majority having moder-

ate anemia (n = 6023, 59.8%) and only 68 (0.6%) having 

severe anemia. The distribution of hemoglobin levels was 

roughly bell-shaped, with observations mostly clustered 

between 8–12 g/dL (Fig. 1).

The majority of baseline characteristics were simi-

lar between those with varying levels of anemia. The 

only exceptions were parity and basic education (both 

maternal and husband), where anemic women were more 

likely to be parous and households with no anemia were 

more educated. Gestational age at delivery was similar in 

all groups (median of 39 weeks). There were decreasing 

rates of caesarean section with increasing anemia sever-

ity. Almost all (> 99%) delivered women were taking iron 

supplementation at time of delivery (Table  1). Women 

who miscarried or had medically terminated pregnancies 

had low rates of supplementation (25%, Table S2).

Maternal morbidity occurred in roughly 5% of included 

pregnancies and rates were increased in all anemic 

groups. The three most common morbidities were blood 

transfusion, APH and sepsis; other morbidities were rare. 

There were nine maternal deaths (5 in mildly anemic and 

4 in moderately anemic). Most women in the interven-

tion arm had blood pressure measurements and this was 

consistent across levels of anemia severity. Hypertension 

was documented in around 10% of pregnancies and was 

highest in women without anemia. Postpartum hemor-

rhage was documented in less than 1% of pregnancies 

(Table 2).

Fig. 1 Distribution of baseline hemoglobin levels. Red dashed lines indicate cut‑offs for (left to right) severe, moderate and mild anemia
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The confounder adjusted association between early 

pregnancy anemia and adverse outcomes is provided 

in Table  3. For blood transfusion, there was increas-

ing risk on both additive and multiplicative scales in all 

anemic groups compared to those with normal hemo-

globin levels at baseline. There were no observed differ-

ences in either APH or sepsis, but confidence intervals 

were wide and consistent with both large increases and 

decreases in risk between groups. Results for postpar-

tum hemorrhage were inconclusive in mild and moder-

ately anemic women. Severely anemic women showed 

increased risk, but this estimate was based on only 2 

events. Hypertension by both definitions was lower 

(compared to non-anemic) by between 20–25% in mild 

and moderately anemic women, comparisons of hyper-

tension for severely anemic women defined by POM 

had wide confidence intervals and were uncertain. For 

the expanded definition, women with severe anemia 

had lower risk than those with no anemia. Risk of pre-

eclampsia was reduced in mild and moderately anemic 

women by about 30% and was 37% higher in severely 

anemic women. For each of hypertension and pre-

eclampsia, estimates for severely anemic women were 

based on only 3 events.

Table 1 Demographics and pregnancy characteristics by anemia level

a  Asked at time of delivery

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal age 22.00 [20.00, 24.00] 22.00 [20.00, 25.00] 23.00 [20.00, 25.00] 23.00 [21.00, 26.00]

Parous 710 (54.5) 2306 (62.5) 3983 (66.1) 48 (70.6)

Maternal basic education 868 (66.6) 2197 (59.5) 3117 (51.8) 31 (45.6)

Husband basic education 884 (67.8) 2299 (62.3) 3362 (55.8) 37 (54.4)

Multiple pregnancy 12 (0.9) 35 (0.9) 49 (0.8) 1 (1.5)

Body-mass-index 19.95 [18.08, 22.20] 19.57 [17.80, 21.58] 19.11 [17.54, 21.00] 18.73 [17.34, 20.39]

Iron supplementation a 1290 (98.9) 3662 (99.2) 5969 (99.1) 68 (100.0)

Religion

 Hindu 1188 (91.1) 3335 (90.4) 5569 (92.5) 63 (92.6)

 Muslim 109 (8.4) 336 (9.1) 423 (7.0) 5 (7.4)

 Other 7 (0.5) 19 (0.5) 31 (0.5) 0 (0.0)

Gestational age at enrolment 11.14 [8.00, 15.86] 11.43 [8.43, 15.57] 11.57 [8.71, 16.00] 13.57 [9.57, 18.57]

Gestational age at delivery 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [36.75, 40.00]

Mode of delivery

 Vaginal 933 (71.5) 2760 (74.8) 4748 (78.8) 56 (82.4)

 Vaginal (assisted) 12 (0.9) 40 (1.1) 51 (0.8) 1 (1.5)

 Caesarian section 359 (27.5) 890 (24.1) 1224 (20.3) 11 (16.2)

Trial arm

 Intervention 705 (54.1) 2247 (60.1) 2814 (46.7) 32 (47.1)

 Control 599 (45.9) 1443 (39.1) 3209 (53.3) 36 (52.9)

Blood pressure measurement from POM 644 (49.4) 2032 (55.1) 2592 (43.0) 27 (39.7)

Table 2 Maternal mortality and morbidity by anemia level

a  Only available in women in intervention arm with antepartum blood pressure measurements and not included in composite outcomes

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal mortality 0 (0%) 5 (0.1%) 4 (0.1%) 0 (0%)

Blood transfusion 32 (2.5%) 151 (4.1%) 269 (4.5%) 8 (11.8%)

Antepartum hemorrhage 13 (1.0%) 47 (1.3%) 39 (0.6%) 1 (1.5%)

Sepsis 14 (1.1%) 46 (1.2%) 65 (1.1%) 0 (0%)

Postpartum hemorrhage 8 (0.6%) 25 (0.7%) 42 (0.7%) 2 (2.9%)

Hypertension (POM) a 80 (12.4%) 186 (9.2%) 223 (8.6%) 3 (11.1%)

Hypertension (expanded) a 136 (21.0%) 318 (15.6%) 378 (14.5%) 3 (11.1%)

Pre‑eclampsia a 57 (8.8%) 130 (6.4%) 157 (6.0%) 3 (11.1%)
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Table 3 Adjusted risk ratios and differences between women with no anemia and those with mild, moderate and severe

a  Estimates are adjusted for trial arm, maternal age, nulliparity, body-mass-index, gestational age at enrolment, maternal basic education, husband basic education, 

multiple pregnancy, and religion

bc  Size of association between unmeasured confounder and outcome needed to move the point estimate or lower bound of confidence interval to 1.0 (i.e., 

compatible with a null effect). Only displayed for those estimates where the lower confidence bound is > 1

def  Could not be reliably estimated due to small sample size

ghij  Only available for women in the intervention arm with blood pressure measurement

Unadjusted risk 
(%)

Risk difference % (95% CI) a Risk ratio (95% CI) a E-value point 
estimate ab

E-value 
lower 
bound ab

Blood transfusion

 None 2.5 Reference Reference ‑ ‑

 Mild 4.1 2.27 (1.29, 3.26) 2.16 (1.31, 3.56) 3.74 1.95

 Moderate 4.5 2.68 (1.77, 3.58) 2.37 (1.56, 3.59) 4.17 2.50

 Severe 11.8 9.20 (3.18, 15.23) 5.70 (3.00, 10.85) 10.9 5.45

Antepartum hemorrhage

 None 1.0 Reference Reference ‑ ‑

 Mild 1.3 0.22 (‑0.54, 0.97) 1.20 (0.63, 2.29) ‑ ‑

 Moderate 0.6 ‑0.39 (‑1.14, 0.36) 0.65 (0.30, 1.39) ‑ ‑

 Severe 1.5 NA abc NA abc ‑ ‑

Sepsis

 None 1.1 Reference Reference ‑ ‑

 Mild 1.2 0.01 (‑0.69, 0.70) 1.01 (0.62, 1.65) ‑ ‑

 Moderate 1.1 ‑0.23 (‑1.27, 0.82) 0.84 (0.36, 1.94) ‑ ‑

 Severe 0.0 NA abc NA abc ‑ ‑

Postpartum hemorrhage

 None 0.6 Reference Reference ‑ ‑

 Mild 0.7 0.15 (‑0.23, 0.54) 1.34 (0.60, 3.00) ‑ ‑

 Moderate 0.7 0.24 (‑0.13, 0.61) 1.53 (0.69, 3.40) ‑ ‑

 Severe 2.9 1.72 (‑0.89, 4.33) 4.82 (1.27, 18.3) 9.11 1.86

Hypertension (POM) abcd

 None 12.4 Reference Reference ‑ ‑

 Mild 9.2 ‑3.11 (‑4.15, ‑2.07) 0.75 (0.70, 0.80) 2.00 1.80

 Moderate 8.6 ‑3.62 (‑5.84, ‑1.39) 0.70 (0.58, 0.85) 2.21 1.63

 Severe 11.1 0.01 (‑7.12, 7.13) 1.00 (0.56, 1.79) ‑ ‑

Hypertension (expanded) abcd

 None 21.0 Reference Reference ‑ ‑

 Mild 15.6 ‑3.79 (‑5.48, ‑2.1) 0.80 (0.73, 0.88) 1.80 1.53

 Moderate 14.5 ‑4.35 (‑6.24, ‑2.47) 0.77 (0.70, 0.85) 1.63

 Severe 11.1 ‑7.72 (‑13.77, ‑1.66) 0.60 (0.34, 1.05) ‑ ‑

Pre-eclampsia abcd

 None 8.8 Reference Reference ‑ ‑

 Mild 6.4 ‑2.13 (‑5.14, 0.89) 0.75 (0.53, 1.07) ‑ ‑

 Moderate 6.0 ‑2.67 (‑4.98, ‑0.35) 0.69 (0.55, 0.86) 2.25 1.60

 Severe 11.1 3.20 (‑1.23, 7.63) 1.37 (1.01, 1.88) 2.08 1.11

Perinatal composite

 None 19.9 Reference Reference ‑ ‑

 Mild 17.5 ‑3.56 (‑8.19, 1.07) 0.82 (0.65, 1.04) ‑ ‑

 Moderate 16.6 ‑2.94 (‑7.38, 1.49) 0.85 (0.68, 1.07) ‑ ‑

 Severe 29.4 7.51 (‑3.37, 18.39) 1.37 (0.89, 2.11) ‑ ‑
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Estimated E-values indicated that an unmeasured con-

founder beyond those included in our models would 

need to increase the risk of anemia and hypertension by 

a minimum of 60–90% on the risk ratio scale to explain 

away the observed associations (E-values for lower confi-

dence bounds, Table 3).

Dose–response relationships between hemoglobin and 

risk showed roughly linear increasing rates of the compos-

ite primary outcome with decreasing hemoglobin; how-

ever, confidence intervals at lower hemoglobin values were 

wide due to few measurements. Blood transfusion followed 

a similar pattern, while sepsis, APH and PPH estimated 

risks were relatively flat. There was a U-shaped relationship 

between hemoglobin level and hypertension (both defini-

tions) and pre-eclampsia (Fig. 2). The inflection points for 

each of these outcomes was 10  g/dL. Estimated risks at 

each unit g/dL for each outcome are available in Table S3.

Adverse perinatal outcomes occurred in 20% of preg-

nancies with no anemia, 17% of pregnancies with mild 

or moderate anemia, and 29% of severely anemic preg-

nancies. Adjusted analyses for the relationship between 

anemia and perinatal death, stillbirth, early and late neo-

natal death and neonatal morbidity showed no consistent 

association as confidence intervals were too wide to draw 

meaningful inference (Table  S4). Dose response curves 

for perinatal outcomes showed higher risk at very low 

hemoglobin values for all outcomes. For the composite 

perinatal outcome rates were flat for mild/moderate lev-

els of anemia and declined for higher hemoglobin values; 

this was driven by neonatal morbidity as curves for peri-

natal death, stillbirth, and early and late neonatal deaths 

were mostly flat (Fig. 2 and S1).

Discussion
Summary of findings

Most women in the CLIP India trial had some form of 

anemia at the time of antenatal care booking, most com-

monly moderate and rarely, severe. Almost all women 

Fig. 2 Estimated dose–response curves between hemoglobin level and maternal outcomes. Dashed lines represent 95% confidence intervals. 
Risk is adjusted for trial arm, maternal age, nulliparity, body‑mass‑index, gestational age at enrolment, maternal basic education, husband basic 
education, multiple pregnancy and religion
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received iron supplementation by the time of delivery, 

regardless of baseline anemia, and in line with Indian 

guidelines for routine supplementation. In addition, just 

under 5% received blood transfusion, which was a greater 

number than those who experienced antepartum or post-

partum bleeding, Compared with a normal hemoglobin 

level, each of mild, moderate, and severe anemia more 

frequently prompted receipt of maternal blood transfu-

sion. Women with mild-moderate anemia had no excess 

of adverse pregnancy outcomes, including bleeding and 

sepsis, although women with severe anemia was associ-

ated with an increased risk of PPH. The findings were 

unlikely to be related to unmeasured confounders, par-

ticularly for severe anemia. However, we observed a 

‘U-shaped’ relationship between anemia severity and 

pregnancy hypertension, and pre-eclampsia specifically, 

with women with mild- or moderate anemia having sig-

nificantly lower rates.

Given the near 100% reported rate of iron supplemen-

tation in delivered women in this cohort, these data rep-

resent the estimated effect of early pregnancy anemia on 

outcomes in a population where public health efforts for 

supplementation in pregnancy have been successful.

Comparison with the literature

The prevalence of anemia in pregnancy in India is 

amongst the highest in the world. Estimates have varied 

from a substantial proportion to most women in preg-

nancy, as in our study. In South India, Vindhya et al. esti-

mated the prevalence of anemia in pregnant women to be 

33.9%, with 48.4% of cases being mild, 49.5% moderate, 

and 2.1% severe [5]. Other studies have reported even 

higher rates of maternal anemia in India, up to 88%, simi-

lar to our study [2, 5] that demonstrate higher than previ-

ously published data from Belgaum and Bagalkote [32].

Many studies in India and elsewhere have examined 

the impact of maternal anemia on perinatal outcomes, 

such as stillbirth, low birth weight, small for gestational 

age, and preterm birth [8, 9, 33–36]. Far fewer studies 

have examined the impact of maternal anemia on mater-

nal outcomes, even by systematic review of LMIC data [6, 

15]. One recent review found a 190% increase in the odds 

of blood transfusion in anemic women [37], but they did 

not stratify by severity of anemia, as in our study.

The relationship between anemia and anemia severity 

on gestational hypertension and pre-eclampsia has been 

mixed. A large cohort study from India and Pakistan 

(110,033 anemic women) found a U-shaped relationship 

in Indian women (RRs = 1.89 95% CI = 1.12 to 3.18) for 

severe anemia, but ~ 1.0 for mild/moderate) but not in 

Pakistani women (RR = 1.18, 95% CI = 0.81 to 1.73 for 

severe anemia) [15]. Another smaller study case–con-

trol from Sudan (606 anemic women) found increases 

in pre-eclampsia severe anemia (OR = 3.6, 95% CI = 1.4 

to 9.1), as well as possible increases with mild or mod-

erate (OR = 1.60, 95% CI = 0.80 to 3.40) [38]. In contrast, 

Jung et al.’s review of nine studies found little difference 

in pre-eclampsia among anemic women (OR = 1.15 95% 

CI = 0.80 to 1.64); however, they did observe a U-shaped 

dose–response relationship [37] similar to ours and to 

the Indian cohort referenced above [15]. Mechanisms for 

the relationship between higher hemoglobin values and 

pregnancy hypertension may include poor nutrient sup-

ply to the placenta due to increased blood thixotropy, 

and production of reactive oxygen species, together with 

increased iron [39]. On the other hand, there has been 

suggestion that increased corticotropin released hor-

mones associated with low hemoglobin may increase 

maternal and fetal stress, which can cause pregnancy 

hypertension [37, 40]. That said, published data on bio-

logical mechanisms are limited and further studies are 

needed to better understand this relationship.

It is clear that iron supplementation can increase 

hemoglobin values in pregnancy, but effectiveness is 

challenged by poor adherence, continuous access to iron 

tablets, use of doses lower than necessary, and oral (vs. 

parenteral) route of administration [41–43]. However, 

even when effective, the impact of anemia treatment on 

adverse maternal and perinatal outcomes remains uncer-

tain. The most recent Cochrane review found that few 

studies have assessed the impact of iron supplementation 

on APH, blood transfusion, sepsis, or pre-eclampsia, and 

most did not focus on anemia in early pregnancy [18]. 

Our findings suggest that current management strate-

gies for mild and moderate anemia are largely effective 

in reducing risk to that comparable to women with nor-

mal hemoglobin. However, more research is needed to 

understand the increased risk of hypertensive pregnancy 

in those with normal hemoglobin, and whether iron sup-

plementation is related.

Strengths and limitations

Our study has several strengths, including our large pro-

spective cohort, standardized collection of blood pres-

sure data using a device validated for use in pregnancy 

and pre-eclampsia, and detailed documentation of other 

pregnancy outcomes and possible confounders of the 

anemia-outcome relationship in a high-quality cluster 

randomized trial. Also, we report findings in the context 

of successful public health efforts to provide iron supple-

mentation to all pregnant women in India, where malaria 

is not endemic.

Our study also has some limitations. First, our sample 

size of severely anemic women was small, and therefore 

despite the large effect sizes, caution should be taken in 

the extrapolation of findings related to this group, as they 
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may be subject to sparse data bias. Conversely, just over 

11% of women had normal hemoglobin, and few had a 

hemoglobin above 15 g/dL to fully evaluate the U-shaped 

relationship between anemia and pregnancy hyperten-

sion. Second, we lacked data on the exact timing of initia-

tion of iron supplementation and associated adherence; 

stratification by such information may have provided 

further nuance to our findings. We found low rates of 

supplementation in miscarried or MTP pregnancies, 

which occur (by definition) before 20  weeks. Therefore, 

it is possible that most women began supplementation 

after this point. Third, we had no information on the 

reasons for transfusion, but in all groups, the number of 

women transfused exceeded those with clinical bleeding. 

Fourth, this is a secondary analysis of data from a clini-

cal trial with different primary objectives, so we did not 

measure hemoglobin levels throughout pregnancy, or 

collect information about potential dietary mechanisms. 

Although we did adjust for vegetarian diet, there are risks 

of residual confounding due to unmeasured differences 

(such as diet and nutrition) between anemic and non-

anemic women. Our E-values indicate that such variables 

would need to have strong effect above and beyond our 

adjustment to explain away the increased risk for severe 

anemia. For moderate and mild anemia’s relationship 

with hypertension, E-values were more moderate (1.5–

2.0), but still unlikely to explain away the U-shape. Finally, 

as all participants were prescribed iron supplementation, 

so we cannot comment on the relative benefits and risks 

of iron supplementation vs. no supplementation.

Conclusion
In a cohort of women with habitual anemia, who reported 

routine iron supplementation and infrequent blood trans-

fusion during pregnancy, mild-moderate anemia in early 

pregnancy (compared with normal Hb) is associated with 

similar pregnancy outcomes, but lower rates of pregnancy 

hypertension and pre-eclampsia. These findings suggest 

that new strategies should be developed for women with 

severe anemia in early pregnancy. Furthermore, routine 

iron supplementation for women with normal Hb in early 

pregnancy needs further exploration due to increased 

hypertension in a population with widely prevalent anemia.
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Introduction
Placenta accreta spectrum is characterized 
by abnormal placental adherence to the 
myometrium.[1] Depending on the depth 
of trophoblastic growth, it is classified 
into placenta accreta (villi attached to the 
myometrium), placenta increta (villi invading 
the myometrium), and placenta percreta (villi 
penetrate through the myometrium and 
to or through the serosa).[2] Although the 
presentation of a placenta accreta after a 
dilatation and curettage (D&C) procedure 
is extremely rare, it is clinically significant 
in that it can cause postevacuation profuse 
and prolonged bleeding, making clinical 
management difficult.[1] Furthermore, 
the retained trophoblastic tissue and an 
accompanying hematoma can get entrapped 
in the myometrium and mimic an unusual 
uterine mass lesion.[1]

This report describes a case of placenta 
increta that caused prolonged bleeding after 
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Abstract
Placenta accreta spectrum, is characterized by abnormal placental adherence to the myometrium. 
Depending on the depth of trophoblastic growth, it is classified into placenta accreta, placenta increta, 
and placenta percreta. This condition is associated with life‑threatening hemorrhage, resulting in 
high maternal and neonatal morbidity and mortality. Placenta accreta usually presents with vaginal 
bleeding during difficult placental removal in the third trimester. Placenta accreta spectrum is very 
rarely present in the first trimester. Severe forms may complicate first‑trimester pregnancy losses, 
causing profuse postcurettage hemorrhage. A 28‑year‑old lady with one living issue by cesarean 
section who had undergone a dilatation and curettage (D&C) 2 months ago for missed abortion, came 
with the complaints of prolonged vaginal bleeding following the procedure. On pelvic examination, 
the uterus was bulky, partly firm on one side, and soft on the other. Ultrasound examination revealed 
it to be a bicornuate uterus with retained products in one of the horns. Magnetic resonance imagining 
was suggestive of lateral cervical fibroid. Diagnostic laparoscopy revealed it to be a left lateral 
cervical mass. Total laparoscopic hysterectomy was performed. On histopathological examination, 
specimen revealed necrotic placenta infiltrating the endocervix and isthmus. Placenta accreta is a rare 
problem and difficult to diagnose in the first trimester. It can occur when there are risk factors or if 
there are ultrasound markers of the first trimester suspicious of the adherent placenta. A diagnosis 
of placenta accreta spectrum needs to be considered when there is post‑D&C prolonged or heavy 
vaginal bleeding.

Keywords: Cervical mass, first‑trimester miscarriage, placenta increta
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first‑trimester abortion, and was identified 
by magnetic resonance imagining (MRI) 
as a heterogeneous mass in the cervical 
region.

Case Report
A 28‑year‑old lady  with one living issue 
by cesarean section who had undergone a 
D&C 2 months ago for missed abortion, 
came with the complaints of prolonged 
vaginal bleeding. There was no pain 
abdomen, fever, or vaginal discharge. 
Her past cycles were normal. She 
was a known case of diabetes on oral 
hypoglycemic drugs. Clinically, her vitals 
were stable at the time of presentation 
to the hospital. Pelvic examination 
showed bleeding from the cervical os. 
On bimanual examination, the uterus 
was bulky, partly firm on one side, and 
soft on the other. Ultrasound revealed it 
to be a bicornuate uterus with retained 
products in one of the horns. Human 
chorionic gonadotropin (HCG) titer 
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was 52 mIU/ml. A lateral cervical mass approximately 
measuring 7.6 cm × 8.2 cm × 7.4 cm was detected on 
MRI suggestive of fibroid. Diagnostic laparoscopy 
revealed it to be a left lateral cervical mass. Total 
laparoscopic hysterectomy was performed. A mass at 
the uterocervical junction extending to the entire cervix 
more so on the left side was seen on gross examination 
of the hysterectomy specimen. The cut section showed 
a small area of necrotic tissue in the endocervical canal 
near the isthmic region as shown in Figure 1a.

On histopathological examination, the specimen revealed 
necrotic placenta infiltrating the endocervix and isthmus 
as shown in Figure 1b. There were no further episodes of 
vaginal bleeding postoperatively and HCG titer returned to 
normal after 3 weeks.

Discussion
Placenta accreta is an abnormality characterized by 
placental villi attaching to the uterine myometrium 
without intervening decidual membrane. Risk factors 
for placenta accreta include multiparity, placenta previa, 
prior cesarean section, prior D&C, and miscarriage.[3,4] 
Placenta accreta spectrum is very rare before 20 weeks 
of gestation and still rare in the first trimester. Severe 
forms may complicate first and early second‑trimester 
pregnancy losses, causing profuse postcurettage 
hemorrhage. Ultrasound markers of placenta accreta 
syndrome in the first trimester are: implantation of a 
gestational sac in the lower uterine segment, multiple 
irregular vascular spaces in and around the placenta, 
and cesarean scar implantation of the gestational sac.[5] 
The case being reported is a placenta increta in the first 
trimester. She presented with prolonged vaginal bleeding 
postdilatation and ‑evacuation. The elevated HCG 

titers with MRI suggestive of cervical fibroid made 
the diagnosis difficult. A diagnostic laparoscopy was 
performed which revealed a left lateral cervical mass. 
As per the insistence of the patient for hysterectomy 
before the planned operative procedure, a hysterectomy 
was performed. The intraoperative and postoperative 
periods were uneventful. A good dissection and clearance 
were possible laparoscopically evident by the symptoms 
subsiding and serum beta HCG titers being normal, 
2 weeks posthysterectomy. A report showing necrotic 
placenta infiltrating the isthmus and the endocervix 
on histopathology, we could arrive at the diagnosis 
of placenta increta. Very few cases of first‑trimester 
abortion complicated with placenta accreta are reported 
in the literature.[6] Majority of the cases in the literature 
presented as profuse hemorrhage during D&C or the 
immediate postoperative period. However, none of the 
cases had a cervical mass.

Conclusion
Placenta accreta is a rare problem and difficult to diagnose 
in the first trimester, especially without ultrasound 
markers.[5] However, a diagnosis of placenta accreta needs 
to be considered when associated with risk factors and with 
the clinical presentation of prolonged or profuse vaginal 
bleeding following D&C.
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Introduction

Synchronous malignancies of the 

female genital tract are very rare 

entities (0.5%–1.7%).[1] Among them, 

synchronous endometrial and ovarian 

cancers (SEOCs) are the most common 

types of malignancy and account for 

50%–70% of all synchronous female 
genital tract tumors with a frequency of 

5% among endometrial and 10% among 
ovarian primary tumors.[2] SEOCs are 

defined as the simultaneous presence of 
these two cancers at the time of diagnosis 

as opposed to metachronous cancer where 

these two cancers are diagnosed at different 
chronologic time points.[2] Due to the 

different management and the favorable 
prognosis of SEOCs, it is important 

to separate SEOCs from a metastatic 

disease.[2] The clinical presentation of these 

women is indistinct, and due to the different 
management and the favorable prognosis 

of SEOCs, an extensive pathological 

evaluation is required to distinguish SEOCs 

from metastatic disease.[1]

Case Report

A 60‑year‑old female presented with 

postmenopausal bleeding for 2 months. 

She did not have any other gynecologic 
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Abstract

Synchronous malignancies of the female genital tract are a very rare entities. Synchronous 

endometrial and ovarian cancer (SEOC’s) is defined as simultaneous presence of these two cancers at 
the time of diagnosis as opposed to the metachronous cancer where these two cancers are diagnosed 

at different chronologic time points. Clinical presentation of these women is indistinct, and due to the 
different management and the favorable prognosis of SEOC’s , an extensive pathological evaluation 
is required to distinguish SEOC’s from the metastatic disease. Synchronous and Metachronous 

malignant tumours are the two components of multiple primary malignant tumours (MPMT’s). The 
distinction between the independent primary tumors and metastatic tumours is clinically significant 
and complicated. Synchronous endometrial and ovarian carcinoma is a rare entity. SEOC’s are more 

frequently undiagnosed. Henceforth , the diagnostic dilemma of SEOC’s versus metastatic disease is 

challenging and therefore separating the two groups is important as the prognosis is different.
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problems. She did not have any history 

of breast or colon malignancy in the 

past. The patient was a known diabetic 

and on treatment. There was no family 

history of breast or colon malignancy. 

Abdominopelvic examination revealed a 

paraumbilical hernia and an enlarged uterus 

of 24 weeks size with a smooth surface 

and firm in consistency. A separate mass 
was also appreciated in the right iliac fossa 

which was firm in consistency. A pelvic 
examination too revealed 24 weeks size 

uterus with a smooth surface and firm 
consistency. A right adnexal mass was also 

appreciated of 10 cm × 8 cm in size which 

was firm in consistency. The abdominal 
CT scan confirmed an enlarged uterus of 
size 14 cm × 13 cm × 12.5 cm and a right 
adnexal mass of 9 cm × 9.4 cm, with the 

likelihood of gastrointestinal stromal or a 

solid ovarian neoplasm. Serum CA‑125 
concentration was 24.6 U/mL (normal 

range <35 U/mL). Her chest X‑ray also 
did not reveal any features suggestive of 

metastasis.

A laparotomy was performed. 

Intraoperatively, the uterus was uniformly 

enlarged around 24–26 weeks size with a 

smooth surface and firm in consistency and 
an enlarged right ovary of approximately 

10 cm × 9 cm in size with firm to hard in 
consistency. The left ovary and Fallopian 
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tube were normal [Figure 1]. The ascitic fluid for cytology 
was obtained and total abdominal hysterectomy with 

bilateral salpingo‑oophorectomy with omentectomy was 

done. A paraumbilical hernia repair was performed. The 

intraoperative and postoperative period was uneventful. 

The ascitic fluid cytology showed a negative for malignant 
cells.

Pathologically, the tumors were histologically dissimilar, 
unilateral ovarian tumor, no myometrial invasion, no 

vascular space invasion of endometrial and ovarian 

cancer, and absence of other evidence of spread. The 

histopathological report of the specimen sent revealed 

clear‑cell carcinoma of the right ovary with endometrioid 

carcinoma of the endometrium Grade 1. There were 

adenomyotic changes seen in the myometrium. The left 

ovary and cervix were unremarkable. A histological 

diagnosis of endometrial endometrioid carcinoma Stage 

1A, Grade 1 with right ovary clear‑cell carcinoma Stage 

1A, Grade 3 was made [Figures 2 and 3]. Based on the 
above findings, a diagnosis of SEOCs was made.

The patient had a regular follow‑up and received six cycles 

of adjuvant chemotherapy.

Discussion

Synchronous and metachronous malignant tumors are 

the two components of multiple primary malignant 

tumors.[3] When the second primary cancer is diagnosed 

simultaneously or within 6 months of primary cancer, it is 

termed as synchronous tumors and when diagnosed after 

6 months of primary cancer, it is defined as metachronous 
tumors.[3] The dilemma continues, as to how to differentiate 
the primary from metastatic tumors and consequently the 

management strategies.[3] In the past, the pathological 

criteria laid down by Ulbright and Roth, were later refined 
by Scully et al. to distinguish synchronous primary tumors 

from metastatic tumors.[1,2] Scully et al.  have classified 
them into three groups (a) primary endometrial tumors 

with ovarian metastasis, (b) primary ovarian tumors 

with endometrial dissemination, and (c) synchronous 

endometrial and ovarian malignancies.[1] The published 

literature has reported better outcomes in the synchronous 

disease category as compared to the other groups.[1] The 

differential diagnosis between synchronous and metastatic 
diseases in the endometrium and ovary do have prognostic 

and therapeutic implications, and is often misdiagnosed 

as Stage III endometrial carcinoma or Stage II ovarian 

carcinoma.[3]

The pathogenesis is explained by the theories – “Estrogenic 

environment, Microenvironment restriction and a hormonal 

field effect” in the development of SEOCs.[3] Several 

molecular studies have shown that 95% of SEOCs share 
clonal origin irrespective of their clinicopathological 

features.[3] The most common mutation identified is 
a PTEN (over 75% of cases), followed by ARID 1A. 
Other less commonly identified mutations were PIK3CA, 
HNF1B, KRAS, and CTNNB110.[3] SEOCs are a disease of 

middle‑aged women. One hypothesis to link this association 

is the possibility of Lynch syndrome.[3] The patients with 

HNPCC also develop endometrial or ovarian cancer.[4] The 

incidence of SEOC among women with Lynch syndrome 

is reported as 21.5%.[3] The results of studies suggest 

that patients with endometrioid or clear‑cell ovarian 

cancer under the age of 53 are at higher risk for loss of 
MMR (MLH1, MSH2, and MSH6) expression and Lynch 

syndrome.[5,6] However, the majority of SEOCs are sporadic 

Figure 1: Right ovarian tumor with enlarged uterus intraoperatively

Figure 2: Endometrial endometrioid adenocarcinoma

Figure 3: Clear-cell carcinoma of right ovary – sheets of large cells with clear 

cytoplasm and large pleomorphic vesicular nucleus with prominent nucleoli
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cancers.[7] All sporadic SEOCs share nonsynonymous 

mutations in at least one cancer driver gene of EEC and/

or EOC.[3]

The simultaneous detection of malignancy at the 

endometrial and ovary is often challenging to both the 

clinicians and the pathologists to arrive at a correct 

diagnosis and for the appropriate management. The 

distinction between independent primary tumors 

and metastatic tumors is clinically significant and is 
complicated as well. These tumors can be distinguished 

only after histopathological examination of the surgical 

specimen, utilization of criteria set by Ulbright and Roth, 

later modified by Scully et al., and immunohistochemical 

studies.[3]

It is observed that the histologic subtype of both primary 

tumors is endometrioid in 50%–70% of cases with 
SEOCs. However, synchronous primary endometrial and 

ovarian cancers may have a similar appearance or may be 

of different histologic types.[3] SEOCs are characterized 

by histological dissimilarity of the tumors, no or only 

superficial myometrial invasion of endometrial cancer, 
no vascular space invasion of endometrial and ovarian 

tumor, absence of other evidence of spread, ovarian 

unilateral tumor, ovarian tumor in the parenchyma, 

and without the involvement of the surface of the 

ovary, dissimilarity of molecular genetics or karyotypic 

abnormalities in the tumors, and different ploidy of DNA 
of the tumors.[3]

The majority of women with SEOCs are 41–54 years of 
age, of which 40% are nulliparous, 2/3 premenopausal, 
and 1/3 obese.[2] The risk factors with SEOCs are 

those associated with hyperestrogenic state – obesity, 

perimenopause, chronic anovulation, polycystic ovarian 

disease, estrogen‑producing ovarian tumors, and estrogen 

replacement therapy.[1,4] The most common presentation 

is Abnormal uterine bleeding (AUB) in about 46% of 
cases and few with postmenopausal bleeding. About 17% 
of patients with pelvic pain and 13% with a palpable 
abdominal and pelvic mass.[2,3] In our case, however, the 

female was 60‑year‑old, postmenopausal, multiparous with 

normal body mass index (BMI) who presented to us with 
postmenopausal bleeding.

Therapy is governed by stage and grade of ovarian tumor 

because the ovarian tumor has a worse prognosis and 

higher risk of recurrence.[8] The treatment of choice in 

SEOCs is systematic surgical staging. The procedure 

includes total abdominal hysterectomy with bilateral 

salpingo‑oophorectomy, total omentectomy, pelvic and 

para‑aortic lymphadenectomy ± appendicectomy, and 
complete resection of all disease after collecting ascitic 

fluid/saline wash fluid for cytology.[2,3] This allows a more 

clear decision for stage‑related postoperative adjuvant 

therapy.[3] The main adjuvant treatment is chemotherapy, 

followed by radiotherapy.[3]

Prognostic factors

Prognostic factors include young age, premenopausal 
status, normal BMI, low FIGO stage, low grade, 
and low‑risk histology, low level of cancer antigen 

CA‑125, complete staging or debulking surgery.[8] 

High CA‑125 level is an independent risk factor of the 
disease.[8] Several studies have shown that patients with 

synchronous primary cancers have a good overall 

prognosis. The women with SEOCs had a 10‑year 

survival similar to those who did not have synchronous 

ovarian cancer (79.4% vs. 80.7%).

Conclusion

Synchronous endometrial and ovarian carcinoma is a rare 

entity.[1] The gynecologic oncology group study found that 

women with SEOCs had an overall prognosis of 86% of 
5‑year survival and 80% of 10‑year survival.[3] SEOCs 

are more frequently undiagnosed or understaged due 

to limited preoperative workup and also intraoperative 

assessment of ovarian pathology, especially with occult 

disease.[3] Henceforth, the diagnostic dilemma of SEOCs 

versus metastatic disease is challenging and therefore 

separating the two groups is important as the prognosis is 

different.
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Summary
Background After considerable debate, there is now unequivocal evidence that use of antenatal corticosteroids 
improves outcomes in preterm neonates when used in women at risk of early preterm birth in reasonably equipped 
hospitals in low-resource countries. We aimed to evaluate the cost-effectiveness of dexamethasone administration in 
the management of preterm birth in a cohort of pregnant women from five low-resource countries.

Methods We performed a cost-effectiveness analysis using data from 2828 women (and 3051 babies) who participated 
in the WHO ACTION-I trial, a multicentre, randomised, placebo-controlled trial that assessed the safety and efficacy 
of dexamethasone in pregnant women at risk of early preterm birth in 29 hospitals across Bangladesh, India, Kenya, 
Nigeria, and Pakistan. We used a decision tree model to assess the cost-effectiveness of dexamethasone treatment 
compared with no intervention from a health-care sector perspective. Outcome data were taken from the primary 
results of the trial and primary data on cost were collected in 28 hospitals. The primary cost-effectiveness outcome 
was cost per neonatal death or the cost per disability-adjusted life-years (DALYs) averted, or costs saved per 1000 
woman–baby units if the intervention was found to be cost-saving.

Findings Administration of dexamethasone averted 38 neonatal deaths per 1000 woman–baby units and 1132 DALYs 
per 1000 woman–baby units. Compared with no intervention, use of antenatal corticosteroids was cost-saving in all 
five countries, ranging from a saving of US$1778 per 1000 woman–baby units (95% uncertainty interval [UI] 
–13 878 to 9483) in Nigeria, to $20 531 per 1000 woman–baby units (–46 387 to 4897) in Pakistan, to $36 870 per 
1000 woman–baby units (–61 569 to –15 672) in Bangladesh, to $38 303 per 1000 woman–baby units (–64 183 to –10 753) 
in India, and to $53 681 per 1000 woman–baby units (–113 822 to 2394) in Kenya. Findings remained consistent 
following sensitivity analyses. In all five countries, dexamethasone was more effective and cost less compared with 
no treatment. 

Interpretation Antenatal dexamethasone for early preterm birth was cost-saving when used in hospitals in low-
resource countries. Decision makers in low-resource settings can be confident that use of antenatal dexamethasone 
for early preterm birth is cost-effective, and often cost-saving when used in reasonably equipped hospitals in low-
resource countries.
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Copyright © 2022 World Health Organization; licensee Elsevier. This is an Open Access article published under the 
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specific organisation, products or services. The use of the WHO logo is not permitted. This notice should be preserved 
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Introduction 
In 2014, an estimated 14·8 million babies (11% of all 
livebirths) were born preterm.1 Preterm birth is the 
leading cause of neonatal mortality, accounting for 
approximately 35% of all deaths in the first 28 days of life 
worldwide.2 Antenatal corticosteroids administered to 
women at risk of imminent preterm birth can cross the 
placenta and accelerate fetal lung maturation. Trials have 
shown that use of this intervention before 34 weeks of 
gestation can significantly reduce neonatal mortality 
associated with preterm birth, respiratory distress 
syndrome, and intraventricular haemorrhage.3

Countries cannot add interventions to health benefits 
packages on the basis of efficacy evidence alone. Health 
budgets are finite, meaning that including or expanding 
access to antenatal corticosteroids in a country’s health 
benefits package might require the exclusion of another 
health intervention. Therefore, policy makers can 
face difficult decisions over whether diverting scarce 
resources to improving availability and use of antenatal 
corticosteroids is likely to lead to better health outcomes 
in neonates than the status quo. Available evidence on the 
cost-effectiveness of antenatal corticosteroids for early 
preterm birth currently comes from high-income and 
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upper-middle-income countries.4–8 However, economic 
evidence from high-resource settings cannot be assumed 
to apply to low-resource settings with different staffing, 
equipment, and drug costs, as well as dissimilar health 
systems and hospital financial arrangements.5 Thus, 
direct evidence is needed on the affordability and cost-
effectiveness of antenatal corticosteroids to guide policy 
decision making for maternal and newborn health in 
low-resource countries.

The WHO ACTION-I trial9 was a multicentre, 
randomised, placebo-controlled trial conducted in 
Bangladesh, India, Kenya, Nigeria, and Pakistan, which 
investigated use of antenatal corticosteroids in women at 
risk of preterm birth from 26 to 34 weeks of gestation. 
The trial was conducted to address the knowledge gap 
regarding the efficacy of antenatal corticosteroid use (in 

this case, dexamethasone) in hospitals with at least a 
minimal set of resources in low-resource countries. The 
findings of the study showed that, compared with 
matching placebo, a regimen of intramuscular 
dexamethasone reduced neonatal mortality associated 
with preterm birth, with no evidence of increased harm 
to maternal or newborn health. In light of these results, 
we conducted an economic evaluation to inform decision 
making on adopting antenatal corticosteroids into health 
benefits packages in low-resource countries. We aimed 
to evaluate the cost-effectiveness of antenatal 
dexamethasone in the five low-resource countries that 
participated in the WHO ACTION-I trial. Additionally, 
we aimed to develop a tool to estimate the cost-
effectiveness of antenatal dexamethasone in other 
low-income and middle-income countries (LMICs).

Research in context

Evidence before this study
The WHO ACTION-I trial, a multicentre, randomised, placebo-
controlled trial in five low-resource countries, showed that 
antenatal corticosteroids were safe for use in women at risk 
of early preterm birth and reduced the risk of neonatal 
mortality when used in hospitals that could provide a 
reasonable level of maternal and preterm newborn care. To 
ensure that resources are appropriately allocated, decision 
makers in low-resource countries need additional data on 
economic evaluations of antenatal corticosteroid use. There 
are few previous economic evaluations of antenatal 
corticosteroids for preterm birth, particularly in low-resource 
settings. We searched MEDLINE and Embase on Dec 14, 2021, 
using search terms relating to preterm birth, antenatal 
corticosteroids, and cost-effectiveness, without language or 
date restrictions, to identify previous studies that analysed 
the costs and outcomes associated with use of antenatal 
corticosteroids compared with no use for early preterm birth. 
We found five previous studies from Brazil, the Netherlands, 
the UK, and the USA (two studies) that analysed the cost-
effectiveness of antenatal corticosteroid use for early preterm 
birth in hospital settings. With the exception of one study, all 
remaining studies found that use of antenatal corticosteroids 
was more effective and cost less than did no use. The study in 
the Netherlands in 1992 found that use of antenatal 
corticosteroids was cost-effective, although not cost-saving. 
Only one of these studies was based on data from a 
randomised trial; the remainder used observational data or 
published effect estimates. Two additional studies assessed 
the costs and benefits of increasing nationwide coverage of 
antenatal corticosteroids for preterm birth by 20% in Ethiopia 
and to full coverage in South Africa. These studies used the 
Lives Saved Tool model and found that use of antenatal 
corticosteroids was highly cost-effective. We did not find any 
studies assessing the cost-effectiveness of antenatal 
corticosteroids for early preterm birth in low-income or 
lower-middle-income countries.

Added value of this study
The WHO ACTION-I trial conducted in Bangladesh, India, 
Kenya, Nigeria, and Pakistan showed that use of antenatal 
corticosteroids (ie, dexamethasone) for early preterm birth 
was safe and efficacious. This economic evaluation builds on 
the efficacy findings of the trial to establish evidence for the 
cost-effectiveness of antenatal corticosteroid use for reducing 
neonatal mortality in secondary and tertiary health facilities in 
these five countries. We found that use of antenatal 
corticosteroids in the management of early preterm birth in 
these countries was cost-saving and, therefore, has the 
potential to provide substantial economic and health benefits. 
This study addresses a considerable gap in the existing 
economic evidence base for antenatal corticosteroid use in 
low-income settings, where scale up of effective interventions 
for preterm birth is urgently needed. We also developed a 
calculator to estimate cost-effectiveness in other low-income 
and middle-income countries. This evidence on cost-
effectiveness and affordability can support efforts to scale up 
use of antenatal corticosteroids more widely in similar 
settings.

Implications of all the available evidence
Antenatal dexamethasone for women at risk of early preterm 
birth in reasonably equipped hospitals in low-resource 
countries could improve outcomes in preterm neonates and 
is estimated to be cost-saving, compared with no 
intervention. Direct costs of the intervention were relatively 
small, and were offset by costs averted from the reduced need 
for interventions to address complications in preterm 
neonates. This study shows how findings from previous 
studies suggesting that use of antenatal corticosteroids is 
cost-effective in high-resource settings also applies in low-
resource settings, where the mortality and morbidity burden 
of preterm birth is greatest. Scale up of antenatal 
corticosteroid use in Bangladesh, India, Kenya, Nigeria, and 
Pakistan is likely to reduce costs.
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Methods 
Study design 
This cost-effectiveness study was based on the WHO 
ACTION-I trial, a multicountry, parallel-group, double-
blind, individually randomised, placebo-controlled trial 
that randomly assigned between Dec 24, 2017, and 
Nov 21, 2019.9 Women and neonates were recruited 
from 29 secondary-level and tertiary-level hospitals: 
six in Bangladesh, four in India, four in Kenya, 13 in 
Nigeria, and two in Pakistan.10 Hospitals were eligible to 
partici pate if they could reasonably meet the WHO 
criteria for antenatal dexamethasone administration.9 
The full protocol has been published with main findings 
separately.9,10 Briefly, pregnant women at risk of 
imminent preterm birth with confirmed live fetuses 
from 26 weeks and 0 days (26+0 weeks) of gestation to 
33+6 weeks of gestation were eligible. Women allocated 
to the intervention group were offered a regimen of 
6 mg intramuscular dexamethasone every 12 h, to a 
maximum of four 6 mg doses, or until hospital discharge 
or birth. Women were also eligible for a repeat course if 
they had not given birth after 7 completed days and were 
still at risk of preterm birth before 34 weeks of gestation 
(the allocation for the repeat course was identical to the 
first course). The control group in this study was the 
same regimen of a matching placebo (ie, no 
dexamethasone). The WHO ACTION-I trial protocol9 
was approved by the WHO Ethics Review Committee 
and by the relevant ethics committees and regulatory 
agencies in each country.

For this economic evaluation, the study population and 
settings were the same as those used in the WHO 
ACTION-I trial, using the 2828 women and 3051 newborn 
babies for whom data on the primary outcome were 
available. The trial database was used for data on 
participant characteristics and efficacy estimates for 
process of care and health outcomes. A cost-effectiveness 
study protocol was approved by the Alfred Hospital 
Ethics Committee (Burnet Institute, Melbourne, VIC, 
Australia; protocol identification number 787/20) on 
Feb 2, 2021, and by relevant ethics committees between 
March 4 and July 7, 2021, in participating countries. 
Principal investigators obtained formal agreement to 
collect data for the study from hospitals before 
participation. Hospital staff who were interviewed 
completed a written informed consent form.

Outcomes 
The primary outcomes of the WHO ACTION-I trial were 
neonatal death; any baby death (ie, stillbirth or neonatal 
death); and possible maternal bacterial infection, a 
composite outcome defined as maternal fever (≥38°C) or 
clinically suspected or confirmed infection for which 
therapeutic antibiotics were used. The trial also reported 
various secondary maternal, newborn, and process-of-
care outcomes. The trial showed a significant reduction 
in neonatal death (relative risk 0·84 [95% CI 0·72–0·97]) 

and any baby death (0·88 [0·78–0·99]) in the intervention 
group, and no difference between the two groups in 
possible maternal bacterial infection.

Hence, cost per neonatal death averted was the 
primary cost-effectiveness outcome in this study. If 
the intervention was found to be cost-saving (ie, the 
intervention was dominant), then the costs saved per 
1000 woman–baby units would be reported. Neonatal 
deaths were also converted into disability-adjusted life-
years (DALYs) by multiplying the number of neonatal 
deaths by years of life lost, using a life expectancy of 
72·6 years (based on Bangladesh, which has the highest 
life expectancy among countries in this study)11 and an 
annual discount rate of 3·0%,12 to estimate the cost per 
DALY. The same life expectancy was assumed for each 
country to avoid implicitly valuing lives differently 
across settings. DALYs are a measure of life lost due to 
premature mortality and time lived in states of less than 
full health, and represent the loss of an equivalent 1 year 
in full health. Life expectancy and discount rates were 
varied in sensitivity analyses.

Panel: Events in the cost-effectiveness model of antenatal 
dexamethasone for early preterm birth in Bangladesh, 
India, Kenya, Nigeria, and Pakistan

Intervention
• Administration of intramuscular dexamethasone in 

women at risk of imminent preterm birth

Cointerventions for management of preterm birth
• Obstetric ultrasonography for estimating gestational age
• Use of tocolysis for women in spontaneous preterm labour
• Use of magnesium sulphate for fetal neuroprotection

Neonatal morbidity outcomes
• Major neonatal resuscitation at birth
• Neonatal hypoglycaemia
• Oxygen therapy for neonates with severe respiratory 

distress
• Use of continuous positive airway pressure
• Use of mechanical ventilation
• Use of surfactant treatment
• Neonatal sepsis
• Severe intraventricular haemorrhage

Maternal morbidity outcomes
• Maternal fever
• Chorioamnionitis
• Post-partum endometritis
• Wound infection

Mortality outcomes
• Maternal death
• Stillbirth
• Neonatal death

Comprehensive definitions for these 19 events are provided 
in appendix 1 (pp 5–7). See Online for appendix 1
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Cost inputs 
Cost inputs were those incurred during hospital 
admission from randomisation until 28 days postnatal 
(ie, the trial’s period of interest for ascertainment of 
the primary outcome). An ingredients-based approach 
was used to estimate costs for 19 predefined events 
corresponding to the intervention, key cointerventions, 
and health-care activities associated with outcomes in the 
WHO ACTION-I trial (panel). This approach allowed the 
estimated cost of care to be compared between the 

intervention group and the control group in each of the 
five countries. Costs for each event were collected 
between May 17 and Oct 21, 2021, from 28 (97%) of 
29 hospitals (one hospital in Bangladesh was unable 
to participate due to staffing changes). Consistent with 
a health-care sector perspec tive, all costs of care 
were collected whether paid for by the care recipient, 
government, private companies, or donors. Costs were 
collected using prices during 2020–21 in local currency 
and converted to 2021 US$, and no discounting or 
inflation were applied as they only pertain to 1 year. 
Further detail on the costing approach is provided in 
appendix 1 (p 4).

Statistical analysis 
We compared costs and health outcomes for all women 
and neonates in both the intervention group and 
the control group. However, because 267 (9·4%) of 
2852 women in the trial had a multiple birth, and the 
intervention was targeted to women while the benefits 
were incurred by neonates, cost-effectiveness outcomes 
related to average outcomes per woman–baby unit, 
which incorporated adjustment for incidence of multiple 
births (appendix 1 p 9). In other words, 1000 woman–
baby units represented 1000 women in both groups and 
1082 babies in the intervention group or 1076 babies in 
the control group.

Data on effectiveness and cost were used as inputs for a 
decision tree model (implemented in R statistical 
software) to evaluate cost-effectiveness. For each country, 
the total cost per randomised woman–baby unit was 
calculated for both the intervention group and the control 
group by multiplying the proportion of women and 
babies experiencing each event (based on point estimates 
from the primary findings of the WHO ACTION-I trial) 
by the country-specific cost of each event (average cost 
across all facilities that provided cost data for a given 
country). For every woman–baby unit in the intervention 
group, the costs associated with dexamethasone 
administration were included, adjusted to reflect the total 
number of doses (up to four per course) and courses (up 
to two) received by each woman in the trial. Facility costs 
per event were estimated using the day costs of beds and 
data on both length of inpatient stay for women and 
babies, and length of neonatal intensive care unit stay 
recorded in the trial (appendix 1 pp 4, 7, 8). Costs of 
oxygen therapy and continuous positive airway pressure 
(CPAP) were adjusted for length of therapy recorded in 
the trial (appendix 1 pp 7, 11). Therefore, the difference in 
costs between the intervention group and the control 
group was a consequence of the different proportions of 
women and babies experiencing the event in both groups 
(figure 1).

The point estimate cost per neonatal death averted 
was calculated by dividing the difference in total costs 
per 1000 woman–baby units in each country by the 
difference in the number of neonatal deaths per 

Figure 1: Costs of administering one course of antenatal intramuscular dexamethasone for women at risk of 
early preterm birth in five countries, by hospital
One course involved a maximum of four doses of 6 mg intramuscular dexamethasone every 12 h. Data are 
provided for 28 hospitals: five in Bangladesh, four in India, four in Kenya, 13 in Nigeria, and two in Pakistan. For 
each hospital, total cost included consumables, human resources, use of equipment, and investigations.

0 50 100

Pakistan 2

Pakistan 1

Nigeria 13

Nigeria 12

Nigeria 11

Nigeria 10

Nigeria 9

Nigeria 8

Nigeria 7

Nigeria 6

Nigeria 5

Nigeria 4

Nigeria 3

Nigeria 2

Nigeria 1

Kenya 4

Kenya 3

Kenya 2

Kenya 1

India 4

India 3

India 2

India 1

Bangladesh 5

Bangladesh 4

Bangladesh 3

Bangladesh 2

Bangladesh 1

Unit cost per event, US$

H
os

pi
ta

l

Cost type
Consumable or disposable supplies used
Equipment used
Staff time
Services or other cost types



Articles

www.thelancet.com/lancetgh   Vol 10   October 2022 e1527

1000 woman–baby units between the intervention group 
and the control group in the overall trial outcomes. The 
point estimate cost per DALY averted was calculated 
similarly.

A probabilistic multivariate uncertainty analysis was 
used to generate 95% uncertainty intervals [UIs] for 
outcomes in each country, combining uncertainty in 
both effectiveness and cost estimates. Sensitivity 
analyses were used to test the effect of all model 
parameters on outcomes as they varied across their 
maximum ranges from collected data or literature, 
including: if the relative difference in the proportion of 
women and babies experiencing each event was at the 
lower or upper bound reported in the trial rather than 
the point estimate; if the costs of all events in each 
country was the minimum or maximum estimated from 
facilities in the country; if the life expectancy for DALY 
calculations was the lowest current estimate across all 
five countries (55 years in Nigeria11); and discount rates 
of 1% or 5%. We also explored the difference in costs 
between private and public hospitals for those countries 
where two or more public and private hospitals 
participated (ie, Bangladesh and Nigeria). We explored 
the effects on cost-effectiveness if gestational age was 
unknown for a proportion of women (50% and 100%) 
and who would, therefore, require ultrasonography for 
estimating gestational age on admission, which would 
impose additional intervention-related costs. We also 
assessed the effect of varying the proportion of using 
two cointerventions (tocolysis for delaying the time of 
birth and magnesium sulphate for fetal neuroprotection) 
in the intervention group. All statistical analysis was 
done in R (version 3.6.3).

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results 
The WHO ACTION-I trial randomly assigned 1429 
women and 1544 babies to the intervention group and 
1423 women and 1526 babies to the control group. The 
WHO ACTION-I trial reported 196 neonatal deaths per 
1000 woman–baby units in the intervention group and 
234 per 1000 woman–baby units in the control group 
(table); therefore, administration of dexamethasone 
averted 38 neonatal deaths, reducing neonatal mortality 
by 16% (95% CI 3–28; p=0·03). Dexamethasone averted 
1132 DALYs per 1000 woman–baby units in all 
five countries (table). We also assessed the effect of 
varying the proportion of using two cointerventions 
(tocolysis for delaying the time of birth and magnesium 
sulphate for fetal neuroprotection) in the intervention 
group, which were assumed to be equal across groups for 
the main analysis because they did not differ significantly 
in the WHO ACTION-I trial.

The cost-effectiveness dataset of 28 hospitals comprised 
11 819 items for the 19 events. We observed variability 
between facilities in the total costs of each event both 
across and within countries. For example, the total cost 
of administering one course (four doses) of intramuscular 
dexamethasone varied from US$5·48 in Bangladesh 
to $53·05 in Kenya (figure 2). Analysis of cost data 
ingredients and follow-up discussions with hospital staff 
indicated that variation in costs between facilities 
reflected actual differences in standard practice and cost 

Bangladesh India Kenya Nigeria Pakistan

Total cost per 1000 woman–baby units, US$

No dexamethasone use 370 485 (369 157 to 402 129) 412 514 (388 120 to 426 518) 972 001 (937 166 to 1 022 597) 220 181 (215 244 to 231 130) 340 423 (323 137 to 358 178)

Dexamethasone use 333 615 (331 140 to 362 589) 374 211 (352 533 to 386 321) 918 320 (881 224 to 963 116) 218 403 (213 060 to 229 182) 319 892 (302 397 to 337 004)

Additional cost –36 870 (–61 569 to –15 672) –38 303 (–64 183 to –10 753) –53 681 (–113 822 to 2394) –1778 (–13 878 to 9483) –20 531 (–46 387 to 4897)

Total number of neonatal deaths per 1000 woman–baby units

No dexamethasone use 234 (210 to 256) 234 (212 to 257) 234 (213 to 257) 234 (212 to 254) 234 (212 to 256)

Dexamethasone use 196 (175 to 219) 196 (177 to 217) 196 (175 to 218) 196 (177 to 217) 196 (176 to 218)

Number of deaths averted 38 (7 to 65) 38 (10 to 68) 38 (7 to 68) 38 (8 to 68) 38 (10 to 69)

Total number of DALYs per 1000 woman–baby units

No dexamethasone use 6968 (6253 to 7621) 6968 (6316 to 7642) 6968 (6336 to 7642) 6968 (6316 to 7558) 6968 (6316 to 7621)

Dexamethasone use 5836 (5206 to 6508) 5836 (5248 to 6445) 5836 (5206 to 6487) 5836 (5248 to 6445) 5836 (5227 to 6466)

Number of DALYs averted 1132 (207 to 1932) 1132 (312 to 2017) 1132 (208 to 2036) 1132 (247 to 2036) 1132 (290 to 2057)

Cost-effectiveness, US$

Additional cost per neonatal 
death averted

–968 (–5123 to –310) –1006 (–3500 to –206) –1409 (–7471 to 246) –47 (–623 to 390) –539 (–2217 to 144)

Additional cost per DALY 
averted

–33 (–172 to –10) –34 (–118 to –7) –47 (–251 to 8) –2 (–21 to 13) –18 (–75 to 5)

Data are point estimate (95% UI). Consistent point estimates for neonatal deaths and DALYs per 1000 woman–baby units reflect that the effectiveness estimates were based on point estimates from overall 
primary findings of the WHO ACTION-I trial, while variability in the 95% UI between countries reflects the probabilistic multivariate uncertainty analysis in this study. DALY=disability-adjusted life-year. 
UI=uncertainty interval. 

Table: Total cost of antenatal dexamethasone administration per woman–baby unit, number of neonatal deaths, and DALYs per 1000 woman–baby units in five countries
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inputs, including the investigations conducted alongside 
administration of dexamethasone, the staff time required 
to administer dexamethasone and provide associated 
clinical care, and salary levels at different facilities. The 
costs of other events were similarly observed to vary both 
within and between countries (appendix 1 p 9).

The difference in costs between the intervention group 
and the control group was predominantly driven by the 
additional costs of dexamethasone administration and 
the reduced use of CPAP, oxygen therapy, mechanical 
ventilation for neonates, and days in hospital (figure 2); 
however, there were variations between countries in the 
unit costs of each event.

The administration of dexamethasone reduced costs 
(or was cost-saving) in all five countries (figure 3), 
ranging from a cost difference of US$–53 681 (95% UI 
–113 822 to 2394) per 1000 woman–baby units in Kenya 
to $–1778 (–13 878 to 9483) per 1000 woman–baby units 
in Nigeria (table). In the probabilistic uncertainty 
analysis, the intervention was cost-saving for 100·0% of 

simulations in Bangladesh, 99·5% in India, 96·8% in 
Kenya, 64·3% in Nigeria, and 94·2% in Pakistan 
(appendix 1 p 12). Across all five countries, the highest 
upper bound of the 95% UI for cost per DALY averted 
was $13 in Nigeria (table).

The parameters with the greatest effect on the cost 
per neonatal death averted are shown in a tornado 
plot (figure 4; appendix 1 pp 15–16). With the exception 
of Nigeria, all simulations remained cost-saving in 
all sensitivity analyses. The biggest driver of cost-
effectiveness (measured by cost per neonatal death 
averted) for most countries was the intervention’s effect 
on use of neonatal interventions, such as oxygen therapy 
and CPAP. The cost sampling method had a larger effect 
on cost-effectiveness in countries with more variation in 
the cost data; for example, in Nigeria, outcomes ranged 
from a cost saving of $195 per death averted when 
minimum event costs were used to $448 per death 
averted when maximum event costs were used. The 
model was also run for private and public facilities 

Figure 2: Additional expected costs of antenatal intramuscular dexamethasone use for women at risk of early preterm birth, per 1000 woman–baby units
Point estimates of the difference in costs are provided for each event, based on differential requirements between the intervention group and the control group. Error bars represent the uncertainty 
arising from each event’s risk ratio 95% CI. CPAP=continuous positive airway pressure. NICU=neonatal intensive care unit.
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separately in Bangladesh and Nigeria. In Nigeria, public 
facilities averted more costs with dexamethasone 
administration, whereas private facilities averted more 
costs in Bangladesh (appendix 1 p 17). When lowering 
life expectancy and varying discounting rate assumptions 
in the DALY calculations, the intervention remained 
cost-saving (appendix 1 pp 17–18).

Discussion 
This multicountry economic evaluation found that, 
compared with no intervention, a regimen of 
intramuscular dexamethasone administered to women 
in hospital at risk of early preterm birth was either cost-
saving or cost-neutral in five low-resource countries, 
while averting neonatal death and reducing DALYs 
arising from early preterm birth. Direct intervention 
costs were relatively small and likely to be offset by the 
reduced need for more costly newborn interventions, 
such as oxygen therapy, CPAP, and hospital admission. 

Findings from the sensitivity analyses were robust and 
the largest source of uncertainty was the estimated effect 
of dexamethasone on the use of neonatal interventions. 
Additional costs were incurred when women required 
ultrasonography for estimating gestational age before 
dexamethasone administration; however, the sensitivity 
analysis indicated that dexamethasone was either cost-
saving (in Bangladesh, India, Kenya, and Pakistan) or 
highly cost-effective (in Nigeria), even when 100% of 
women require ultrasonography before administration. 
Given that dexamethasone was found to be cost-saving, it 
would probably be affordable to include in health benefit 
packages, although the extent of savings might vary.

Furthermore, we developed a calculator tool to estimate 
the cost-effectiveness of antenatal dexamethasone in 
other LMICs, where users could modify inputs for key 
model parameters to reflect their country or health-care 
setting (appendix 2 pp 1–3). In this tool, commodities 
and human resources commonly required to administer 

Figure 3: Cost-effectiveness plane of antenatal intramuscular dexamethasone for women at risk of early preterm birth compared with no intervention in 
five countries
The central point represents the median; error bars for each country represent 95% UIs from the multivariate probabilistic uncertainty analysis. The intervention averted 
1132 DALYs per 1000 woman–baby units using a discount rate of 3·0% and life expectancy of 72·6 years. Consistent point estimates for neonatal deaths averted per 
1000 woman–baby units reflect that the effectiveness estimates were based on point estimates from overall primary findings in the WHO ACTION-I trial, while variability 
in the 95% UIs between countries reflects the probabilistic multivariate uncertainty analysis in this study. DALY=disability-adjusted life-year. UI=uncertainty interval. 
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dexamethasone could be varied to test different 
scenarios.

Six previous studies analysed the cost-effectiveness 
of antenatal corticosteroid use in early preterm birth; 
four from high-income countries (the Netherlands, the 
UK, and the USA) and one from an upper-middle-
income country (Brazil).4–8,13 A modelling study in the 
Netherlands in 1992 used published cost and efficacy 
estimates and found that use of antenatal corticosteroids 
was cost-effective for neonatal survival.7 The other four 
studies found that antenatal corticosteroids for early 
preterm birth was dominant (ie, cost-saving) compared 
with no intervention due to the reduced need for neonatal 
interventions, which is consistent with this current study. 
Only one of these studies, from the USA in 1986, 
was based on a randomised trial and found that use 
of antenatal corticosteroids reduced the incidence of 
respiratory distress syndrome in neonates and hospital 
costs compared with no use.6 Two studies in the UK and 
the USA were based on cohort data or published 
effectiveness estimates, and also reported that use of 
antenatal corticosteroids was cost-saving.5,8 More recently, 
a study in Brazil in 2016 assessed use of antenatal 

corticosteroids compared with no treatment to establish 
the effect on costs and neonatal morbidity (neonatal 
mortality was excluded).4 Data were obtained from a 
retrospective cohort study of premature infants at one 
hospital, and authors reported that use of antenatal 
corticosteroids significantly reduced several outcomes 
related to neonatal morbidity and hospitalisation costs, 
and was cost-saving. The magnitude of cost savings in 
this current study were smaller than in some previous 
studies (eg, US$2–54 per woman–baby unit vs $3172 per 
patient in 19955 and $3413 per patient in 20134), possibly 
reflecting lower costs of health care compared with 
higher-income settings.

Strengths of this study included the use of a 
standardised data collector training package and 
in-person hospital visits to collect cost data directly from 
hospital staff and financial documentation. Study 
findings were robust under sensitivity analyses, in which 
varying cost parameters across a plausible range of values 
indicated that the intervention remained cost-saving.

A limitation of this study is that data on cost were 
collected during 2021, even though women were 
recruited onto the trial between December, 2017, and 
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Figure 4: Effects of varying individual key parameters on the cost per neonatal death averted of antenatal dexamethasone use for early preterm birth in five countries
The sensitivity analysis showed that seven parameters had the largest effect on the incremental cost-effectiveness ratio (excluding the denominator variable) when varied within the upper and 
lower bounds shown. The centreline represents the point estimate for cost per neonatal death averted for each country, with bars showing the cost per neonatal death averted if the costs in each 
country were the minimum (orange) or maximum (blue) estimated from facilities in that country; if the probabilities of events occurring were set at the lower (orange) and upper (blue) bounds of 
parameters from the WHO ACTION-I trial; if the use of cointerventions (eg, magnesium sulphate for fetal neuroprotection or tocolysis) increased in the intervention group by 10% (blue) or reduced 
by 10% (orange); if all women required ultrasonography for gestational age dating on admission in the intervention group (and none in the control group; blue); and if only the costs of public 
(blue) or private (orange) facilities were reflected. CPAP=continuous positive airway pressure.
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November, 2019. It is possible that prices in 2021 were 
different to those during the trial period; however, we 
consider the effects of these differences to be small. 
Additionally, prices in 2021 might have been affected by 
the COVID-19 pandemic, given that the costs of 
equipment, medicines, and supplies (eg, oxygen) might 
have risen with the increased number of hospital 
admissions overall. However, feedback from some 
participating hospitals indicated that COVID-19 caused 
scarcity of oxygen and ventilators, rather than an increase 
in prices. In some hospitals in India and Bangladesh, we 
obtained prices that reflected costs before the pandemic 
to reduce the likelihood that oxygen costs were overstated 
in the analysis. Although the time window for costs was 
up to 28 days postnatal, trial data on use of neonatal 
interventions was focused on the first week of life. We 
also sought to obtain cost data for all prespecified events; 
however, in some instances, patient charges set by the 
hospital were used as a proxy, which might differ from 
actual costs of providing care. For example, in several 
hospitals, the costs of stays in neonatal intensive care 
units were subsidised by government; thus, collected 
cost data might understate full costs in both groups. We 
partially mitigated these differences by use of a 
multinational cost dataset, and by exploring different 
cost sampling methods and effect estimates in the 
sensitivity analysis. Due to practical constraints, we did 
not differentiate between costs incurred by women and 
families, and those paid for by governments or other 
providers.

Decisions to increase use of antenatal corticosteroids 
within national health benefits packages will be informed 
by its cost-effectiveness and affordability relative to other 
health-care interventions. Given the country-specific 
estimates of cost per DALY averted thresholds that 
reflect health opportunity costs and the relatively small 
intervention costs needed, the extra cost required for use 
of antenatal corticosteroids in each country should fall 
well within the opportunity costs of existing health 
packages.14 Considering the totality of efficacy and 
economic evidence, it is evident that accelerated efforts 
to scale up safe and appropriate use of antenatal 
corticosteroids in many LMICs are warranted, and are 
likely to be highly cost-effective. For example, a 2019 study 
used the Lives Saved Tool model and published data to 
estimate the cost of scaling up 13 maternal and newborn 
health interventions in Ethiopia, including betamethasone 
for women in preterm labour.15 A 20% nationwide 
increase in antenatal corticosteroid coverage was 
estimated to cost US$0·8 million and was highly cost-
effective, at $98·0 per DALY averted. A similar study in 
South Africa found that scaling up antenatal corticosteroid 
coverage from baseline 20% to full coverage would cost 
$4·5 million, at $37 per neonatal life saved.16 To support 
scale-up programmes, we developed a calculator tool in 
which users can input local cost and resourcing data to 
estimate cost-effectiveness for their setting, or identify 

possible scenarios that would result in antenatal 
corticosteroids no longer being cost-saving (appendix 2 
pp 1–3).

It should be noted that the WHO ACTION-I trial was 
conducted in secondary and tertiary hospitals, in which 
participants had access to the obstetric and preterm 
newborn care interventions that WHO has recommended 
as preconditions to safe use of antenatal corticosteroids.9 
However, WHO has acknowledged that these inter-
ventions might not be consistently available across 
low-resource settings.17 It is not possible to reliably 
estimate what proportion of women at risk of preterm 
birth in these five countries would have access to these 
interventions outside of the strict conditions in a 
placebo-controlled trial. Furthermore, acknowledging 
that the cost-effectiveness of antenatal corticosteroids 
was driven by reduced use of newborn respiratory 
interventions, it is not yet clear whether these findings 
on cost-effectiveness can be generalised to lower-level 
facilities, where these interventions are less frequent or 
unavailable. Upfront and ongoing costs of implementing 
antenatal corticosteroids at scale might also vary, 
depending on how well equipped a health facility is, as 
well as the current funding and staffing arrangements in 
place. Answering these questions requires further 
research that can explore the economic implications 
of implementing antenatal corticosteroids at scale in a 
more diverse range of health-care facilities. To that end, 
WHO is planning a multicountry implementation 
research project in four low-resource countries 
(Bangladesh, Ethiopia, Nigeria, and Pakistan), which 
will develop and evaluate a care model that can 
achieve high population-level coverage of safe antenatal 
corticosteroid use. This project will include an evaluation 
of the care model’s cost and cost-effectiveness.

The timeframe for primary outcomes in the WHO 
ACTION-I trial was 28 days postnatal; however, preterm 
neonates are known to have more health complications 
beyond the neonatal period.18 The effects of longer-term 
health issues on overall cost-effectiveness in low-resource 
countries is not yet clear and warrants investigation, 
requiring long-term follow-up data. Therefore, this study 
was not able to capture the costs unrelated to health care 
that preterm birth can impose on communities and 
families (eg, lost employment), which also warrants 
further research. Nevertheless, in settings where families 
pay some or all of the costs of hospital care, they would 
probably benefit from the cost savings identified in this 
study.

Findings from this multicountry economic evaluation 
indicate that administration of intramuscular 
dexamethasone to women at risk of early preterm birth is 
cost-saving in five low-resource countries. These findings 
can inform efforts to scale up use of antenatal 
corticosteroids in similar settings, which could help to 
reduce neonatal mortality and morbidity associated with 
preterm birth, and health costs. The collection of economic 
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data in implementation research on safely increasing 
antenatal corticosteroid coverage in low-resource countries 
would be informative.
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Sir,

Mutations in the KCNQ2  gene that encodes for a 
voltage‑dependent potassium channel subunit 7.2 (kv 7.2) 
are associated with a wide clinical spectrum ranging from 
milder variants such as benign familial neonatal seizures 
to a severe phenotype of neonatal‑onset developmental 
and epileptic encephalopathy (DEE).[1] The severe end of 
the spectrum, which is associated with either suppression 
burst pattern or multifocal epileptiform discharges 
on electroencephalography (EEG), is called KCNQ2 
encephalopathy. It is not clear from the literature whether it 
is the type of genetic mutation or it is the recurrent clinical 
and sub‑clinical seizures before appropriate treatment is 
instituted that leads to the poor outcome.[2‑5] If the latter 
statement is true, then early institution of appropriate 
anti‑seizure medications in the form of sodium channel 
blockers (SCBs) can result in quick and good seizure control, 
thereby improving the neurodevelopmental outcome.

A retrospective chart review of all children with genetically 
confirmed KCNQ2 encephalopathy (either pathogenic or 
likely pathogenic mutations) diagnosed over the last 4 years 
was done. The details of the age of onset of seizures, age at 
treatment with SCBs, age at final genetic diagnosis, EEG, 
neuroimaging findings, neurocognitive outcome and current 
status are shown in Table 1. All presented with neonatal 
seizures in the first week and the seizures continued beyond 
the neonatal period till SCB were prescribed. The EEG 
showed multifocal epileptiform discharges or suppression 
burst pattern, suggesting epileptic encephalopathy and 
neuroimaging in the early life was normal. Basic biochemical 
investigations, screening for neurometabolic disorders, and 
cerebrospinal fluid examination were normal in all. Only in 
case 2, there was history of neonatal seizures in the father 
and paternal uncle. Genetic diagnosis was reached very 
late in all except case 2, because of lack of availability of 
testing facilities in the beginning and later high cost of 
testing (after testing became available). Irrespective of the 
type of treatment taken, the seizure frequency diminished by 
1–2 years of age, but the outcome was seriously influenced 
by the time of initiation of SCBs. In the two cases (cases 1 
and 2) where the treatment was started in the neonatal period, 
the outcome (psychomotor and cognitive) was normal, and 

when there was delay by even a few months (cases 3 and 
4), there was impairment of language milestones with either 
hyperactivity or autistic behaviour. In case 5, where the 
diagnosis was delayed by 7 years and the child was not given 
SCBs, along with language delay, the boy also had motor 
involvement in the form of mixed quadriparesis (spasticity 
with dystonia) severe enough to cause contractures and 
needing surgical intervention (tendon release). Repeat MRI 
of case 5 at 7‑years of age showed a paucity of white matter 
with mild cerebral atrophy. In all children, after the initiation 
of SCBs such as phenytoin, oxcarbazepine and lacosamide, 
the seizures stopped but the language impairment and the 
motor involvement persisted. At follow‑up, those with normal 
development had normal EEGs while those with sequelae had 
slow background activity and occasional spikes.

KCNQ2 encephalopathy is a type of DEE and can present 
as neonatal or infantile focal or generalised seizures with 
a predominant tonic component. They can also present as 
clonic, seizures or spasms (myoclonic jerks are rare). Though 
the seizures go into remission at a median age of 2 years, 
many children have moderate to severe cognitive impairment 
with motor manifestations in the form of dysphagia and 
hypertonia, which could be due to either spasticity and/
or dystonia.[2,6] Many of them are associated with autistic 
spectrum disorder (ASD) and/or intellectual disability (ID).

Epilepsy, ASD and ID are now considered to be synaptopathies 
that are brain disorders that have arisen from synaptic 
dysfunction regardless of their pathophysiological origin.[7] 
KCNQ2 gene causes dysfunction of potassium ion channels, 
and because they co‑localise with sodium channels, it leads to 
increased excitatory neurotransmission. Features of ASD, ID 
and epileptic encephalopathy may result from an imbalance 
between excitatory and inhibitory signalling in different parts 
of the CNS. The imbalance between excitation and inhibition 
in neocortical areas has been proposed as a key process 
underlying ASD pathogenesis and increased excitation due 
to sodium channels can result in epilepsy.[7]

The variability in cognitive, language and motor outcomes 
associated with different KCNQ2 variants makes it difficult to 
conclude if early seizure control can affect neurodevelopmental 
outcome.[4‑6] While many have reported poor cognitive and 
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motor outcome despite seizure control, few have mentioned that 
early seizure control results in better cognitive outcome.[2,3,5,6] 
SCB like phenytoin, carbamazepine and lacosamide are found 
to effectively control the seizures in KCNQ2 encephalopathy by 
down‑regulating the sodium channels that are modulated by the 
mutated potassium channels.[1,2,4,8] Patients who do not respond 
to phenytoin may respond to carbamazepine or lacosamide.

In the KCNQ2 gene, mutations can cause haploinsufficiency 
(presents as benign familial or nonfamilial neonatal seizures), 
a more severe dominant‑negative effect by a loss‑of‑function 
(presents as KCNQ2 DEE) or a gain‑of‑function (presents 
as neonatal encephalopathy with suppression burst pattern 
on EEG but without seizures, exaggerated and prolonged 
startle response with bilateral high amplitude myoclonic 
jerks without EEG correlate, hypoventilation with periodic 
breathing, epileptic spasms between 4–6 months and 
profound developmental impairment). This is important, 
as potassium‑channel openers/activators can help in 
loss‑of‑function mutation cases but can worsen those with 
gain‑of‑function mutation.[9]

As genetic tests are not routinely done and even if done, the 
results take 4–6 weeks, there is a delay in the use of SCB. This 
delay in treatment with SCB can result in recurrent seizures, 
status epilepticus and excessive excitation in the neocortex, 

resulting in ASD and ID in children with KCNQ2 encephalopathy 
as is evident in our cases 3–5. Many case series on KCNQ2 
encephalopathies have also shown that when SCBs were used 
early, the babies have only mild cognitive impairment.[2,4,5] Our 
cases 1 and 2, where the SCBs were used in the first 4–6 weeks, 
had near‑normal developmental milestones at 2‑years of age.

We suggest that a targeted therapeutic approach should be 
considered in the treatment of neonatal epilepsies. For those 
neonates with seizures not responding to routine line of 
management and that are not attributable to a specific cause 
and for whom a genetic aetiology is suspected, early trial of 
SCB (with careful observation for any worsening of seizures) 
should be considered pending the genetic results.[10]
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Table 1: Salient clinical, genetic diagnosis, neuroimaging and therapeutic response of children with KCNQ2 
encephalopathy

Case 1 Case 2 Case 3 Case 4 Case 5
Age of onset 5 days Day 1 of life Day 2 of life Day 5 of life Day 2 of life
Age at diagnosis 18 months 3 months 4 yr 5 yr 7 yr
Mutation analysis Exon 3

c.440C>A 
(p.Ala147Asp) 
Heterozygous

Exon 15
Variant: c. 
1657C>T (p.
Arg553Trp)
Heterozygous

Exon 4
c. 620G>A
(p.Arg207Gln)
Heterozygous

Exon 15
c. 1696G>A
(p.Asp566Asn)
Heterozygous

Exon 5
c. 788C>T
(p.Thr263ile)
Heterozygous

ACMG Missense, LP Missense, 
pathogenic

Missense, LP Missense, LP Missense, LP

Age of starting 
SCB

1 month 1.5 months 9 months 5 yr 7 yr

Seizure free since 1 month of age 2.5 months of age On and off seizures when 
SCB withdrawn; Seizure 
free from 2 yr of age after 
SCB 

5 yr 5 yr

Present age 2 yr 10 m 1 yr 8 m 4 yr 10 m 7.5 yr 7.5 yr
Development 
assessment

Normal (DASII) Normal (DASII) Delayed milestones, 
poor speech (Moderate 
ID‑MISIC)

Speech delay (Moderate 
ID‑MISIC)

Severe ID with mixed 
quadriparesis (MISIC)

MRI Normal Normal Mild cerebral atrophy Normal Mild cerebral atrophy with paucity 
of white matter

EEG at 
presentation

Multifocal 
epileptiform 
discharges

Multifocal 
epileptiform 
discharges 

Multifocal epileptiform 
discharges with 
suppression burst pattern

Multifocal epileptiform 
discharges seen

Multifocal epileptiform discharges 
with suppression burst pattern

Autistic/ADHD No No Hyperactivity,
Autistic behaviour, poor 
eye contact

Moderate ID with 
ADHD

Because of severe ID, ASD 
diagnosis could not be clearly 
done

ID‑Intellectual disability, ADHD‑Attention deficit hyperactivity disorder, EEG‑ Electroencephalography, ACMG‑American college of Med genetics 
classification, SCB‑Sodium channel blockers, LP‑likely pathogenic, DASII‑(Developmental assessment scale for Indian Infants) in children up to 3 years 
and MISIC‑Malin’s intelligence scale of Indian Chidren (>3 yrs)
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Bone Mineral Density and Body Composition in Males with 
Motor Neuron Disease: A Study from Teaching Hospital in 

Southern Part of India
Sir,

Sooragonda et al.[1] assessed bone mineral density (BMD), 
bone mineral parameters, and body composition in Indian 
patients with motor neuron disease – amyotrophic lateral 
sclerosis (MND‑ALS) – and compared these with healthy 
controls. They found that MND‑ALS patients and healthy 
controls had similar BMDs [as measured by Dual‑energy 
X‑ray absorptiometry (DXA) scan]. However, bone turnover 
markers (BTMs) were significantly higher in the MND‑ALS 
group, indicating a high turnover state.[1] Accordingly, they 
recommended testing for serum calcium, 25‑hydroxy vitamin D, 
BTMs, and BMD in MND‑ALS patients.[1] Besides few study 
limitations mentioned by Sooragonda et al.,[1] I presume that the 
following methodological limitation is also relevant. It is obvious 
that BMD reference intervals (BMDRIs) are required to interpret 
BMD estimates measured by DXA scan. BMDRIs are determined 
by many factors, namely age, gender, race, weight, pubertal 
stage, and socio‑economic class,[2,3] and normative BMDRIs 
have been generated for certain populations. These normative 
BMDRIs are utilized in clinical settings and researchcenters. 
Interestingly, India has already constructed its indigenous 
BMDRIs.[4] Instead of employing Indian normative BMDRIs, 
Sooragonda et al.[1] have inadvertently employed the International 
Society of Clinical Densitometry (ISCD) criteria released in 
2004[5] to define osteoporosis and normal BMD on interpreting 
the calculated BMD values. We feel that this limitation in their 
methodology might affect the interpretation of the study findings 

and recommendations addressed by Sooragonda et al.[1] It was 
solicited from Sooragonda et al.[1] to add in the limitations of 
their study that they could not employ the new Indian reference 
data, released in 2021,[4] as it was not launched at the time of 
conducting their study. The data in the Indian BMDRIs was 
recruited from a limited number of subjects (825 subjects: 
men = 380; women = 445)[4] and needs further substantiation. 
Hence, they have used international criteria.[5]
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Effect of dexamethasone on newborn survival at different
administration-to-birth intervals: A secondary analysis of the
WHO ACTION (Antenatal CorticosTeroids for Improving
Outcomes in Preterm Newborn)-I trial
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Summary
Background The WHO ACTION-I trial demonstrated that dexamethasone significantly reduced neonatal mortality
when administered to women at risk of early preterm birth in low-resource countries. We conducted a secondary
analysis to determine how these benefits can be optimised, by evaluating the effect of dexamethasone compared
to placebo on newborn mortality and severe respiratory distress outcomes at different administration-to-birth
intervals, and identifying the interval with the greatest benefits.

Methods The WHO ACTION-I trial was a multi-country, individually-randomised, parallel-group, double-blind,
placebo-controlled trial. It was conducted in 29 hospitals across Bangladesh, India, Kenya, Nigeria, and Pakistan.
Women with a viable singleton or multiple pregnancy who presented to participating hospitals at a gestational age
of 26 weeks 0 days–33 weeks 6 days and who were at risk of imminent preterm birth were eligible. In this
secondary analysis, 2638 women and their newborns treated with single course of dexamethasone or placebo were
analysed. Multivariate logistic regression was used to assess the effect of dexamethasone versus placebo on
neonatal death, stillbirth or neonatal death, and severe respiratory distress at 24 h and at 168 h, by administration-
to-birth interval (from 0 through 28 days), adjusting for gestational age at first dose. We used relative risks to
identify the administration-to-birth interval with the greatest benefits of dexamethasone compared to placebo on
the newborn outcomes.

Findings Between 24 December 2017 and 21 November 2019, 2852 women and their 3070 babies were enrolled in the
WHO ACTION-I trial; 1332 women (1464 babies) in the dexamethasone group and 1306 women (1440 babies) in the
placebo group were included in this secondary analysis. Neonatal mortality risk was lower with increasing time
between initiating dexamethasone and birth, achieving peak mortality reduction by days 13 and 14 and then
diminishing as the interval approached 28 days, regardless of gestational age at administration. For other
outcomes, the overall pattern of risk reduction extending into the second week was consistent with that of
neonatal death.

Interpretation In women at risk of preterm birth prior to 34 weeks’ gestation, the neonatal benefits of antenatal
dexamethasone appear to increase with longer administration-to-birth intervals than previously thought. This
knowledge can support clinical assessment and estimation of the risks of adverse preterm newborn outcomes at
the time of birth, and the potential benefits of antenatal dexamethasone treatment for a known administration-to-
birth interval.
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Research in context

Evidence before this study
We conducted a systematic search of PubMed, Embase,
CINAHL, Cochrane Library and Global Index Medicus (using
search terms and synonyms for “pregnancy” and
“corticosteroid” and “duration”), with no date or language
restrictions to identify randomised and non-randomised
studies where newborn outcomes were reported for different
antenatal corticosteroid administration-to-birth intervals. The
review identified 59 studies (11 trials and 48 observational
studies), largely from high-income country settings, and there
was considerable heterogeneity in study populations,
administration-to-birth intervals used, and conclusions. It was
not possible to identify an optimal interval from existing
evidence.

Added value of this study
To our knowledge, this is the first analysis of an antenatal
corticosteroid efficacy trial that has identified further
reduction in the relative risk of neonatal mortality with longer
dexamethasone administration-to-birth intervals. The relative
risk of severe neonatal respiratory distress at 24 h and at
168 h showed similar patterns although not as remarkable as
that of neonatal death. This analysis goes beyond previous

studies by using administration-to-birth interval as a
continuous (rather than categorical) variable, and using
multivariate modelling to account for the confounding effects
of gestational age and other important maternal and
newborn factors. We developed a practical tool for potential
clinical application of these findings.

Implications of all the available evidence
The neonatal mortality reduction benefits from antenatal
dexamethasone for women at risk of early preterm birth
might be substantially higher with longer administration-to-
birth intervals than generally thought, regardless of
gestational age at the time of initiating treatment. Our
findings question the scientific basis of clinical
recommendations that are based upon the premise that ACS
are not effective and even harmful after 7 days following
initiation of treatment. The new knowledge generated from
this study can be used to support clinical assessment and
estimation of the risks of adverse preterm newborn outcomes
at the time of birth, as well as the potential benefits of ACS
treatment for a known administration-to-birth interval (such
as in the context of provider-initiated preterm birth).

Articles
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Introduction
Antenatal administration of corticosteroids to women at
risk of preterm birth has been shown to improve out-
comes for preterm newborns. The 2020 update of the
Cochrane review on efficacy of antenatal corticosteroids
(ACS) demonstrated that a single course of dexameth-
asone or betamethasone prior to 34 weeks’ gestation
confers significant reductions in neonatal mortality, and
severe morbidities, without causing maternal or
newborn harms.1 While previous trials on the efficacy of
ACS were largely conducted in high-income countries,2

the recently published WHO ACTION (Antenatal Cor-
ticosTeroids for Improving Outcomes in preterm
Newborn)-I trial, which was conducted in hospitals
across five low-resource countries, provide reassurance
on the clinical benefits of ACS when used for women at
risk of early preterm birth. The trial reported a sub-
stantial reduction in the risks of neonatal mortality alone
and stillbirth or neonatal mortality, without increasing
the risk of maternal or neonatal infection,3 and thus laid
to rest the controversies surrounding the safety and ef-
ficacy of ACS in low-resource countries.

Now that the benefits of ACS administration in low-
resource countries have been established, there is a
need to determine how these benefits can be optimised in
clinical practice. One important consideration is the po-
tential relationship between the time interval from
administration of ACS to birth and how the interval
might affect the neonatal benefits of ACS. In
contemporary obstetric practice, it is generally accepted
that there is aminimum and amaximum time of in-utero
“fetal exposure” to ACS to achieve clinical benefits and
avoid harms. While this notion is reasonable from a sci-
entific standpoint (particularly based on findings from
animal studies), what constitutes the best (or optimal)
time interval to maximise clinical benefits of ACS re-
mains unclear. Several organisations, including WHO,
recommend that administration of ACS should target
eligible women with a high likelihood of preterm birth
within 7 days of starting treatment, but the quality of the
underlying evidence is low.4–6 Although the timing of
provider-initiated preterm birth via labour induction or
caesarean section can be reasonably anticipated, accurate
prediction of the timing of spontaneously-initiated pre-
term birth even among those at highest risk is clinically
difficult. Hence, adherence to current ACS recommen-
dations regarding administration-to-birth interval re-
mains practically challenging.

Previous studies exploring the association between
time from ACS administration-to-birth and newborn
health outcomes have generally been inconsistent in
their findings. For example, a study in Canada by Mel-
amed et al.7 reported that maximum benefits were
observed when ACS was administered 1–7 days prior to
birth. In contrast, an observational study by Norman
et al.8 across several European countries reported that
ACS were associated with a rapid decline in infant
mortality even over a short period (less than 12 h)
www.thelancet.com Vol ▪ ▪, 2022
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between administration and birth. Though the greatest
reductions were observed at an interval between 18 and
36 h, the mortality benefits appeared to persist beyond 3
weeks. Other studies from high-income countries have
also reported that benefits of ACS are time-related,
though the intervals associated with improved out-
comes are not consistent across studies.7,9–11 It is unclear
whether these variations were the results of heteroge-
neity in clinical practice protocols, characteristics of the
study populations, outcome measures, or inherent bia-
ses in the study designs. Many studies had pre-defined
an interval between 24 h and 7 days as the “optimal
interval” without analysing and reporting the time
points associated with greatest risk reductions for
specified adverse outcomes, or accounting for important
confounders such as gestational age at the time of ACS
administration. To address these shortcomings and
provide data from low-resource country contexts, we
conducted a secondary analysis of the WHO ACTION-I
trial to evaluate the effect of dexamethasone compared
to placebo on neonatal mortality and severe respiratory
morbidity outcomes, by the administration-to-birth in-
terval, in order to identify the interval with the greatest
clinical benefits (i.e., an optimal interval).
Methods
Study design and participants
The design of the WHO ACTION-I trial has been
described previously in the study protocol and primary
findings.3,12 In brief, WHO ACTION-I trial was a multi-
country, multi-centre, individually-randomised, parallel-
group, double-blind, placebo-controlled trial. The trial
was conducted in 29 secondary and tertiary level hos-
pitals across Bangladesh, India, Kenya, Nigeria, and
Pakistan. The trial protocol was approved by ethics
committees and regulatory agencies for each country
and participating hospital and the WHO Ethics Review
Committee and registered prior to commencement
(Australia and New Zealand Clinical Trials Registry
number ACTRN12617000476336; Clinical Trials
Registry-India number, CTRI/2017/04/008326). The
trial was conducted and reported in accordance with
Consolidated Standards of Reporting Trials (CON-
SORT) guidelines.13 All participants were randomized
between December 2017 and November 2019, and the
trial was stopped early due to evidence of benefit.3,12

Women with a viable singleton or multiple preg-
nancy who presented to participating hospitals at a
gestational age of 26 weeks 0 days–33 weeks 6 days and
who were identified as being at risk of imminent pre-
term birth were eligible for inclusion and invited to
participate. Imminent preterm birth was defined as
planned or expected birth in the next 48 h (either
provider-initiated or after preterm prelabour rupture of
membranes or spontaneous labour). To be eligible, a
woman’s gestational age had to be informed by an
www.thelancet.com Vol ▪ ▪, 2022
obstetric ultrasound. Women were not eligible if they
had clinical signs of severe infection, suspicion, or evi-
dence of clinical chorioamnionitis, major congenital
fetal anomalies, concurrent or recent use of systemic
steroids, were participating in another maternal or
newborn health trial, or had a contraindication to steroid
use. Women were screened at the time of presentation
to hospital, and randomised women and their babies
were followed up until day 28 after birth, at the hospital
or at home. Written informed consent was obtained
from every woman prior to randomisation.

For this secondary analysis, we included randomised
women (and their newborns) who received a single
course of dexamethasone or placebo, had complete data
for trial primary outcomes, and who had complete data
on time of dexamethasone or placebo administration
and time of birth. Women who received a repeat course
(and their newborns) were excluded. Hence, the popu-
lation for this analysis comprised 92.5% of women and
90.2% of babies who participated in the WHO ACTION-
I trial.
Randomisation and masking
In the ACTION-I Trial, site-stratified individual
randomization (1:1 ratio) with balanced permuted
blocks of 10 were used. Eligible, consenting women
were randomly assigned to a course of IM injections of
either 6 mg dexamethasone or identical placebo (normal
saline) administered every 12 h, to a maximum of four
doses, or until hospital discharge or birth, whichever
was earlier. Women were eligible for a repeat course if
they had not given birth after 7 completed days but still
met the eligibility criteria (the repeat course was the
same as the initial allocation).
Outcomes
The ACTION-I trial primary outcomes were neonatal
death until 28 completed days of life; stillbirth or
neonatal death (any baby death); and a composite
outcome for possible maternal bacterial infection
(defined as maternal fever or clinically suspected or
confirmed infection, for which therapeutic antibiotics
were used). Secondary outcomes included maternal and
newborn mortality and morbidity outcomes, and pro-
cess of care outcomes.

For this secondary analysis, the outcomes of interest
were neonatal death, stillbirth or neonatal death (i.e.,
any baby death), severe neonatal respiratory distress
within 24 h, and severe neonatal respiratory distress
within the first week of birth (168 h). In the ACTION-I
trial, severe neonatal respiratory distress was clinically
defined based on the composite of fast breathing (res-
piratory rate ≥70 breaths per minute); and at least one of
marked nasal flaring during inspiration, expiratory
grunting audible with naked ear, or severe chest
3

www.thelancet.com/digital-health


Articles

4

in-drawing; and SpO2 less than 90% or use of supple-
mental oxygen.
Statistical analysis
The exposure variables of interest for this analysis were
the allocated treatments (dexamethasone and placebo).
We aimed to assess how selected newborn outcomes
varied by administration-to-birth interval, which was
defined as the time from administration of the first dose
of dexamethasone or placebo until birth. This interval
was considered using both categorical and continuous
variable approaches. For each outcome, we explored the
administration-to-birth time interval which was associ-
ated with the greatest benefit of dexamethasone
compared to placebo.

We used two different statistical approaches. First,
we conducted subgroup analyses stratifying the study
population by pre-defined categories of administration-
to-birth intervals, and calculated the relative risks of
dexamethasone compared to placebo for each newborn
outcome and for each interval category. This approach
had two important limitations: firstly, the categories of
administration-to-birth intervals were pre-defined based
on clinical practice considerations and boundaries that
were set from previous research. As a result of these
limitations, interactions with intervals other than those
categories defined a priori might be concealed, and it
does not take full advantage of having continuous data
for the administration-to-birth interval. It also does not
take into account the impact of gestational age (which
naturally increases with increasing administration-to-
birth interval) on newborn health outcomes – it was
evident from this analysis as the relative risks varied
considerably depending on the gestational age at time of
first dose.

To address these issues, we used a second statistical
approach. We created a prediction model based on
women receiving dexamethasone or placebo for each of
the newborn outcomes of interest, taking into account
the administration-to-birth interval as continuous vari-
able, as well as gestational age at first administration.
Then, from the predicted risks for the dexamethasone
and placebo arms, we estimated the relative risks (RRs)
for each outcome by gestational age at first dose to
identify the interval with the greatest benefit. We used
multivariate logistic regression to create the prediction
models for each outcome. First, we fitted a full quadratic
polynomial model for each trial arm on time from
administration-to-birth and gestational age at first dose
(i.e., the model included the linear and quadratic terms
for each of these continuous variables and the cross
product of the two), plus covariates. The following
covariates were ultimately included in the model:
gestational age at first dose, whether the preterm birth
was spontaneously- or provider-initiated, mode of birth,
maternal age, singleton or multiple birth, nulliparity,
history of preterm birth, having at least one obstetrical
condition present, and whether tocolytics and magne-
sium sulfate for fetal neuroprotection had been
administered. These covariates were all measured at
baseline, except for mode of birth.

We used the Lasso strategy for selecting variables14

and assessed the goodness of fit of several candidate
models, using the difference between the log-likelihood
of the saturated model and that of the fitted model. For
each outcome a reduced model was obtained, keeping
only terms that were significant at 10% (See
Supplementary File S1 for statistical methods on model
development). We assessed whether the added cova-
riates altered the findings on which time interval had
the greatest benefits of dexamethasone compared to
placebo, with respect to the neonatal outcomes. We also
assessed models using either gestational age at first dose
or gestational age at birth - the fits and estimated risks
were identical. This is due to the linear relationship
between these two measures (i.e., gestational age at
birth is the sum of gestational age at first dose and the
time from first dose to birth).

Using the reduced model, we estimated for each
gestational age at first dose the effects of dexamethasone
by different administration-to-birth intervals in days up
to 28 days from the start of treatment, in order to
identify the time interval with the greatest benefits of
dexamethasone compared to placebo. Effects of dexa-
methasone were expressed as relative risks (risks of
outcome for infants exposed to dexamethasone
compared with those exposed to placebo, with their 95%
confidence intervals). To estimate the relative risks with
their 95% confidence intervals, we used the Poisson
distribution with the log link in the logistic model and
then estimated linear combinations corresponding to
the relative risks for different values of gestational age at
first dose and administration-to-birth intervals. The
same analysis was conducted with administration-to-
birth intervals in hours up to 24 h from the start of
treatment to further elucidate the relative risks of
neonatal death at shorter intervals. For each gestational
age at first dose, we plotted the relative risks by
administration-to-birth intervals, and identified the
optimal interval as the time points where greatest
impact of dexamethasone (in terms of risk reduction
compared to placebo) were observed.

To aid interpretation and develop a tool for potential
clinical application of these findings in our study
context, we used profiler software (JMP Statistical Dis-
covery Software, version 16.0, Supplementary File S2) to
generate and visualize the predicted risk of an outcome
for any combination of the independent variables. The
profiler shows the estimated risk and its confidence
intervals for particular combinations of gestational age
at first dose, administration-to-birth interval, and treat-
ment with dexamethasone or no treatment (i.e.,
placebo).
www.thelancet.com Vol ▪ ▪, 2022
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Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All investigators had access to
dataset, and OTO and RB had final responsibility for
submitting for publication.
Results
The study population comprised 1332 women and their
1464 babies in the dexamethasone arm and 1306 women
Fig. 1: Study fl

www.thelancet.com Vol ▪ ▪, 2022
and their 1440 babies in the placebo arm (Fig. 1). The
baseline characteristics of populations of women in the
dexamethasone and placebo arms were similar (Table 1).
Nearly 40% of women underwent clinically indicated
induction of labour or caesarean birth. The mean gesta-
tional age at recruitment was 30.9 weeks. In total, 2012/
2638 (76.3%) of women gave birth before 34 weeks
gestation and 2370/2638 (89.8%) gave birth during the
preterm period (i.e., before 37 weeks 0 days’ gestation).

Supplementary Fig. S1 shows the distribution of the
administration-to-birth interval by trial arm. For women
ow chart.
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Characteristic Dexamethasone
N = 1332 women

Placebo
N = 1306 women

Clinical assessment of imminent preterm birth at trial entry – no. (%)

Spontaneously-initiated preterm birth 823 (61.8) 794 (60.8)

Preterm prelabour rupture of membranes 418 (31.4) 355 (27.2)

Spontaneous preterm labour 405 (30.4) 439 (33.6)

Provider-initiated preterm birth 509 (38.2) 512 (39.2)

Gestational age at trial entry – no. (%)

26 weeks 0 days–27 weeks 6 days 117 (8.8) 94 (7.2)

28 weeks 0 days–31 weeks 6 days 586 (44.0) 603 (46.2)

32 weeks 0 days–33 weeks 6 days 629 (47.2) 607 (46.5)

34 weeks 0 daysa 0 (0.0) 2 (0.2)

Gestational age at trial entry (wks) – mean (SD) 30.9 (2.0) 30.9 (1.9)

Maternal age (yrs) – mean (SD) 27.3 (5.8) 27.4 (5.9)

Missing – n (%) 1 (0.1) 0 (0.0)

Educational level completed – no. (%)

No education 166 (12.5) 158 (12.1)

Primary education only 353 (26.5) 382 (29.2)

Secondary education only 512 (38.4) 462 (35.4)

Post-secondary/tertiary education 298 (22.4) 299 (22.9)

No answer 3 (0.2) 5 (0.4)

Marital status – no. (%)

Married/Cohabiting 1285 (96.5) 1260 (96.5)

Single/Separated/Widowed/Divorced 47 (3.5) 46 (3.5)

No. of fetuses in the current pregnancy – no. (%)

Single 1207 (90.6) 1184 (90.7)

Twin 117 (8.8) 119 (9.1)

Higher order multiples 8 (0.6) 3 (0.2)

Parity

0 501 (37.6) 511 (39.1)

1–2 596 (44.7) 572 (43.8)

3–4 199 (14.9) 179 (13.7)

5 or more 36 (2.7) 44 (3.4)

History of preterm birth among parous women – no. (%)

No 642/831 (77.3) 610/795 (76.7)

Yes 163/831 (19.6) 167/795 (21.0)

Unknown 26/831 (3.1) 18/795 (2.3)

Medical conditions currently present – no. (%)a

Chronic hypertension 59 (4.4) 68 (5.2)

Diabetes mellitus (non-gestational) 12 (0.9) 13 (1.0)

HIV or AIDS 30 (2.3) 27 (2.1)

Tuberculosis 1 (0.1) 2 (0.2)

Pyelonephritis 4 (0.3) 10 (0.8)

Anaemia (Hct ≤ 26% or Hb ≤ 9 g/dL) 97 (7.3) 122 (9.3)

Malaria 45 (3.4) 47 (3.6)

Obstetric conditions currently present – no. (%)a

Gestational diabetes 21 (1.6) 10 (0.8)

Pre-eclampsia or eclampsia 257 (19.3) 299 (22.9)

Gestational hypertension (excl. preeclampsia or eclampsia) 70 (5.3) 60 (4.6)

Oligohydramnios (known or suspected) 326 (24.5) 292 (22.4)

Polyhydramnios (known or suspected) 17 (1.3) 30 (2.3)

Intrauterine growth restriction (known or suspected) 91 (6.8) 91 (7.0)

Macrosomia 4 (0.3) 3 (0.2)

(Table 1 continues on next page)
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Characteristic Dexamethasone
N = 1332 women

Placebo
N = 1306 women

(Continued from previous page)

Abruptio placentae 47 (3.5) 39 (3.0)

Placenta praevia 96 (7.2) 102 (7.8)

Other obstetric haemorrhage 62 (4.7) 40 (3.1)

Trimester of pregnancy when ultrasound for gestational age estimate
was performed – no. (%)

1st trimester (up to 13 weeks 6 days) 155 (11.6) 140 (10.7)

2nd trimester (14 weeks 0 days–27 weeks 6 days) 311 (23.3) 298 (22.8)

3rd trimester (28 weeks 0 days and beyond) 866 (65.0) 868 (66.5)

Medication administered prior to randomization – no. (%)

Tocolytic 232 (17.4) 238 (18.2)

Magnesium sulfate for neuroprotection 126 (9.5) 157 (12.0)

Mode of birth – no. (%)

Missing 45 (3.4) 30 (2.3)

Cephalic vaginal delivery 606 (45.5) 583 (44.6)

Breech vaginal delivery 56 (4.2) 50 (3.8)

Vacuum or forceps delivery 0 (0.0) 2 (0.2)

Caesarean section before labour onset 465 (34.9) 465 (35.6)

Caesarean section after labour onset 160 (12.0) 176 (13.5)

a2 women were randomised at 34 weeks 0 days.

Table 1: Characteristics of analysis population.

Articles
receiving dexamethasone, 20.1% (294/1464) had an
administration-to-birth interval of ≤6 h, 36.1% (529/
1464) had an interval of 24 h–168 h (1 week), and 27.0%
(395/1464) had an interval greater than 1 week. When
considered as a continuous variable, the distribution of
this interval for dexamethasone and placebo arms was
very similar, though the placebo group had a slightly
shorter administration-to-birth time. Supplementary
Fig. S2 shows the number of births and neonatal
deaths for each week of gestational age at birth - the
highest number of births occurred at 33 weeks (571
babies). Across the preterm period (<37 weeks), the
neonatal mortality rate was highest for babies born at 26
weeks (27/35, 77.1%) and lowest for babies born at 36
weeks (2/93, 2.2%). In the analysis population, neonatal
death was 20.4% (275/1351) in the dexamethasone arm
and 23.8% (317/1331) in the placebo arm, while severe
respiratory distress within 168 h was 9.7% (114/1171)
and 11.6% (134/1152), respectively.

Table 2 presents relative risks for the newborn out-
comes for categories of administration-to-birth interval.
Administration-to-birth
interval

Neonatal death (to 28
days)

Stillbirth or neonatal dea
baby death)

0–6 h 1.08 (0.83–1.41) 1.11 (0.87–1.41)

>6–12 h 0.89 (0.63–1.28) 1.00 (0.72–1.40)

>12–24 h 1.02 (0.67–1.56) 1.03 (0.72–1.48)

>24 h–1 week 0.77 (0.60–0.98) 0.83 (0.68–1.00)

>1 week 0.65 (0.39–1.08) 0.67 (0.47–0.94)

Table 2: Relative risks and 95% CI of neonatal outcomes comparing dexameth

www.thelancet.com Vol ▪ ▪, 2022
While these have not accounted for gestational age at the
time of first dose, there is an overall pattern of reduction
in the point estimate of the relative risk of each outcome
as the administration-to-birth interval increases. Fig. 2
and Supplementary Table S1a present the relative
risks and 95% confidence intervals of neonatal death in
preterm babies exposed to dexamethasone compared to
placebo, by administration-to-birth intervals as a
continuous variable (from 0 through 28 days) for
different gestational ages at first dose (from 26 weeks
0 days through 33 weeks 0 days). Across all gestational
ages at first dose, the point estimates for the relative
risks were consistently reduced with increasing time
from administration-to-birth until days 13 and 14 (i.e.,
nadir of the curves where the greatest risk reductions
were observed), but gradually diminished thereafter and
with reversed effects as it approached an administration-
to-birth interval of day 28 days. Supplementary Fig. S3
and Supplementary Table S1b shows the relative risks
for neonatal death by administration-to-birth interval for
the first 24 h. For all gestational ages at first dose, the
th (any Severe respiratory distress
at 24 h

Severe respiratory distress at
168 h

0.98 (0.39–2.49) 1.10 (0.70–1.73)

0.59 (0.15–2.28) 1.08 (0.61–1.92)

0.92 (0.34–2.47) 0.90 (0.45–1.79)

0.40 (0.20–0.81) 0.66 (0.44–0.98)

0.39 (0.10–1.46) 0.81 (0.36–1.83)

asone with placebo administration, per administration-to-birth interval.
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Fig. 2: Relative risks of neonatal mortality in preterm infants exposed to dexamethasone compared to placebo, by administration-to-
birth intervals (from 0 through 28 days), at different gestational ages of first administration.

Articles

8 www.thelancet.com Vol ▪ ▪, 2022

www.thelancet.com/digital-health


Articles
relative risks were not indicative of any clinical benefit
or suggestive of harm throughout the 24 h following
administration.

Supplementary Table S1c–e show the relative risks
by administration-to-birth interval for other outcomes of
interest. Supplementary Fig. S4 and Supplementary
Table S1c show the relationship between reduction in
the risks of stillbirth or neonatal death (any baby death)
and administration-to-birth interval was similar to that
of neonatal death although with the nadirs occurring at
days 11 and 12. For severe neonatal respiratory distress
outcomes, although the overall pattern of risk reduction
as administration-to-birth interval increased towards the
second week was demonstrated, the precision of the
data was very low and less reliable beyond that point
(Supplementary Table S1d and e and Supplementary
Figs. S5 and S6).

The profiler tool (Supplementary File S2) can be used
to explore and visualise the risks of pre-specified out-
comes by different administration-to-birth intervals,
taking into account a woman’s gestational age at time of
administration and whether the woman was treated with
dexamethasone. Fig. 3 provide examples of the output of
this tool for neonatal death with administration starting
at 26 weeks 0 days gestation and administration-to-birth
intervals of 2 days (48 h) and 14 days. Panels 3A and 3B
show the risks of neonatal death for two hypothetical
women who were not treated with dexamethasone at 26
weeks 0 days gestation (i.e., exposed to placebo), and
birth occurred at 48 h later for one woman and 14 days
later for other woman, respectively. For these two sce-
narios, the modest difference in the risks of neonatal
death for the infants born 48 h (2 days) and 14 days
from first treatment dose (0.86 versus 0.72, respectively)
is attributable to increasing fetal maturity due to in-
creasing gestational age. Panels 3C and 3D show the
risks of neonatal death for similar women, but who were
treated with antenatal dexamethasone. The difference in
neonatal death risks between 48 h (2 days) and 14 days
(0.80 versus 0.40, respectively) is more substantial, and
attributable to the effects of dexamethasone in addition
to increasing fetal maturity as a result of increasing
gestational age.
Discussion
This study confirms that there is a strong relationship
between the time from antenatal dexamethasone
administration-to-birth and critical newborn outcomes.
Compared to infants exposed to placebo, we found that
neonatal mortality risk further reduced with increasing
administration-to-birth interval for infants exposed to a
single course of dexamethasone between 26 weeks
0 days and 33 weeks 6 days. While gestational age is a
well-known critical mediator of preterm newborn out-
comes, the observed relationship was independent of
the effects of natural fetal maturation alone. Peak
www.thelancet.com Vol ▪ ▪, 2022
mortality reduction was observed by days 13 and 14, and
then diminishing as the interval approached 28 days,
irrespective of the gestational age at the time of first
treatment dose. The impact of dexamethasone on
neonatal mortality reduction during the first 24 h
following initiation of treatment is uncertain, although
the overall trend is in favour of risk reduction as the
interval increases. The observation for clinically
assessed severe respiratory distress outcomes is less
marked, although the overall pattern of risk reduction as
the interval extends into the second week is consistent
with that of neonatal death.

While these findings of a strong relationship be-
tween dexamethasone administration-to-birth interval
and newborn survival is conceptually consistent with
previous studies in terms of a beneficial window, it also
challenges the generally held view of 24 h to 7 days as
the “optimal interval”, and what has been otherwise
described as sub-optimal or potentially harmful in-
tervals. Our study suggests that the beneficial window
may start sooner than the 24 h threshold and extends
through to the end of second week following adminis-
tration, even in the absence of a second course of ACS
treatment.

We conducted a systematic review of randomised
and non-randomised studies on the association between
different antenatal corticosteroid administration-to-birth
intervals and maternal and newborn outcomes (14). The
review identified 59 studies (11 trials and 48 observa-
tional studies), 39 of which were conducted in high-
income country settings. One of the 11 trials was the
WHO ACTION-I trial primary analysis, and none of
the other 10 trials evaluated ACS administration-to-birth
interval as a continuous measure, nor adjusted for the
confounding effect of gestational age at time of
administration. Findings in the current analysis have
not been reported previously in efficacy trials. Three
trials reported on neonatal mortality for different cate-
gories of ACS administration-to-birth interval - all three
were small (ranging from 73 to 208 newborns) and re-
ported no differences in neonatal death across intervals
(15–17). Seven trials (with 80–315 newborns) reported
that odds of RDS were not different for any ACS
administration-to-birth interval (15, 17–22). However,
one trial (696 newborns) found reduced odds of RDS at
1–7 days and >7 days with ACS compared to no ACS
treatment (23). One other trial (73 newborns) found
reduced odds of RDS at ≥8 days compared to no ACS
treatment (24).

Large observational studies from Canada and
Australia, as well as multi-country studies from other
high-resource settings, have explored the relationship
between the ACS administration-to-birth interval and
newborn outcomes.7,8,15,16 Comparing findings across
these studies is challenging given the differences in
enrolled populations, variations in the categories of time
intervals used, and use of different ACS regimens.
9
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Melamed et al.7 analysed ACS effectiveness in a Cana-
dian retrospective cohort of 6870 infants born at 24 to
<34 weeks, and reported that ACS (usually betametha-
sone or possibly dexamethasone) had maximum benefit
at 1–7 days, while at <24 h or >7 days the odds of
neonatal mortality and morbidity were relatively poorer.
Conversely, Norman et al.8 analysed 4594 singletons
born at 24–31 weeks across multiple European countries
- 78.9% of obstetric units were using betamethasone,
4.9% used dexamethasone and 15.4% used either. They
observed significant declines in neonatal mortality at
<24 h associated with ACS use. While the greatest re-
ductions in neonatal mortality, severe neonatal
morbidity and severe neonatal brain injury were be-
tween 24 h and 7 days, the mortality benefits appeared
to persist beyond 3 weeks after administration. It is
important to note that while these studies suggested that
24 h to 7 days had maximal benefits compared to shorter
and longer intervals, they also confirmed that any cate-
gory of ACS administration-to-birth interval was better
than no ACS treatment. The interpretation, therefore, is
that the 24 h and 7 days thresholds are arbitrary and not
necessarily inflection points outside which ACS is not
beneficial or associated with harms. The initial explo-
ration of relative risks of newborn outcomes by cate-
gories (Table 2) shows that infants born from >24 h to 1
week after treatment was the only category with point
estimates and 95% confidence intervals suggestive of
significant benefits for all specified outcomes. This
could have led to a similarly erroneous conclusion of
benefit being confined to this interval, if subjected to the
same type of analysis as previous studies.

The strengths of this study include the use of data
from a multi-country, randomised, placebo-controlled,
double-blind trial, in which the administration-to-birth
interval was prospectively reported with high preci-
sion, and newborn health outcomes were measured
robustly and systematically, and there were high event
rates for newborn primary outcomes. This secondary
analysis included 92% of women and 95% of babies who
participated in the original trial. This secondary analysis
was anticipated during the design phase of the trial and
thus allowed for a proactive collection of accurate data
on time of treatment and time of birth. Multiple
analytical approaches were used to explore associations
between administration-to-birth interval and newborn
Fig. 3: Profiler plots of risks of neonatal mortality for infants exposed
weeks 0 days gestational age at first administration. (A) Risk of neon
treatment (i.e., placebo) initiated at 26 weeks 0 days gestation and birth
neonatal death, indicated as P(Neonatal death) with no dexamethasone
birth occurring 14 days later, from a multivariate logistic model. (C) Risk of
treatment initiated at 26 weeks 0 days gestation and birth occurring 48 h
indicated as P(Neonatal death) with dexamethasone treatment initiated a
multivariate logistic model.

www.thelancet.com Vol ▪ ▪, 2022
outcomes. The robustness of the data set for neonatal
mortality outcome allowed for construction of a tool that
could potentially be applied in the clinical context of
the countries where WHO ACTION-I trial was con-
ducted. Nonetheless, we acknowledge several limita-
tions, including that this was a secondary analysis
restricted to trial participants who received a single
course of dexamethasone or placebo. The analysis relied
on a post-randomisation exposure variable (i.e., time
from dexamethasone administration to birth) and is
therefore prone to confounders which were not sys-
tematically captured. The relationships between fetal
maturation, time and dexamethasone are complex, and
residual confounding, or other unknown factors, may be
playing a role. We have a limitation in drawing reliable
inferences for the two clinically assessed severe respi-
ratory distress outcomes, as the risk and relative risk
estimates for these outcomes have low precision. This
might be in part explained by the lower prevalence
recorded for these secondary outcomes in the trial
population, probably as a result of some degree of
under-recognition of newborn respiratory complications
based on clinical assessments alone (3). This is in
contrast to the prevalence of neonatal mortality, which
was the primary outcome upon which the trial sample
size estimation was based. There were also fewer ob-
servations with longer administration-to-birth intervals,
leading to greater uncertainty (wider confidence in-
tervals). A number of other factors related to the analysis
population might affect generalizability of these find-
ings, such as the enrolment of women at risk of
imminent preterm birth from 26 weeks 0 days–33
weeks 6 days only; that two-thirds of women had a
gestational age estimate based on third trimester ultra-
sound; and that the ACS regimen was IM dexametha-
sone phosphate. Further validation of these findings in
other, high-quality datasets would be useful.

Our study confirms that the window of benefit in
terms of neonatal mortality reduction following dexa-
methasone administration is time bound, but the in-
flection point and subsequent diminution do not occur
until about two weeks following the initiation of treat-
ment. In view of the challenges of accurately predicting
the timing of spontaneous preterm birth, this longer
optimal administration-to-birth interval provides reas-
surance regarding the benefits of ACS in situations
to antenatal dexamethasone and infants exposed placebo at 26
atal death, indicated as P(Neonatal death) with no dexamethasone
occurring 48 h later, from a multivariate logistic model. (B) Risk of
treatment (i.e., placebo) initiated at 26 weeks 0 days gestation and
neonatal death, indicated as P(Neonatal death) with dexamethasone
later, from a multivariate logistic model. (D) Risk of neonatal death,

t 26 weeks 0 days gestation and birth occurring 14 days later, from a
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where anticipated birth occurs after the conventional 7
days’ window. As the mortality risk among infants who
were exposed to a single course of dexamethasone is
lower for the larger part of 28 days following treatment,
administration of a repeat (or “rescue”) course during
this period to optimise the administration-to-birth in-
terval might be unnecessary. However, this warrants
further investigation, as trials of repeat ACS regimens
have thus far used betamethasone only (27).

From a clinical standpoint, clinicians may consider
prolonging the time of birth with tocolytics where it is
deemed clinically safe, not just for ensuring that all
prescribed doses of ACS are administered, but also to
optimise the administration-to-birth interval, while
continually weighing the balance of benefits of
increasing interval against risk of fetal exposure to an
adverse intrauterine environment. The tool developed
from WHO ACTION-I data could be applied in hospi-
tals in low-resource countries with similar characteris-
tics as in the trial to estimate risks of dexamethasone
treatment versus no treatment, in situations where the
administration-to-birth interval can be pre-determined
with a high degree of certainty, such as in provider-
initiated preterm birth. The tool could also be used for
support clinical assessment and estimation of the risks
of adverse preterm newborn outcomes at the time of
birth when all variables, including the administration-to-
birth interval, are known.

Our findings call for a review of the 2015 WHO
recommendation that suggests that antenatal cortico-
steroid should only be applied when preterm birth is
considered “imminent” within 7 days of starting treat-
ment, which was based on subgroup analysis that is no
longer supported in the current updates of Cochrane
review underpinning the recommendation.1 Although
the current study does not refute the suggestion that
there may be benefit when ACS is administered in sit-
uations where birth is anticipated within 24 h, such
practice should be the exception rather than the norm,
as it is clear from these findings that a minimum
number of days following ACS administration is
required to maximise benefits and avoid harms.

Further investigation is required on the overarching
question of what administration-to-birth interval confers
the best clinical outcomes for preterm newborns. We
acknowledge that it is methodologically and ethically
impossible to randomise women to different administra-
tion-to-birth intervals. Therefore, combining existing
WHO ACTION-I trial data with similar high-quality data
sets on administration-to-birth could be the starting point
to strengthen available evidence. Any future studies on
this question, including observational studies, should
analyse prospectively documented administration-to-
birth interval as a continuous measure, and avoid arbi-
trary cut-offs that tend to hide the nuances in the risks of
adverse outcomes within administration-to-birth interval
categories. Future research could also benefit from
individual patient data meta-analysis to produce more
generalisable information and understand whether the
observed patterns differ by population subgroups of
women at risk of preterm birth. The application of ma-
chine learning to large observational and randomised
trial data sets to improve prediction of the timing of
preterm birth, and individualise risk estimation by time
of administration-to-birth interval is long overdue.

In conclusion, this secondary analysis of a multi-
country randomised trial indicates that the neonatal
mortality reduction benefits from antenatal dexametha-
sone for women at risk of preterm birth prior to 34
weeks’ gestation may be substantially higher with longer
administration-to-birth intervals than previously
thought. Risk reduction for important neonatal out-
comes tend to continue to increase into the latter part of
second week from the start of dexamethasone admin-
istration, regardless of gestational age at time of
administration.
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Background: Malnutrition is a serious underlying cause of child and maternal deaths around the world. The 
objective of this study evaluates maternal anemia and body mass index as determinants of pregnancy outcomes. 
Undernourishment during pregnancy can occurs Intra Uterine Growth Retardation. Contributing to about 80,0000 
new-borns, 40,0000 infant deaths and 20% under 2 years children have stunted, 20% of maternal deaths during labor 
and early postpartum.

Methods: This study Hospital-based cross-sectional study. The study comprised laboring women admitted for 
delivery in selected tertiary care hospital in South India from 10th November 2021 to 20th January 2022.  Structured 
interview schedule for demographic information, patient’s case sheet for information about the ‘Body Mass Index as 
a determinants of pregnancy outcomes’ and anthropometric measurement for body mass index (weight and height). 
All registered deliveries in the study period have been included, comprising of 101 sample size Bivariate logistic 
regressions were used to determine the factors associated with outcome variables. A significant level of 5% was used 
to decide the significance of statistical tests.

Results: Body Mass Index in the 1st antenatal visit of the women who came for delivery in tertiary care hospital, 
underweight 36.6%, normal body mass index 52.5%, and overweight 10.9%.  During 1st antenatal visit 58.4% had 
anemia, while 53.5% had mild anemia during the last antenatal visit. Respectively 39.6% of antenatal women had 
normal Hb% during 1st antenatal care visit, whereas 46.5% had normal Hb%, during their last antenatal visit. The 
mode of delivery; spontaneous vaginal delivery 45.5%, vacuum delivery 3.0%, emergency caesarean section delivery 
50.5%. Preterm delivery was statistically significant among whose first antenatal care visit was after 11th weeks of 
gestation. Whereas, emergency caesarean section delivery was statistically significant among underweight. Increasing 
maternal weight body mass index was associated with maternal and neonatal health outcomes. Which was risk of 
pregnancy induced hypertension, preeclampsia, eclampsia, gestational diabetes mellitus and caesarean section delivery. 

Conclusions:  Every 2nd women was anemic, every 3rd pregnant women was underweight (BMI >18.5), every 2nd 
baby was born with caesarean section delivery. Preterm delivery was statically significant of weeks of gestation during 
first antenatal care visit with more than 11th weeks of gestation. Whereas, emergency cesarean section was significant 
with low body mass index. 

Keywords: Anemia; body mass index; caesearn section delivery; low birth weight; preterm delivery
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ABSTRACT
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INTRODUCTION

Globally 1.62 billion women are suffering from anemia.1 
According to WHO, 1993 to 2005 data, 32 million 
(38%) pregnant women are anemic, of whom 750,000 
are severely anemic (hemoglobin level <7.0/dl).2 The 
majority of anemic pregnant women, in low-income 
and middle-income countries, are 43% which is the 
highest prevalence found in Southern Asia 52%, Central 
African and West African countries 56%.3,4 Anemia is a 

major consequence for women’s health as well as socio-
economic development which results in the loss of 
billions of dollars annually. 1,5,6 The prevalence of anemia 
in pregnant women in developed countries are14%, in 
developing countries 51%, and in India, it varies from 
65% to 75%. 7,8 

Complications of maternal obesity (BMI>25 kg/m2) 
including gestational hypertension, preeclampsia, 
macrosomia, early induction of labor and need for 
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caesarean section deliveries and currently apply 
upmost but also concede increasingly in middle-income 
countries, including India.9

While, in the countryside of India, undernutrition 
(BMI<18.5 kg/m2) is associated with low birth weight 
(LBW< 2.5 kg) and preterm deliveries.

METHODS

The purpose of the study has been already explained to 
women before the data collection, and written informed 
consent was obtained from every subject. For socio-
demographic, socio-economic condition structured 
interview schedule techniques were used. For the 
maternal and newborn pregnancy outcomes information 
patient case sheet was used. For BMI every subject had 
taken weight and height and for previous (first antenatal 
clinic visit) weight and height patient’s case sheet had 
used. The total number of samples were 101. Date was 
collected from 10th November 2021 to 20th January 2022. 
Ethical clearance was obtained from the ethical review 
committee of KLE Academy of Higher Education and 
Research (KAHER), to conduct the study. 

The collected data was entered in MS Excel-2016 and 
exported in SPSS- version 20 for analysis.  Data has 
been checked for consistency and completeness by 
exploratory data analysis before running the statistical 
analysis. Univariate and bi-variate were used to see 
the distribution of the study subjects by outcome 
variables (low birth weight, preterm delivery, and 
mode of delivery). Bivariate logistic regressions were 
used to determine the factors associated with outcome 
variables. A significant level i.e; 5%, was used to decide 
the significance of statistical tests.

Data quality was ensured in collection, coding, entry, 
and analysis. Structured Interview Schedule and patient 
case sheet, each case information was checked for its 
consistency, provision of full information and apposite 
documents.

RESULTS

Table 1 shows that, the preterm delivery was 33.3% and 
14.3% among women of age group <25 years respectively. 
The preterm delivery was 37.5% and 26.1% in women 
who were vegetarian and mixed diet respectively. 
The preterm delivery was 44.4%in women who were 
vegetarian (consume egg).  Respectively, the preterm 
delivery was 44.4%, 27.2% among women who visited 
the total number of ANC visit ≤ 4 times and >5 times 
respectively (Table 1).

Figure 1.   Body Mass Index (BMI) Level  (n=101).

Figure 1. shows that, findings of the study of Body Mass 
Index (BMI) in the first antenatal visit of the women, 
underweight 36.6%, normal BMI 52.5% and overweight 
10.9% (Figure 1).

Figure 2. HB Level (n=101).

Figure 2. shows that, the percentage of mild anemia was 
58.4% and 53.5% in 1st antenatal visit and last antenatal 
visit respectively. Likewise, normal Hb level was 39.6% 
and 46.5% during 1st and last antenatal visit respectively. 
Moderate anemia was 2.0% during 1st antenatal visit. 
(Figure 2).

 Figure 3. Mode of delivery (n=101)

Figure 3. shows that, the mode of delivery; spontaneous 
vaginal delivery  was 45.5%, vacuum delivery was 3.0%, 
emergency caesarean section (C/S) 50.5% and elective 
cesarean  section (C/S) 1.0% (Figure 3).

Table 1. Shows that, socio-demographic and socio-
economic information about the women who were 
participated in this study (Table 1).

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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Table 1. Distribution of outcome preterm delivery n=101.

Background Characteristics Preterm delivery

No Yes N

n1 % n2 %

Age

< 25 Years 34 66.7 17 33.3 51

25-29 Years 26 72.2 10 27.8 36

30+ Years 12 85.7 2 14.3 14

Women 
Education

Secondary 31 68.9 14 31.1 45

PUC 29 74.4 10 25.6 39

Graduation and above 12 70.6 5 29.4 17

Occupation of 
Woman

Home maker 46 74.2 16 25.8 62

Govt. Service 1 50.0 1 50.0 2

Pvt. Service 5 71.4 2 28.6 7

Business 4 66.7 2 33.3 6

Others 16 66.7 8 33.3 24

Dietary pattern

Pure vegetarian 16 66.7 8 33.3 24

Vegetarian (consume egg) 5 62.5 3 37.5 8

Vegetarian and non- vegetarian mixed 51 73.9 18 26.1 69

Dietary habit

once times a day 0 0.0 0 0.0 0

Twice a day 0 0.0 0 0.0 0

Thrice a day 70 70.7 29 29.3 99

Four or More than 4 times a day 2 100.0 0 0.0 2

Monthly family 
income

<20000 16 69.6 7 30.4 23

20000-40000 27 64.3 15 35.7 42

40001+ 29 80.6 7 19.4 36

Total ANC Visit
≥4 5 55.6 4 44.4 9

5+ 67 72.8 25 27.2 92

First ANC Visit < 6 Week 19 59.4 13 40.6 32

Time week
6-10 23 74.2 8 25.8 31

11+ 30 78.9 8 21.1 38

Utilization of 
health facility

≥5 27 71.1 11 28.9 38

6-10 36 70.6 15 29.4 51

11+ 9 75.0 3 25.0 12

Past Reported Hb 

Severe 0 0.0 0 0.0 0

Moderate 1 50.0 1 50.0 2

Mild 45 76.3 14 23.7 59

Normal 26 65.0 14 35.0 40

Current report of Hb

Severe 0 0.0 0 0.0 0

Moderate 0 0.0 0 0.0 0

Mild 37 68.5 17 31.5 54

Normal 35 74.5 12 25.5 47

BMI

Underweight 26 70.3 11 29.7 37

Normal 36 67.9 17 32.1 53

Overweight 10 90.9 1 9.1 11
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Table 2. Distribution of outcome low birth weight in KG n=101.

Background Characteristics Low birth weight in Kg

No Yes n

n1 % n2 %

Age

< 25 Years 35 68.6 16 31.4 51

25-29 Years 27 75.0 9 25.0 36

30+ Years 12 85.7 2 14.3 14

Women 
Education

Secondary 30 66.7 15 33.3 45

PUC 31 79.5 8 20.5 39

Graduation and above 13 76.5 4 23.5 17

Occupation of 
Woman

Home maker 43 69.4 19 30.6 62

Govt. Service 1 50.0 1 50.0 2

Pvt. Service 6 85.7 1 14.3 7

Business 6 100.0 0 0.0 6

Others 18 75.0 6 25.0 24

Dietary pattern

Pure vegetarian 16 66.7 8 33.3 24

Vegetarian (consume age) 5 62.5 3 37.5 8

Vegetarian and non- vegetarian mixed 53 76.8 16 23.2 69

Dietary habit

once times a day 0 0.0 0 0.0 0

Twice a day 0 0.0 0 0.0 0

Thrice a day 72 72.7 27 27.3 99

≥ 4 times a day 2 100.0 0 0.0 2

Monthly
family income

<20000 17 73.9 6 26.1 23

20000-40000 30 71.4 12 28.6 42

40001+ 27 75.0 9 25.0 36

Total ANC Visit
≤ 4 7 77.8 2 22.2 9

5+ 67 72.8 25 27.2 92

First ANC Visit 
Time
Week

< 6 Week 22 68.8 10 31.3 32

6-10 22 71.0 9 29.0 31

11+ 30 78.9 8 21.1 38

Utilization of 
health facility

≤ 5 29 76.3 9 23.7 38

6-10 37 72.5 14 27.5 51

11+ 8 66.7 4 33.3 12

Past reported 
Hb%

Severe 0 0.0 0 0.0 0

Moderate 2 100.0 0 0.0 2

Mild 42 71.2 17 28.8 59

Normal 30 75.0 10 25.0 40

Current 
Reported Hb
%

Severe 0 0.0 0 0.0 0

Moderate 0 0.0 0 0.0 0

Mild 41 75.9 13 24.1 54

Normal 33 70.2 14 29.8 47

BMI

Underweight 27 73.0 10 27.0 37

Normal 36 67.9 17 32.1 53

Overweight 11 100.0 0 0.0 11
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Table 2 shows, that, the percentage of low birth weight  
babies were 31.4%  and 14.3% among women of age group 
<25 years and >30 years respectively. The percentage of 
low birth weight was 37.5% and 23.2% in women who 
consume vegetarian and mixed diet respectively. (Table 
2).

The percentage of low birth weight babies were 29.8%, 
24.1% in women who had Hb % normal and who were 
mild anemic respectively in current Hb% normal. The 
percentage of low weight babies were 32.1%, 27.0% in 
women who had normal BMI and underweight (BMI>18.5) 
respectively (Table 2).

Table 3 shows that, the percentage of spontaneous 
vaginal delivery was 47.1% and 64.3% among women of 
age group <25 years and >30 years respectively.  The 
percentage of caesarean section delivery was 53% and 
28.6% among women of age group <25 years and > 30 
years respectively. The percentage of spontaneous 
vaginal delivery was 58.3% and 59.5% among women 
whose family monthly income was Rs. 4000 or more 
than 40001 and Rs 20000- 40001 in Indian currency 
respectively (Table 3).

Table 4; shows that, preterm delivery was 5.82 times 
higher in the pregnant women of age group <25 years 
than >30 years.  Low birth weight was 3.56 times higher 
in women <25 years of age group, while emergency 
cesarean section was 4.93 times higher than the women 
>30 years of age group. Likewise, emergency cesarean 
section was 2.99 times higher in women <25 years of age 
group. (Table 4). 

Table 5; shows that, emergency cesarean section 
delivery was higher in PUC level of education women 
than secondary, graduate and above graduate level of 

education women. Preterm delivery was 10.21 times 
higher in women who had government service holder 
than women who had home maker, private service holder, 
business and other occupation women. Emergency 
caesarean section was 5 times higher in women who 
had occupation of business than women who were 
home maker. Emergency C/S delivery was statistically 
significant among underweight (BMI> 18.5) women, 
whereas preterm delivery was statistically significant 
among women who visit ANC for the 1st time after 11th 
weeks of gestation (Table 5).

Table 6; shows that, preterm delivery was 2.24 times 
higher in rural women than in urban women. Low birth 
weight was 1.53 times higher in rural women than in 
urban women. Emergency C/S delivery was 3.01 times 
higher in semi-urban women than in urban women. 
Preterm delivery, low birth weight and emergency 
C/S delivery were higher in women who had problem 
of preeclampsia in primi para women than multi para. 
While preterm delivery was 7.45 times higher in women 
who had problem of eclampsia with primi para women. 
Emergency C/S delivery was 3.14 times higher in women 
who had no history of gestational diabetes mellitus than 
women who had gestational diabetes mellitus. Low 
birth weight was 1.45 times higher in women who had 
one time abortion history than in women who had no 
abortion history, emergency caesarean section delivery 
was higher in women who had history of one time 
abortion than women who had no history of abortion. 
Low birth weight was 7.69 times higher in women who 
were in 4th gravida than women who were in 1st gravida, 
similarly emergency caesarean section was 14.17 times 
higher in women who were 4th gravida than women who 
were 1st gravida (Table 6).

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes

Table 3.Distribution of outcomes (Mode of delivery) (spontaneous vaginal delivery, vacuum delivery and emergency 
Caesarean Section C/S) delivery) n-101.

Background Characteristics

Mode of delivery

Spontaneous 
vaginal Delivery

Instrumental 
delivery (Vacuum)

Emergency 
C/S n

n1 % n2 % n3 %

Age

< 25 Years 24 47.1 0 0 27 53 51

25-29 Years 13 36.1 2 5.6 21 58.3 36

30+ Years 9 64.3 1 7.1 4 28.6 14

Women 
Education

Secondary 19 42.2 1 2.2 25 55.5 45

PUC 17 43.6 2 5.1 20 51.3 39

Graduation and above 10 58.8 0 0 7 41.2 17

Occupation 
of Woman

Home maker 32 51.6 1 1.6 29 46.8 62

Govt. Service 1 50 0 0 1 50 2

Pvt. Service 3 42.9 1 14.3 3 42.9 7

Business 2 33.3 0 0 4 66.7 6

Others 8 33.3 1 4.2 15 62.5 24
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Dietary 
pattern

Pure vegetarian 13 54.2 0 0 11 45.9 24

Vegetarian (consume age) 4 50 1 12.5 3 37.5 8

Vegetarian and non- vegetarian mixed 29 42 2 2.9 38 55.1 69

Dietary habit

once times a day 0 0 0 0 0 0 0

Twice a day 0 0 0 0 0 0 0

Thrice a day 44 44.4 3 3 52 52.5 99

Four or More than 4 times a day 2 100 0 0 0 0 2

Monthly
family 
income

<20000 11 47.8 0 0 12 52.2 23

20000-40000 14 33.3 3 7.1 25 59.5 42

40001+ 21 58.3 0 0 15 41.7 36

Total ANC 
Visit

≤4 3 33.3 1 11.1 5 55.6 9

5+ 43 46.7 2 2.2 47 51.1 92

First ANC 
Visit Time
Week

< 6 Week 15 46.9 0 0 17 53.1 32

6-10 11 35.5 2 6.5 18 58.1 31

11+ 20 52.6 1 2.6 17 44.7 38

Utilization
of health 
facility

≤5 15 39.5 3 7.9 20 52.6 38

6-10 22 43.1 0 0 29 56.9 51

11+ 9 75 0 0 3 25 12

Past 
reported 
Hb%

Severe 0 0 0 0 0 0 0

Moderate 1 50 0 0 1 50 2

Mild 28 47.5 0 0 31 52.5 59

Normal 17 42.5 3 7.5 20 50 40

Current 
reported 
Hb%

Severe 0 0 0 0 0 0 0

Moderate 0 0 0 0 0 0 0

Mild 30 55.6 0 0 24 44.4 54

Normal 16 34 3 6.4 28 59.5 47

BMI

Underweight 20 54.1 1 2.7 16 43.2 37

Normal 19 35.8 1 1.9 33 62.3 53

Overweight 7 63.6 1 9.1 3 27.3 11

Table 4. Distribution of outcomes (Mode of delivery) (spontaneous vaginal delivery, vacuum delivery and emergency 
Caesarean Section (C/S) delivery) (n=101).

Background Characteristics Preterm 
delivery

Low birth 
weight

Spontaneous 
vaginal delivery

Emergency 
C/S n

Residence

Urban 21.9 21.9 53.1 46.9 32

Semi urban 26.3 26.3 26.3 73.7 19

Rural 34 30 54 46 50

Parity

Primi Para 31.1 31.1 48.9 51.1 45

Low parity 24 20 50 50 50

Multi Para 50 50 33.3 66.7 6

Gravida

G1 33.3 33.3 50 50 42

G2 23.3 23.3 53.3 46.7 30

G3 19 9.5 47.6 52.4 21

G4 66.7 66.7 16.7 83.3 6

G5 0 0 0 100 1

G6 0 0 100 0 1

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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 Preeclampsia 

Primi 37.2 34.9 48.8 51.2 43

Yes 50 0 0 100 2

No 21.4 21.4 50 50 56

Eclampsia

Primi 37.2 34.9 48.8 51.2 43

Yes 0 0 0 0 0

No 22.4 20.7 48.3 51.7 58

Abortion

Abortion 0 29.5 27.3 48.9 51.1 88

Abortion 1 27.3 27.3 45.5 54.5 11

Abortion 2 0 0 50 50 2

Abortion 3 0 0 0 0 0

GDM
Yes 37.5 37.5 62.5 37.5 8

No 28 25.8 47.3 52.7 93

Pregnancy induce 
Hypertension

Yes 37.5 25 50 50 16

No 27.1 27.1 48.2 51.8 85

Table 5. Multiple logistic registration output for socio-demographic, maternal anemia and BMI factors associated with 
pregnancy outcomes conclusions, Karnataka, 2022 (n=101).

Background Characteristics
OR (95% C.I.)

Pre-term delivery Low Birth Weight Emergency C/S

Age Groups

30+ Years 1.00 1.00 1.00

< 25 Years 5.82 (0.68, 49.63) 3.56 (0.51, 24.84) 2.99 (0.62, 14.47)

25-29 Years 3 (0.36, 24.8) 1.86 (0.27, 12.95) 4.93 (0.96, 25.4)

Women Education

Secondary 1.00 1.00 1.00

PUC 0.66 (0.19, 2.22) 0.32 (0.09, 1.12) 1.08 (0.36, 3.28)

Graduation and above 1.03 (0.18, 5.84) 0.39 (0.06, 2.4) 0.55 (0.12, 2.58)

Occupation of women

Home maker 1.00 1.00 1.00

Govt. Service 10.21 (0.27, 381.52) 3.02 (0.11, 84.24)

Pvt. Service 2.93 (0.27, 31.86) 2.1 (0.15, 29.29) 1.55 (0.18, 13.44)

Business 3.36 (0.3, 38.16) 5 (0.53, 47.42)

Others 0.61 (0.15, 2.43) 0.41 (0.1, 1.66) 2.45 (0.63, 9.56)

Dietary pattern

Pure vegetarian 1.00 1.00 1.00

Vegetarian (consume egg) 1.93 (0.27, 13.93) 2.25 (0.3, 16.79) 0.38 (0.05, 2.94)

Vegetarian and non-vegetarian mixed 0.76 (0.23, 2.53) 0.64 (0.19, 2.18) 1.28 (0.4, 4.13)

Monthly family income

<20000 1.00 1.00 1.00

20000-40000 1.41 (0.34, 5.79) 1.02 (0.23, 4.47) 1.01 (0.27, 3.72)

40001+ 0.42 (0.07, 2.5) 0.9 (0.16, 4.95) 0.58 (0.13, 2.54)

Total ANC visit during your Pregnancy

≤4 1.00 1.00 1.00

5+ 0.4 (0.07, 2.28) 1.38 (0.2, 9.61) 0.99 (0.18, 5.52)

First ANC Visit Time in week

< 6 Week 1.00 1.00 1.00

6-10. 0.29 (0.07, 1.24) 0.87 (0.18, 4.17) 1.03 (0.27, 3.96)

Maternal Anemia and BMI as Determinants of Pregnancy Outcomes
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11+ 0.2 (0.05, 0.79) 0.65 (0.15, 2.83) 0.49 (0.14, 1.7)

Utilization of health facility in year

≤5 1.00 1.00 1.00

6-10. 1.18 (0.39, 3.56) 1.63 (0.51, 5.23) 1.3 (0.46, 3.64)

11+ 0.61 (0.08, 4.73) 3.11 (0.37, 26.28) 0.38 (0.06, 2.56)

Current reported Hb

No 1.00 1.00 1.00

Yes 1.65 (0.55, 4.93) 0.67 (0.22, 2.05) 0.46 (0.17, 1.25)

BMI 1.00 1.00 1.00

Normal 1.00 1.00 1.00

Underweight 0.82 (0.26, 2.63) 0.65 (0.2, 2.1) 0.32 (0.11, 0.97)

Overweight 0.13 (0.01, 1.77) 0.21 (0.03, 1.24)

Received iron calcium vitamins tablet
Yes 1.00 1.00 1.00

No 0.07 ( 0, 1.39) 0.3 ( 0.02, 5.66) -

Table 6. Multiple logistic registration output for socio-demographic, maternal anemia and BMI factors associated with 
pregnancy outcomes conclusions, Karnataka, 2022 (n=101).

Background Characteristics
OR (95% C.I.)

Pre-term delivery Low Birth Weight Emergency C/S

Place of Residence

Urban 1.00 1.00 1.00

Semi-urban 1.4 (0.33, 5.87) 1.32 (0.27, 6.47) 3.01 (0.73, 12.45)

Rural 2.24 (0.73, 6.9) 1.53 (0.49, 4.78) 1.09 (0.41, 2.92)

Eclampsia

Primi 1.00 1.00 1.00

Yes 0.36 (0.13, 0.97) 0.31 (0.02, 5.94) 0.42 (0.02, 7.38)

No - - -

Preeclampsia

Primi 1.00 1.00 1.00

Yes 7.45 (0.36, 154.07) - -

No

GDM

Yes 1.00 1.00 1.00

No 0.43 (0.09, 2.11) 0.76 (0.13, 4.28) 3.14 (0.52, 19)

Pregnancy induce Hypertension

Yes 1.00 1.00 1.00

No 0.51 (0.15, 1.78) 1.01 (0.24, 4.24) 1.33 (0.38, 4.59)

Abortion History

0 1.00 1.00 1.00

1 0.79 (0.16, 3.78) 1.45 (0.21, 10.13) 0.75 (0.14, 4.17)

2 - - -

Gravida

1 1.00 1.00 1.00

2 - 1.68 (0.08, 37.76) 2.34 (0.12, 46.03)

3 - 0.57 (0.02, 13.47) 1.76 (0.09, 33.29)

4 - 7.69 (0.28, 209.96) 14.17 (0.3, 675.66)

5 - - -

6 - - -
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DISCUSSION

Maternal anemia is an indicator of health and poor 
nutrition. Two major indicators of maternal nutrition 
are body mass index (BMI) and anemia, both of which 
can affect health of a mother and her fetus. In rural 
India, undernutrition (BMI <18.5 kg/m2) associated with 
low birth weight (LBW <2.5 kg) and preterm deliveries 
(<37 weeks of gestation). Pawalia A et al.10  However in 
low and middle income country 56% of pregnant women 
were suffering from anemia Black RE et al.11 Therefore 
this study aimed to evaluate the anemia and BMI as 
determinants of pregnancy outcomes in South, India. 

The study shows that, BMI during first antenatal visit of 
the women was 36.6% underweight, 58.4% Mild anemia, 
while during last antenatal visit 53.5% Mild anemia. 
While, Hb% >7 was 2.0% moderate anemia during 
first antenatal visit. Similarly, anemia 90% low BMI 
(18.5<) 35%, and 0.2% severe anemia. Majority of the 
women suffered from mild anemia than moderate and 
severe anemia. The risk of caesarean section delivery 
were significantly higher in non-anemic women than 
anemic women. While, this study women with anemia 
were significantly higher risk for C/S delivery, didn’t 
supported the Patel A et al and Kumar A et al.12,13 Age 
of the pregnant women and gravida were independently 
associated with maternal anemia, low birth weight, and 
preterm delivery, while preterm delivery was significant 
among women who visited first ANC visit after 11th weeks 
of gestation, which was supported, Agarwal KN et al.14 

Kumari S et al study maternal anemia was a strongly 
statistically significant risk for preterm birth than non-
anemic women. Whereas, weakly statically significant 
risk for low birth weight. While, preterm delivery and 
low birth weight were positive association between 
each other.15 Participants were 32% from rural area, 
whereas in similar study 20% participant were from rural 
area, Ethiopia CS. Statistical 2004/2005.16 Mild anemic 
women were 54.5% during first antenatal visit, which 
was supported, Bagi- Ansari N et al.17 Supplementation 
of iron sulfate, folic acid, calcium and vitamins during 
current pregnancy did not significantly reduced the 
incidence of anemia  which was supported the Brion MJ 
et al, Thirukkanesh S et al, Zhang Q et al, Aikawa R et 
al  and Khan DA et al.18-22 Nutritional status, education, 
occupation, dietary pattern, and socio-economic status 
of the women were associated factors of anemia and 
body mass index which were risk of preterm delivery, 
low birth weight and emergency caesarean section 
which was supported, Bodnar LM et al.23

Maternal weight was associated with maternal and 

neonatal health outcomes. Maternal obesity may 
increase risk of pregnancy induced hypertension, 
preeclampsia, eclampsia, GDM and cesarean section 
delivery. Preeclampsia, eclampsia, and gestational 
diabetes mellitus were risk of low birth weight, preterm 
delivery and cesarean section delivery. Preterm delivery 
and low birth weight were high risks of neonatal deaths, 
while C/S delivery was the risk of maternal mortality, 
which was supported, James AH et al, Doherty DA et al, 
and Callaway LK et al.24-26 

CONCLUSIONS

The combination of anemia and body mass index (BMI) 
in pregnancy increased the risk of low birth weight, 
preterm birth, and neonatal mortality. These adverse 
birth outcomes raise major concerns because national 
programs to address iron deficiency anemia have not 
reduced the rates of anemia among rural pregnant 
women in Karnataka. Meanwhile, seeking simultaneously 
short-term strategies such as spouse counseling, 
community awareness program in reproductive health. 
Reduce or minimize delay in the decision to seek care, 
delay in identifying, reaching health facilities and delay 
in receipt of adequate and appropriate treatment 
to better healthcare service and management of the 
provision of safe delivery for the segment of pregnant 
women who are both anemic and underweight could be 
helpful in reducing neonatal and maternal mortality and 
morbidity. Such actions are could be helpful in reducing 
neonatal and maternal mortality and imperative to 
break the intergenerational cycle of poor growth in the 
new-born and also for improving child health survival.
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ABSTRACT
Introduction Few interventions exist to address the 
high burden of stillbirths in apparently healthy pregnant 
women in low- and middle- income countries (LMICs). To 
establish whether a trial on the impact of routine Doppler 
screening in a low- risk obstetric population is warranted, 
we determined the prevalence of abnormal fetal umbilical 
artery resistance indices among low- risk pregnant women 
using a low- cost Doppler device in five LMICs.
Methods We conducted a multicentre, prospective cohort 
study in Ghana, India, Kenya, Rwanda and South Africa. 
Trained nurses or midwives performed a single, continuous- 
wave Doppler screening using the Umbiflow device for low- 
risk pregnant women (according to local guidelines) between 
28 and 34 weeks’ gestation. We assessed the prevalence of 
abnormal (raised) resistance index (RI), including absent end 
diastolic flow (AEDF), and compared pregnancy and health 
service utilisation outcomes between women with abnormal 
RI versus those with normal RI.
Results Of 7151 women screened, 495 (6.9%) had an 
abnormal RI, including 14 (0.2%) with AEDF. Caesarean 
section (40.8% vs 28.1%), labour induction (20.5% vs 9.0%) 
and low birth weight (<2500 g) (15.0% vs 6.8%) were 
significantly more frequent among women with abnormal 
RI compared with women with normal RI. Abnormal RI was 
associated with lower birth weights across all weight centiles. 
Stillbirth and perinatal mortality rates were similar between 
women with normal and abnormal RI.
Conclusion A single Doppler screening of low- risk 
pregnant women in LMICs using the Umbiflow device 
can detect a large number of fetuses at risk of growth 
restriction and consequent adverse perinatal outcomes. 
Many perinatal deaths could potentially be averted with 
appropriate intervention strategies.
Trial registration number CTRI/2018/07/01486.

INTRODUCTION
Nearly 2 million babies are stillborn annu-
ally, and 98% of these stillbirths occur in low- 
and middle- income countries (LMICs).1 It is 

estimated that up to 50% of antepartum still-
births can be attributed to fetal growth restric-
tion (FGR), a pathological inhibition of fetal 
growth that prevents the fetus from attaining 
its genetic growth potential.2 FGR increases 
the risk of stillbirth by eightfold, and is associ-
ated with neonatal death, perinatal morbidity 
and non- communicable diseases into adult-
hood.2–7 Placental insufficiency is the leading 
cause of FGR, and occurs mostly as a conse-
quence of poor uteroplacental blood flow, 
placental thrombi and infarctions.8 9

Despite the adverse fetal and neonatal 
health outcomes associated with FGR, it 
is not adequately detected during routine 
antenatal care. An estimated 74% of babies 
with a birth weight below the 10th centile 
are not detected antenatally and in low- risk 

Strengths and limitations of this study

 ► This the first multicountry study assessing the prev-
alence of abnormal resistance index (RI) of the fetal 
umbilical artery in low- risk pregnant women in low- 
income and middle- income countries.

 ► All research staff who applied Umbiflow underwent 
a standardised training; all Doppler recordings were 
independently reviewed for quality assurance and 
the lost to follow- up in the study was low.

 ► To reflect usual obstetric practice at each site, the 
definition of low- risk pregnant women was based 
on local guidelines, so some conditions (such as a 
previous caesarean section or HIV) were considered 
differently across sites.

 ► The prevalence of absent end diastolic flow might 
be underestimated as, despite our best efforts, 64 
women with abnormal RI did not attend their referral 
visit.
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pregnancies, where there is a lower threshold of suspi-
cion, the detection rate of FGR is even lower.10–13 There 
is a 5- fold increase in attributable risk for stillbirth if FGR 
was not detected antenatally.2 Clinical techniques such as 
history taking and serial physical assessments for identi-
fication of growth restricted fetuses have poor predictive 
values and have not been shown to reduce stillbirth or 
perinatal mortality.14–16 Doppler ultrasound can be used 
to assess blood flow in fetal umbilical vessels to identify 
placental insufficiency, and abnormal umbilical artery 
flow indices (such as a raised resistance index (RI)) 
are correlated with FGR and adverse fetal and neonatal 
outcomes.17 18

Cochrane review evidence shows that the use of 
Doppler to detect placental insufficiency in high- risk 
pregnancies, in conjunction with appropriate follow- up 
and care, reduces perinatal mortality.19 However, there 
is insufficient evidence to support the routine use of 
Doppler ultrasound in low- risk or unselected- risk preg-
nant women.20

In many LMICs, antenatal care for apparently healthy, 
low- risk women is often delivered in settings without 
access to Doppler ultrasound. Umbiflow, a mobile, 
continuous- wave Doppler ultrasound device which can 
be used by midwives and nurses is one method to deliver 
Doppler ultrasound service where expertise for conven-
tional ultrasound is lacking (figure 1).21 Umbiflow has 
been validated against pulsed- wave Doppler in commer-
cial ultrasound systems for the detection of fetal umbilical 
flow abnormalities in a South African population.22

The prevalence of abnormal umbilical blood flow in low- 
risk pregnant women in LMICs, and therefore the poten-
tial benefit of the use of Doppler and detection of FGR, 
is unknown. A study using Umbiflow in a low- risk popu-
lation of pregnant women in Mamelodi, Pretoria, South 
Africa reported a higher than expected prevalence of fetal 
umbilical flow abnormalities—11.7% of women screened 

had an abnormal RI and 1.5% of the women had absent 
end diastolic flow (AEDF).23 Women with abnormal RI 
were referred and managed at a referral hospital using 
a standardised management protocol, which resulted in 
42% risk reduction in perinatal mortality. These find-
ings have prompted the need for further observational 
research into the prevalence of umbilical flow abnormali-
ties in low- risk populations in other LMIC settings.

The WHO does not currently recommend the routine 
use of Doppler velocimetry for low- risk antenatal popula-
tions.24 However, the WHO antenatal care guideline panel 
remarked that the value of routine application of single 
Doppler ultrasound examination of fetal blood vessels in 
the third trimester needs rigorous research, particularly 
in LMICs. To address this need, WHO embarked on an 
international study to determine whether the high preva-
lence of abnormal fetal Doppler findings reported in the 
South African study is present in similar populations in 
other LMIC settings, to establish whether a trial on the 
impact of routine Doppler screening in low- risk obstetric 
population in LMICs is warranted.

The primary objective of this study was to determine 
the prevalence of abnormal (raised) umbilical artery RI, 
including AEDF, in low- risk pregnant women between 28 
and 34 weeks’ gestation in LMICs, using a single screening 
with the Umbiflow device. The secondary objectives 
were to assess the prevalence of abnormal RI by gesta-
tional age (GA); determine the pregnancy outcomes of 
women screened; assess the distribution of RI in women 
with abnormal results; and assess the effects of Doppler 
screening on health service utilisation outcomes.

METHODS
Study design
We conducted a multicountry, multicentre, facility- based, 
prospective cohort study using predefined eligibility 
criteria in Ghana, India, Kenya, Rwanda and South Africa. 
This design was used because it minimised selection and 
reporting bias to the greatest extent possible, allowed 
accurate determination of both the point and period prev-
alence of the primary outcomes of interest (abnormal RI, 
including AEDF) and involved diverse women and ante-
natal care settings. The design also allowed the follow- up 
of enrolled women to achieve the secondary objectives 
of the study. Findings have been reported in accordance 
with the Strengthening the Reporting of Observational 
Studies in Epidemiology statement.25.

Setting
Across five participating countries, 11 primary healthcare 
facilities were purposively selected to participate (three 
sites in India, two sites in each of the other countries). 
All facilities normally offer routine antenatal care to low- 
risk pregnant women provided by midwives. All countries 
used an 8- visit antenatal care model, except for Kenya 
which used a 4- visit antenatal care model. Each facility 

Figure 1 The Umbiflow device (Credit: Council for Scientific 
and Industrial Research/South African Medical Research 
Council)
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was provided with an Umbiflow device, a laptop computer 
(with Umbiflow software preinstalled) and a printer.

Study participants
The population of interest were pregnant women who 
received antenatal care at participating facilities during 
the study period. Women were eligible if they were at 
low risk of pregnancy complications according to local 
antenatal care guidelines, had an estimated GA between 
28 weeks 0 days and 34 weeks 0 days (according to the 
best obstetric estimate),26 had a live, singleton preg-
nancy, were expected to deliver at the recruiting facility 
or within the catchment area and were willing and able 
to give informed consent. Local antenatal care guidelines 
were very similar across all study sites: women with pre- 
existing medical conditions (eg, type 1 or type 2 diabetes 
mellitus, hypertension, renal disease or other such condi-
tions), poor obstetric history, pregnancy complications 
(eg, vaginal bleeding, infection, severe anaemia) or a 
fetus with a known congenital anomaly (chromosomal 
or structural) were considered high- risk and were not 
eligible. Pregnant women with advanced maternal age or 
teenagers are considered high- risk across all study sites, 
though age definitions vary slightly. Antenatal care guide-
lines in India are more stringent than the other four 
countries—a pregnant woman who is rhesus negative, 

HIV- infected or who had a previous caesarean section was 
considered high- risk in India, whereas in the other four 
countries a woman with any one of these was considered 
low risk.

During the recruitment period, all women attending 
participating antenatal clinics who were between 28 and 
34 weeks’ gestation (ie, potentially eligible women) were 
approached by research staff and formally screened for 
eligibility. In higher volume facilities, where the number 
of potentially eligible women exceeded capacity of the 
research team, a random sampling method was used to 
approach, screen and counsel women for recruitment in 
order to minimise selection bias. Eligible women were 
counselled about the study and written informed consent 
was obtained prior to recruitment. Women were screened 
and recruited until the target sample size for the country 
was reached.

Patient and public involvement
Patients were not involved in the development of the 
protocol. During site visits, participants in the study were 
informally asked about their experience with the study.

Doppler assessment with Umbiflow
The Umbiflow device consists of a handheld continuous- 
wave Doppler probe with a universal serial bus cable 

Figure 2 Recruitment flowchart. RI, resistance index.
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that connects to a Windows- based platform (eg, laptop 
computer, tablet or smartphone) on which the Doppler 
analysis software is installed (figure 1).22 A trained 
research nurse or midwife performed a single Umbi-
flow assessment for all recruited women during their 

antenatal clinic visit between 28 and 34 weeks’ gesta-
tion. Training of the research staff was conducted by an 
expert trainer according to a standardised manual of 
operations in a 3- day curriculum. Based on a woman’s 
history and estimated due date, the Umbiflow software 
automatically calculates the GA. During the examina-
tion, the Umbiflow software displays the fetal umbilical 
artery waveform and produces an audible signal. The 
software automatically calculates the three routinely 
used and highly correlated indices (RI, pulsatility index 
and systolic/diastolic ratio), as well as the fetal heart 
rate, and plots the obtained RI against the GA as the 
software has RI centiles built- in.27 28

An abnormal RI was defined as RI≥75th centile for 
the GA of the fetus. This cut- off centile was chosen for 
Umbiflow based on the best correlation with perinatal 
mortality in a cohort of South African women with preg-
nancies classified as high risk.21 Women with a normal 
RI (ie, <75th centile for the GA) continued with their 
usual antenatal care. Women who had an abnormal 
RI, or where a RI reading could not be obtained after 
two separate unsuccessful attempts, were immediately 
referred to a higher level facility for further obstetric 
evaluation, including fetal growth and pulsed- wave 
Doppler ultrasound assessment. Women were managed 
according to local antenatal care policies; clinical care 
was not standardised across sites as the primary objective 
of the study was solely to determine the prevalence of 
abnormal Doppler. However, due to the nature of the 
test and its results, there was an intrinsic ethical responsi-
bility to refer and further manage women with abnormal 
results. Digital recordings of all Umbiflow assessments 
were saved electronically and independently reviewed 
for quality by a clinical expert.

Primary and secondary outcomes
Primary outcomes included the prevalence of abnormal 
RI of the fetal umbilical artery as obtained with Umbi-
flow, including the prevalence of AEDF (confirmed on 
pulsed- wave Doppler ultrasound). Secondary outcomes 
included pregnancy outcomes, and health service utilisa-
tion outcomes following the Umbiflow assessment.

Data collection
All women were followed from time of recruitment until 
7 days postpartum or hospital discharge after giving birth 
(whichever came first). Participant information, including 
sociodemographic characteristics, nutritional status, 
behavioural factors and medical and obstetric history, was 
obtained at recruitment through interview and medical 
record review. The findings of the Umbiflow assessment 
were documented and digital recordings saved in real 
time. Birth and perinatal outcomes were obtained from 
medical records. All data were collected using paper- 
based case report forms and later double- entered into a 
REDCap database. All data were non- identifiable, using 
unique, sequential participant numbers.

Table 1 Characteristics of women assessed with Umbiflow

N=7151

Woman’s age (years) mean (SD) 27.4±5.5

Marital status N (%)   

Married/cohabitating 5879 (82.2)

Single/separated/divorced/widowed 1262 (17.6)

Unknown 10 (0.1)

Currently gainfully employed N (%) 2318 (32.4)

Height (cm) N, mean (SD) 5505, 157.9±6.7

Weight at this visit (kg) N, mean (SD) 6427, 66.5±13.8

Mid upper arm circumference (cm) N, mean 
(SD)

6513, 27.7±4.2

Presence of anaemia in pregnancy based 
on most recent haemoglobin level N (%)

  

Normal haemoglobin level 3365 (58.9)

Mild anaemia 2095 (36.7)

Moderate anaemia 242 (4.2)

Severe anaemia 11 (0.2)

Parity N (%)   

0 2541 (35.5)

1–2 3824 (53.5)

3+ 786 (11.0)

Gestational age at time of recruitment N 
(%)

  

28 weeks 0–28 weeks 6 days 1083 (15.1)

29 weeks 0–29 weeks 6 days 1351 (18.9)

30 weeks 0–30 weeks 6 days 1508 (21.1)

31 weeks 0–31 weeks 6 days 1112 (15.6)

32 weeks 0–32 weeks 6 days 1044 (14.6)

33 weeks 0–34 weeks 0 days 1053 (14.7)

Method used to estimate gestational age 
N (%)

  

Certain last menstrual period 4396 (61.5)

First trimester ultrasound (up until 13 weeks 
6 days)

775 (10.8)

Second trimester ultrasound (14 and 27 
weeks 6 days)

1326 (18.5)

Third trimester ultrasound (28 weeks 0 days 
and beyond)

597 (8.3)

Symphysis- fundal height measurement 57 (0.8)

HIV status N (%)   

Test negative 6690 (93.6)

Test positive, not on HIV medication 21 (0.3)

Test positive, on HIV medication 386 (5.4)

Test not done 24 (0.3)

Unknown 30 (0.4)
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Sample size
We estimated that 1266 women were needed per country 
to detect a prevalence of 1.2% of AEDF in fetuses of women 
undergoing Umbiflow assessment, based on preliminary 
findings of Nkosi et al. in South Africa.23 With 10% loss to 
follow- up, about 1407 women per country were required. 
With five countries, the target study sample size was 7035 
women.

Statistical analysis
Analysis was primarily descriptive and based on partici-
pants with outcome data available. The Shapiro- Wilk 
test was used to test for normality. To assess differences 
between women with abnormal and normal RI, the non- 
parametric Mann- Whitney U test was used for numerical 
variables and the χ2 test was used for categorical variables. 
The two- proportions z- test was used for cases where only 
certain categories were compared. The WHO multi-
national fetal growth charts were used for categorising 
birth weights according to percentiles, corrected for GA 
and sex.29 When comparing the cumulative percentage 
of birth weights according to centiles in neonates of 
woman with normal and abnormal RI, the two- sample 

Kolmogorov- Smirnov test was used. All tests were 
performed at a 5% level of significance.

RESULTS
Recruitment
Between 15 October 2018 and 20 January 2020, 9191 
women were screened for eligibility (figure 2). A total of 
7151 women were recruited and underwent an Umbiflow 
assessment: 6656 women (93.1%) had a normal RI and 
495 women (6.9%) had an abnormal RI. The majority 
of women with abnormal RI (415, 83.8%) attended 
their referral and underwent further obstetric evalua-
tion, including pulsed- wave Doppler ultrasound assess-
ment. A total of 206 recruited women (2.9%) were lost 
to follow- up after Umbiflow assessment (ie, pregnancy 
outcomes could not be obtained).

Characteristics of women screened with Umbiflow
The mean maternal age was 27.4 years and one- third of the 
women were nulliparous (table 1). Most women (82.2%) 
were married or cohabitating, and 32.4% were employed 
at time of recruitment. Most women were on folic acid 
and iron supplementation; 4.4% had moderate or severe 
anaemia based on the most recent haemoglobin level. 
Overall HIV prevalence was 5.7%, largely due to the high 
HIV prevalence among women recruited in South Africa 
(20.8%). In 61.5% of the women, last menstrual period was 
used to estimate the GA at the time of Umbiflow assessment.

Primary outcome
Of 7151 women who underwent Umbiflow assessment, 495 
women had an abnormal RI giving an overall prevalence of 
6.9%. The highest country- level prevalence was observed 
in Ghana (9.9%) and Rwanda (8.3%), and the lowest in 
Kenya (4.6%) (table 2). The overall prevalence of AEDF was 
0.2% (14 of 7151 women). All countries had a prevalence of 
AEDF less than 0.2% except South Africa (0.7%). No cases 
of reversed end diastolic flow were identified.

Secondary outcomes
Prevalence of abnormal RI by GA
The prevalence of abnormal RI by GA at time of screening 
varied between 5.9% and 7.9%, with no clear peak or 
optimal GA for identification of abnormal RI (p=0.36) 
(figure 3).

Table 2 Prevalence of abnormal resistance index by country

Abnormal resistance index—N (%, 95% CI) Absent end- diastolic flow—N (%)

Ghana (N=1534) 152 (9.91, CI 8.41 to 11.40) 0 (0.00)

India (N=1408) 79 (5.61, CI 4.41 to 6.81) 1 (0.07)

Kenya (N=1407) 64 (4.55, CI 3.46 to 5.64) 1 (0.07)

Rwanda (N=1403) 117 (8.33, CI 6.89 to 9.79) 2 (0.14)

South Africa (N=1399) 83 (5.93, CI 4.69 to 7.17) 10 (0.71)

All (N=7151) 495 (6.92, CI 6.33 to 7.51) 14 (0.20)

Figure 3 Prevalence of abnormal resistance index by 
gestational age.
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Pregnancy outcomes
Birth outcomes were obtained for 6945 women recruited 
into the study: 480 women with an abnormal RI and 6465 
women with a normal RI (table 3). A total of 5854 (84.3%) 
women experienced labour, of whom the majority had a 
spontaneous onset (5284, 90.3%) and 569 (9.7%) were 

induced. The overall caesarean section rate was 28.9%. 
Three women died (all of whom had a normal RI)—two 
were due to obstetric haemorrhage and for one woman 
the cause of death was unknown.

The majority of babies were born at term (86.2%), 
8.3% were preterm (<37 weeks’ gestation) and 5.4% were 

Table 3 Birth outcomes following Doppler assessment with Umbiflow

All women assessed
N=6945

Abnormal RI
N=480

Normal RI
N=6465 P value

Woman experienced labour N (%) 5854 (84.3) 366 (76.2) 5488 (84.9) <0.01

Mode of onset of labour N (%)

Spontaneous 5284 (90.3) 291 (79.5) 4993 (91.0) <0.01*

Induced 569 (9.7) 75 (20.5) 494 (9.0)

Unknown 1 (0.0) 0 (0.0) 1 (0.0) –

Final mode of birth N (%)

Cephalic vaginal birth 4793 (69.0) 274 (57.1) 4519 (69.9) <0.01*

Breech vaginal birth 38 (0.5) 4 (0.8) 34 (0.5) –

Vacuum or forceps vaginal birth 104 (1.5) 6 (1.3) 98 (1.5)

Caesarean section 2010 (28.9) 196 (40.8) 1814 (28.1)

Experienced maternal complications† N (%) 202 (2.9) 16 (3.3) 186 (2.9) 0.66

Admission to intensive care or special care unit N (%) 26 (0.4) 2 (0.4) 24 (0.4) –

Maternal death during pregnancy until 7 days postpartum 
N (%)

3 (0.04) 0 (0.00) 3 (0.05) –

Gestational age at birth

Under 34 weeks 118 (1.7) 20 (4.2) 99 (1.5) <0.01

34 weeks up to 37 weeks 458 (6.6) 21 (4.4) 437 (6.8) 0.05

37 weeks up to 42 weeks 5991 (86.2) 404 (84.2) 5587 (86.4) 0.18

42 weeks and above 375 (5.4) 35 (7.3) 341 (5.3) 0.07

Unknown 1 (0.0) 0 (0.0) 1 (0.0) –

Stillbirth 65 (0.9) 8 (1.7) 57 (0.9) 0.14

Neonatal sex

Male 3655 (52.6) 221 (46.1) 3434 (53.1) <0.01*

Female 3286 (47.3) 259 (54.0) 3027 (46.8)

Unknown 4 (0.1) 0 (0.0) 4 (0.1) –

Apgar score below 7 at 5 min 166 (2.7) 14 (3.4) 152 (2.7) 0.46

Birth weight (g)

N, mean (SD) 6901, 3095±491 474, 2913±514 6427, 3108±486 <0.01

<2500 506 (7.3) 71 (15.0) 435 (6.8) <0.01*

≥2500 6395 (92.7) 403 (85.0) 5992 (93.2)

Unknown 44 (0.6) 6 (1.3) 38 (0.6) –

Neonate required resuscitation at birth 586 (8.4) 38 (7.9) 548 (8.5) 0.72

During the first 7 days of life, the neonate was diagnosed 
with a medical condition

431 (6.2) 41 (8.5) 390 (6.0) 0.02

Congenital abnormality 30 (0.4) 4 (0.8) 26 (0.4) –

Neonate admitted to an intensive care unit or special care 
unit

377 (5.4) 44 (9.2) 333 (5.2) <0.01

Neonatal death at 7 days or at discharge 93 (1.3) 9 (1.9) 84 (1.3) 0.43

*χ2 p value for this variable reported over all categories.
†Maternal complications after birth included any of the following: postpartum haemorrhage, postpartum preeclampsia/eclampsia, anaemia requiring 
blood transfusion, postpartum endometritis, infection of caesarean incision site or perineal laceration site, respiratory tract infection, urinary tract 
infection, mastitis, postpartum psychosis, deep vein thrombosis, pulmonary embolism, peripartum cardiomyopathy; percentages in parentheses.
RI, resistance index.
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post term (>42 weeks). The mean birth weight was 3095 
g; 7.3% of babies were <2500 g. There were 93 perinatal 
deaths: 65 stillbirths and 28 early neonatal deaths (still-
birth rate of 9.4/1000 births and early neonatal death 
rate of 4.1/1000 live births).

Comparison of pregnancy outcomes between women 
with an abnormal and normal RI shows similarities in 
several outcomes, including frequencies of women with 
complications after birth, term births, Apgar score <7 
at 5 min, neonatal resuscitation at birth, stillbirths and 
perinatal deaths. However, women with an abnormal RI 
were significantly more likely to give birth via caesarean 
section (40.8% vs 28.1%, p<0.01), have induced labours 
(20.5% vs 9.0%, p<0.01) and were more likely to have an 
early preterm birth <34 weeks’ gestation (4.2% vs 1.5%, 
p<0.01) than women with a normal RI. The leading indi-
cations for caesarean section in women with an abnormal 
RI were suspected or confirmed FGR (20.4%) and fetal 

distress (17.9%) (abnormal RI alone was not an indica-
tion for caesarean section across study sites), whereas 
in women with normal RI the leading indications were 
previous caesarean section (34.3%) and fetal distress 
(16.0%) (data not shown).

Babies of women with abnormal RI were more likely 
to be admitted to an intensive care or special care unit 
(9.2% vs 5.2%, p<0.01) but the duration of admission 
did not differ between the two groups. The mean birth 
weight was significantly lower in women with an abnormal 
RI (2913 g vs 3108 g, p<0.01); low birth weight (<2500 
g) was significantly more frequent among women with 
abnormal RI compared with women with normal RI 
(15.0% vs 6.8%, p<0.01). Even after correction for GA at 
birth and neonatal sex, abnormal RI was associated with 
lower birth weights across all weight centiles (p<0.0001) 
(figure 4).

RI thresholds for identifying fetuses at increased risk of perinatal 
mortality
We were unable to identify a specific RI threshold associ-
ated with increased risk of perinatal mortality due to few 
events.

The effect of the screening with the Umbiflow device on utilisation 
of health service
Women in the abnormal RI group were more likely to have 
antenatal investigations—such as additional ultrasounds, 
blood tests or cardiotocography—following Umbiflow 
screening. 79.5% of these women had 4 or more investi-
gations versus 65.3% of women with a normal RI (p<0.01) 
(table 4). The median number of antenatal investigations 
per woman in the abnormal RI group was 6 versus 5 in the 
normal RI group (p<0.01). Women with an abnormal RI 
had more antenatal visits than women with a normal RI: 3 
versus 2, respectively (p<0.01).

DISCUSSION
Key findings
In this multicountry prospective cohort study of low- 
risk pregnant women in five LMICs, we found a 6.9% 

Figure 4 Cumulative percentage of birth weights according 
to centiles in neonates of women with normal and abnormal 
resistance index (RI).

Table 4 Health service utilisation outcomes

All
N=6945

Abnormal RI
N=480

Normal RI
N=6465 P value

Number of antenatal investigations* per woman 
after Umbiflow assessment median (IQR)

5 (3, 7) 6 (4, 9) 5 (3, 7) <0.01

four or more antenatal investigations* after 
Umbiflow assessment N (%)

4494 (66.3) 381 (79.5) 4113 (65.3) <0.01

Number of antenatal care visits per woman since 
Umbifow assessment N, median (IQR)

6746, 2 (1, 3) 472, 3 (2, 4) 6274, 1 (1, 3) <0.01

*Antenatal investigations included any of the following: full blood count, blood type, haemoglobin electrophoresis, urinalysis, urine 
culture, rubella test, syphilis test, HIV test, hepatitis B test, hepatitis C test, glucose tolerance test, ultrasound examination, full 
biophysical profile, amniocentesis, antenatal cardiotocography, labour admission cardiotocography, continuous cardiotocography during 
labour.
RI, resistance index.
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prevalence of abnormal RI of the fetal umbilical artery, 
and an overall AEDF prevalence of 0.2%. All countries in 
this study had a prevalence of AEDF below 0.2%, except 
South Africa with an AEDF prevalence of 0.7%. The prev-
alence of abnormal RI was reasonably equally distributed 
across 28–34 weeks’ gestation. Women with abnormal RI 
were more likely to receive obstetric interventions such as 
caesarean section and labour induction, and had a higher 
frequency of antenatal investigations and clinic visits. 
While stillbirth and perinatal mortality rates were similar 
between women with abnormal and normal RI, we found 
that abnormal RI was associated with lower birth weights 
across all weight centiles, after correcting for neonatal sex 
and GA at birth.

Interpretation
The prevalence of abnormal RI in this study was slightly 
lower than expected compared with previous South 
African data as reported by Nkosi et al.23 Another study 
using Umbiflow in 9 centres in South Africa by Hlong-
wane et al. found a 12.5% prevalence of abnormal RI, 
including AEDF prevalence of 1.2%.30 The reason for the 
higher prevalence in pregnant women in South Africa is 
not yet known; however, it is possible that the higher HIV 
prevalence in this setting may play a role.

Even though this study did not find a high prevalence 
of AEDF, we did detect nearly 500 fetuses with placental 
insufficiency at risk of FGR and therefore at risk of 
adverse perinatal outcomes. These fetuses were smaller at 
birth, irrespective of the GA at which they were born. The 
leading indications for caesarean section in women with 
abnormal RI were FGR and fetal distress, both of which 
are suggestive of underlying placental insufficiency. 
Abnormal RI alone was not an indication for caesarean 
section across study sites; however, women who had an 
abnormal RI were referred to a higher level of care where 
they received further intervention such as ultrasound. 
Thus, it was not surprising there were more investigations 
and interventions in the group with an abnormal RI, 
and these interventions might have prevented perinatal 
deaths.

Using conventional ultrasound, an estimated fetal 
weight below the 10th centile for the GA is generally 
used to diagnose FGR. However, this approach does not 
identify fetuses who are appropriate for GA, but did not 
reach their genetic growth potential. Furthermore, to 
diagnose FGR using ultrasound criteria, serial ultrasound 
examinations may be required, and we need to acknowl-
edge that in LMICs, low- risk healthy pregnant women 
often do not have access to conventional imaging ultra-
sound (either single or serial ultrasound examinations).31 
Previous research has also demonstrated that even when 
conventional ultrasound is made available in LMICs, 
stillbirth or neonatal mortality rates will not necessarily 
improve.32 These findings suggest that Umbiflow can 
help detect those fetuses with placental insufficiency at 
risk of FGR (across all weight centiles) and not just fetuses 
with an estimated fetal weight below the 10th centile. It 

can therefore assist in differentiating between the truly 
growth restricted and not growth restricted fetus, rather 
than the ‘small’ and ‘not- small’ fetus. Umbiflow can be 
implemented at primary healthcare facilities, and be 
done by healthcare workers of all levels as it does not 
require advanced obstetric ultrasound expertise.

Strengths and limitations
To our knowledge, this is the first multicountry study 
assessing the prevalence of abnormal RI of the fetal 
umbilical artery in low- risk pregnant women in LMICs. 
All research staff who applied Umbiflow underwent a 
standardised training, and all Doppler recordings were 
independently reviewed for quality assurance. Overall, the 
lost to follow- up in the study was low (2.9%). Nonetheless, 
our study has some limitations. First, the definition of low- 
risk pregnant women was based on local guidelines; we 
did not mandate a specific risk screening protocol across 
all sites. While this was done to be pragmatic and reflect 
usual obstetric practice at each site, some conditions (such 
as a previous caesarean section or HIV) were considered 
differently across sites. Second, the prevalence of AEDF 
might be underestimated as, despite our best efforts, 64 
women with abnormal RI did not attend their referral 
visit. The 75th centile cut- off was chosen as it was the best 
predictor of perinatal morbidity and mortality in a referral 
hospital and in a low- risk population this cut- off detected 
approximately 10% of fetuses.23 However, secondary anal-
yses are planned to investigate different cut- offs. Last, we 
acknowledge that FGR and Doppler abnormalities can 
arise beyond 34 weeks’ gestation. For this study, a single 
screening was chosen to determine the prevalence and 
guide further research. The screening time was selected 
between 28 and 34 weeks’ gestation because there were 
insufficient neonatal services in the countries to manage 
neonates under 28 weeks’ gestation if delivery was 
required immediately; and the peak incidence of small- 
for- gestational- age stillbirths was 34–37 weeks’ gestation, 
allowing time to intervene prior to a stillbirth.33

Implications for policy, practice and research
This study demonstrates that a single Doppler screening 
with Umbiflow between 28 and 34 weeks’ gestation in low- 
risk pregnant women in LMICs can detect a large number 
of fetuses who are at risk of FGR and adverse perinatal 
outcomes that may otherwise not have been detected. The 
Umbiflow device is inexpensive and can be used by health-
care providers at lower levels of care and thus can be used 
to screen pregnant populations on a large scale to identify 
previously undetected FGR. Randomised trials that embed 
intervention strategies with Doppler screening in low- risk 
women in LMICs are urgently needed to assess impact on 
priority outcomes, and to inform clinical practice.

CONCLUSION
This study shows that screening a low- risk pregnant popu-
lation with Umbiflow detects a large number of fetuses 
with placental insufficiency and who were at risk of FGR. 
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This high prevalence warrants further research into large- 
scale implementation so, with appropriate referral and 
intervention, perinatal mortality and morbidity could 
potentially drastically be decreased, especially in LMICs.
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Abstract
Objective: We sought to understand knowledge, attitudes and practices (KAP) re-
garding COVID- 19 in pregnant women in seven low and middle- income countries 
(LMIC).
Design: Population- based prospective, observational study.
Settings: Study sites in DRC, Kenya, Zambia, Bangladesh, India (two sites), Pakistan 
and Guatemala.
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1 |  BACKGROU N D

Since early 2020, the COVID- 19 pandemic has had an im-
portant impact on global health.1 COVID- 19 has affected 
high- income as well as low-  and middle- income coun-
tries (LMICs) in Asia, Europe, North and South America, 
Australia, and Africa.2 On March 11, 2020, the World Health 
Organization (WHO) declared the COVID- 19 outbreak as 
a global pandemic with exponential spread worldwide.1 
Although COVID- 19 was initially considered a respiratory 
disease that in some cases caused severe pneumonia, it is 
now known as a complex multisystem disease ranging in se-
verity from asymptomatic to fatal.3,4

Since the emergence of the disease, COVID- 19 has been 
accompanied by fear, lack of information and unprepared-
ness.5 Because of the rapid spread of COVID- 19 and its 
significant negative impact on the health and the socio- 
economic status of communities, the WHO has recom-
mended several precautionary measures against the spread 
of COVID- 19 which have been adopted by the governments 
of many countries. The success of these initiatives depends 
largely on people having accurate information about the dis-
ease. Pregnant women and those with co- morbidities are at 
increased risk of developing complications due to severity 
of COVID- 19 infection and due to physiological changes.4,6 
Limited knowledge related to COVID- 19 symptoms, modes 
of transmission, risk status, and measures to prevent the 

spread of COVID- 19 infection in pregnancy can increase the 
risk of contracting COVID- 19 infection.

A recent meta- analysis by Allotey et al.3 suggested that 
the cumulative effect of this disease on a woman and her 
growing fetus is detrimental. Most pregnant women remain 
asymptomatic and are less likely to manifest COVID- 19 
related symptoms than are non- pregnant women.4 Pre- 
existing medical conditions along with pregnancy- specific 
conditions such as gestational diabetes and pre- eclampsia 
are additional risk factors that may increase the risk of ad-
verse outcomes in COVID- 19- positive pregnant women as 
compared with women without the disease.3,7

The WHO and others have emphasised the need to im-
prove COVID- 19 related health information in the pop-
ulation.8 By understanding the knowledge, attitudes and 
preventive practices of the target community, informa-
tional materials can be tailored to pregnant women and 
incorporated as part of the antenatal care (ANC) package 
related to COVID- 19 symptoms, modes of transmission, 
knowledge of high- risk groups and measures to prevent 
contracting COVID- 19 in pregnancy. Understanding 
how women will approach care seeking is crucial since 
one potential pathway relating the COVID- 19 pandemic 
to adverse pregnancy outcomes is through a decrease in 
pregnancy related care.

The aim of the present study was to determine the knowl-
edge, attitudes, and preventive practices of pregnant women 

Population and sample: Pregnant women in the Global Network's Maternal and 
Neonatal Health Registry (MNHR).
Methods: A KAP questionnaire was administered in face- to- face interviews with 
pregnant women from September 2020 through October 2021 in the MNHR.
Main outcome measures: KAP regarding COVID- 19 during pregnancy.
Results: In all, 25 260 women completed the survey. Overall, 56.8% of women 
named ≥3 COVID- 19 symptoms, 34.3% knew ≥2 transmission modes, 51.3% knew 
≥3 preventive measures and 79.7% named at least one high- risk condition. Due to 
COVID- 19 exposure concerns, 23.8% had avoided prenatal care and 7.5% planned 
to avoid hospital delivery. Over half the women in the Guatemalan site and 40% 
in the Pakistan site reduced care seeking due to COVID- 19 exposure concerns. Of 
the women, 24.0% were afraid of getting COVID- 19 from healthcare providers. 
Overall, 63.3% reported wearing a mask and 29.1% planned to stay at home to reduce 
COVID- 19 exposure risk.
Conclusions: We found a decrease in planned antenatal and delivery care use due 
to COVID- 19 concerns. The clinical implications of potential decreases in care are 
unclear, but decline in essential healthcare utilisation during pregnancy and delivery 
could pose challenges for maternal and newborn health. More research is needed to 
address the impact of COVID- 19 on routine pregnancy and delivery care.
Tweetable abstract: Pregnant women in 7 low and middle income sites often had in-
complete knowledge related to COVID- 19 and practices to prevent COVID- 19 dur-
ing pregnancy varied.
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related to COVID- 19 in LMICs. The findings from the cur-
rent study should help inform policies and guidelines for 
the prevention of COVID- 19 among similar obstetric pop-
ulations living in LMICs. Since the maternal and neonatal 
health indicators are already compromised in many LMICs, 
this study may encourage government officials to focus on 
areas for raising awareness for prevention of COVID- 19 
among pregnant women.

2 |  M ETHODS

This study was undertaken as part of the Global Network for 
Women and Children's Health Research (Global Network), 
a multi- country research network funded through peer- 
reviewed research grants by the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development 
(NICHD).9 The KAP sub- study was nested within the Global 
Network's Maternal and Neonatal Health Registry (MNHR). 
The MNHR is a prospective, population- based observational 
study that includes all pregnant women and their outcomes in 
defined geographic communities (clusters).10,11 Each of these 
mostly rural communities (clusters) includes approximately 
300– 500 births annually, with between 6 and 10 clusters at 
each of the study sites in western Kenya, Zambia (Kafue and 
Chongwe), the Democratic Republic of the Congo (DRC) 
(North and South Ubangi Province), Pakistan (Thatta in 
Sindh Provence), India (Belagavi and Nagpur), Guatemala 
(Chimaltenango) and Bangladesh (District Tangail). The 
MNHR was initiated at each of the study sites between 2008 
and 2009, except for the DRC, which rejoined the Global 
Network in 2014 after a 5- year hiatus, and Bangladesh which 
joined the Global Network in 2018.

The KAP survey was initiated as part of the MNHR in 
September 2020 and is planned to be continued until the end of 
the pandemic. This analysis used data collected from September 
2020 through October 2021 (exact start date varied by site). 
For the COVID- 19 KAP study, once approved at a site, all the 
women enrolled within the MNHR sampling frame –  those 
who consented and intended to deliver within the MNHR clus-
ters –  were approached to participate in the KAP survey.

The information about knowledge, attitudes and prac-
tices of pregnant women related to COVID- 19 was obtained 
through face- to- face interviews with the women at the time 
of enrollment in the MNHR. To determine the level of knowl-
edge related to COVID- 19, women were asked to identify 
nine possible symptoms, four ways of transmission, six steps 
to prevent the spread and knowledge of the two highest risk 
groups. The questionnaire was intended to prompt the wom-
en's responses to the statements posed in the questionnaire. 
In this section, each question was asked as an open- ended 
question without reading the potential list of responses to as-
sess the woman's understanding. For any of the woman's cor-
rect responses, the appropriate response was checked on the 
form. In the practices section, the staff prompted the mother 
or asked clarifying questions, as needed. COVID- 19 symp-
toms of interest included: fever, cough, difficulty breathing, 

sore throat, runny or stuffy nose, tiredness, aches and pains, 
diarrhea, and loss of taste or smell. Transmission modes of 
interest included respiratory droplets from a sick person, 
respiratory droplets from an asymptomatic person, touch-
ing contaminated objects and shaking hands. Preventative 
measures of interest included handwashing or using a hand 
sanitiser, keeping distance from others, avoiding shaking 
hands, avoiding touching face, wearing a mask, and staying 
home. High risk populations of greatest interest included the 
elderly and those who have other comorbidities.

2.1 | Statistical analyses

The analysis population included women screened for the 
MNHR who were eligible and who had consented and com-
pleted the KAP interview. Data analysis was done using SAS 
Enterprise Guide version 7.1 (SAS Institute Inc.). For each of 
the knowledge components, valid responses were summed 
into four individual component scores. These scores were 
then dichotomised according to whether the participant 
met what our team felt was a minimum threshold of valid 
responses to be considered having sufficient knowledge. 
Questions were first coded for correctness. The correct 
answers were summed to determine the score for items of 
knowledge of symptoms, transmission, preventive practices 
and high- risk status. Categorical variables were created from 
the summed scores for cut points at which the participant 
would be considered to have knowledge of the items as fol-
lows, identified at least three symptoms, identified at least 
two transmission modes, identified at least three prevention 
measures, and identified at least one group at greatest risk. 
Maternal demographic characteristics and distributions of 
their COVID- 19 knowledge, attitudes and practices were 
presented in frequencies and percentages.

2.2 | Ethical approvals

This study was reviewed and approved by ethics review 
committees of participating sites at INCAP, Guatemala; 
University of Zambia, Zambia; Moi University, Kenya; Aga 
Khan University, Pakistan; KLE University's Jawaharlal Nehru 
Medical College, Belagavi, India; Lata Medical Research 
Foundation, Nagpur, India, and the Kinshasa School of Public 
Health, Democratic Republic of the Congo, and International 
Centre for Diarrhoeal Disease Research, Bangladesh. The in-
stitutional review boards at each US partner university and 
the Data Coordinating Center (RTI International) also ap-
proved the protocol. All women provided informed consent 
for participation in the study and data collection.

3 |  R E SU LTS

From September 2020 through October 2021, COVID- 19 
KAP questionnaires were collected for 25 260 women 
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enrolled in the MNHR ranging from 2376 in the Guatemala 
site to 5066 in the Pakistan site (Table 1).

Table 1 presents the number and percentages of maternal 
characteristics by site among the included women. The ma-
jority of participants were 20– 35 years of age (78.0%). Almost 
70% of women had a primary or secondary education, al-
though the proportion of women with no formal schooling 
was substantially higher in Pakistan (80.6%) than in the other 
participating sites. Thirty- nine percent of women (38.9%) 
were enrolled in their first trimester, 43.4% in their second 
trimester, and 17.8% during the third trimester. Across all 
sites, 31.8% of women were nulliparous, 42.8% had a parity of 
1– 2 and around 25.4% had a parity of ≥3.

In the questions related to knowledge, across all the sites, 
56.8% of women named ≥3 COVID- 19 symptoms, 34.3% 
knew ≥2 transmission modes, 51.3% knew ≥3 preventive 
measures and 79.7% named at least one high- risk condi-
tion. We also assessed and present women's knowledge of 
COVID- 19 symptoms, transmission, prevention, and high-
est risk groups by site. Figure  1 describes the percentages 
of women who could name at least three symptoms, two or 
more modes of transmission, three or more measures of pre-
vention, and at least one high- risk group. More than 65% of 
women in the sites in Zambia, Kenya, India and Bangladesh 
were aware of three or more symptoms in comparison with 
only 4.5% of women in DRC. The sites with the lowest re-
ported knowledge of COVID- 19 transmission modes were 
DRC (10.2%), Pakistan (15.9%) and Bangladesh (17.4%), 

whereas more than half of the women in Kenya (62.9%) 
and Zambia (59.2%) had knowledge of at least two modes of 
transmission. We also assessed each participant's knowledge 
of six potential prevention measures for COVID- 19 spread. 
More than 65% of women in Zambia, Kenya and India cor-
rectly named at least three measures of prevention. In the 
Kenyan, Guatemalan and Bangladeshi sites, at least 90% of 
respondents correctly identified at least one high- risk group, 
compared with 33.3% of women in the DRC site.

Women were also asked whether they had or planned to 
change their prenatal care and/or delivery location because 
of COVID- 19. (Figure  2). A higher percentage of women 
in Guatemala (50.6%), Pakistan (39.6%), India (28.6%) and 
Kenya (21.0%) planned to avoid antenatal care, such as at-
tending ANC visits at their clinic, compared with DRC, 
Zambia, and Bangladesh, where percentages ranged from 
5.4% to 10.0% Furthermore, a much higher percentage of 
women in the Guatemalan site (33.7%) were planning to 
avoid delivering at a hospital or health facility compared 
with the other sites, where between 0.8% and 10.6% of 
women planned to avoid a facility delivery (Figure 2).

Women were also asked about measures they took to avoid 
contracting COVID- 19 (Figure  3). Overall, 75% of women 
practised hand hygiene, 63.3% reported wearing a mask and 
29.1% planned to stay at home to reduce COVID- 19 exposure 
risk. Sites with the lowest reported hand hygiene behaviour 
were the DRC (57.8%) and Pakistan (59.9%). The second most 
common behaviour to prevent COVID- 19 infection overall 

T A B L E  1  Characteristics of women completing the knowledge, attitudes and practices survey by study site. Amounts in n (%) unless marked 
otherwise

Overall DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Women, n 25 260 3397 2843 4444 2376 3992 5066 3142

Age (years)

<20 4080 (16.2) 832 (24.5) 621 (21.9) 924 (20.8) 431 (18.1) 292 (7.3) 175 (3.5) 805 (25.6)

20– 35 19 691 (78.0) 2261 (66.6) 1983 (69.8) 3269 (73.6) 1743 (73.4) 3670 (91.9) 4558 (90.0) 2207 (70.3)

≥36 1482 (5.9) 303 (8.9) 237 (8.3) 249 (5.6) 202 (8.5) 30 (0.8) 332 (6.6) 129 (4.1)

Maternal level of education

No formal 
schooling, 
illiterate

5871 (23.2) 1000 (29.4) 218 (7.7) 41 (0.9) 175 (7.4) 128 (3.2) 4081 (80.6) 228 (7.3)

Primary/
secondary

17 630 (69.8) 2382 (70.1) 2540 (89.4) 3965 (89.3) 1994 (83.9) 3149 (78.9) 907 (17.9) 2693 (85.7)

University+ 1752 (6.9) 15 (0.4) 82 (2.9) 435 (9.8) 207 (8.7) 715 (17.9) 78 (1.5) 220 (7.0)

GA at enrolment (weeks)

0– 13 9613 (38.9) 809 (24.0) 423 (15.1) 997 (24.2) 1125 (47.8) 2981 (74.9) 2382 (47.3) 896 (29.2)

14– 28 10 724 (43.4) 2247 (66.7) 1416 (50.4) 2352 (57.1) 890 (37.8) 423 (10.6) 1734 (34.4) 1662 (54.2)

≥29 4397 (17.8) 314 (9.3) 971 (34.6) 770 (18.7) 339 (14.4) 575 (14.5) 922 (18.3) 506 (16.5)

Parity

0 8021 (31.8) 765 (22.5) 894 (31.5) 1535 (34.5) 863 (36.3) 1632 (40.9) 1088 (21.5) 1244 (39.6)

1– 2 10 818 (42.8) 1032 (30.4) 1227 (43.2) 1786 (40.2) 1040 (43.8) 2175 (54.5) 1842 (36.4) 1716 (54.6)

≥3 6418 (25.4) 1600 (47.1) 720 (25.3) 1123 (25.3) 473 (19.9) 185 (4.6) 2136 (42.2) 181 (5.8)

Note: The sites began collecting COVID Knowledge, Attitudes and Practices data, as follows: Pakistan— 17 Sept 20, DRC— 16 Oct 20, Guatemala— 12 Nov 20, India— 26 Nov 
20, Kenya— 15 Dec 20, Bangladesh— 15 Dec 20, Zambia– 9 Feb 21.
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was wearing a mask (63.3%), although women in the DRC 
site (27.1%) and the Pakistan site (38.9%) reported doing this 
less often than the other sites. The least common behaviour to 
prevent COVID- 19 was avoiding touching the face, ranging 
from 6.2% in Bangladesh to 38.1% from the Kenyan site.

Participants were assessed about possible obstacles to re-
ceiving COVID- 19- related care (Figure 4). When we assessed 
women's fears of getting COVID- 19 from their provider, the 
Pakistan site reported the highest percentage (48.6%) com-
pared with 4.2% in the DRC site. Additionally, 1.7% of the 
women in Bangladesh to 54.7% in Guatemala reported con-
cerns regarding hospitals' capacity to provide care.

4 |  DISCUSSION

4.1 | Main findings

To the best of our knowledge, this study is the first com-
prehensive analytical COVID- 19 KAP survey on pregnant 
women conducted in multiple LMIC countries. Our sur-
vey found significant differences among the sites in the 

knowledge, attitudes and practices regarding COVID- 19 
among pregnant women. Limitations in knowledge were 
observed in all seven study sites. This is especially true as we 
focused on a minimal threshold of knowledge. We believe 
the gaps would be much larger had we focused on knowl-
edge of all symptoms, modes of transmission and preven-
tive practices.

In summary, our COVID- 19 KAP survey documented 
that the pregnant women across seven countries had vari-
able knowledge related to COVID- 19. Nearly one- quarter of 
women avoided or reduced prenatal care visits, and 8% men-
tioned avoiding hospital deliveries due to fear of COVID- 19 
exposure. An important minority of women were afraid of 
contracting COVID- 19 from their provider. Although vari-
able among the sites, many women planned to stay at home 
and/or wear a mask to protect themselves against COVID- 19.

4.2 | Strengths and limitations

Our paper has some limitations and strengths. Among 
the strengths are the large sample size, population- based 

F I G U R E  1  Knowledge of COVID- 19 symptoms (A),1 modes of transmission (B),2 measures to prevent the spread of COVID- 19 (C)3 and high- risk 
groups for COVID- 19 (D)4 by site. 1Symptoms of interest included fever, cough, difficulty breathing, sore throat, runny or stuffy nose, tiredness, aches 
and pains, diarrhoea, and loss of taste and smell. 2Transmission modes of interest included respiratory droplets from a sick person, respiratory droplets 
from an asymptomatic person, touching contaminated objects and shaking hands. 3Preventative measures of interest included handwashing or using gel, 
keeping distance, avoiding shaking hands, avoiding touching face, wearing a mask and staying home. 4Those at greatest risk of interest included elderly 
and those who have another illness

(A) (B)

(C) (D)
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data from three regions (Africa, Asia and Central America 
[Guatemala]) and prospective data collection using the same 
standardised data collection tool that allowed comparisons 
among the sites. There may have been a small decrease in the 
MNHR enrollment during the COVID- 19 pandemic; how-
ever, we were able to capture nearly all the deliveries com-
pared with prior years. Other limitations include that we 
had no validated tool for the assessments and the cut- offs for 
adequate knowledge as well as utilisation of the preventative 
practices. We acknowledge that the cut- offs were arbitrary 
and other cut- offs could have been used. Because of the rap-
idly evolving pandemic, we did not pilot the questionnaire 
beyond having multiple staff members review and evaluate 
the content. We also did not link our results to the preva-
lence of disease in the communities in which the women re-
sided. Data on the prevalence of COVID- 19, as determined 
by antibody positivity, appear to be increasing in each site, 
but reliable population- based data about disease prevalence 
is not consistently available. If there was no real or perceived 
disease in the community, KAP related to COVID- 19 would 
likely have been less. Although there was similar training on 
the use of the questionnaire in each site, we also acknowl-
edge that given face- to- face interviews involving multiple 
staff and investigators, there is the potential for bias with 
respect to the views of the questioner.

4.3 | Interpretation

A number of small, single- site studies have evaluated KAP 
among pregnant women.12– 16 Compared with the Global 

Network study, a prior KAP survey from Bangladesh, a negli-
gible percentage (0.3%) of women were able to identify pos-
sible modes of transmission of COVID- 19.13 This difference 
could be attributed to the time when the studies were con-
ducted, as the Bangladeshi study was conducted in March 
2020, shortly after WHO declared COVID- 19 a global pan-
demic, whereas the Global Network study was initiated in 
September 2020 and presented data through October 2021, 
during which time public knowledge of the disease had been 
increasing. However, the overall knowledge of our study par-
ticipants about COVID- 19 was still significantly lower than 
that seen from KAP studies conducted in Northern Ghana 
and Iran, where most of the participants (70%) had a high 
level of knowledge about COVID- 19.14,15

Our study also suggested potential indirect effects of the 
COVID- 19 pandemic on pregnancy and delivery care. In our 
study, a large proportion of women in Guatemala, Pakistan 
and the Indian sites planned to avoid prenatal care. The find-
ing is consistent with studies conducted in southwest Iran 
and India, where more than 70% and nearly 32% of pregnant 
women avoided routine antenatal care visits, respectively.16,17 
In our study, nearly one- third of women in Guatemala 
planned to avoid delivering at a hospital. The finding is also 
consistent with studies conducted in India, Nepal and Ghana, 
where significant reductions in institutional deliveries have 
been reported during the COVID- 19 panedemic.16,17 Given 
the importance of prenatal care, there are potential concerns 
about longer- term impact on health outcomes.18,19 However, 
overall, it seems as if disruptions in care were higher in the 
early days of the pandemic, when lockdowns were more fre-
quent and less was known about the disease.

F I G U R E  2  Health care avoidance due to COVID- 19 by site (A) Avoidance of prenatal care (B) Avoidance of delivering in a hospital

(A) (B)
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F I G U R E  3  Preventive practices taken to avoid COVID- 19 by site (A) Indicate handwashing (B) Maintain social distance from others (C) Avoid 
touching face (D) Avoid shaking hands (E) Routinely wear a face mask (F) Generally stay at home

(A) (B) (C)

(D) (E) (F)

F I G U R E  4  Attitudes around COVID- 19 and barriers to care by site (A) Fear of receiving COVID- 19 exposure from health care provider (B) Concern 
that hospital lacks capacity to provide adequate care

(B)(A)
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5 |  CONCLUSION

Currently, the level of pregnant women's knowledge about 
COVID- 19 is evolving. We expect the knowledge and prac-
tices to evolve further as the pandemic spreads and COVID- 19 
becomes even more of a real threat. To curtail the pandemic, 
a reduction in transmission of infection by implementing ef-
fective containment measures is needed. To help achieve this, 
improved knowledge and COVID- 19 prevention practices 
among pregnant women are necessary, especially in resource- 
challenged countries where specialised care is often out of 
reach of most of the population.7 In our Global Network sites, 
overall we found limited knowledge and use of preventive 
practices by pregnant women regarding COVID- 19. More 
research is required to address women's fears of accessing ap-
propriate healthcare services and ultimately improving health 
delivery for pregnant women and their children.
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1 |  I N TRODUC TION

The impact of coronavirus disease 2019 (COVID- 19) on 
pregnancy outcomes has been studied using different ap-
proaches. To assess the direct impact of COVID- 19, the 
outcomes of pregnant women with documented COVID- 19 
have been compared with outcomes among women without 
documented COVID- 19.1– 4 This approach, such as in the 
paper by Villar et al., suggests that symptomatic or severe 
COVID- 19 during pregnancy are associated with increases 
in adverse maternal and neonatal outcomes.1

Another approach evaluates the indirect impact of the 
COVID- 19 pandemic on outcomes through disruption of 
medical services.5– 12 These studies generally compare ser-
vices and outcomes from before the COVID- 19 pandemic to 
a time during the pandemic. As the time- periods compared 
are often long, these studies may take a substantial time to ac-
cumulate sufficient data to accurately assess services and out-
comes. To reduce the time necessary to estimate the impact of 
a pandemic on health services, modelling is another approach 

used. For example, a modelling exercise using the Lives Saved 
Tool estimated a potential excess of 56 700 maternal and 
1 157 000 child deaths assuming up to 45% coverage reduc-
tions in 118 countries for 6 months during the COVID- 19 
pandemic outbreak.10 How precisely the modelling results re-
flect reality is often unknown. For that reason, to understand 
the indirect impact of the COVID- 19 pandemic on import-
ant pregnancy outcomes, it is crucial to collect actual data on 
health service use and pregnancy outcomes.

The influence of pandemics on health service delivery and 
demand, especially in countries where resources are already 
constrained, may be substantial.13– 17 Challenges to service 
delivery include lack of key commodities, staff reassignment 
and diversion of equipment and supplies to emergency care. 
Specific mitigation measures such as lockdowns and curfews 
can also disrupt the provision of and access to services.6– 8 
Fear of contracting infection and lack of trust in the health-
care system may also adversely affect the demand for ser-
vices. For example, during the Ebola virus outbreak in West 
Africa, many hospitals were closed because of transmission 

Design: Prospective, population- based study.
Setting: Communities in Kenya, Zambia, the Democratic Republic of the Congo, 
Pakistan, India and Guatemala.
Population: Pregnant women enrolled in the Global Network for Women's and 
Children's Health's Maternal and Newborn Health Registry.
Methods: Pregnancy/delivery care services and pregnancy outcomes in the pre- 
COVID- 19 time- period (March 2019– February 2020) were compared with the 
COVID- 19 time- period (March 2020– February 2021).
Main outcome measures: Stillbirth, neonatal mortality, preterm birth, low birth-
weight and maternal mortality.
Results: Across all sites, a small but statistically significant increase in home births 
occurred between the pre- COVID- 19 and COVID- 19 periods (18.9% versus 20.3%, 
adjusted relative risk [aRR] 1.12, 95% CI 1.05– 1.19). A small but significant decrease 
in the mean number of antenatal care visits (from 4.1 to 4.0, p = <0.0001) was seen 
during the COVID- 19 period. Of outcomes evaluated, overall, a small but significant 
decrease in low- birthweight infants in the COVID- 19 period occurred (15.7% versus 
14.6%, aRR 0.94, 95% CI 0.89– 0.99), but we did not observe any significant differ-
ences in other outcomes. There was no change observed in maternal mortality or 
antenatal haemorrhage overall or at any of the sites.
Conclusions: Small but significant increases in home births and decreases in the ante-
natal care services were observed during the initial COVID- 19 period; however, there 
was not an increase in the stillbirth, neonatal mortality, maternal mortality, low birth-
weight, or preterm birth rates during the COVID- 19 period compared with the previous 
year. Further research should help to elucidate the relationship between access to and 
use of pregnancy- related medical services and birth outcomes over an extended period.

K E Y W O R D S
COVID- 19, Global Network, health care, low and middle- income countries, pregnancy
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concerns, while available healthcare staff and resources were 
reallocated from routine health services to care for those with 
the virus.18,19 Disruptions in access to healthcare services 
during pandemics often disproportionately impact the most 
vulnerable populations, including pregnant women, neonates 
and children, especially in resource- constrained settings.8

To minimise the impact of the ongoing COVID- 19 pan-
demic on essential health services, and in particular, upon 
women's and newborns' health care, it is essential to under-
stand the impact of the COVID- 19 pandemic on health-
care service delivery and on pregnancy outcomes.20 As an 
example, a study from Nepal reported that the COVID- 19 
outbreak reduced coverage of health- facility births, with 
significantly increased stillbirth and neonatal mortality 
rates.15 In contrast, a report from Bangladesh reported no 
impact of the pandemic on services.21 A systematic review 
by Chmielewska et al., which did not evaluate services, re-
ported that in the COVID- 19 period, compared with the 
pre- COVID- 19 period, there was a significant increase in 
stillbirths (odds ratio [OR] 1.28, 95% CI 1.07– 1.54) but no 
increase in preterm births, low birthweight or neonatal 
deaths.16 Vaccaro et al. compared pregnancy outcomes in 
pre- lockdown time- periods with those during the lockdown 
and found an increase in stillbirths (OR 1.33, 95% CI 1.04– 
1.60) but no change in low birthweight.11 In a review of 11 
studies comparing preterm births and low birthweight and 
associated outcomes in the pre- COVID- 19 and lockdown pe-
riods, we found no consistent relationship of the lockdowns 
to birth outcomes.12 Few reports included in the above 
studies were population- based, and few originated in low- 
resource settings. Nevertheless, they raised questions about 
the indirect impact of the COVID- 19 pandemic on mater-
nal and neonatal health outcomes in resource- constrained 
settings. To facilitate understanding of the impact of the 
COVID- 19 pandemic on perinatal health care, we used an 
ongoing population- based database to compare access to 
pregnancy and delivery care by pregnant women, and preg-
nancy outcomes in seven sites in six low-  and middle- income 
countries before and during the pandemic.

2 |  M ETHODS

The Eunice Kennedy Shriver Global Network for Women's and 
Children Health's (Global Network) Maternal and Newborn 
Health Registry (MNHR) is a prospective, population- based 
observational study that was initiated in 2009.22,23 All preg-
nant women in defined geographic communities that in-
clude approximately 300– 500 births annually, are identified 
and enrolled. For this study, we analysed population- based 
data from the eight to ten communities at the sites in west-
ern Kenya, Zambia (Kafue and Chongwe), the Democratic 
Republic of the Congo (North and South Ubangi Provinces), 
Pakistan (Thatta in Sindh Provence), India (Belagavi and 
Nagpur) and Guatemala (Chimaltenango).

Registry administrators, trained study healthcare staff, 
identified pregnant women in their respective communities 

and following consent, enrolled them in the MNHR.22,23 
Once a pregnant woman was identified, the registry admin-
istrators obtained basic health information at enrolment, 
and recorded the date of last menstrual period or early ul-
trasound report to assess gestational age and other basic 
demographic information. A follow- up visit was carried 
out following delivery to collect information on pregnancy 
outcomes as well as the health care received during delivery. 
The maternal and newborn health statuses were collected at 
42 days post- delivery.

The study outcomes were based on medical record reviews 
and birth attendant and family interviews. Birthweights for 
babies born in facilities were available from the birth certifi-
cates or hospital records and for home deliveries, babies were 
weighed within 48 hours of birth by the registry administra-
tors using standardised study scales. During the onset of the 
COVID- 19 pandemic, some of the participating sites went 
through lockdown periods, when the field activities were ei-
ther partially or fully halted. However, the registry admin-
istrators continued to collect information on pregnancy and 
neonatal outcomes either through telephone contacts or by 
making home visits.

Stillbirths were defined as fetuses born at 20 weeks of ges-
tation or more with no signs of life including movement, cry 
or respirations. Neonatal deaths were defined as the death of 
any live- born infant, regardless of gestational age or birth-
weight, who died before 28 days of life. Maternal mortality 
was defined as death of the mother at any time in the preg-
nancy and up to 42 days postpartum. The outcome of mis-
carriages and medical terminations of pregnancy included 
any pregnancy registered in the MNHR that ended before 
20 weeks of gestation. Although we attempted to capture 
every pregnancy ending at 20 weeks or more, some pregnan-
cies, especially those with an early termination or miscar-
riage, may not be captured in the MNHR. Also, especially in 
Pakistan and Guatemala, the babies delivered at home may 
not have been weighed because of the absence of personal 
contact because of the COVID- 19 pandemic. However, most 
of the other data were collected by telephone in those sites.

2.1 | Statistical analyses

The analysis population included women screened for 
the MNHR who were eligible, consented and delivered at 
20 weeks of gestation between March 2019 and February 
2021. The pre- COVID- 19 period was defined as extending 
from March 2019 through February 2020 and the COVID- 19 
period from March 2020 through February 2021, based on 
the World Health Organization's declaration of a global pan-
demic.24 We compared the pregnancy and delivery care prac-
tices of women in the pre- COVID- 19 time- period and during 
the COVID- 19 time- period. For analyses, we combined data 
from the Democratic Republic of the Congo, Zambian and 
Kenyan sites as the African sites, and Belagavi and Nagpur, 
India, as the Indian sites. Pakistan and Guatemala were con-
sidered separately.
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The percentage of women with four or more antenatal 
care (ANC) visits as well as the mean number of ANC visits 
in women at each site, the percentage of deliveries by a phy-
sician and the percentage of women delivering at home were 
analysed by site and year overall and for each of the two time- 
periods. Maternal mortality ratios, the rates of stillbirths, 
neonatal deaths until 28 days, early neonatal deaths before 
7 days, perinatal mortality defined as stillbirths plus early 
neonatal mortality, low birthweight (<2500 g) and preterm 
birth (<37 weeks of gestation at delivery) were compared by 
site and overall, for both time- periods. The rates of stillbirth 
and perinatal mortality are reported per 1000 live births and 
stillbirths, whereas neonatal mortality was calculated per 

1000 live births. For display purposes, the absolute changes 
in healthcare measures were calculated as the values during 
COVID- 19 minus the pre- pandemic values.

Finally, we calculated the relative risks (RR) and corre-
sponding 95% CI from Poisson models for categorical vari-
ables and normal distribution model for continuous ANC 
visits with generalised estimating equations to account for 
the correlation of outcomes within community, account-
ing for site and the interaction of pre- COVID- 19 or during 
COVID- 19 and site. We ran the same models adjusting for 
the potential confounders, maternal age, education and par-
ity. All statistical analyses were conducted in SAS v. 9.4 (SAS 
Institute, Cary, NC, USA).

F I G U R E  1  Consort diagram. Note: The Maternal and Newborn Health Registry geographic clusters included in this analysis were ongoing from 
2019 to 2021. However, the Guatemalan clusters were reduced in size after 2019. Abbreviation: MTP, medical termination of pregnancy

Screened 
N=57,424

Ineligible: N= 0
Did not consent=28

Consented 
N=57,396

Lost of follow-up  
N=328

Live Birth 
N=27,744

Miscarriage 
N=1,305

S�llbirth N=788

Births N=30,236 Births N=27,457

Live Birth 
N=25,230

S�llbirth N=744

Miscarriage 
N=1,112

Birth outcome 
missing N=21

Birth outcome 
missing N=10

MTP N=399 MTP N=371

Delivered/Analy�cal 
Sample 

N=57,068

Delivered during COVID
(Mar 20 – Feb 21) 

N=27,136

Delivered before COVID 
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2.2 | Ethical considerations

This study was reviewed and approved by the ethics com-
mittees of participating research sites (INCAP, Guatemala; 
University of Zambia, Zambia; Moi University, Kenya; 
Aga Khan University, Pakistan; Kinshasa School of Public 
Health, Kinshasa, Democratic Republic of the Congo), KLE 
University's Jawaharlal Nehru Medical College, Belagavi, 
India; Lata Medical Research Foundation, Nagpur, India), 
the institutional review boards at each US partner univer-
sity and the data coordinating centre (RTI International). All 
women provided informed consent for participation in the 
study, including data collection and the follow- up visits.

3 |  R E SU LTS

Altogether, a total of 57 424 women were enrolled in the 
MNHR during the study periods. Of these, 57 396 consented 
to participate and birth outcome data were collected for 
57 068 (99.4%) women (Figure  1). Of these women, 29 932 
(52.4%) delivered during the pre- COVID- 19 period result-
ing in 27 744 (91.8%) live births, 788 (2.6%) stillbirths, 1305 
(4.3%) had a miscarriage and 399 (1.3%) reported a medical 
termination of pregnancy. During the COVID- 19 period, a 
total of 27 136 women delivered. Of these, 25 230 (91.9%) had 
a live birth, 744 (2.7%) had a stillbirth, 1112 (4.0%) had a mis-
carriage and 371 (1.4%) had a medical termination.

Table 1 presents the number of women in total and per 
region and their maternal characteristics during the pre- 
COVID- 19 and COVID- 19 periods. Most women enrolled 
in the pre- COVID- 19 and during COVID- 19 periods were 
20– 35 years of age (78.6% and 79.3%, respectively). Overall, 
the proportion of pregnant women with a primary or sec-
ondary education was similar in both periods (70.4% during 
pre- COVID- 19 period and 70.9% during COVID- 19 period). 
The proportions of women with a parity of 1– 2 were 41.1% 
and 40.8% during the pre- COVID- 19 and COVID- 19 peri-
ods, respectively.

We next evaluated the provision of obstetric care and 
maternal health outcomes overall by region, comparing the 
pre- COVID- 19 period with the COVID- 19 period (Table 2). 
The proportion of women receiving four or more ANC visits 
was similar overall (63.2% in the pre- COVID- 19 period ver-
sus 62.4% in the COVID- 19 period, RR 0.98, 95% CI 0.96– 
1.01), with similar findings across regions. We also evaluated 
the mean number of ANC visits in each period (4.1 in the 
pre- COVID- 19 period versus 4.0 during the COVID- 19 pe-
riod, p = <0.0001) (data not shown). Next, we assessed the 
proportion of women who delivered at home in the pre- 
COVID- 19 period and the COVID- 19 period, overall and by 
region. Every site had an increase in the percentage of home 
births during the COVID- 19 period. Overall, 18.9% of the 
women delivered at home in the pre- COVID- 19 period ver-
sus 20.3% in the COVID- 19 period (adjusted RR [aRR] 1.12, 
95% CI 1.05, 1.19). Finally, we found that the type of deliv-
ery attendant did not differ substantially between the two 

periods overall. However, we observed increased physician- 
attended deliveries in the African sites and a decrease in the 
percentage of physician- attended deliveries in Guatemala, 
changes that were statistically significant. There was also 
a slight increase in caesarean births in the COVID- 19 pe-
riod, which was significant overall (aRR 1.11, 95% CI 1.03– 
1.19) and in Guatemala and India. In terms of measures of 
maternal health, we observed no statistically significant 
differences in the pre- COVID- 19 to during the COVID- 19 
period. The maternal death ratio was 127/100 000 compared 
with 122/100 000 in the pre- COVID- 19 versus COVID- 19 
periods, respectively (RR 1.02, 95% CI 0.66– 1.59). Similarly, 
rates of antepartum and postpartum haemorrhage as well as 
reported hypertensive disorders were not significantly dif-
ferent in the two periods overall or by site.

We next evaluated the fetal and neonatal outcomes by pe-
riod (Table 3). The stillbirth rate was 27.6 per 1000 versus 28.6 
per 1000 births in the pre- COVID- 19 versus COVID- 19 pe-
riods, respectively (aRR 0.99, 95% CI 0.86– 1.14), and 28- day 
neonatal mortality was 22.7 versus 22.3 per 1000 live births 
(aRR 0.95, 95% CI 0.82– 1.08). The low birthweight rate was 
15.7% versus 14.6% (aRR 0.94, 95% CI 0.89– 0.99) and the 
preterm birth rate was 15.8% versus 16.1% (aRR 0.98, 95% CI 
0.92– 1.04).

Finally, because rates of home birth represented the 
most substantial difference among the measures of health 
care, we first explored when during the COVID- 19 period 
the increase occurred by site (Figure S1) evaluating the de-
livery trends by month during the pre- COVID- 19 and the 
COVID- 19 time- periods. In the African sites, the increase 
appeared to have occurred consistently across the year, 
whereas in Guatemala, a notable increase in home births ap-
peared to have occurred early during the COVID- 19 period. 
The changes observed in the percentage of home births in 
India and Pakistan were smaller and inconsistent and were 
not statistically significant. Figure S2 presents the absolute 
difference in the proportion of women attended by a physi-
cian at delivery. Although the annual differences were not 
statistically significant, it appears that in the early months 
of the pandemic, there were decreases in physician- attended 
deliveries in the Guatemalan, Indian and Pakistan sites.

4 |  DISCUSSION

4.1 | Main findings

Our results, comparing data from the pre- COVID- 19 period 
of March 2019 to February 2020 with the early COVID- 19 
pandemic period of March 2020 to February 2021, suggest 
that in most Global Network sites, there were small but sig-
nificant increases in home births and small decreases in 
ANC use, and fewer deliveries (but not significantly fewer) 
attended by physicians. Importantly, there were no increases 
in the neonatal mortality, maternal mortality and stillbirth 
rates across the Global Network during the pandemic period 
compared with the previous year.



1304 |   NAQVI et al.

4.2 | Interpretation

We have considered why, across the Global Network sites, 
we did not observe increases in stillbirths or neonatal 
deaths with the onset of the pandemic associated with the 
increase in home deliveries or the changes in ANC or phy-
sician attendance. First, the changes observed in ANC and 
care at delivery were all small. Second, we have previously 
explored the relationship between institutional delivery 
and stillbirth and neonatal mortality rates and did not find 
a consistent relationship across the Global Network sites.25 
We believe that the number of visits or the site of delivery 
alone is not sufficient to establish a measure of obstetric or 
neonatal care quality. If high- quality obstetric and neona-
tal care are not provided, delivering in a facility is unlikely 
to be associated with decreased fetal or newborn mortality.

We have also thought about why some other studies 
seemed to find large increases in certain poor outcomes 

associated with the COVID- 19 pandemic, but this Global 
Network study did not. Most importantly, this was a 
population- based study of pregnancy outcomes over a time- 
period and did not evaluate the difference in outcomes be-
tween those women who tested positive for COVID- 19 or 
were symptomatic and those women who tested negative. We 
were interested in whether changes in medical services for 
pregnant women occurred from before the pandemic to the 
early part of the pandemic and whether these changes were 
related to changes in outcome. We did not evaluate whether 
if a woman was infected with COVID- 19 or if she was symp-
tomatic, there were worse outcomes. We were especially 
interested in whether the very large increases in adverse 
outcomes associated with predictions of decreased services 
could be verified with actual data. Compared with some of 
the other studies evaluating care indices, our study included 
a large number of pregnancies from defined populations that 
were routinely monitored using standardised methods, and 

T A B L E  3  Fetal and neonatal outcomes in the pre- COVID- 19 period and during the COVID- 19 period overall and by location

Total Africa Guatemala India Pakistan

Pre-  COVID
During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a

N 30 236 27 457 14 295 13 886 4783 3203 6743 6378 4415 3990

Stillbirth, rate per 1000 SB + LB 27.6 28.6 0.99 (0.86– 1.14) 29.0 32.6 1.12 (0.97– 1.30) 19.1 21.6 1.14 (0.76– 1.71) 18.9 17.6 0.93 (0.70– 1.26) 45.5 36.7 0.81 (0.67– 0.98)

Early- ND, rate per 1000 LB 18.5 18.6 0.92 (0.80– 1.06) 16.5 19.0 1.16 (0.94– 1.42) 15.8 10.7 0.68 (0.51– 0.91) 12.1 12.6 1.05 (0.71– 1.56) 38.6 33.5 0.88 (0.70– 1.10)

28- day ND, rate per 1000 LB 22.7 22.3 0.95 (0.82– 1.08) 18.3 19.9 1.09 (0.91– 1.30) 23.4 18.5 0.79 (0.57– 1.08) 14.9 14.1 0.95 (0.67– 1.35) 49.5 47.9 0.98 (0.79– 1.20)

Perinatal mortality, rate per 1000 SB + LB 45.6 46.8 0.97 (0.88– 1.06) 45.0 51.0 1.13 (1.00– 1.29) 34.6 32.1 0.93 (0.71– 1.22) 30.8 30.0 0.98 (0.83– 1.16) 82.3 69.0 0.84 (0.73– 0.97)

LBW, % 15.7 14.6 0.94 (0.89– 0.99) 9.9 9.8 1.00 (0.91– 1.10) 19.2 16.9 0.88 (0.80– 0.96) 20.9 20.4 0.98 (0.89– 1.08) 24.8 22.2 0.90 (0.80– 1.01)

PTB, % 15.8 16.1 0.98 (0.92– 1.04) 14.5 15.6 1.08 (0.97– 1.20) 12.9 10.9 0.84 (0.73– 0.97) 11.4 11.6 1.02 (0.92– 1.13) 30.7 29.7 0.97 (0.86– 1.10)

Abbreviations: LB, live birth; LBW, low birthweight; ND, neonatal death; PTB, preterm birth; SB, stillbirth;
aAdjusted Relative risk (aRR) and corresponding 95% CI accounting for site and the interaction of pre- COVID- 19 or during COVID- 19 and site. Models are adjusted for  
maternal age, education and parity.

T A B L E  2  Pregnancy care and maternal outcomes in the pre- COVID- 19 period and during the COVID- 19 period overall and by location

Total Africa Guatemala India Pakistan

Pre-  COVID
During 
COVID aRR (95% CI)a Pre-  COVID During COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a

N 29 932 27 136 14 104 13 669 4747 3180 6701 6342 4380 3945

Four or more ANC visits, % 63.2 62.4 0.98 (0.96– 1.01) 61.6 60.6 0.98 (0.93– 1.03) 62.7 64.5 1.01 (0.98– 1.04) 78.4 76.8 0.96 (0.91– 1.02) 45.4 43.7 0.99 (0.96– 1.01)

Home birth, % 18.9 20.3 1.12 (1.05– 1.19) 13.7 17.4 1.27 (1.07– 1.52) 39.8 44.3 1.13 (1.06– 1.20) 9.7 10.3 1.09 (0.98– 1.22) 26.8 27.2 1.00 (0.93– 1.07)

Physician delivery, % 30.9 28.6 1.05 (0.99– 1.10) 4.3 6.1 1.41 (1.18– 1.69) 63.5 61.3 0.95 (0.91– 0.98) 65.8 62.3 0.93 (0.85– 1.01) 27.4 25.8 0.97 (0.93– 1.01)

Nurse/nurse midwife/health 
worker delivery, %

47.9 51.5 0.98 (0.83– 1.15) 81.7 80.2 0.98 (0.93– 1.03) 0.3 0.2 0.69 (0.39– 1.25) 24.6 27.5 1.12 (0.96– 1.30) 26.5 32.2 1.21 (0.98– 1.48)

Traditional birth attendant/
family/self delivery, %

21.2 19.9 1.02 (0.93– 1.12) 14.0 13.8 0.99 (0.78– 1.25) 36.2 38.5 1.08 (1.03– 1.13) 9.6 10.2 1.14 (0.90– 1.44) 46.2 42.0 0.89 (0.76– 1.05)

Caesarean birth, % 16.3 16.7 1.11 (1.03– 1.19) 2.4 3.0 1.25 (0.99– 1.58) 35.4 38.5 1.06 (1.01– 1.12) 33.4 36.7 1.07 (1.00– 1.14) 18.0 18.7 1.06 (0.94– 1.19)

Maternal deaths per 100 000 127 122 1.02 (0.66– 1.59) 99 73 0.74 (0.25– 2.17) 84 220 2.57 (0.98– 6.71) 134 63 0.48 (0.20– 1.16) 251 305 1.20 (0.72– 2.02)

Antepartum haemorrhage, % 1.0 1.1 1.11 (0.79– 1.55) 1.2 1.3 1.04 (0.75– 1.44) 0.3 0.3 1.25 (0.38– 4.17) 0.5 0.7 1.42 (0.87– 2.33) 1.8 1.5 0.81 (0.69– 0.96)

Postpartum haemorrhage, % 1.4 1.1 0.73 (0.61– 0.87) 1.6 1.4 0.87 (0.74– 1.03) 1.0 1.0 0.96 (0.66– 1.40) 0.8 0.5 0.60 (0.37– 0.97) 2.0 1.2 0.56 (0.44– 0.73)

Hypertensive disorders, % 2.4 1.9 0.89 (0.75– 1.06) 0.7 0.8 1.24 (0.97– 1.60) 4.5 4.5 0.96 (0.79– 1.17) 3.4 2.5 0.72 (0.55– 0.93) 4.0 2.9 0.74 (0.42– 1.30)

aAdjusted Relative risk (aRR) and corresponding 95% CI account for the correlation of outcomes within community. Models are adjusted for maternal age, education and parity.
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the results were less likely to be influenced by selection bias 
in outcomes or time- periods.

Although maternal death and other adverse outcomes 
are increased with severe maternal COVID- 19, as evidenced 
by the study of Villar et al.,1 most maternal infections are 
mild and severe illness and death are rare. Occasional ad-
verse outcomes occur, especially in populations with high 
rates of COVID- 19, but for the most part, based on available 
evidence, we would not expect COVID- 19 to have a sub-
stantial impact on stillbirths, neonatal deaths or maternal 
deaths at the population level. We recognise that the impact 
of COVID- 19 on pregnancy and child outcomes is an ongo-
ing area of active research.20,26,27

Another potential explanation for the absence of change 
in stillbirth or neonatal mortality during the pandemic in our 
sites is that at least some pregnant women may have adopted 
behaviours that were protective against COVID- 19, including 
fewer social interactions and more mask wearing, which may 

have reduced their exposure to COVID- 19.28 The decreases 
in observed stillbirth rates in Guatemala and Pakistan may 
be actual, but also may have occurred because of decreased 
reporting of adverse outcomes as the result of reduced care 
seeking in those sites, especially early in pregnancy when most 
stillbirths occur.29 The increases in stillbirths reported in the 
Vaccaro et al. and the Chmielewska et al. studies of about 30%, 
using methodologies different from this study, was not con-
sistent with our findings and this difference requires further 
investigation.11,16

4.3 | Strengths and limitations

Among the strengths of this study were the large sample size, 
population- based data from three regions, multiple sites and 
the prospective, on- going data collection with standardised 
data collection protocols across the sites. A limitation was 

T A B L E  3  Fetal and neonatal outcomes in the pre- COVID- 19 period and during the COVID- 19 period overall and by location

Total Africa Guatemala India Pakistan

Pre-  COVID
During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a

N 30 236 27 457 14 295 13 886 4783 3203 6743 6378 4415 3990

Stillbirth, rate per 1000 SB + LB 27.6 28.6 0.99 (0.86– 1.14) 29.0 32.6 1.12 (0.97– 1.30) 19.1 21.6 1.14 (0.76– 1.71) 18.9 17.6 0.93 (0.70– 1.26) 45.5 36.7 0.81 (0.67– 0.98)

Early- ND, rate per 1000 LB 18.5 18.6 0.92 (0.80– 1.06) 16.5 19.0 1.16 (0.94– 1.42) 15.8 10.7 0.68 (0.51– 0.91) 12.1 12.6 1.05 (0.71– 1.56) 38.6 33.5 0.88 (0.70– 1.10)

28- day ND, rate per 1000 LB 22.7 22.3 0.95 (0.82– 1.08) 18.3 19.9 1.09 (0.91– 1.30) 23.4 18.5 0.79 (0.57– 1.08) 14.9 14.1 0.95 (0.67– 1.35) 49.5 47.9 0.98 (0.79– 1.20)

Perinatal mortality, rate per 1000 SB + LB 45.6 46.8 0.97 (0.88– 1.06) 45.0 51.0 1.13 (1.00– 1.29) 34.6 32.1 0.93 (0.71– 1.22) 30.8 30.0 0.98 (0.83– 1.16) 82.3 69.0 0.84 (0.73– 0.97)

LBW, % 15.7 14.6 0.94 (0.89– 0.99) 9.9 9.8 1.00 (0.91– 1.10) 19.2 16.9 0.88 (0.80– 0.96) 20.9 20.4 0.98 (0.89– 1.08) 24.8 22.2 0.90 (0.80– 1.01)

PTB, % 15.8 16.1 0.98 (0.92– 1.04) 14.5 15.6 1.08 (0.97– 1.20) 12.9 10.9 0.84 (0.73– 0.97) 11.4 11.6 1.02 (0.92– 1.13) 30.7 29.7 0.97 (0.86– 1.10)

Abbreviations: LB, live birth; LBW, low birthweight; ND, neonatal death; PTB, preterm birth; SB, stillbirth;
aAdjusted Relative risk (aRR) and corresponding 95% CI accounting for site and the interaction of pre- COVID- 19 or during COVID- 19 and site. Models are adjusted for  
maternal age, education and parity.

T A B L E  2  Pregnancy care and maternal outcomes in the pre- COVID- 19 period and during the COVID- 19 period overall and by location

Total Africa Guatemala India Pakistan

Pre-  COVID
During 
COVID aRR (95% CI)a Pre-  COVID During COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a Pre-  COVID

During 
COVID aRR (95% CI)a

N 29 932 27 136 14 104 13 669 4747 3180 6701 6342 4380 3945

Four or more ANC visits, % 63.2 62.4 0.98 (0.96– 1.01) 61.6 60.6 0.98 (0.93– 1.03) 62.7 64.5 1.01 (0.98– 1.04) 78.4 76.8 0.96 (0.91– 1.02) 45.4 43.7 0.99 (0.96– 1.01)

Home birth, % 18.9 20.3 1.12 (1.05– 1.19) 13.7 17.4 1.27 (1.07– 1.52) 39.8 44.3 1.13 (1.06– 1.20) 9.7 10.3 1.09 (0.98– 1.22) 26.8 27.2 1.00 (0.93– 1.07)

Physician delivery, % 30.9 28.6 1.05 (0.99– 1.10) 4.3 6.1 1.41 (1.18– 1.69) 63.5 61.3 0.95 (0.91– 0.98) 65.8 62.3 0.93 (0.85– 1.01) 27.4 25.8 0.97 (0.93– 1.01)

Nurse/nurse midwife/health 
worker delivery, %

47.9 51.5 0.98 (0.83– 1.15) 81.7 80.2 0.98 (0.93– 1.03) 0.3 0.2 0.69 (0.39– 1.25) 24.6 27.5 1.12 (0.96– 1.30) 26.5 32.2 1.21 (0.98– 1.48)

Traditional birth attendant/
family/self delivery, %

21.2 19.9 1.02 (0.93– 1.12) 14.0 13.8 0.99 (0.78– 1.25) 36.2 38.5 1.08 (1.03– 1.13) 9.6 10.2 1.14 (0.90– 1.44) 46.2 42.0 0.89 (0.76– 1.05)

Caesarean birth, % 16.3 16.7 1.11 (1.03– 1.19) 2.4 3.0 1.25 (0.99– 1.58) 35.4 38.5 1.06 (1.01– 1.12) 33.4 36.7 1.07 (1.00– 1.14) 18.0 18.7 1.06 (0.94– 1.19)

Maternal deaths per 100 000 127 122 1.02 (0.66– 1.59) 99 73 0.74 (0.25– 2.17) 84 220 2.57 (0.98– 6.71) 134 63 0.48 (0.20– 1.16) 251 305 1.20 (0.72– 2.02)

Antepartum haemorrhage, % 1.0 1.1 1.11 (0.79– 1.55) 1.2 1.3 1.04 (0.75– 1.44) 0.3 0.3 1.25 (0.38– 4.17) 0.5 0.7 1.42 (0.87– 2.33) 1.8 1.5 0.81 (0.69– 0.96)

Postpartum haemorrhage, % 1.4 1.1 0.73 (0.61– 0.87) 1.6 1.4 0.87 (0.74– 1.03) 1.0 1.0 0.96 (0.66– 1.40) 0.8 0.5 0.60 (0.37– 0.97) 2.0 1.2 0.56 (0.44– 0.73)

Hypertensive disorders, % 2.4 1.9 0.89 (0.75– 1.06) 0.7 0.8 1.24 (0.97– 1.60) 4.5 4.5 0.96 (0.79– 1.17) 3.4 2.5 0.72 (0.55– 0.93) 4.0 2.9 0.74 (0.42– 1.30)

aAdjusted Relative risk (aRR) and corresponding 95% CI account for the correlation of outcomes within community. Models are adjusted for maternal age, education and parity.
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the potential for decreased quality and completeness of data 
collection during the COVID- 19 pandemic. However, exten-
sive efforts were made to capture all pregnancy outcomes 
in Global Network geographic areas. We also had limited, 
objective assessment of the visibility of the COVID- 19 
pandemic at the onset for each community, and thus the 
time- periods when communities perceived the pandemic 
may have varied from the declaration by the World Health 
Organization of the COVID- 19 pandemic. Most important, 
the pandemic is still ongoing and probably increasing in se-
verity and visibility in low-  and middle- income countries. 
Further evaluations will be required over time to determine 
whether the observations made related to care seeking and 
pregnancy outcomes in the early stages of the pandemic hold 
through the remainder of the pandemic.

5 |  CONCLUSIONS

In summary, we emphasise the difference in some outcomes 
projected by some modelling exercises and the results of ac-
tual population- based data. Models, at times, can be useful 
in helping researchers consider the potential ranges in out-
comes associated with potential changes in practice, espe-
cially if the estimates are reasonable. Estimates of very high 
rates of adverse outcomes based on extreme assumptions of 
decreased availability of medical care may, or may not, moti-
vate the responsible governmental agencies or public health 
community into taking some action. However, when the 
population- based data fail to support the model's assump-
tions, credibility related to modelling may be lost.

In the Global Network sites, there was an increase in 
home births, and perhaps small decreases in ANC use 
and deliveries attended by a physician during the early 
COVID- 19 period. Despite the differences in these measures 
of health care, we did not observe any mortality increases in 
the COVID- 19 period. Continuing to follow the healthcare 
use and maternal and newborn health outcomes on a popu-
lation basis will be important to better understand the indi-
rect impact of the COVID- 19 pandemic on the population as 
the pandemic continues.
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1 |  I N TRODUC TION

COVID- 19 infection, a severe acute respiratory syndrome, 
was declared a global pandemic by the World Health 
Organization (WHO) in March 2020.1 The pandemic has 
resulted in severe illness and death among millions of peo-
ple globally.1,2 Various COVID- 19 vaccination trials have 
shown greater than 90% effectiveness in preventing severe 
COVID- 19 disease and death.3– 5 World- wide, 66% of the 
population have received at least one dose of the COVID- 19 
vaccine and widespread vaccination programmes are in 
progress.1 Nevertheless, vaccination rates, especially in some 
low-  and middle- income countries (LMIC), are low, with the 
Africa region having the lowest vaccination rates globally. 
Several challenges to vaccination are present, one of which 
is vaccine refusal, defined as an individual or group decision 
to refuse vaccination, given an opportunity for vaccination.6 
Understanding the influences behind vaccine refusal is crit-
ical, as low vaccine coverage will likely result in increased 
illness, death and the emergence of new variants threatening 
immunity conferred by vaccines.

In a systematic review, vaccine acceptance in the general 
population was significantly higher in some LMICs (80.3%) 

compared with higher income countries (HICs) such as the 
USA (64.6%) and Russia (30.4%).7 In another survey of 16 
HIC and LMICs, the strongest predictors of vaccine accep-
tance in pregnant women included confidence in vaccine 
safety, perception of low risk, general compliance with pre-
ventive measures, monitoring of COVID- 19 news, and trust 
in public health agencies.8 However, most studies performed 
to date have disproportionately represented HIC and higher- 
educated participants, and data for women in lower socio- 
economic settings remain limited. The lack of knowledge 
and low level of acceptance for COVID- 19 vaccination re-
mains a major concern to achieve herd immunity.

Vaccination during pregnancy is an important opportu-
nity when women generally enter the health system and can 
improve vaccine coverage in the population. In August 2021, 
the U.S. Centers for Disease Control and Prevention (CDC) 
released data on the safety of COVID- 19 vaccines in preg-
nant women and encouraged vaccination among women 
planning for pregnancy, during breastfeeding and during 
pregnancy.9 Data suggest that the benefits of COVID- 19 
vaccination outweigh any known or potential risks during 
pregnancy.10 According to the CDC, no evidence suggests 
that vaccination would cause harm during pregnancy or 

Population: Pregnant women in an ongoing registry.
Methods: COVID- 19 vaccine questionnaires were administered to pregnant women 
in the Global Network's Maternal Newborn Health Registry from February 2021 
through November 2021 in face- to- face interviews.
Main outcome measures: Knowledge, attitude and practice regarding vaccination 
during pregnancy; vaccination status.
Results: No women were vaccinated except for small proportions in India (12.9%) 
and Guatemala (5.5%). Overall, nearly half the women believed the COVID- 19 vac-
cine is very/somewhat effective and a similar proportion believed that the COVID- 19 
vaccine is safe for pregnant women. With availability of vaccines, about 56.7% said 
they would get the vaccine and a 34.8% would refuse. Of those who would not get 
vaccinated, safety, fear of adverse effects, and lack of trust predicted vaccine re-
fusal. Those with lower educational status were less willing to be vaccinated. Family 
members and health professionals were the most trusted source of information for 
vaccination.
Conclusions: This COVID- 19 vaccine survey in seven LMICs found that knowl-
edge about the effectiveness and safety of the vaccine was generally low but varied. 
Concerns about vaccine safety and effectiveness among pregnant women is an im-
portant target for educational efforts to increase vaccination rates.

K E Y W O R D S
COVID- 19, low-  and middle- income countries, pregnancy, vaccination

Tweetable abstract: The COVID- 19 vaccine survey in seven LMIC indicates that the 
knowledge of pregnant women about the effectiveness and safety of the vaccine was 
generally low and a third of the women did not plan to be vaccinated.
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that there are any safety concerns regarding pregnancy or 
newborn outcomes.9– 11 The World Health Organization au-
thorized COVID- 19 vaccination for pregnant women soon 
after this. Despite the availability of COVID- 19 vaccines, 
limited information is available about knowledge, attitudes 
and practices of pregnant women related to COVID- 19 vac-
cines in LMIC.12

To date, there have been few, if any, population- based 
studies of pregnant women regarding COVID- 19 vaccine 
from LMICs based on prospectively collected data.13– 17 
This study presents results of a survey on pregnant women's 
knowledge, attitudes and practices related to COVID- 19 
vaccine effectiveness, safety and willingness to be vacci-
nated. The study findings should help public health au-
thorities to identify and mitigate potential obstacles for 
having a successful COVID- 19 vaccination programme in 
women intending to become pregnant and among preg-
nant women.

2 |  M ETHODS

This study was undertaken as an initiative of the Global 
Network for Women and Children's Health Research (Global 
Network), a multi- country research network funded by the 
Eunice Kennedy Shriver National Institute of Child Health 
and Human Development (NICHD).18 The COVID- 19 
vaccine study was nested within the Global Network's 
Maternal and Neonatal Health Registry (MNHR). The 
MNHR is a prospective, population- based observational 
study that includes all pregnant women, their newborns 
and their outcomes in defined geographic communi-
ties (clusters).19 Each cluster includes approximately 500 
births annually, with 8– 10 clusters available at each of the 
Global Network sites in western Kenya, Zambia (Kafue and 
Chongwe), the Democratic Republic of the Congo (DRC) 
(North and South Ubangi Province), Pakistan (Thatta in 
Sindh Provence), India (Belagavi and Nagpur), Guatemala 
(Chimaltenango) and Bangladesh (District Tangail). The 
MNHR has been ongoing in all sites since 2009, except for 
the DRC, which joined in 2014, and the Bangladesh site, 
which joined in 2018.

The COVID- 19 vaccine survey was initiated as part of the 
MNHR in February 2021, as COVID- 19 vaccination was ini-
tially approved, and is ongoing. The initiation dates of the 
KAP vaccination survey varied among the sites. All women 
who were enrolled within the MNHR sampling frame were 
eligible to be approached to participate in the vaccine sur-
vey, and of the 45.6% (n = 13 105) approached, 98% provided 
consent. For this analysis, we used vaccine- related survey 
data collected at the first prenatal visit from February 2021 
through November 2021. Data from the two Indian sites were 
similar and were combined. The questionnaire asked about 
women's beliefs regarding vaccine effectiveness and safety. 
We also asked about willingness to receive the COVID- 19 
vaccine and, for those not willing to receive the vaccine, the 
reasons for their refusal.

We used a separate questionnaire to ascertain vaccination 
status at delivery. The vaccination status questions were col-
lected starting at different times across the sites beginning 
in early 2021. Data in the system as of 11 November 2021 are 
included in this report.

2.1 | Statistical analysis

The analysis population includes women screened for the 
MNHR who were eligible, consented and had completed 
the COVID- 19 vaccine KAP questionnaire. Data analy-
ses were done using SAS ENTERPRISE GUIDE version 9.4 
(SAS Institute Inc.). We present results in frequencies and 
percentages. Simple statistics were used to determine signifi-
cant differences in the distribution of knowledge, attitudes 
and practices related to the COVID- 19 vaccine. To assess the 
factors associated with being unwilling to be vaccinated for 
COVID- 19, we evaluated relative risks (RR) and 95% con-
fidence intervals (95% CI) using log- binomial models with 
generalised estimating equations to account for the correla-
tion of outcomes within cluster. Unwillingness to receive a 
COVID- 19 vaccination is modelled for each factor indepen-
dently, accounting for site and the interaction of factor and 
site.

2.2 | Ethical considerations

This study was reviewed and approved by ethics review 
committees of all participating sites: INCAP, Guatemala; 
University of Zambia, Zambia; Moi University, Kenya; Aga 
Khan University, Pakistan; KLE University's Jawaharlal 
Nehru Medical College, Belagavi, India; Lata Medical 
Research Foundation, Nagpur, India, Kinshasa School of 
Public Health, Democratic Republic of the Congo, and 
the International Centre for Diarrhoeal Disease Research, 
Bangladesh. The Institutional Review Boards at each US 
partner university and the Data Coordinating Center (RTI 
International) also approved the protocol. All women pro-
vided informed consent for participation in the study and 
data collection.

3 |  R E SU LTS

From February through November 2021, the COVID- 19 
vaccine questionnaires were completed for 13 105 pregnant 
women. The number of surveys completed at each site ranged 
from 368 in the DRC to 2316 in Pakistan. Table  1 presents 
the maternal demographic characteristics by site. Most of the 
women across all the sites were in the age group 20– 35 years 
and were educated at the primary and secondary level, except 
for Pakistan, where 81% of women were illiterate. Slightly more 
than 40% (41.8%) of the women at all sites were ≤13 weeks preg-
nant at the time of enrolment in the MNHR; 33.7% had a parity 
of 0, 45.4% had a parity of 1 to 2, and 20.9% had a parity of ≥3.
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Using a separate questionnaire administered at delivery, 
with data collection starting variably from February to June 
2021, we collected data by site on the vaccination status of 
6175 women at the time of the delivery. For this study com-
ponent, the last date of data collection was 11 November 
2021. Up to that date, the only sites in which any women had 
received COVID- 19 vaccinations were in India (12.9%) and 
Guatemala (5.5%) (Table 2).

Table  3 describes the knowledge and attitudes of the 
women towards COVID- 19 vaccination. Overall, 29.2% of 

pregnant women considered the COVID- 19 vaccine to be 
very effective and 21.7% believed the vaccine to be some-
what effective in preventing COVID- 19 infection. The be-
lief about the effectiveness of the COVID- 19 vaccine varied 
widely across the sites, with a high of about 48.8% of the 
women in India and 48.1% in Zambia to a low of 6.9% of the 
women in Bangladesh believing the vaccine to be very effec-
tive. Overall, more than a third of women (36.6%) described 
having no information on the effectiveness of the COVID- 19 
vaccine for prevention of COVID- 19 infection. Of the 

T A B L E  1  Maternal enrolment in the COVID- 19 vaccine study and demographic characteristics by site

Overall DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Women, n 13 105 368 2205 2133 987 2821 2316 2275

Age (years)

<20 (%) 15.6 20.4 21.8 19.5 18.3 7.6 4.3 25.3

20– 35 (%) 79.0 68.4 70.3 74.9 72.4 91.7 88.6 70.4

≥36 (%) 5.4 11.2 7.9 5.6 9.2 0.7 7.0 4.3

Maternal level of education

No formal schooling, 
illiterate (%)

19.6 33.2 8.3 1.2 8.1 3.9 81.2 7.3

Primary/secondary (%) 72.4 66.3 88.7 88.8 84.0 78.6 17.3 85.8

University+ (%) 8.0 0.5 3.0 10.0 7.9 17.5 1.5 7.0

GA at enrolment (weeks)

≤13 (%) 41.8 23.5 13.3 25.1 51.8 74.6 45.2 38.1

14– 28 (%) 38.6 58.5 44.7 55.2 37.0 9.5 36.5 54.1

≥29 (%) 19.6 18.1 42.0 19.7 11.2 15.8 18.2 7.7

Parity

0 (%) 33.7 20.7 31.4 32.9 35.5 40.6 3.8 39.7

1– 2 (%) 45.4 29.6 43.5 42.1 44.4 54.0 33.5 54.6

≥3 (%) 20.9 49.7 25.1 25.1 20.2 5.4 42.7 5.7

T A B L E  2  Women vaccinated and not vaccinated for COVID- 19 prior to delivery by site

Characteristic
Overall, 
n (%) DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Vaccination status reported prior to delivery 6175 209 831 434 1277 1307 168 1949

Vaccinated (%) 3.9 0.0 0.0 0.0 5.5 12.9 0.0 0.0

Not vaccinated (%) 96.1 100.0 100.0 100.0 94.5 87.1 100.0 100.0

T A B L E  3  Beliefs about COVID- 19 vaccine effectiveness and safety by site

Characteristic Overall DRC Zambia Kenya Guatemala India Pakistan

Women, n 13 105 368 2205 2133 987 2821 2316

Knowledge about COVID- 19 vaccination

Effectiveness, n

Very effective (%) 29.2 29.6 48.1 17.4 35.9 48.8 17.4

Somewhat effective (%) 21.7 4.3 27.4 20.0 22.2 23.2 24.3

Not very effective (%) 12.5 2.7 8.3 16.5 19.3 2.6 33.2

Do not know (%) 36.6 63.3 16.2 46.1 22.6 25.5 25.1

Safe for pregnant women (%) 22.8 30.7 36.9 11.8 28.8 35.5 16.2

Safe for a woman trying to get pregnant (%) 31.4 53.5 52.6 23.9 35.8 44.4 17.3
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women from Bangladesh, 74.6% claimed not to know about 
vaccine effectiveness, as did 63.3% from the DRC, and 46.1% 
from Kenya, compared with 25% or fewer of the women 
from the other sites. Overall, 22.8% of women perceived that 
the vaccine was safe for pregnant women, whereas 31.4% 
considered the vaccine safe for women who were trying to 
get pregnant. As with beliefs about effectiveness, there was 
a wide range in beliefs about safety, with only 6.4% of the 
women in Bangladesh believing it safe to be vaccinated in 
pregnancy compared with about 35% of those surveyed in 
India and Zambia.

Table 4 presents data about practice including the will-
ingness of the women in the various sites to be vaccinated 
with the COVID- 19 vaccine. Overall, 56.7% of women 
stated that they would get the vaccine if available, with 
wide variations among the sites; in Pakistan, only 30.0% of 
the women surveyed would get the vaccine, compared with 
71.2% in Zambia and 80.4% in India. Overall, 8.7% of those 
surveyed were unsure about whether or not they would get 
vaccinated. Nearly 75% of the women were willing to pay 
for the vaccine if not available free of cost. However, more 
than one- third of the women (34.8%) said they would not 
get the vaccine, again with wide variation among the sites. 
Reasons given for not wanting to be vaccinated included 
not being sure of the safety (30.6%), fear of adverse effects 
(25.1%), not being sure of effectiveness (16.3%) and lack 
of trust (25.0%). Of the women who were unsure whether 
they would get the vaccine (8.5%), most stated they would 
like to discuss the issue with family members (58.7%) and 
health professionals (42.7%) to make the final decision 
(data not shown).

Table 5 presents the relative risks and 95% confidence 
intervals for unwillingness to be vaccinated from log- 
binomial models with generalised estimating equations 
to account for the correlation of outcomes within clusters. 
Among the sites, compared with India, women in Pakistan 
were nearly 50% more unwilling to be vaccinated, whereas 
the women in Guatemala were less unwilling (RR 0.31, 95% 

CI 0.17– 0.55) to be vaccinated. Compared with women 
20– 35 years of age, women <20 years of age in the DRC and 
Kenya were more unwilling to be vaccinated. Compared 
with women with a university education, women with 
no formal education or who were illiterate in the DRC, 
Guatemala, India, Pakistan and Bangladesh were more 
unwilling to be vaccinated. Compared with women of 
parity 1– 2, nulliparous women in Zambia and Kenya were 
more unwilling to be vaccinated, as were women of parity 
≥3 in India.

4 |  DISCUSSION

This study is among the first comprehensive analysis of 
COVID- 19 vaccine knowledge, attitude and practice sur-
veys on pregnant women in multiple LMICs.20 Overall, 
knowledge regarding safety and effectiveness related to the 
COVID- 19 vaccine was low and, at the time of the survey, 
many women planned not to be vaccinated even if vaccines 
were available to them. To understand some of the context 
in which the vaccine survey was performed, we also evalu-
ated the proportion of women at each site who were vacci-
nated at delivery. In our sites, at delivery, only the pregnant 
women in India (12.9%) and Guatemala (5.5%) had received 
any COVID- 19 vaccinations and the proportion of women 
vaccinated in those sites was small.

4.1 | Main findings

Of the 13 105 women in the seven countries who were sur-
veyed, 29.2% believed the vaccine to be very effective in 
preventing a COVID- 19 infection and another 21.7% be-
lieved the vaccine to be somewhat effective. Importantly, 
36.6% of the women claimed not to have any informa-
tion about whether the COVID- 19 vaccine was effective. 
There was wide variation among the sites in women's belief 

T A B L E  4  Willingness or unwillingness of pregnant women to receive the COVID- 19 vaccination by site and the reasons for not wanting to be 
vaccinated

Characteristics Overall DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Women, n 13 105 368 2205 2133 987 2821 2316 2275

Will get vaccinated if available and eligible (%) 56.7 53.3 71.2 49.2 49.9 80.4 30.0 50.9

Will not get vaccinated (%) 34.8 39.0 28.4 40.6 37.3 12.1 68.7 27.5

Do not know if will get vaccinated, n (%) 8.5 7.7 0.4 10.2 12.8 7.5 1.3 21.6

Willing to pay fee if vaccination not free (%) 74.9 63.1 84.6 68.5 66.3 87.1 36.1 72.7

Reasons to not get vaccinated

Not sure of safety (%) 30.6 4.2 28.1 36.3 25.5 25.1 22.8 57.5

Not sure of effectiveness (%) 16.3 8.4 28.0 23.1 13.0 12.6 10.8 14.9

Fear of adverse effects (%) 25.1 11.9 13.1 29.7 49.5 48.2 19.3 21.4

Lack of trust in vaccine (%) 25.0 8.4 29.2 12.3 6.0 2.3 47.4 8.8

Religious belief (%) 1.7 1.4 0.5 0.0 2.4 2.6 0.1 8.5

Other 3.2 64.3 1.1 0.5 2.7 9.1 0.0 0.5
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regarding vaccine effectiveness, with only 6.9% of the women 
in Bangladesh believing the vaccine to be very effective com-
pared with about 48% in India and Zambia. In Bangladesh, 
74.5% of the women claimed not to know about vaccine ef-
fectiveness compared with 16.2% in Zambia. Overall, 31.4% 
of the women believed the vaccine was safe for a woman try-
ing to get pregnant, and 22.8% believed vaccination was safe 
during pregnancy. As with beliefs about effectiveness, there 
was a wide range in beliefs about safety, with only 6.4% of 
the women in Bangladesh believing it safe to be vaccinated 
in pregnancy compared with about 35% of those surveyed in 
India and Zambia.

Overall, 56.7% of the women stated they would get 
the vaccine if available and they were eligible, again with 
a wide range among the sites; in Pakistan, only 30.0% of 
the women surveyed would get the vaccine compared with 
71.2% in Zambia and 80.4% in India. Among the 34.8% 
of women who would not get vaccinated, reasons for not 
getting vaccinated included concerns about safety, lack of 
trust in the vaccine, fear of adverse effects and concerns 
about effectiveness.

The association of maternal characteristics to being un-
willing to be vaccinated varied among the sites. Among the 
sites, women in Pakistan were the most unwilling to be vac-
cinated, whereas the women in Guatemala were the least un-
willing to be vaccinated. Women of low educational status 
were generally more unwilling to be vaccinated.

4.2 | Interpretation

The findings of our study are generally consistent with a study 
conducted in pregnant women in 16 countries with a high 

incidence of COVID- 19 cases, which found that the strongest 
predictors related to vaccine acceptance were lack of confidence 
in vaccine safety, effectiveness, and trust of public health au-
thorities.13 Our vaccine survey suggests that family members 
and health professionals are those to whom the women would 
turn to for advice related to COVID- 19 vaccination. A Jordanian 
survey found a similar percentage of women who consulted 
health professionals about getting vaccinated.16 However, in a 
similar study, only a small percentage (3.1%) of women believed 
that they would consult a family member. Considering all 
available data, a major educational effort will likely be needed 
in most sites to achieve high rates of vaccination.

We have considered why, across the Global Network 
sites, only a small percentage of women were vaccinated. 
First, as pregnant women were not initially included in the 
vaccine development trials, they were also not included in 
the government awareness initiatives. The introduction of 
the vaccine generally followed a phased approach. For ex-
ample, in the first phase, the COVID- 19 vaccine was usu-
ally offered to healthcare workers, and then to the elderly 
population. Just as pregnant women were not included in 
the initial COVID- 19 vaccination trials, they were also not 
included in the public health awareness campaigns. The 
late inclusion of pregnant women in the awareness agenda 
and lack of guidance from public health officials and 
providers also likely led to a lack of trust and low level of 
knowledge around vaccine effectiveness and safety during 
pregnancy. To increase pregnant women's confidence in 
COVID- 19 vaccine safety and to accelerate the vaccine up-
take, we believe that educational campaigns focusing on 
pregnant women are needed.

In summary, the COVID- 19 vaccination survey doc-
umented that pregnant woman from seven participating 

T A B L E  5  Relative risk and 95% confidence intervals for being unwilling to be vaccinated by site and maternal characteristicsa

DRC Zambia Kenya Guatemala India Pakistan Bangladesh

Site 1.02 (0.70– 1.48) 0.91 (0.50–  1.66) 1.01 (0.79–  1.29) 0.31 (0.17– 0.55) Ref 1.47 (1.10– 1.96) 0.58 (0.32– 1.07)

Age (years)

<20 1.11 (1.02– 1.21) 1.21 (0.94– 1.56) 1.13 (1.03– 1.25) 1.05 (0.73– 1.51) 0.94 (0.83– 1.06) 0.91 (0.81– 1.01) 1.04 (0.90– 1.19)

20– 35 Ref Ref Ref Ref Ref Ref Ref

≥36 1.10 (0.92– 1.33) 1.11 (0.84– 1.48) 0.98 (0.76– 1.26) 0.77 (0.30– 1.99) 0.99 (0.94– 1.05) 0.99 (0.95– 1.05) 1.00 (0.87– 1.15)

Maternal level of education

No formal 
schooling— 
illiterate

1.37 (1.03– 1.82) 0.72 (0.25– 2.08) 1.22 (0.76– 1.96) 3.23 (1.79– 5.84) 1.42 (1.17– 1.73) 1.81 (1.04– 3.15) 1.72 (1.11– 2.67)

Primary/
secondary

1.21 (0.96– 1.53) 0.60 (0.19– 1.87) 1.16 (0.81– 1.66) 1.38 (0.94– 2.02) 1.18 (1.05– 1.33) 1.65 (1.00– 2.74) 1.44 (0.87– 2.37)

University+ Ref Ref Ref Ref Ref Ref Ref

Parity

0 1.05 (0.99– 1.11) 1.33 (1.01– 1.74) 1.26 (1.05– 1.52) 0.95 (0.68– 1.32) 1.00 (0.89– 1.12) 0.97 (0.91– 1.04) 1.07 (0.98– 1.18)

1– 2 Ref Ref Ref Ref Ref Ref Ref

≥3 1.10 (0.98– 1.24) 1.16 (0.94– 1.44) 1.09 (0.86– 1.38) 1.36 (0.87– 2.11) 1.10 (1.01– 1.21) 1.02 (0.99– 1.06) 1.04 (0.97– 1.11)

aRelative risks and 95% confidence intervals from log- binomial models with generalised estimating equations to account for the correlation of outcomes within cluster. 
Unwillingness to receive a COVID- 19 vaccination is modelled for each factor independently, accounting for site and the interaction of factor and site. Presented RR (95% CI) 
are for the interaction of factor and site to capture site- specific RRs.
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LMIC had variable knowledge related to the COVID- 19 
vaccine. A low percentage of pregnant women across all 
participating sites were vaccinated. Nearly half the women 
surveyed believe the COVID- 19 vaccine is very or some-
what effective and a similar proportion of the women believe 
that the COVID- 19 vaccine is safe for pregnant women and 
women trying to conceive. With the availability of vaccines, 
about 50% of women believe they would get the vaccine. Of 
those who would not get the vaccine, vaccine safety, adverse 
effects and lack of confidence are the important predictors 
for refusal of vaccine. Family members and health profes-
sionals were identified by the pregnant women as the most 
trusted source of information about the COVID- 19 vaccine.

4.3 | Strengths and limitations

Our paper has some limitations and some strengths. 
Among the strengths are the large sample size, population- 
based data from seven LMICs, multiple sites, and prospec-
tive on- going data collection with standard data collection 
protocols used across the sites. One of the weaknesses 
is the variation in the start of data collection among the 
sites, which may have been associated with perceptions of 
COVID- 19 vaccination. Another limitation was the lack of 
available data about the status of the pandemic in each site, 
the ongoing educational efforts in each site and our limited 
knowledge of how each of these factors influences women's 
knowledge, attitudes and practices related to COVID- 19 
vaccination acceptance.

5 |  CONCLUSIONS

Knowledge about COVID- 19 vaccination is limited and 
highly variable among pregnant women in the Global 
Network sites. It appears that a major educational effort may 
be needed to help achieve high rates of vaccination. To im-
prove coverage of the COVID- 19 vaccine, it is critical that 
pregnant women have sufficient knowledge about effective-
ness and safety.
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Abstract

Background

In the ongoing COVID-19 pandemic, an increased incidence of ROCM was noted in India

among those infected with COVID. We determined risk factors for rhino-orbito-cerebral
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mucormycosis (ROCM) post Coronavirus disease 2019 (COVID-19) among those never

and ever hospitalized for COVID-19 separately through a multicentric, hospital-based,

unmatched case-control study across India.

Methods

We defined cases and controls as those with and without post-COVID ROCM, respectively.

We compared their socio-demographics, co-morbidities, steroid use, glycaemic status, and

practices. We calculated crude and adjusted odds ratio (AOR) with 95% confidence inter-

vals (CI) through logistic regression. The covariates with a p-value for crude OR of less than

0�20 were considered for the regression model.

Results

Among hospitalised, we recruited 267 cases and 256 controls and 116 cases and 231 con-

trols among never hospitalised. Risk factors (AOR; 95% CI) for post-COVID ROCM among

the hospitalised were age 45–59 years (2�1; 1�4 to 3�1), having diabetes mellitus (4�9; 3�4 to

7�1), elevated plasma glucose (6�4; 2�4 to 17�2), steroid use (3�2; 2 to 5�2) and frequent

nasal washing (4�8; 1�4 to 17). Among those never hospitalised, age� 60 years (6�6; 3�3 to

13�3), having diabetes mellitus (6�7; 3�8 to 11�6), elevated plasma glucose (13�7; 2�2 to 84),

steroid use (9�8; 5�8 to 16�6), and cloth facemask use (2�6; 1�5 to 4�5) were associated with

increased risk of post-COVID ROCM.

Conclusions

Hyperglycemia, irrespective of having diabetes mellitus and steroid use, was associated

with an increased risk of ROCM independent of COVID-19 hospitalisation. Rational steroid

usage and glucose monitoring may reduce the risk of post-COVID.

Introduction

Mucormycosis is a rare opportunistic angio-invasive fungal infection associated with high

morbidity and mortality. Several clinical presentations of mucormycosis have been described

depending on the site of involvement, the most common being rhino-orbito-cerebral mucor-

mycosis (ROCM). Globally, reported incidence (per million population) ranges from 0�005 to

1�7 in the pre-Coronavirus disease 2019 (COVID-19) era, and in India, the incidence is 140,

about 80 times higher than reported in developed countries [1]. This higher burden could be

due to the relatively significant burden of uncontrolled diabetes mellitus [2].

Rapid progression of Mucormycosis makes its early diagnosis and treatment critical, con-

sidering that a delay of even six days doubles 30-day fatality from 32% to 66% [3]. Tissue

necrosis resulting from angioinvasion and vascular thrombosis is a hallmark of the disease

but is a late sign. Patients with diabetes, on steroids, with immunocompromised states such as

haematological malignancy, hematopoietic/solid organ cell transplantation, treatment with

deferoxamine, acquired immunodeficiencies, trauma, and malnutrition are at high risk for

mucormycosis [4, 5]. A high index of suspicion is necessary for them, especially if they report

unilateral facial pain or swelling, orbital swelling or proptosis.

In the context of the ongoing COVID-19 pandemic in India, reports highlighted the

increased incidence of ROCM, otherwise a rare entity [6–8]. The risk of COVID-19 associated
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ROCM is reported to be higher among men, diabetics, more so with poor glycemic control,

steroid users, and severe COVID-19 [5, 6, 8–11]. The usual time of diagnosis with mucormy-

cosis among COVID-19 varied from that of a concurrent infection to even seven weeks post

COVID-19 diagnosis [9]. Towards the end of June 2021, the Indian health ministry reported

over 40,000 mucormycosis cases and mandated its notification while several Indian states

declared it an epidemic [10]. The upsurge of mucormycosis amidst the ongoing pandemic was

hypothesized to be driven by the interplay between host factors like weakened immunity fol-

lowing COVID-19, poorly controlled diabetes mellitus, rampant use of steroids/immunomod-

ulators, and other factors like prolonged hospital stay, continuous oxygen support, poor

hospital infection control, and nursing care practices [11]. Indian researchers documented var-

ious factors linked with COVID-19 associated mucormycosis, including steroid use, diabetes

mellitus, higher serum ferritin, and hypoxemia [12, 13]. Few studies have focused on highly

immunocompromised groups [14] and individual-level risk factors such as zinc supplementa-

tion [15] and mean serum iron and total iron-binding capacity [16]. However, many of these

studies lacked adequate sample size, did not comprehensively evaluate the range of risk factors,

and did not specifically generate evidence on differential factors operating for PC-ROCM by

their COVID-19 specific hospitalization status and factors thereof. Such studies may inform

ways to be prepared and thus reduce the burden of PC-ROCM. Therefore, we conducted a

multicentric study to determine the risk factors for PC-ROCM separately among those ever

and never-hospitalised for COVID-19 management.

Methods

Study design and setting

We designed and conducted an unmatched case-control study in 20 tertiary care hospitals

from the public and private sectors providing management for COVID-19 and ROCM across

India during June and July 2021.

Study participants

Test positive COVID-19. Those testing positive for Severe Acute Respiratory Syndrome

(SARS)-Coronavirus (CoV)-2 through rRT-PCR/TrueNat/ GeneXpert/Rapid Antigen Test.

Post COVID rhino-orbito-cerebral mucormycosis (PC-ROCM). Individuals diagnosed

with ROCM clinically and/or based on diagnostic nasal endoscopy and/or contrast-enhanced

MRI/CT scan with laboratory confirmation on direct microscopy (KOH/ Calcofluor white) or

culture or histopathology or molecular diagnostic methods (diagnosed after April 1, 2021) and

tested positive for COVID-19 any time between 12 weeks to 1 day before ROCM diagnosis.

Case for the ever-hospitalized group. Patients who had PC-ROCM and received hospi-

talised COVID-19 care, irrespective of the duration of hospitalization.

Controls for the ever-hospitalized group. Patients who had the negative history of

ROCM symptoms and received hospitalised COVID-19 care, irrespective of the duration of

hospitalization.

Case for the never-hospitalized group. Patients who had PC-ROCM and received

COVID-19 care at home/COVID care centre only.

Control for the never-hospitalized group. Patients who had a negative history of ROCM

symptoms and received COVID-19 care at home/COVID care centre only.

Sample size for case-control study among ever-hospitalised for COVID-19. We needed 256

cases and controls each based on assumptions that 68% of the hospitalised COVID-19 patients

were treated with steroids [17], odds ratio (OR) of at least two for steroid use, alpha error of

5%, power of 80%, 1:1 ratio of cases to controls and 25% non-response.
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Sample size for case-control study among never-hospitalised for COVID-19. We needed 108

cases and 216 controls for the assumptions that 15% of the never-hospitalised COVID-19

patients were treated with steroids, expected OR of at least three for steroid use, alpha error of

5%, power of 80%, the ratio of cases: controls to be 1:2 and 25% non-response.

We used OpenEpi Online calculator version 3�01 for sample size calculation (https://www.

openepi.com/SampleSize/SSCC.htm).

Selection of cases and controls

Cases were recruited from those who received care for ROCM from the study hospital. Con-

trols were recruited from those tested positive for COVID-19 at the study hospital and on the

same date as the case. We excluded those were 18 years of age, without information on

COVID-19 hospitalisations/management, and who were not traceable. Each study hospital

created a sampling frame of cases and controls separately for hospitalised and never-hospital-

ised groups (during COVID-19 illness). We selected controls through simple random sam-

pling from the list of patients who tested positive for COVID-19 on the same date as cases

through a custom-built web tool [18].

Data collection and data quality management

We developed case record forms (CRFs) to gather data on exposure (a) from the time of diag-

nosis of COVID-19 until discharge from the hospital/home care and (b) from the time of dis-

charge from the hospital for COVID/19 until the development of PC-ROCM. Trained site

investigators interviewed the cases in the hospital and abstracted treatment and diagnostic

information from hospital records. For controls, data was collected through telephone inter-

views, and relevant clinical information was abstracted from hospital records/prescriptions.

The filled-in CRFs were shared online with the I-MUCOR study group for data entry into

Research Electronic Data Capture (REDCap) software (https://www.project-redcap.org/).

Statistical analysis

We used descriptive statistics (percentages), means (standard deviation), median (inter-quar-

tile range) to describe cases and controls. We converted steroid dose into prednisolone equiva-

lents [19] and used the median cumulative dose among the controls to categorize the variable

into low and high steroid use. We used the median duration of hospitalisation among controls

to dichotomize the cases. While evaluating the blood sugar on PC-ROCM, the glycaemic status

during the COVID-19 illness is crucial, rather than HbA1C, which would depict the past con-

trol, including the period before COVID-19 infection. Hence, we defined hyperglycemia as

random blood sugar value above 200 mg/dl and fasting blood sugar above 126mg/dl, at least

once during COVID-19 management was considered as elevated plasma glucose.

We used logistic regression to calculate crude and adjusted odds ratios (AOR) with 95% CI.

For each of the ever- and never-hospitalised groups we selected covariates with a p-value for

crude OR of less 0�20 for consideration in the multiple regression model [20]. The variables

rural/urban residence, type of house, and occupation were collinear. Hence occupation was

chosen for further analysis.

Using these variables, we constructed directed acyclic graphs (DAG) separately for the

never- and ever-hospitalized using DAGitty software (http://www.dagitty.net/) [21] to visually

represent the causal relationships between various risk factors and PC-ROCM. (Fig 1) The

causal relationships were assumed based on literature review, and contextual understanding

arrived at by consensus among the research team, including specialists in medicine, otorhino-

laryngology, epidemiology, and public health. We used the backdoor criterion to identify the

PLOS ONE Risk factors for post COVID rhino-orbito-cerebral mucormycosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0272042 August 8, 2022 4 / 17

https://www.openepi.com/SampleSize/SSCC.htm
https://www.openepi.com/SampleSize/SSCC.htm
https://www.project-redcap.org/
http://www.dagitty.net/
https://doi.org/10.1371/journal.pone.0272042


Fig 1. Directed acyclic graph of Post COVID-19 rhino orbito cerebral mucormycosis for (a) ever-hospitalised and

(b) never-hospitalised patients.

https://doi.org/10.1371/journal.pone.0272042.g001

PLOS ONE Risk factors for post COVID rhino-orbito-cerebral mucormycosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0272042 August 8, 2022 5 / 17

https://doi.org/10.1371/journal.pone.0272042.g001
https://doi.org/10.1371/journal.pone.0272042


minimal set of covariates as potential confounders that needed to be adjusted for each risk fac-

tor separately [21]. We compared the -2 log-likelihood ratios of models with and without

potential confounders to arrive at the final list of covariates to be adjusted for each risk factor

using multiple logistic regression. We did not observe any difference between the effect esti-

mates obtained with or without adjustment for ’study site’ (data not shown). We hence did not

include it in the final logistic regression model. We used Stata ver. 16 (StataCorp LLC, Texas,

USA) for the analyses.

Human participants protection

The Institutional Human Ethics Committee of the lead institutions of I-MUCOR and all the

study hospitals approved the study procedures. The treating physicians of the study hospitals

recruited study participants after explaining the study procedures and obtaining written

informed consent directly from the cases and through digital modes from the controls.

Results

Among cases and controls ever-hospitalised for COVID-19

Profile of cases and controls (Table 1). We included 267 cases and 256 controls. More

cases than controls (48% vs. 35%) were 45–59 years old. The majority of cases and controls

were men (67% and 62%), resided in a city or town (63% vs. 72%), had completed secondary

Table 1. Socio-demographic characteristics of the cases and controls, multi-centric case-control study of post-COVID rhino-orbito-cerebral mucormycosis, India,

2021.

Characteristics Ever-hospitalised for COVID-19 Never-hospitalised for COVID-19

Cases (N = 267) Controls (N = 256) p value Cases (N = 116) Controls (N = 231) p value

n (%) n (%) n (%) n (%)

Age group�

(in years)

18–44 75 (28�1) 108 (42�4) 0�002 37 (31�9) 169 (73�2) <0�001

45–59 129 (48�3) 90 (35�3) 53 (45�7) 44 (19�0)

� 60 63 (23�6) 57 (22�4) 26 (22�4) 18 (7�8)

Gender Female 89 (33�3) 97 (37�9) 0�276 41 (35�3) 98 (42�4) 0�204

Male 178 (66�7) 159 (62�1) 75 (65�7) 133 (57�6)

Place of residence† City or town 168 (63�2) 184 (71�9) <0�001 66 (56�9) 181 (78�4) <0�001

Village 98 (36�8) 72 (28�1) 50 (43�1) 50 (21�6)

Occupation‡ Unemployed 103 (38�8) 96 (37�5) 0�101 42 (36�2) 79 (34�3) 0�026

Agriculture 31 (11�6) 17 (6�7) 22 (19�0) 22 (9�6)

Other types of occupation 132 (49�6) 143(55�9) 52 (44�8) 129 (56�1)

Education§ No formal education 28 (10�0) 24 (9�0) 0�051 16 (13�8) 13 (5�6) <0�001#

Primary level 57 (21�0) 38 (15�0) 23 (19�8) 27 (11�7)

Secondary level 81 (30�0) 75 (29�0) 39 (33�6) 55 (23�9)

Graduate and above 101 (38�0) 118 (46�0) 38 (32�8) 135 (58�7)

Housing type¶ Pucca 249 (93�3) 248 (96�9) 0�057 98 (85�0) 222 (97�0) <0�001

Semi-pucca / kutcha 18 (6�7) 8 (3�1) 18 (15�0) 8 (3�0)

Missing values:

�Age for 1 control in ever-hospitalised group;
† Place of residence for 1 case in ever-hospitalised group;
‡ occupation for 1 case in ever-hospitalised and 1 control in never-hospitalised groups;
§ education for 1 control each in ever and never-hospitalised groups;
¶ Housing type for 1 control in never-hospitalised group, pucca house indicates solid and permanent structure, kutcha house indicates temporary structure.

https://doi.org/10.1371/journal.pone.0272042.t001
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and graduate education (68% vs. 75%), and lived in pucca (solid and permanent structure)

house (93% vs. 97%).

Analysis of risk factors for PC-ROCM (Table 2). A significantly higher proportion of

cases had a known history of diabetes mellitus (71% vs. 33%) than controls. Participants with

diabetes mellitus were five times more likely to have PC-ROCM (AOR = 4�9; 95% CI = 3�4 to

7�1). A substantial number of non-diabetic cases and controls had elevated plasma glucose lev-

els (97% and 53%, respectively, data not shown in the table). Hence, it necessitated the inclu-

sion of plasma glucose as an independent variable in the multiple regression model. Elevated

plasma glucose was six times more likely to be associated with PC-ROCM after adjusting for

diabetes mellitus and steroid use (AOR = 6�4; 95% CI = 2�4 to 17�2; Fig 1). After adjusting for

confounders, hypertension, occupation, duration of hospitalization, receipt of oxygen support,

use of antibiotics, remdesivir, and ivermectin were not associated with PC-ROCM.

Steroid use, irrespective of the cumulative dose, was significantly associated with

PC-ROCM (OR = 3�2; 95% CI: 2�0 to 5�2) (Table 2). No dose-response relationship was docu-

mented between the amount of steroid use and duration of hospitalization with PC-ROCM.

After adjustment for age, diabetes mellitus, and hypertension, the oxygen support was not

associated with PC-ROCM (AOR = 1�0; 95% CI = 0�7 to 1�5). Among the cases who received

oxygen support, nearly one-third (32%; n = 57) received it through cylinders. Cases had three

times higher odds of receiving oxygen support through cylinders (AOR = 3�5, 95% CI = 1�9 to

6�1) than controls. Cases had around five times higher odds of practicing frequent nasal wash-

ing than controls (AOR = 4�8, 95% CI = 1�4 to 17�0) after adjusting for age. Presence of end

organ damage and type of treatment for diabetes mellitus was not associated with PC-ROCM

(S1 Table).

Among cases and controls never-hospitalized for COVID-19

Profile of cases and controls (Table 1). We included 116 cases and 231 controls. The pro-

portion aged 45–59 years and�60 years was significantly higher among the cases (46% and

22%) as compared to the controls (19% and 8%). The majority of the cases than the controls

were men (66% vs. 58%), had completed secondary and graduate-level education (66% vs.

83%), and lived in a pucca house (85% vs. 97%). More cases were village residents (43%) than

the controls (22%).

Analysis of risk factors for PC-ROCM (Table 3). Cases were more likely to be�45 years

of age. Cases were seven times more likely to have had diabetes mellitus (AOR = 6�7; 95%

CI = 3�8 to 11�6) than controls after adjusting for age. After adjusting for steroid usage, those

with elevated plasma glucose levels were 14 times more likely to have RC-ROCM

(AOR = 13�7; 95% CI = 2�2 to 84�0). Steroid usage was associated with PC-ROCM (AOR for

above median levels = 16�6; below median levels = 4�1).

Cases had lower odds of using oxygen concentrators/humidifiers than the controls

(AOR = 0�3; 95% CI = 0�1 to 0�8) after adjusting for age, diabetes mellitus, and hypertension.

The odds of use of steam inhalation was also lower among the cases than in the controls

(OR = 0�5; 95% CI = 0�3 to 0�8). Nasal washing, other medications such as remdesivir, iver-

mectin, iron/zinc supplementation, and medications from the traditional medical system were

not associated with PC- ROCM.

Discussion

The results of this pan-India case-control study indicates that older age, hyperglycemia, diabe-

tes mellitus, and steroid usage were associated with PC- ROCM, irrespective of hospitalization

for COVID-19. Frequent nasal wash and use of oxygen from cylinders were additional risk
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Table 2. Risk factors for mucormycosis among ever-hospitalised COVID-19 patients, multi-centric case-control study of post-COVID rhino-orbito-cerebral

mucormycosis, India, 2021.

Characteristics Cases (N = 267) Controls (N = 256) Odds Ratio (95% CI)

Crude estimate p value Adjusted estimate p valuen (%) n (%)

SOCIO-DEMOGRAPHIC

Age group (years)�† 18–44 75 (28�1) 108 (42�4) Reference -

45–59 129 (48�3) 90 (35�3) 2�1 (1�4 to 3�1) <0�001

� 60 63 (23�6) 57 (22�4) 1�6 (1�0 to 2�5) 0�050

Occupation‡$ Agricultural 31 (11�6) 17 (6�6) 1�8 (1�0 to 3�4) 0�052 1�7 (0�9 to 3�2) 0�089

Non-agricultural occupations & unemployed 235 (88�4) 239 (93�4) Reference

CO-MORBIDITY

Presence of Diabetes Mellitus† 189 (70�8) 84 (32�8) 4�9 (3�4 to 7�1) <0�001 -

Presence of Hypertension§ 86 (32�2) 60 (23�4) 1�6 (1�1 to 2�3) 0�026 1�0 (0�7 to 1�6) 0�923

Presence of any other comorbidities 24 (9�0) 24 (9�4) 0�9 (0�5 to 1�7) 0�873

CLINICAL STATUS/ MANAGEMENT

Elevated plasma glucose level¶@ 162 (96�4) 80 (70�2) 11�5 (4�6 to 28�5) <0�001 6�4 (2�4 to 17�2) <0�001

Median Serum ferritin in μg/L (IQR) 585†† (297–796) 474‡‡ (166–723) 0�122

Steroid use†

Ever used steroids 239 (89�5) 186 (72�7) 3�2 (2�0 to 5�2) <0�001 -

More than 480 mg prednisolone equivalent {Median dose among
controls}

124(46�4) 89 (34�8) 3�5 (2�1 to 5�8) <0�001 -

Less than 480 mg prednisolone equivalent {Median dose among
controls}

104(38�9) 93 (36�3) 2�8 (1�7 to 4�7) <0�001 -

Unknown dose 11 (4�1) 4 (1�6) 6�9 (2�0 to 23�4) 0�002 -

No steroid use 28 (10�5) 70 (27�3) Reference

Antibiotic use† 237 (88�8) 213 (83�2) 1�6 (1�0 to 2�6) 0�068 -

More than 9 days of hospitalization# {Median among controls} 141 (52�8) 120 (46�9) 1�3 (0�9 to 1�8) 0�175 0�8 (0�5 to 1�2) 0�241

Received Oxygen support�� 177 (66�3) 156 (60�9) 1�3 (0�9 to 1�8) 0�203 1�0 (0�7 to 1�5) 0�859

Source of Oxygen support among those who received oxygen

support (n = 333)†

Oxygen cylinder 57 (32�2) 19 (12�1) 3�5 (1�9 to 6�1) <0�001 -

Other sources of oxygen 120 (67�8) 137 (87�9) Reference

Used other medications

Remdesivir 126 (47�2) 123 (48�1) 1�0 (0�7 to1�4) 0�845 -

Ivermectin 103 (38�6) 95 (37�1) 1�1 (0�7 to1�5) 0�729 -

Hydroxychloroquine 3 (1�1) 0 - - -

Tocilizumab 2 (0�7) 2 (0�8) 1�0 (0�1 to 6�8) 1 -

Iron supplements 12 (4�5) 7 (2�7) 1�7 (0�6 to 4�3) 0�29 -

Zinc containing vitamin supplements� 204 (76�4) 211 (82�4) 0�7 (0�5 to 1�1) 0�090 -

Indian traditional medicines (Ayush) 9 (3�4) 8 (3�1) 1�1 (0�4 to 2�8) 0�874 -

Nasal wash‡

Did many times in a day 15 (5�6) 3 (1�2) 5�1 (1�5 to 17�9) 0�011 4�8 (1�4 to 17�0) 0�014

Once a day 17 (6�4) 12 (4�7) 1�5 (0�7 to 3�1) 0�336 1�4 (0�6 to 3�0) 0�399

Never done 235 (88�0) 241 (94�1) Reference Reference

Never practiced steam Inhalation 186 (69�7) 189 (73�8) 1�2 (0�8 to 1�8) 0�291 -

Under home isolation prior to hospitalization 119 (44�6) 106 (41�4) 1�1 (0�8 to 1�6) 0�465 -

Median (IQR) days of home isolation 3 (2, 6) 4 (2, 6) 0�835

Oxygen use at home 14 (5�2) 14 (5�5) 1�0 (0�4 to 2�0) 0�909 0�6 (0�3 to 1�5) 0�304

MASK USE†

Prior to onset of COVID-19

(Continued)
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factors among those ever-hospitalised. In the never-hospitalised group, individuals reporting

the use of oxygen through concentrators/humidifiers and practice of steam inhalation were at

a lower risk for PC-ROCM.

Hyperglycemia as an independent risk factor for PC-ROCM, irrespective of hospitalization

for COVID-19, merits attention. Published reports indicate that COVID-19 is associated with

hyperglycemia in general. Hyperglycemia or new-onset diabetes mellitus has been observed

with COVID-19 [22] and is hypothesized to predispose to ROCM through phagocyte dysfunc-

tion, defective chemotaxis, and impaired intracellular killing of Mucorales [11, 23]. Hypergly-

caemia during COVID-19 could be due to SARS-CoV-2 infection per se [11] and steroid usage

during treatment of COVID-19 [23, 24]. Therefore, it is critical to distinguish the influence of

prior diabetic status and hyperglycemia induced by steroid/COVID-19 on PC-ROCM. This

emphasises tight monitoring of plasma glucose even among non-diabetic COVID-19 patients.

Diabetes mellitus as a risk factor for ROCM is well documented during the pre-COVID era

[5, 25]. In COVID-19 pandemic, pre-existing diabetes could worsen glycaemic control,

thereby causing ketoacidosis and increasing the risk of mucormycosis [26, 27]. Our finding is

consistent with published studies reporting a higher risk of mucormycosis among people with

diabetes and more so after COVID-19 [4, 9, 11, 24, 26–28].

In this study steroid usage was associated with PC-ROCM independent of hospitalisation,

irrespective of cumulative dose. We documented substantial steroid usage among all COVID-

19 patients and more so among the never-hospitalised group indicating irrational and unmon-

itored use. Poor adherence to the guidelines on steroid use for COVID-19 has been reported

Table 2. (Continued)

Characteristics Cases (N = 267) Controls (N = 256) Odds Ratio (95% CI)

Crude estimate p value Adjusted estimate p valuen (%) n (%)

Cloth masks only 105 (39�3) 98 (38�3) 0�7 (0�3 to 1�5) 0�374 -

Surgical masks only 102 (38�2) 112 (43�7) 0�6 (0�3 to 1�3) 0�198 -

Both Cloth and Surgical mask 43 (16�1) 35 (13�7) 0�8 (0�3 to 1�9) 0�609 -

No masks 17 (6�4) 11 (4�3) Reference -

After hospitalisation&

Cloth masks only 59 (22�9) 67 (26�6) 0�6 (0�2 to 1�7) 0�356 -

Surgical masks only 151 (58�5) 152 (60�3) 0�7 (0�3 to 1�9) 0�473 -

Both Cloth and Surgical mask 38 (14�7) 26 (10�3) 1�0 (0�3 to 3�0) 0�967 -

No masks 10 (3�9) 7 (2�8) Reference

� 1 missing data among cases;
† No confounders identified;
‡ Adjusted for age;
$ 1 missing data among cases;
§ Adjusted for age and diabetes mellitus;
¶ Adjusted for diabetes mellitus, and Steroid use;
@ data missing for 99 cases and 142 controls;
& data missing for 9 cases and 4 controls;
# Adjusted for diabetes mellitus, hypertension, and steroid use;

�� Adjusted for age, diabetes mellitus, and hypertension;
†† Missing values, n = 90;
‡‡ Missing values, n = 105;
¥ co-morbidities includes heart disease, chronic kidney disease, cancer, organ transplant, HIV/AIDS, chronic sinusitis

https://doi.org/10.1371/journal.pone.0272042.t002
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Table 3. Risk factors for mucormycosis among never-hospitalised COVID-19 patients, multi-centric case-control study of post-COVID rhino-orbito-cerebral

mucormycosis, India, 2021.

Characteristics Cases (N = 116) Controls (N = 231) Odds Ratio (95% CI)

Unadjusted estimate p value Adjusted estimate p valuen (%) n (%)

SOCIO-DEMOGRAPHIC

Age group (years)� 18–44 37 (31�9) 169 (73�2) Reference

45–59 53 (45�7) 44 (19�0) 5�5 (3�2 to 9�4) <0�001 -

� 60 26 (22�4) 18 (7�8) 6�6 (3�3 to 13�3) 0�001 -

Occupation†$ Agricultural 22 (19�0) 22 (9�6) 2�2 (1�2 to 4�2) 0�015 1�8 (0�9 to 3�7) 0�093

Non-agricultural occupations & unemployed 94 (81�0) 208 (90�4) Reference

CO-MORBIDITY

Presence of Diabetes Mellitus† 74 (63�8) 36 (15�6) 9�5 (5�7 to 16�0) <0�001 6�7 (3�8 to 11�6) <0�001

Presence of Hypertension‡ 34 (29�3) 26 (11�3) 3�3 (1�8 to 5�8) <0�001 1�2 (0�6 to 2�4) 0�623

Presence of any other comorbidities¥ 10 (8�6) 14 (6�1) 1�4 (0�6 to 3�4) 0�384

CLINICAL STATUS/MANAGEMENT

Elevated plasma glucose level§ @ 44 (89�8) 15 (62�5) 5�3 (1�5 to 18�3) 0�009 13�7 (2�2 to 84�0) 0�005

Median (IQR) Serum ferritin in μg/L 630‡ (400–1000) 172§ (40�9–793) 0�384

Steroid use�

Ever used steroids 74 (63�8) 35 (15�2) 9�8 (5�8 to 16�6) <0�001 -

More than 480 mg prednisolone equivalent {Median dose among
controls}

57 (49�1) 16 (6�9) 16�6 (8�7 to 31�7) <0�001 -

Less than 480 mg prednisolone equivalent {Median dose among
controls}

14 (12�1) 16 (6�9) 4�1 (1�9 to 9�0) <0�001 -

Unknown dose 3 (2�6) 3 (1�3) 4�7 (0�9 to 23�9) 0�065 -

No steroid use 42 (36�2) 196 (84�9) Reference

Antibiotic use† 94 (81�0) 188 (81�4) 1�0 (0�6 to 1�7) 0�937 -

More than 9 days of hospitalization {Median among controls} 141 (52�8) 120 (46�9) 1�3 (0�9 to 1�8) 0�175 0�8 (0�5 to 1�2) 0�241

Used other medications

Remdesivir 0 0 - -

Ivermectin 57 (49�1) 92 (39�8) 1�5 (0�9 to 2�3) 0�108 -

Hydroxychloroquine 1 (0�9) 6 (2�6) 0�3 (0�04 to 2�7) 0�431 -

Tocilizumab 0 0 - -

Iron supplements 3 (2�6) 3 (1�3) 2�0 (0�4 to 10�2) 0�406 -

Zinc containing vitamin supplements� 71 (61�2) 160 (69�3) 0�7 (0�4 to 1�1) 0�134 -

Indian traditional medicines (Ayush) 2 (1�7) 7 (3�0) 0�6 (0�1 to 2�7) 0�723 -

Mask use prior to onset of COVID-19

Cloth masks only 50 (43�1) 61 (26�4) 2�6 (1�5 to 4�5) <0�001 -

Surgical masks only 34 (29�3) 109 (47�2) Reference

Both Cloth and Surgical mask 24 (20�7) 61 (26�4) 1�3 (0�7 to 2�3) 0�455 -

No masks 8 (6�9) 0 Omitted

Oxygen use at home through oxygen concentrator/humidifier¶ 7 (6�0) 13 (5�6) 1�1 (0�4 to 2�8) 0�878 0�3 (0�1 to 0�8) 0�017

Practiced nasal washing# 7 (6�0) 6 (2�6) 2�4 (0�8 to 7�3) 0�122 2�8 (0�8 to 10�1) 0�116

Practiced steam inhalation� 52 (44�8) 139 (60�2) 0�5 (0�3 to 0�8) 0�007

� No confounders identified;
† Adjusted for age;
$1 missing data in controls;
‡ Adjusted for age and diabetes mellitus;
@ data missing for 67 cases and 207 controls;
§ Adjusted for steroid use;
¶ Adjusted for age, diabetes mellitus, and hypertension;
# Adjusted for age, and steam inhalation,
¥ co-morbidities includes heart disease, chronic kidney disease, cancer, organ transplant, HIV/AIDS, chronic sinusitis

https://doi.org/10.1371/journal.pone.0272042.t003
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widely in India [29–32]. Hyperglycemia is a known side effect of steroid intake [33, 34]. Before

the emergence of COVID-19, steroid usage was not seen as an independent risk factor for

mucormycosis [5]. However, studies on COVID-19 associated mucormycosis have reported

steroids as an important predisposing factor [4, 8, 22, 24, 25, 28, 35]. The occurrence of mucor-

mycosis among steroid users is mediated through macrophages/neutrophil dysfunction or

hyperglycemia [5]. The viral-induced lymphopenia and endothelitis add to the favorable envi-

ronment produced by steroids, diabetes mellitus, and hyperglycemia in causing COVID-19

associated ROCM. Therefore, COVID-19 patients on steroid treatment need to be monitored

for their glycaemic status and educated to recognize and report symptoms and signs of

ROCM. Further, prescribing steroids for COVID-19 patients in home isolation or non-hospi-

tal care centres needs to be done rationally, along with stringent monitoring and control of

plasma glucose levels.

Similar to the widely reported use of steroids, antibiotic overuse and consequent secondary

bacterial infections were documented [30, 31]. Antibiotics could potentially eliminate the nor-

mal nasal flora and favour fungal growth. However, there was no established association in the

present study, where antibiotic usage was high.

In India, people use nasal irrigation with warm saline water at home (either before/after hos-

pitalisation) for symptom relief based on the traditional Indian systems of medicine. Among the

ever-hospitalised group, frequent nasal wash (many times a day) was associated with PC-ROCM

despite being reported by a small subset. It is possible that repeated nasal washing depletes the

commensal organisms of the nasal mucosa and thus allowing the fungus to thrive uninterrupted

[32]. Poor maintenance of cloth masks, especially in the humid environment of India, could add

to fungus friendly environment, although not specifically explored in this study.

Oxygen requirement during COVID-19 reflects the severity of pneumonia caused by

SARS-CoV-2. During the pandemic’s peak, receipt of oxygen and its type depended entirely

on the availability of hospital beds. Acute shortage of hospital beds with oxygen support could

have been the reason for higher case fatality among severe COVID-19. Hence, it is likely that

our participants could have had mild to moderate COVID-19, and such survival bias might

have obscured any reported association with oxygen requirement. Among those who received

oxygen, we documented a higher likelihood of PC-ROCM among those receiving through

oxygen cylinder, albeit based on small sample size. Oxygen cylinders were used when the

health care system was overwhelmed over and above that which could be met by piped oxygen

supply. We hypothesize that a breach in the infection control practices during these periods

could have contributed to the higher risk for PC-ROCM. During the same period, increased

use of industrial oxygen for medical purposes was also implicated in the rise of mucormycosis

among hospitalised patients [35]. This is contrary to the fact that a high concentration of oxy-

gen does not sustain the growth of fungi [36].

The practise of steam inhalation and the use of oxygen concentrators/humidifiers seemed

to reduce the likelihood of PC-ROCM among those isolated at home or in non-hospital set-

tings in our study. A large proportion of study participants reported the practice of steam

inhalation. The Indian Ministry of AYUSH (exclusive to India’s traditional medicine) recom-

mended steam inhalation once a day for symptomatic relief during COVID-19 [37]. We did

not document any benefit of steam inhalation among the hospitalised participants [25].

Nevertheless, steam inhalation and use of oxygen in non-hospitalised settings could reflect

better adherence to COVID-19 protocols and home management. The participants had mild

COVID-19, and thus they were not hospitalised. Further, recall of such practices is likely to be

better among the non-hospitalised than those hospitalised, attributable to their health-seeking

behaviour. Finally, we cannot rule out bias in the effect estimates due to unmeasured or

unknown confounders and residual confounding.
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Strengths of our study

We did a multicentric study with representation from all regions of India to strengthen the

generalisability of our findings. Internal validity of the study was ensured by systematic

training and monitoring of the site investigators and assessment of risk separately in ever-

and never-hospitalized groups. We used an unmatched design since matching may compli-

cate the enrolment of the study participants. Instead, we identified confounders (through

DAG) and estimated adjusted measures of association. We analysed the role of an exhaustive

set of factors linked to PC-ROCM, such as plasma glucose, steroid dose, and behavioural fac-

tors, that were hitherto not commonly examined. Statistical analysis of risk factors was based

on an a-priori causal framework guided by directed acyclic graphs for the relationship

between PC-ROCM and other variables. Thus each of the associations was adjusted sepa-

rately for the relevant confounders only, which prevented over adjustment by covariates that

are not confounders that would have resulted in potentially biased effect estimates due to

induced confounding.

Limitations of our study

Our study had a few limitations. Firstly, the selection of cases could suffer from survival bias as

those who survived ROCM were more likely to be recruited. This could bias our estimates in

either direction. To increase representativeness and reduce selection bias, the study included

individuals from both private and public health facilities, as well as two groups of people par-

ticipants (never and ever hospitalized), to also include the persons who did not seek medical

care for COVID-19. Secondly, although recruited from within the same hospital, many of the

cases and controls in the ever-hospitalised group had received COVID-19 treatment elsewhere

before their hospitalization for ROCM management. Hence, we could have missed certain risk

factors from earlier hospitalization. However, we included only those individuals wherever

complete information was available. In addition, misclassification could have occurred for cer-

tain factors such as plasma glycaemic status and steroid usage among the ever-hospitalised

group. However, that is likely to be non-differential, leading to the association being biased

towards the null. Despite this, we could calculate the odds ratios with reasonable precision.

Thirdly, among the never-hospitalised group, recall bias and unverifiable level of practices

leading to misclassification of key risk factors could have resulted in biased estimates in either

direction. Fourthly, we could not directly measure the association of PC-ROCM with the

severity of COVID-19 on account of a lack of uniformity in severity grading and irregular doc-

umentation across the multiple hospitals where cases and controls were managed. Finally, we

could not incorporate factors like HbA1C and BMI, due to substantial missing values.

Conclusions and recommendations

We concluded that in COVID-19, hyperglycaemia irrespective of pre-existing diabetes mellitus

and high steroid usage, was associated with the occurrence of PC-ROCM regardless of hospita-

lisation for COVID-19. To reduce the risk of PC-ROCM, we recommended adherence to pro-

tocols for rational use of steroids and systematic monitoring of plasma glucose levels

notwithstanding the diabetic status.
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Abstract 

Background: Iron‑deficiency anemia is a known risk factor for several adverse perinatal outcomes, but data on its 
impact on specific maternal morbidities is less robust. Further, information on associations between anemia in early 
pregnancy and subsequent outcomes are understudied.

Methods: The study population was derived from the Community Level Interventions for Pre‑eclampsia (CLIP) trial in 
Karnataka State, India (NCT01911494). Included were women who were enrolled in either trial arm, delivered by trial 
end date, and had a baseline measure of hemoglobin (Hb). Anemia was classified by WHO standards into four groups: 
none (Hb ≥ 11 g/dL), mild (10.0 g/dL ≤ Hb < 11.0 g/dL), moderate (7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/
dL). Targeted maximum likelihood estimation was used to estimate confounder‑adjusted associations between 
anemia and a composite (and its components) of adverse maternal outcomes, including pregnancy hypertension. 
E‑values were calculated to assess robustness to unmeasured confounding.

Results: Of 11,370 women included, 10,066 (88.5%) had anemia, that was mild (3690, 32.5%), moderate (6023, 53.0%), 
or severe (68, 0.6%). Almost all women (> 99%) reported taking iron supplements during pregnancy. Blood transfu‑
sions was more often administered to those with anemia that was mild (risk ratio [RR] 2.16, 95% confidence interval 
[CI] 1.31–3.56), moderate (RR 2.37, 95% CI 1.56–3.59), and severe (RR 5.70, 95% CI 3.00–10.85). No significant associa‑
tion was evident between anemia severity and haemorrhage (antepartum or postpartum) or sepsis, but there was a 
U‑shaped association between anemia severity and pregnancy hypertension and pre‑eclampsia specifically, with the 
lowest risk seen among those with mild or moderate anemia.

Conclusion: In Karnataka State, India, current management strategies for mild‑moderate anemia in early pregnancy 
are associated with similar rates of adverse maternal or perinatal outcomes, and a lower risk of pregnancy hyperten‑
sion and preeclampsia, compared with no anemia in early pregnancy. Future research should focus on risk mitigation 
for women with severe anemia, and the potential effect of iron supplementation for women with normal Hb in early 
pregnancy.
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Introduction
Anemia in pregnancy is a global health concern with 

the burden falling on low- and middle-income countries 

(LMIC) in Africa and Southeast Asia, with rates more 

than twice as high as in high-income settings [1–4]. Iron 

deficiency is the most common cause of anemia in preg-

nancy; other causes include deficiency of B12 or folic 

acid, thalassemias, intrinsic red blood cell disorders, bac-

terial and parasitic infections [1]. In India specifically, 

although the prevalence of anemia during pregnancy has 

been decreasing as of 2018, rates remain high [2, 5].

Maternal anemia has well established connections with 

adverse neonatal outcomes such as low birth weight, 

small for gestational age and premature delivery [6–9]. 

Further, recent evidence from diverse LMIC settings 

found maternal deaths to be nearly twice as high in indi-

viduals with severe anemia [10]. There are also published 

data linking anemia with pre-eclampsia, puerperal sepsis, 

ante-partum hemorrhage (APH), and post-partum hem-

orrhage [11–15]. These studies have well-documented 

limitations, and their remains a need for high-quality 

prospective data to further understanding of the associa-

tions between severity of anemia and adverse maternal 

outcomes [10, 16]. Furthermore, although iron supple-

mentation has been shown to have protective effects of 

maternal anemia (at delivery) and low birthweight, there 

is little evidence for its impact on other adverse preg-

nancy outcomes [17–19].

Using data from over 10,000 pregnancies in the Com-

munity Level Interventions for Pre-Eclampsia (CLIP) 

trial in Karnataka State, India [20] these analyses measure 

the prevalence of anemia and iron supplementation and 

assess the impact of anemia severity in early pregnancy 

on adverse maternal outcomes including need for blood 

transfusion, ante-partum hemorrhage, and hypertension.

Methods
This was an unplanned secondary analysis using data 

from the CLIP India trial [20] with the goal of estimat-

ing the effect of early pregnancy anemia on maternal and 

perinatal outcomes in a population with high rates of 

iron supplementation.

CLIP India trial

The CLIP India trial was a prospective, cluster rand-

omized control trial that took place in 12 clusters in 

Belagavi and Bagalkote districts, rural Karnataka. The 

units of randomization were primary health care cent-

ers and were chosen by the site teams based on a variety 

of feasibility and logistical considerations. Four clusters 

(two per arm) were included in a pilot phase from Feb-

ruary  1st, 2014 to October  31st, 2014. These four clusters 

were then joined by the additional eight for a two-year 

definitive phase from November  1st, 2014 to October 

 31st, 2016.

Participants were married pregnant women (ages 

15–49) who provided written informed consent for data 

collection. In both the intervention and control clus-

ters, data was obtained via household and facility-based 

surveys. These surveys were conducted by community 

health care workers and research staff to collect socio-

demographic characteristics, care seeking behaviours, 

maternal outcomes and neonatal outcomes. Data was 

collected at three time points, (i) as soon as possible 

after enrolment after pregnancy confirmation (focus on 

obstetric and medical and previous pregnancy history), 

(ii) as soon as possible after delivery (focus on care seek-

ing, delivery information and pregnancy outcome for 

current pregnancy), and (iii) within 42 days postpartum 

(confirmation and update of pregnancy outcome). Data 

collection was done through the Maternal and Newborn 

Health (MNH) registry system [21].

Women in the intervention clusters received addi-

tional ‘CLIP visits’ during both the antenatal and postna-

tal periods. These visits were conducted by community 

health care workers and were guided by the PIERS on 

the Move (POM) mobile health technology risk stratifi-

cation tool [22]. Depending on blood pressure measure 

and other risk factors, POM provided recommendations 

around need to 1) continue routine care, 2) seek non-

emergent care (within 24  h) or 3) seek emergency care 

(immediately). Further, in cases with high blood pressure 

(> 160/110) or preeclampsia, oral methyldopa (750  mg) 

or intramuscular magnesium sulphate (10 g) was admin-

istered, respectively. The intervention clusters also had 

community engagement sessions for women and other 

community members to promote knowledge about risks 

and symptoms of pregnancy hypertension.

Inclusion and exclusion criteria

The inclusion criteria for the analyses were women who 

had delivered by the end of the trial (October  31st, 2016) 

with a hemoglobin measurement at trial enrolment.

Exposure, outcomes and confounders

Hemoglobin level was collected at trial enrolment, 

which for the majority of women was during the first 

trimester. Hemoglobin was assessed using Sahli’s 

Keywords: Anemia in pregnancy, Hypertension, Global health
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method. Maternal anemia was defined as hemoglobin 

(Hb) < 11  g/dl and severity was further subdivided 

based on World Health Organization (WHO) stand-

ards into: mild (10.0  g/dL ≤ Hb < 11.0  g/dL), moderate 

(7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/dL).

We analyzed several maternal outcomes. First, we 

looked at those that have been commonly associated 

with anemia, including blood transfusion, antepartum 

hemorrhage, maternal sepsis, and postpartum hem-

orrhage. Outcomes were self-reported and clinically 

adjudicated by a group of (non-treating) physicians for 

accuracy as part of the CLIP trial [20]. The only excep-

tion was postpartum hemorrhage, which was collected 

within the MNH registry, which is based on treating 

physician diagnosis. Second, we assessed pregnancy 

hypertension (defined as systolic blood pressure ≥ 140 

and/or diastolic blood pressure ≥ 90). Blood pressure 

data were only available on women in the intervention 

arm, so analyses of hypertension were restricted to this 

group. Data were collected during POM visits using 

standardised methods and a semi-automated, preg-

nancy-validated digital device (Microlife BP 3AS1-2) 

[23]. In addition to defining hypertension based strictly 

from POM measurements, we also used a previously 

published definition (for this data) to combine infor-

mation from POM and hypertension reported in trial 

surveillance data sources to assess an expanded ver-

sion of hypertension, as well as pre-eclampsia [24]. Pre-

eclampsia was defined as gestational hypertension with 

proteinuria or 1 or more relevant end-organ complica-

tions [24].

Secondary outcomes included severe perinatal out-

comes including perinatal death, stillbirth, early and 

late neonatal death, neonatal morbidity, and a compos-

ite of these outcomes.

Possible confounders were identified based on expert 

knowledge and possible relationship between anemia 

and adverse outcomes [25] (Figure  S1). These include 

trial arm, cluster, maternal age, nulliparity, body-mass-

index (measured at enrolment), maternal and husband 

basic education (as measure of socioeconomic status), 

gestational age at booking (as a measure of access to 

care), religion (as a possible proxy for vegetarian diet), 

and twin pregnancy.

Information on iron supplementation was only col-

lected postpartum, and timing of initiation was not 

ascertained. We did not adjust for iron supplementa-

tion as it occurred after exposure and therefore may be 

on the causal pathway between exposure and outcome. 

Furthermore, almost all women (> 99%) who deliv-

ered reported taking supplementation, but timing and 

adherence were not available.

Statistical analysis

The rates of women with no, mild, moderate, and severe 

anemia were estimated. Demographic and clinical out-

comes were stratified across anemic groups and summa-

rized as counts and percentages for categorical variables 

and medians and IQR for continuous variables. For each 

anemic group, iron supplementation rates were com-

pared between women with miscarriages and MTP 

and those whose pregnancies ended in live or stillbirth. 

Women with medically terminated pregnancies or mis-

carriages were excluded from analysis of maternal and 

perinatal outcomes.

We used Targeted Maximum Likelihood Estima-

tion (TMLE) to estimate risk ratios and risk  differences 

between non-anemic women and women with mild and 

moderate anemia on our primary outcomes of interest 

[26]. TMLE has the advantage over traditional regres-

sion (e.g., logistic) models in that it combines a propen-

sity score model for the exposure (anemia) and a model 

for the outcome and if either of these models is correctly 

specified the estimate of association is unbiased; this is 

known as a doubly robust estimator [27]. Further, TMLE 

allows one to use nonparametric algorithms which do not 

make modeling assumptions (e.g., linearity, no interac-

tion etc.) that are common in standard regression mod-

els. In these analyses we used an ensemble (i.e., ‘stacking’) 

of prediction algorithms. These included standard regres-

sion models both with and without interactions, gen-

eralized additive models, mean outcome models and 

tree-based algorithms. These  models were used in both 

the exposure and outcome models. All results are pre-

sented with 95% confidence intervals estimated via the 

delta method and were adjusted for the clustered nature 

of the trial data via previously published methods [28].

To assess possible dose–response relationship between 

hemoglobin level and adverse outcomes we included 

baseline hemoglobin as a continuous variable in mixed 

effects logistic regression models to estimate adjusted 

(for all above confounders) dose–response curves. We 

used restricted cubic splines with 3 degrees of freedom to 

allow for non-linearity in the hemoglobin/outcome rela-

tionship and plotted marginal risk curves for each out-

come. Due to software limitations, TMLE is not available 

for continuous exposures.

We used E-values to assess the strength of an unmeas-

ured confounder (such as dietary or nutritional intake) 

between baseline hemoglobin and adverse outcomes (on 

the risk ratio scale) that would be needed to explain away 

our results [29]. These were applied to all points esti-

mates and lower bounds of the 95% confidence intervals 

when these values were > 1.0.

All perinatal outcomes were analyzed similarly to the 

above. All data analysis was conducted using R statistical 
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software version 4.0.3 [30] TMLE was conducted using 

the drtmle package. Following guidance from the Ameri-

can Statistical Association and current practice in leading 

epidemiological journals, no null-hypothesis significance 

tests were performed [31].

Results
A total of 14,783 pregnancies were enrolled in the trial. Of 

these, 13,017 (88.1%) had completed pregnancies within 

the trial period, and 11,370 delivered, while 1013 miscar-

ried and 629 had a medically terminated pregnancy and 5 

had unknown status. Among those who delivered, 11,085 

had a baseline hemoglobin value; 10,066 (88.5%) were 

anemic at enrolment with the majority having moder-

ate anemia (n = 6023, 59.8%) and only 68 (0.6%) having 

severe anemia. The distribution of hemoglobin levels was 

roughly bell-shaped, with observations mostly clustered 

between 8–12 g/dL (Fig. 1).

The majority of baseline characteristics were simi-

lar between those with varying levels of anemia. The 

only exceptions were parity and basic education (both 

maternal and husband), where anemic women were more 

likely to be parous and households with no anemia were 

more educated. Gestational age at delivery was similar in 

all groups (median of 39 weeks). There were decreasing 

rates of caesarean section with increasing anemia sever-

ity. Almost all (> 99%) delivered women were taking iron 

supplementation at time of delivery (Table  1). Women 

who miscarried or had medically terminated pregnancies 

had low rates of supplementation (25%, Table S2).

Maternal morbidity occurred in roughly 5% of included 

pregnancies and rates were increased in all anemic 

groups. The three most common morbidities were blood 

transfusion, APH and sepsis; other morbidities were rare. 

There were nine maternal deaths (5 in mildly anemic and 

4 in moderately anemic). Most women in the interven-

tion arm had blood pressure measurements and this was 

consistent across levels of anemia severity. Hypertension 

was documented in around 10% of pregnancies and was 

highest in women without anemia. Postpartum hemor-

rhage was documented in less than 1% of pregnancies 

(Table 2).

Fig. 1 Distribution of baseline hemoglobin levels. Red dashed lines indicate cut‑offs for (left to right) severe, moderate and mild anemia
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The confounder adjusted association between early 

pregnancy anemia and adverse outcomes is provided 

in Table  3. For blood transfusion, there was increas-

ing risk on both additive and multiplicative scales in all 

anemic groups compared to those with normal hemo-

globin levels at baseline. There were no observed differ-

ences in either APH or sepsis, but confidence intervals 

were wide and consistent with both large increases and 

decreases in risk between groups. Results for postpar-

tum hemorrhage were inconclusive in mild and moder-

ately anemic women. Severely anemic women showed 

increased risk, but this estimate was based on only 2 

events. Hypertension by both definitions was lower 

(compared to non-anemic) by between 20–25% in mild 

and moderately anemic women, comparisons of hyper-

tension for severely anemic women defined by POM 

had wide confidence intervals and were uncertain. For 

the expanded definition, women with severe anemia 

had lower risk than those with no anemia. Risk of pre-

eclampsia was reduced in mild and moderately anemic 

women by about 30% and was 37% higher in severely 

anemic women. For each of hypertension and pre-

eclampsia, estimates for severely anemic women were 

based on only 3 events.

Table 1 Demographics and pregnancy characteristics by anemia level

a  Asked at time of delivery

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal age 22.00 [20.00, 24.00] 22.00 [20.00, 25.00] 23.00 [20.00, 25.00] 23.00 [21.00, 26.00]

Parous 710 (54.5) 2306 (62.5) 3983 (66.1) 48 (70.6)

Maternal basic education 868 (66.6) 2197 (59.5) 3117 (51.8) 31 (45.6)

Husband basic education 884 (67.8) 2299 (62.3) 3362 (55.8) 37 (54.4)

Multiple pregnancy 12 (0.9) 35 (0.9) 49 (0.8) 1 (1.5)

Body-mass-index 19.95 [18.08, 22.20] 19.57 [17.80, 21.58] 19.11 [17.54, 21.00] 18.73 [17.34, 20.39]

Iron supplementation a 1290 (98.9) 3662 (99.2) 5969 (99.1) 68 (100.0)

Religion

 Hindu 1188 (91.1) 3335 (90.4) 5569 (92.5) 63 (92.6)

 Muslim 109 (8.4) 336 (9.1) 423 (7.0) 5 (7.4)

 Other 7 (0.5) 19 (0.5) 31 (0.5) 0 (0.0)

Gestational age at enrolment 11.14 [8.00, 15.86] 11.43 [8.43, 15.57] 11.57 [8.71, 16.00] 13.57 [9.57, 18.57]

Gestational age at delivery 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [36.75, 40.00]

Mode of delivery

 Vaginal 933 (71.5) 2760 (74.8) 4748 (78.8) 56 (82.4)

 Vaginal (assisted) 12 (0.9) 40 (1.1) 51 (0.8) 1 (1.5)

 Caesarian section 359 (27.5) 890 (24.1) 1224 (20.3) 11 (16.2)

Trial arm

 Intervention 705 (54.1) 2247 (60.1) 2814 (46.7) 32 (47.1)

 Control 599 (45.9) 1443 (39.1) 3209 (53.3) 36 (52.9)

Blood pressure measurement from POM 644 (49.4) 2032 (55.1) 2592 (43.0) 27 (39.7)

Table 2 Maternal mortality and morbidity by anemia level

a  Only available in women in intervention arm with antepartum blood pressure measurements and not included in composite outcomes

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal mortality 0 (0%) 5 (0.1%) 4 (0.1%) 0 (0%)

Blood transfusion 32 (2.5%) 151 (4.1%) 269 (4.5%) 8 (11.8%)

Antepartum hemorrhage 13 (1.0%) 47 (1.3%) 39 (0.6%) 1 (1.5%)

Sepsis 14 (1.1%) 46 (1.2%) 65 (1.1%) 0 (0%)

Postpartum hemorrhage 8 (0.6%) 25 (0.7%) 42 (0.7%) 2 (2.9%)

Hypertension (POM) a 80 (12.4%) 186 (9.2%) 223 (8.6%) 3 (11.1%)

Hypertension (expanded) a 136 (21.0%) 318 (15.6%) 378 (14.5%) 3 (11.1%)

Pre‑eclampsia a 57 (8.8%) 130 (6.4%) 157 (6.0%) 3 (11.1%)
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Table 3 Adjusted risk ratios and differences between women with no anemia and those with mild, moderate and severe

a  Estimates are adjusted for trial arm, maternal age, nulliparity, body-mass-index, gestational age at enrolment, maternal basic education, husband basic education, 

multiple pregnancy, and religion

bc  Size of association between unmeasured confounder and outcome needed to move the point estimate or lower bound of confidence interval to 1.0 (i.e., 

compatible with a null effect). Only displayed for those estimates where the lower confidence bound is > 1

def  Could not be reliably estimated due to small sample size

ghij  Only available for women in the intervention arm with blood pressure measurement

Unadjusted risk 
(%)

Risk difference % (95% CI) a Risk ratio (95% CI) a E-value point 
estimate ab

E-value 
lower 
bound ab

Blood transfusion

 None 2.5 Reference Reference ‑ ‑

 Mild 4.1 2.27 (1.29, 3.26) 2.16 (1.31, 3.56) 3.74 1.95

 Moderate 4.5 2.68 (1.77, 3.58) 2.37 (1.56, 3.59) 4.17 2.50

 Severe 11.8 9.20 (3.18, 15.23) 5.70 (3.00, 10.85) 10.9 5.45

Antepartum hemorrhage

 None 1.0 Reference Reference ‑ ‑

 Mild 1.3 0.22 (‑0.54, 0.97) 1.20 (0.63, 2.29) ‑ ‑

 Moderate 0.6 ‑0.39 (‑1.14, 0.36) 0.65 (0.30, 1.39) ‑ ‑

 Severe 1.5 NA abc NA abc ‑ ‑

Sepsis

 None 1.1 Reference Reference ‑ ‑

 Mild 1.2 0.01 (‑0.69, 0.70) 1.01 (0.62, 1.65) ‑ ‑

 Moderate 1.1 ‑0.23 (‑1.27, 0.82) 0.84 (0.36, 1.94) ‑ ‑

 Severe 0.0 NA abc NA abc ‑ ‑

Postpartum hemorrhage

 None 0.6 Reference Reference ‑ ‑

 Mild 0.7 0.15 (‑0.23, 0.54) 1.34 (0.60, 3.00) ‑ ‑

 Moderate 0.7 0.24 (‑0.13, 0.61) 1.53 (0.69, 3.40) ‑ ‑

 Severe 2.9 1.72 (‑0.89, 4.33) 4.82 (1.27, 18.3) 9.11 1.86

Hypertension (POM) abcd

 None 12.4 Reference Reference ‑ ‑

 Mild 9.2 ‑3.11 (‑4.15, ‑2.07) 0.75 (0.70, 0.80) 2.00 1.80

 Moderate 8.6 ‑3.62 (‑5.84, ‑1.39) 0.70 (0.58, 0.85) 2.21 1.63

 Severe 11.1 0.01 (‑7.12, 7.13) 1.00 (0.56, 1.79) ‑ ‑

Hypertension (expanded) abcd

 None 21.0 Reference Reference ‑ ‑

 Mild 15.6 ‑3.79 (‑5.48, ‑2.1) 0.80 (0.73, 0.88) 1.80 1.53

 Moderate 14.5 ‑4.35 (‑6.24, ‑2.47) 0.77 (0.70, 0.85) 1.63

 Severe 11.1 ‑7.72 (‑13.77, ‑1.66) 0.60 (0.34, 1.05) ‑ ‑

Pre-eclampsia abcd

 None 8.8 Reference Reference ‑ ‑

 Mild 6.4 ‑2.13 (‑5.14, 0.89) 0.75 (0.53, 1.07) ‑ ‑

 Moderate 6.0 ‑2.67 (‑4.98, ‑0.35) 0.69 (0.55, 0.86) 2.25 1.60

 Severe 11.1 3.20 (‑1.23, 7.63) 1.37 (1.01, 1.88) 2.08 1.11

Perinatal composite

 None 19.9 Reference Reference ‑ ‑

 Mild 17.5 ‑3.56 (‑8.19, 1.07) 0.82 (0.65, 1.04) ‑ ‑

 Moderate 16.6 ‑2.94 (‑7.38, 1.49) 0.85 (0.68, 1.07) ‑ ‑

 Severe 29.4 7.51 (‑3.37, 18.39) 1.37 (0.89, 2.11) ‑ ‑
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Estimated E-values indicated that an unmeasured con-

founder beyond those included in our models would 

need to increase the risk of anemia and hypertension by 

a minimum of 60–90% on the risk ratio scale to explain 

away the observed associations (E-values for lower confi-

dence bounds, Table 3).

Dose–response relationships between hemoglobin and 

risk showed roughly linear increasing rates of the compos-

ite primary outcome with decreasing hemoglobin; how-

ever, confidence intervals at lower hemoglobin values were 

wide due to few measurements. Blood transfusion followed 

a similar pattern, while sepsis, APH and PPH estimated 

risks were relatively flat. There was a U-shaped relationship 

between hemoglobin level and hypertension (both defini-

tions) and pre-eclampsia (Fig. 2). The inflection points for 

each of these outcomes was 10  g/dL. Estimated risks at 

each unit g/dL for each outcome are available in Table S3.

Adverse perinatal outcomes occurred in 20% of preg-

nancies with no anemia, 17% of pregnancies with mild 

or moderate anemia, and 29% of severely anemic preg-

nancies. Adjusted analyses for the relationship between 

anemia and perinatal death, stillbirth, early and late neo-

natal death and neonatal morbidity showed no consistent 

association as confidence intervals were too wide to draw 

meaningful inference (Table  S4). Dose response curves 

for perinatal outcomes showed higher risk at very low 

hemoglobin values for all outcomes. For the composite 

perinatal outcome rates were flat for mild/moderate lev-

els of anemia and declined for higher hemoglobin values; 

this was driven by neonatal morbidity as curves for peri-

natal death, stillbirth, and early and late neonatal deaths 

were mostly flat (Fig. 2 and S1).

Discussion
Summary of findings

Most women in the CLIP India trial had some form of 

anemia at the time of antenatal care booking, most com-

monly moderate and rarely, severe. Almost all women 

Fig. 2 Estimated dose–response curves between hemoglobin level and maternal outcomes. Dashed lines represent 95% confidence intervals. 
Risk is adjusted for trial arm, maternal age, nulliparity, body‑mass‑index, gestational age at enrolment, maternal basic education, husband basic 
education, multiple pregnancy and religion
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received iron supplementation by the time of delivery, 

regardless of baseline anemia, and in line with Indian 

guidelines for routine supplementation. In addition, just 

under 5% received blood transfusion, which was a greater 

number than those who experienced antepartum or post-

partum bleeding, Compared with a normal hemoglobin 

level, each of mild, moderate, and severe anemia more 

frequently prompted receipt of maternal blood transfu-

sion. Women with mild-moderate anemia had no excess 

of adverse pregnancy outcomes, including bleeding and 

sepsis, although women with severe anemia was associ-

ated with an increased risk of PPH. The findings were 

unlikely to be related to unmeasured confounders, par-

ticularly for severe anemia. However, we observed a 

‘U-shaped’ relationship between anemia severity and 

pregnancy hypertension, and pre-eclampsia specifically, 

with women with mild- or moderate anemia having sig-

nificantly lower rates.

Given the near 100% reported rate of iron supplemen-

tation in delivered women in this cohort, these data rep-

resent the estimated effect of early pregnancy anemia on 

outcomes in a population where public health efforts for 

supplementation in pregnancy have been successful.

Comparison with the literature

The prevalence of anemia in pregnancy in India is 

amongst the highest in the world. Estimates have varied 

from a substantial proportion to most women in preg-

nancy, as in our study. In South India, Vindhya et al. esti-

mated the prevalence of anemia in pregnant women to be 

33.9%, with 48.4% of cases being mild, 49.5% moderate, 

and 2.1% severe [5]. Other studies have reported even 

higher rates of maternal anemia in India, up to 88%, simi-

lar to our study [2, 5] that demonstrate higher than previ-

ously published data from Belgaum and Bagalkote [32].

Many studies in India and elsewhere have examined 

the impact of maternal anemia on perinatal outcomes, 

such as stillbirth, low birth weight, small for gestational 

age, and preterm birth [8, 9, 33–36]. Far fewer studies 

have examined the impact of maternal anemia on mater-

nal outcomes, even by systematic review of LMIC data [6, 

15]. One recent review found a 190% increase in the odds 

of blood transfusion in anemic women [37], but they did 

not stratify by severity of anemia, as in our study.

The relationship between anemia and anemia severity 

on gestational hypertension and pre-eclampsia has been 

mixed. A large cohort study from India and Pakistan 

(110,033 anemic women) found a U-shaped relationship 

in Indian women (RRs = 1.89 95% CI = 1.12 to 3.18) for 

severe anemia, but ~ 1.0 for mild/moderate) but not in 

Pakistani women (RR = 1.18, 95% CI = 0.81 to 1.73 for 

severe anemia) [15]. Another smaller study case–con-

trol from Sudan (606 anemic women) found increases 

in pre-eclampsia severe anemia (OR = 3.6, 95% CI = 1.4 

to 9.1), as well as possible increases with mild or mod-

erate (OR = 1.60, 95% CI = 0.80 to 3.40) [38]. In contrast, 

Jung et al.’s review of nine studies found little difference 

in pre-eclampsia among anemic women (OR = 1.15 95% 

CI = 0.80 to 1.64); however, they did observe a U-shaped 

dose–response relationship [37] similar to ours and to 

the Indian cohort referenced above [15]. Mechanisms for 

the relationship between higher hemoglobin values and 

pregnancy hypertension may include poor nutrient sup-

ply to the placenta due to increased blood thixotropy, 

and production of reactive oxygen species, together with 

increased iron [39]. On the other hand, there has been 

suggestion that increased corticotropin released hor-

mones associated with low hemoglobin may increase 

maternal and fetal stress, which can cause pregnancy 

hypertension [37, 40]. That said, published data on bio-

logical mechanisms are limited and further studies are 

needed to better understand this relationship.

It is clear that iron supplementation can increase 

hemoglobin values in pregnancy, but effectiveness is 

challenged by poor adherence, continuous access to iron 

tablets, use of doses lower than necessary, and oral (vs. 

parenteral) route of administration [41–43]. However, 

even when effective, the impact of anemia treatment on 

adverse maternal and perinatal outcomes remains uncer-

tain. The most recent Cochrane review found that few 

studies have assessed the impact of iron supplementation 

on APH, blood transfusion, sepsis, or pre-eclampsia, and 

most did not focus on anemia in early pregnancy [18]. 

Our findings suggest that current management strate-

gies for mild and moderate anemia are largely effective 

in reducing risk to that comparable to women with nor-

mal hemoglobin. However, more research is needed to 

understand the increased risk of hypertensive pregnancy 

in those with normal hemoglobin, and whether iron sup-

plementation is related.

Strengths and limitations

Our study has several strengths, including our large pro-

spective cohort, standardized collection of blood pres-

sure data using a device validated for use in pregnancy 

and pre-eclampsia, and detailed documentation of other 

pregnancy outcomes and possible confounders of the 

anemia-outcome relationship in a high-quality cluster 

randomized trial. Also, we report findings in the context 

of successful public health efforts to provide iron supple-

mentation to all pregnant women in India, where malaria 

is not endemic.

Our study also has some limitations. First, our sample 

size of severely anemic women was small, and therefore 

despite the large effect sizes, caution should be taken in 

the extrapolation of findings related to this group, as they 
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may be subject to sparse data bias. Conversely, just over 

11% of women had normal hemoglobin, and few had a 

hemoglobin above 15 g/dL to fully evaluate the U-shaped 

relationship between anemia and pregnancy hyperten-

sion. Second, we lacked data on the exact timing of initia-

tion of iron supplementation and associated adherence; 

stratification by such information may have provided 

further nuance to our findings. We found low rates of 

supplementation in miscarried or MTP pregnancies, 

which occur (by definition) before 20  weeks. Therefore, 

it is possible that most women began supplementation 

after this point. Third, we had no information on the 

reasons for transfusion, but in all groups, the number of 

women transfused exceeded those with clinical bleeding. 

Fourth, this is a secondary analysis of data from a clini-

cal trial with different primary objectives, so we did not 

measure hemoglobin levels throughout pregnancy, or 

collect information about potential dietary mechanisms. 

Although we did adjust for vegetarian diet, there are risks 

of residual confounding due to unmeasured differences 

(such as diet and nutrition) between anemic and non-

anemic women. Our E-values indicate that such variables 

would need to have strong effect above and beyond our 

adjustment to explain away the increased risk for severe 

anemia. For moderate and mild anemia’s relationship 

with hypertension, E-values were more moderate (1.5–

2.0), but still unlikely to explain away the U-shape. Finally, 

as all participants were prescribed iron supplementation, 

so we cannot comment on the relative benefits and risks 

of iron supplementation vs. no supplementation.

Conclusion
In a cohort of women with habitual anemia, who reported 

routine iron supplementation and infrequent blood trans-

fusion during pregnancy, mild-moderate anemia in early 

pregnancy (compared with normal Hb) is associated with 

similar pregnancy outcomes, but lower rates of pregnancy 

hypertension and pre-eclampsia. These findings suggest 

that new strategies should be developed for women with 

severe anemia in early pregnancy. Furthermore, routine 

iron supplementation for women with normal Hb in early 

pregnancy needs further exploration due to increased 

hypertension in a population with widely prevalent anemia.
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ABSTRACT
Background: Sports injuries are a growing concern 
which requires immediate attention. Dental injuries 
are the most common type of orofacial injuries 
sustained during sports activities. Objectives: This 
study aims to review the prevalence of sports‑related 
facial trauma in India, to identify the most common 
types of oro‑facial injury incurred due to sports, and 
to assess the level of awareness regarding preventive 
measures used in sports. Methodology: The 
present review was performed in accordance with 
preferred reporting items for systematic reviews 
and meta‑analyses guidelines. All articles published 
from 2005 to 2019 on sports‑related facial trauma 
were analyzed. PubMed, Google Scholar, and 
Cochrane reviews databases were searched using 
primary keywords. Results: A total of 24 articles 
published in the period of 2005–2019 were included. 
The prevalence of sports‑related facial trauma was 
found to be the highest in the study conducted by 
Selva et al., in 2018, at a rate of 75%, whereas it was 
found to be minimal in the study conducted by Bali 
et al. in 2013. While the awareness of mouthguards 
was reported the highest in a study conducted by 
Ramagoni et al., in 2007. Conclusion: This study 
shows that there is a definite need to improve the 
awareness as well as the usage of protective gear, 
from the level of schooling, where children are 
introduced to sports. Prevention of sports‑related 
facial trauma is essential to avoid the serious and 
lifelong consequences which could be the aftermath 
of such injuries.

KEYWORDS: Facial trauma, oro‑facial injuries, 
sports injuries, traumatic dental injuries
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groups, especially children. One consequence of this 
is a higher proportion of sports‑related injuries. The 
current prevalence of sports injuries is 19.2%–36% 
among children and adolescents.[1] Dental injuries are 
the most common type of orofacial injuries sustained 
during participation in sports.

The occurrence of such oro‑facial trauma could have 
potentially serious consequences, some of which could 
remain to be a permanent effect. These injuries could 
have life‑altering consequences for athletes, and it is 
essential that they understand the need for protective 
gear to be used during any form of sports activity. 
Many athletes are not aware of the health implications 
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Introduction
Participation in sports is of paramount importance 
in order to maintain a physically as well as mentally 
healthy lifestyle. There is an ever‑increasing 
percentage of participation in sports in all the age 
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of a traumatic injury to the mouth or of the potential 
for incurring severe head and orofacial injuries while 
playing.[2]

The use of protective gear while participating in sports, 
especially high‑risk contact sports, could significantly 
reduce the frequency of sustaining oro‑facial injuries, 
as many of these injuries have lifelong consequences. 
Awareness and practices of school teachers, sports 
officials, parents, and players toward protective devices 
influence the usage of these protective devices.[3] The 
use of protective gear is not mandatory in India, which 
makes the chances of sustaining injuries quite significant.

After doing a thorough literature search, it was found 
that there was insufficient information regarding 
the prevalence of oro‑facial injury in sports and the 
awareness of protective gear in India. Therefore, 
the present study was undertaken to review the 
prevalence of sports‑related facial trauma in India, 
the most common types of oro‑facial injury incurred 
due to sports, and the level of awareness regarding 
preventive measures used in sports.

Methodology

Study design
Systematic review.

Data collection
Two reviewers performed the data collection 
independently. All articles published in the last 
15 years (2005–2019) were analyzed. The following 
databases were used: PubMed, Google Scholar, 
Cochrane Reviews, using primary keywords 
such as “Sports injuries” AND “Facial trauma” 
AND “Oro‑facial injuries” AND “India” AND 
“Mouthguards.” The full‑text of all these articles 
were thoroughly examined and classified under the 
following inclusion and exclusion criteria.

Inclusion criteria
1. Articles published during the period of 2005–2019
2. Articles citing sports injuries causing oro‑facial 

trauma
3. Articles citing sports injuries which occurred 

within India.

Exclusion criteria
1. Articles citing traumatic dental injuries of origin 

other than sports
2. Articles whose full‑text versions could not be 

obtained
3. Narrative reviews where no studies were 

conducted
4. Articles published in languages other than English.

Titles and abstracts were screened first, and then 
the full texts of relevant publications were obtained 

and reviewed independently. The risk of bias was 
analyzed using the Newcastle Ottawa Scale,[4] for 
cross‑sectional studies, cohort studies, and case–
control studies.

For every study, the following information was 
retrieved and analyzed; prevalence of sports‑related 
facial trauma, most common orofacial injury 
caused, the level of awareness regarding preventive 
measures, and the usage of preventive measures. 
The present systematic review was performed 
according to preferred reporting items for systematic 
reviews and meta‑analyses (PRISMA) guidelines[5]–
PRISMA, and the study protocol is registered 
with PROSPERO Register #CRD42020171424. The 
PECO question was used in this review, P (Patient 
Population of adults and children with orofacial 
injuries), E (Exposure—etiology of the orofacial 
injury), C (Comparison between different sites in 
India), and O (Outcomes, prevalence of trauma for 
each etiology).[6] Studies that met the inclusion criteria 
were selected for further analysis [Figure 1‑PRISMA 
diagram of studies searched and selected. Duplicate 
articles were removed].

Data analysis
Data were analyzed using statistical software R 
version 4.0.2 and Excel. To check the inter‑rater 
reliability Kappa test was used, where the P < 0.05 
was statistically significant. By Cohen’s Kappa, it was 
observed that there was almost perfect agreement 
between the two investigators [Table 1].

Results
A total of 45 full‑text articles and abstracts were 
identified and assessed for eligibility. Those not 
fulfilling the inclusion criteria and those with high risk 
of bias were not taken into consideration. A total of 
24 articles published in the period of 2005–2019 were 
included in the review. The parameters evaluated were 
the prevalence of sports‑related facial trauma in India, 
the most common types of oro‑facial injury incurred 
due to sports, and the level of awareness regarding 
preventive measures used in sports.

The prevalence of sports‑related facial trauma was 
found to be the highest in the study conducted by Selva 
et al., in 2018, at a rate of 75%, whereas it was found to 
be minimal in the study conducted by Bali et al. in 2013, 
at a rate of 2.80% [Table 2 and Figure 2].[7,8]

Table 1: Inter‑rater reliability Kappa test
Investigator 1 Investigator 2 (%) Kappa 

value (P)Poor Fair Good
Poor 6 (100) 0 0 0.8351 

(<0.0001*)Fair 0 6 (85.71) 1 (14.29)
Good 1 (5.56) 1 (5.56) 16 (88.89)
*P<0.05
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Regarding the most common orofacial injury incurred, 
it was found that soft tissue injuries were the most 
common injuries reported, which was inclusive of 
contusion, lip and cheek lacerations, and any other form 

of facial bruising. The prevalence of soft tissue injuries 
was found to be as high as 88%, as reported in a study 
conducted by Selva et al., in 2018, and it was found 
to be least reported in a study conducted by Solanki 

Figure 1: Preferred reporting items for systematic reviews and meta‑analyses. Diagram of studies searched and selected

Figure 2: Distribution of prevalence of trauma from sports[7‑11,12,13‑18]

Table 2: Distribution of prevalence of trauma from 
sports
Study Trauma due to sports (%)
Selva S 2018 75
Prabhu 2013 58
Baldava 2007 49
Solanki 2016 26.65
Ain 2016 22.81
Kumaraswamy 2009 22
Juneja 2018 20.09
Gupta A 2018 17.60
Praveena 2018 13
Patel 2012 8.28
Ashrafullah 2017 6.49
Bali 2013 2.80
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et al., in 2016, where it was 15.1% [Table 3].[1,7‑11,12‑15,19‑23] 
The most reported injury following soft tissue injuries 
was enamel fracture, which was the highest in a 
study conducted by Ain et al., in 2016, where it was 
reported to be 68.5%, and the study reporting the least 
occurrence of enamel fracture was 16%, as reported in 
a study conducted by Baldava and Anup, in 2009.[10,11]

In the case of preventive measures, the awareness 
regarding mouthguards, and the prevalence of 
mouthguard usage were analyzed. While the awareness 
of mouthguards was reported the highest in a study 
conducted by Ramagoni et al., in 2007, at 79.3%, the 
same study reported the least usage of mouthguards, 
at a mere 0.4% in regular mouthguard use, and 1.1% in 
occasional use [Table 4].[1,7,9,13,20‑22,24‑29] The least usage of 
mouthguards was found to be in a study conducted by 
Monica, et al., in 2018, at a level of 14.9% [Table 4].[25]

Discussion
Sports is a diverse field with multiple arenas of 
participation. It has been a field of utmost importance 
for decades, yet the most important aspect of it, 
i.e. protection to the players to prevent injuries is the 
most often overlooked part. In the present study, the 
highest reported prevalence of sports‑related trauma 
was 75%, as seen in a study conducted by Selva et al., in 
2016, which is an alarming number, as such a high rate 
clearly indicates that there is a lack in the instructions 
provided to the participants regarding the usage 
of protective gear while playing.[7] There are many 
injuries which could have life‑altering consequences, 
and yet, it is still not given the attention it is required.

In this study, the most common orofacial injury was 
found to be soft tissue injuries, which is inclusive of 
intra‑oral lip and cheek lacerations. This is followed 

by enamel fracture and avulsion. Other injuries which 
have been reported are contusion, tooth dislocation, 
and jaw fracture.[1,19] This increased incidence of facial 
injuries could be attributed to lack of knowledge 
among the participants and/or their coaches regarding 
the availability of protective gear for the respective 
sport, as seen in a study conducted by Karande et al., 
in 2012.[29]

The third parameter analyzed in this study was the 
level of awareness regarding preventive measures and 
their usage amongst players. While the awareness of 
mouthguards was quite favorable in all the studies, 
their actual usage is quite low. The highest rate of 
mouthguard use reported is still <50%, as seen in a 
study conducted by Gupta et al., in 2016.[26] The major 
reason for this is that the usage of protective gear 
while participating in sports is not mandatory in India. 
Alternative reasons could be that the coaches may not 

Table 3: Most common injured causes over different studies
Studies Enamel 

fracture (%)
Soft tissue 

injuries (%)
Tooth 

discolouration (%)
Avulsion (%) Dislocation (%) Tooth 

fracture (%)
Loosened 
tooth (%)

Jaw 
fracture (%)

G Lehl 33.0 47.0 ‑ ‑ ‑ ‑ ‑ 13.0
Anand Prabhu 66.0 ‑ ‑ ‑ ‑ ‑ ‑ ‑
Gundeep Singh 43.0 48.1 6.3 1.2 1.5 ‑ ‑ ‑
Vidhatri Tiwari

Contact sports ‑ 43.0 ‑ ‑ ‑ ‑ ‑ ‑
Noncontact sports ‑ 22.0 ‑ ‑ ‑ ‑ ‑ ‑

Priya M ‑ 46.0 ‑ ‑ ‑ ‑ ‑ ‑
Kamalesh ‑ 36.2 ‑ 34.4 ‑ ‑ ‑ ‑
Praveena ‑ 44.0 ‑ ‑ ‑ ‑ ‑ ‑
Selva S ‑ 88.0 ‑ 12.0 ‑ 29.0 ‑ 30.0
Ain 68.5 ‑ ‑ 0.7 ‑ ‑ ‑ ‑
Ashrafullah ‑ ‑ ‑ ‑ ‑ 23.9 ‑ ‑
Baldava 16.0 ‑ ‑ 1.0 ‑ ‑ ‑ ‑
Bali ‑ ‑ ‑ ‑ ‑ 11.1 ‑ 0.8
Juneja 51.1 ‑ ‑ ‑ ‑ 10.2 ‑ ‑
Solanki ‑ 15.1 ‑ 6.7 ‑ 71.4 21.9 ‑
Gojanur 2.7

Table 4: Summary of variables over studies
Studies Awareness of 

mouthguards (%)
Use of 

mouthguards (%)
Naveen Kumar Ramagoni 79.3 0.4 (regular) and 

1.1 (occasional)
Vidhatri Tiwari 51.5 21.0
Geetika Gupta 67.0 49.0
Sethi H S 78.2 4.3
Priya M 96.0 31.4
Kamalesh 43.9 ‑
G Lehl 33.0 ‑
Selva S 42.0 3.0
Monica M 14.9 ‑
Abhishek Dhindsa 46.2 4.6
Karande Shah 23.0 ‑
Praveena 37.7 11.1
Solanki ‑ 43.2
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encourage the usage of protective gear, as seen in a 
study conducted by Monica et al., in 2016, where only 
14.9% of the coaches stated that they would advise the 
use of mouthguards.[25] Further reasons provided by the 
sports participants in various studies are discomfort on 
wearing protective gear, difficulty in breathing, etc., as 
reported in a study conducted by Sethi et al., in 2016.[27]

The impact of such injuries on the physical and mental 
health of a patient is an essential point of consideration, 
especially in children, as they are the most involved in 
sports. This is seen to be in agreement with a study 
conducted by Gupta et al., in 2018, where a predilection 
for mandibular fractures, especially the condylar and 
symphysis fractures was seen in children, and sports 
was found to be a common reason for the injuries.[18]

Conclusion
The present study shows that even though there is 
quite a favorable outcome regarding the awareness 
of protective gear, there is a clear lack of the usage 
of the same. This shows that there is a definite need 
to improve the awareness as well as the usage of 
protective gear, from the level of schooling where 
children are introduced to sports.

The limitations of the study are that articles published 
in languages other than English were excluded, due to 
which their data could not be taken into account. The 
benefit of this study is that it contributes to the current 
level of knowledge regarding the prevalence and 
prevention of sports‑related facial trauma in the Indian 
population, as there have been very few systematic 
reviews conducted with all of the parameters taken in 
this study into context.

Sports‑related facial trauma is quite a serious issue 
as such injuries often lead to irreversible penalties, 
which can affect the individual not just physically but 
psychologically as well. There is a need for improvement 
in the measures taken to prevent such injuries. We 
recommend that every school and college could hire a 
sports counselor who will guide the coaches regarding 
preventive measures and the coaches need to make the 
usage of protective gear mandatory. Efforts should be 
made by all of the sports committees present in India 
to make the usage of protective gear mandatory, so 
that such injuries could be avoided.
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Original research

been done regarding infection control measures especially during 
COVID-19 pandemic. So, this study regarding infection control 
measures practiced by oral surgeons will help us to provide practical 
advice to oral and maxillofacial surgeons regarding appropriate use 
of infection control measures to protect themselves from the risk 
of COVID-19 infection during surgical procedures.

Objective
To know Infection control measures practiced by Oral and 
maxillofacial surgeons during COVID-19 pandemic.

In t r o d u c t I o n
Coronavirus disease, also known as COVID-19, has spread to many 
countries since originating in Wuhan, China in 2019 and has become 
a global health emergency.1-3 COVID-19 pandemic has affected 
healthcare system globally especially dentistry due to aerosol 
generating procedure.3-5

The Occupational Safety and Health Administration (OSHA) 
report on guidelines for preparing workplaces for COVID-19 has 
classified dentistry as a very high-risk job.5,6 While the standard 
precautions are good, they are of little use in containing the 
highly contagious COVID-19 virus. Protection against infection 
begins with the patient visit with adequate screening and hand 
hygiene.5-8 In order to reduce surface contamination by the 
aerosols generated during the high efficiency particulate air 
(HEPA) filter process, adequate ventilation, high volume suction, 
and the use of chemical disinfectants and fumigations are urgently 
required.2,4,6,7,9

Oral and maxillofacial surgeons working in head and neck 
region dealing with emergencies such as maxillofacial trauma, space 
infections, and elective procedures such as oral cancer, orthognathic 
surgeries have high exposure to novel SARS-CoV2.10 They are 
exposed to COVID-19 infection due to the close contact with 
patients as it is very difficult to maintain interpersonal distance of 
more than a meter and they are also exposed to saliva, blood, and 
other body fluids during surgical procedures. Very few studies have 
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Ab s t r Ac t
Aim: Since the source of the coronavirus disease 2019 (COVID-19), it has become global health emergency. It is life threatening condition and 
dentistry has been classified as the high-risk job let alone be the oral and maxillofacial surgeons, because of direct exposure to blood and saliva. 
The standard although are good are not sufficient during the pandemic like COVID-19. Adequate screening as well as the proper infection control 
measures are recommended. To know Infection control measures practiced by oral and maxillofacial surgeons during COVID-19 pandemic. 
Materials and methods: A cross sectional study was conducted on 353 oral maxillofacial surgeons to know the infection control measures 
practiced by them during COVID pandemic. 
Results: This study shows that majority of infection control measures were practiced more in government hospitals when compared to private 
hospitals Chi-square test and logistic regression analysis was used. Statistical significance was set at p <0.05. 
Conclusion This study highlights that oral and maxillofacial surgeon practicing infection control measures like use of prophylactic medication, 
high volume extra oral suction, negative pressure room, use of heap filters, fumigation system, and use of chemicals for disinfection were less 
likely to be affected by COVID-19. 
Clinical significance: The findings of this study will help us to provide practical advice to oral surgeons regarding appropriate use of infection 
control measures to protect themselves from the risk of COVID-19 infection during surgical procedures.
Keywords: Covid-19, Infection control measures practices, Oral and maxillofacial surgeons.
Key message: Extensive Infection Control Measures in the field of Dentistry should be practiced on daily basis especially during pandemic like 
COVID-19, to contain spread of infection.
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Sampling method: A list of 3000 Oral surgeons in India was 
obtained from Association of Oral and Maxillofacial surgeons of 
India (AOMSI). By using systematic random sampling method 
353 Oral and Maxillofacial surgeons were chosen. First participant 
was selected randomly and thereafter every 11th oral surgeon was 
selected as a study participant.

Study tool: Pretested, predesigned questionnaire was used with 
nine open-ended multiple-choice questions. Pilot study was done 
and questionnaire was modified according the feedback obtained. 
The questionnaire was validated with Cronbach’s alpha score of 0.72. 
Information regarding infection control measures practiced by oral 
and maxillofacial surgeons was collected. Information regarding 
whether active screening of patients for fever and symptoms of 
COVID-19 was done, was gathered. Information was collected using 
Google forms and the responses were saved in Microsoft excel 
sheet. The same was used for performing descriptive analysis on 
the data. The oral surgeons were grouped into private/government 
employees. The information regarding any variations in infection 
control protocols for major and minor surgical procedures by oral 
surgeons working in private/government setup was recorded. The 
present study was conducted before the advent of vaccine.

MAt e r I A l s A n d Me t h o d s
• Study design: A cross-sectional study.
• Study population: Oral and Maxillofacial surgeons practicing 

either in Government or Private hospitals of India.
• Study period: Four months (August 2020 to January 2021).
• Sample size: A total of 353 Oral and Maxillofacial surgeons 

enroled in the study.

As the prevalence of use of infection control measures among oral 
surgeons is varied, a prevalence of 50% was used to calculate the 
sample size.
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Table 1: Association between type of work place and use of Infection Control Measures

Infection control measures

Work place p-value

Government hospital Private

Use of prophylactic medication No 0 (0%) 201 (79.76%) 0. 000,4998*MC

Yes 101 (100%) 51 (20.24%)
Active screening for fever or COVID-19 symptoms No 13 (12.87%) 31 (12.3%)  <0. 00,001*

Yes 88 (87.13%) 221 (87.7%)
Recording of body temperature Yes 101 (100%) 252 (100%) –
RT PCR testing No 10 (9.9%) 65 (25.79%)  <0. 00,001*

Yes 91 (90.1%) 187 (74.21%)
Use of appropriate PPE Yes 101 (100%) 252 (100%) –
Use of N 95 masks Yes 101 (100%) 252 (100%) –
Use of high volume extra oral suction No 50 (49.5%) 151 (59.92%)  <0. 00,001*

Yes 51 (50.5%) 101 (40.08%)
Use of the indoor air cleaning system No 50 (49.5%) 151 (59.92%)  <0. 00,001*

Yes 51 (50.5%) 101 (40.08%)
Use of dental chair water unit No 101 (100%) 252 (100%) –

Use of hand pieces No 101 (100%) 252 (100%) –

Presence of negative pressure room No 0 (0%) 252 (100%) 0. 000,4998*MC

Yes 101 (100%) (0%)
Use of heap filters No 0 (0%) 201 (79.76%) 0. 000,4998*MC

Yes 101 (100%) 51 (20.24%)
Use of UV light No 101 (100%) 252 (100%) –
Use of fumigation systems No 0 (0%) 151 (59.92%) 0. 000,4998*MC

Yes 101 (100%) 101 (40.08%)
Use of chemicals for disinfection No 0 (0%) 152 (60.32%) 0. 000,4998*MC

Yes 101 (100%) 100 (39.68%)

MC, Monte-Carlo’s simulation
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hospitals than in private hospitals, with the exception of natural 
ventilation, which was better in private hospitals. This difference 
was found to be statistically significant (p  < 0.05). The use of the 
fumigation system was carried out more frequently in government 
hospitals compared to private hospitals. This difference was found 
to be statistically significant (p  < 0.05). The use of suitable PPE, 
N 95 masks, has been practiced by both oral and maxillofacial 
surgeons, working in private and government hospitals. Whereas 
distilled dental water and handpieces were not used by government 
or private hospitals (p > 0.05) (Table 1).

In our study, 114 (32.29%) of oral surgeons were COVID-19 positive. 
The present study found that oral and maxillofacial surgeons 
who took history of COVID-19 symptoms and recorded body 
temperature measurements before procedures were less likely 
to be affected by COVID-19 infection compared to doctors who 
did not use the infection control measures, which was statistically 
significant (p < 0.05). The likelihood of not being affected by 
COVID is 12.0202 (CI: 6.2677–23.0522) times more for surgeons 
using prophylactic medication compared to surgeons not taking 
prophylactic medication. Surgeons who implemented infection 
control measures such as HEPA filters, high volume suction, worked 
in negative pressure room, and in the presence of natural ventilation 

Inclusion Criteria: Oral and Maxillofacial surgeons practicing in 
private/government setup who gave consent to participate in study.

Informed consent was obtained by study participants and 
confidentiality of identity was assured.

Ethical Clearance was obtained from Institutional ethics 
committee letter dated 3/9/20 vide no 1386.

Statistical Analysis: SPSS version 20 was used for analysis. 
Chi-square test and logistic regression analysis were used. Statistical 
significance was set at p < 0.05.

re s u lts
In the present study, the use of prophylactic medication by 
oral and maxillofacial surgeons, active screening for fever or 
COVID-19 symptoms and RT PCR testing among patients was 
more in government hospitals which were found to be statistically 
significant (p  < 0.05). Body temperature was recorded prior to each 
surgical procedure by oral and maxillofacial surgeons who worked 
in both private and government hospitals. Regarding infection 
control measures during surgical procedures such as high-volume 
suction, use of room air purification system, HEPA filter, presence 
of the negative pressure room was seen more often in government 

Table 2: Association between Infection Control Measures and COVID status of oral and maxillofacial surgeons 

Infection control measures

COVID-19 status of Oral and 
maxillofacial surgeons Odds ratio C I p-value

Negative Positive

Use of prophylactic medication No 99 (41.42%) 102 (89.47%) 12.0202 6.2677–23.0522  <0.0001*
Yes 140 (58.58%) 12 (10.53%)

Active screening for fever or COVID 19 symptoms No 25 (10.46%) 19 (16.67%) 0.0988

Yes 214 (89.54%) 95 (83.33%)

Recording of body temperature Yes 239 (100%) 114 (100%) –

RT PCR testing No 47 (19.67%) 28 (24.56%) 0.293

Yes 192 (80.33%) 86 (75.44%)

Use of appropriate PPE Yes 239 (100%) 114 (100%) –

Use of N 95 masks Yes 239 (100%) 114 (100%) –

Use of high volume extra oral suction No 102 (42.68%) 99 (86.84%)  <0.0001*

Yes 137 (57.32%) 15 (13.16%) 8.8647 4.8626–16.1606

Use of the indoor air cleaning system No 135 (56.49%) 66 (57.89%) 0.8025

Yes 104 (43.51%) 48 (42.11%)

Use of dental chair water unit No 239 (100%) 114 (100%) –

Use of hand pieces No 239 (100%) 114 (100%) –

Presence of natural ventilation No 141 (59%) 111 (97.37%) 25.7163 7.9386–83.3054  <0.0001*
Yes 98 (41%) 3 (2.63%)

Presence of negative pressure room No 49 (20.5%) 1 (0.88%) 29.1451 3.9696–213.9389  <0.0001*
Yes 190 (79.5%) 113 (99.12%)

Use of heap filters No 99 (41.42%) 102 (89.47%) 12.0202 6.2677–23.0522  <0.0001*
Yes 140 (58.58%) 12 (10.53%)

Use of UV light No 239 (100%) 114 (100%) –

Use of fumigation systems No 53 (22.18%) 98 (85.96%) 21.4953 11.6763–39.5711  <0.0001*
Yes 186 (77.82%) 16 (14.04%)

Use of chemicals for disinfection No 65 (27.2%) 87 (76.32%) 8.6256 5.1419–14.4695  <0.0001*

Yes 174 (72.8%) 27 (23.68%)
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of incentives, and availability of and access to required materials 
and equipment.13-15 The present study was done before the 
advent of vaccine. Although in current situation where we have 
COVID-19 vaccine, unfortunately as SAR-COV2 keeps changing 
its behavior, the apprehension still remains among the oral 
surgeons to deliver the care to the patients. Hence the present 
study highlights the importance of infection control measures 
in controlling COVID-19. The findings of this study will help us to 
provide practical advice to oral surgeons regarding appropriate use 
of infection control measures to protect themselves from the risk 
of COVID-19 infection during surgical procedures.

In our study, 114 (32.29%) of oral surgeons were COVID-19 positive. 
This high prevalence of infection among our study participants 
could be due the inappropriate use of one or the other infection 
control measures but also may be due to their exposure to COVID 
patients outside their clinical practice. In this study it was observed 
that in spite of recording body temperature, use of PPE, use of N 
95 masks, use of dental chair water unit, use of Hand pieces and 
use of UV light for major and minor surgical procedures, majority 
of the surgeons tested COVID positive. This observation can be 
due to improper fit of N 95 masks, non-adherence of proper 
donning, doffing and use of protocols which is essential for the 
success of disease prevention among the surgeons. It was seen 
that oral and maxillofacial surgeons who practiced with adequate 
infection control measures were less likely to be affected by 
COVID-19 than those who did not practiced infection control 
measures (Tables 2 and 3 ). Similarly, in a study conducted in United 
States showed dentists who practiced infection control measures 
were less likely to get COVID-19.14,16

In the present study use of chemicals for disinfection and 
use of fumigation system were the predictors of COVID-19 status 
among oral surgeons (Table  3). A systematic review conducted 
on environmental disinfection of a dental clinic during the 
COVID-19 pandemic showed that using environmental disinfection 
is protective. Similar results were found in a study conducted in 
turkey.12,17,18

In this study, various barriers to use infection control measures were 
identified like cost of equipment, the willingness of patients to pay for 
various measures, difficulty in procuring the equipment’s. Similarly, 
a study conducted on the implementation of COVID-19 infection 
control measures by German dentists showed that major barriers 
were lack of knowledge, guidelines, and recommendation as well 
as limited availability and high costs of equipment’s.19

during surgery, were less likely to be affected by COVID-19 infection 
compared to doctors who did not use infection control, which 
was statistically significant (p  < 0.05). The probability of not being 
affected by COVID is 12.0202 (CI: 6.2677–23.0522) times more for 
the oral and maxillofacial surgeons who use heap filters compared 
to the subjects who do not use heap filters. The likelihood of not 
being affected by COVID is 29.1451 (CI: 3.9696–213.9389) times 
higher for those who use natural ventilation compared to those 
who do not use natural ventilation. The probability of not being 
affected by COVID is 25.7163 (CI: 7.9386–83.3054) for the subjects 
who use a negative pressure room compared to the subjects who 
do not use a negative pressure room. Surgeons using a fumigation 
system and chemical disinfection after surgery were less likely to be 
affected by COVID-19 infection compared to doctors who did not 
use infection control measures, which was statistically significant 
(p  < 0.05). The likelihood of not being affected by COVID is 8.6256 
(CI: 5,1419–14.4695) times higher for those who use the required 
chemicals for disinfection compared to those who do not use the 
required chemicals for disinfection. Whereas active screening for 
fever and COVID-19 symptoms, RT PCR testing for patients (Table 2).

From the table above, we can clearly say that there were only 
two major significant predictors for the COVID status in the model. 
The likelihood of not being positive for COVID is 4.8542 times 
higher for subjects who used chemicals for disinfection compared 
to oral and maxillofacial surgeons who did not use chemicals for 
disinfection. The likelihood of not being positive for COVID-19 is 
14.8505 times for surgeons who used fumigation system (Table 3).

dI s c u s s I o n
Infection control especially COVID-19 in the present pandemic 
situation continues to be one of the most critical issue in health 
care services worldwide. Transmission of infection during dental 
procedures may occur through direct contact with bodily fluids or 
via indirect contact with objects like instruments or environment 
surfaces.1,2,4 So, there is a need to present and control infection to 
provide secure environment for health care professionals in general 
and more specifically for oral and maxillofacial surgeons.9,11,12

In the present study, it was seen that infection control measures 
were practiced more by the oral and maxillofacial surgeons working 
in government hospital when compared to private hospitals 
(Table  4). Compliance with effective infection control practices 
may be affected by several factors such as knowledge, cost, lack 

Table 4: Distribution of study participants according to Barriers for Infection control measures

Yes No

Barriers Cost effective 202 (57.22%) 151 (42.78%)
Patient not willing to pay for PPE’s essentials 202 (57.22%) 151 (42.78%)

Difficulty in procuring 0 (0%) 353 (100%)

Difficulty in performing the procedure with PPE’s 251 (71.1%) 102 (28.9%)

Table 3: Logistic regression model for predictors of COVID-19 status among oral and maxillofacial surgeons

Estimate Std. Error z value p-value OR (CI)

(Intercept) −1.2024 0.2201 −5.462  <0.0001* 0.3005 (0.192, 0.4565)
Chemicals required No (Reference)

Yes 1.5798 0.3059 5.164  <0.0001* 4.8542 (2.6839, 8.9385)
Fumigation systems No (Reference)

Yes 2.698 0.3241 8.325  <0.0001* 14.8505 (8.041, 28.8145)
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Qu e s t I o n n A I r e
1. Name:___________________
2. Age:____________
3. Zone/state of practice:_________________________
4. Where do you work

 Private setup   
 Government setup   

5.  Which of the following measures you have adapted to combat 
the COID 19 Situation

 Use of prophylactic medication  
 Screening of patient: History  
 Body Temperature   
 Blood COVID testing   
 Use of Appropriate PPE and face shield 
 Use of N 95 masks   

co n c lu s I o n
The dental health care professionals especially oral and maxillofacial 
surgeons are potentially at risk of exposure to COVID-19. The finding 
of this study has highlighted the need for infection control measures.

• This study shows that majority of infection control measures 
were practiced more in government hospitals when compared 
to private hospitals.

• This study highlights that oral and maxillofacial surgeon 
practicing infection control measures like use of prophylactic 
medication, high volume extra oral suction, negative pressure 
room, use of HEPA filters, fumigation system, and use of chemicals 
for disinfection were less likely to be affected by COVID-19.

• In this study, it was observed that in spite of recording body 
temperature, use of PPE, use of N 95 masks, use of dental chair 
water unit, use of Hand pieces and use of UV light for major 
and minor surgical procedures, majority of the surgeons tested 
COVID positive.

• The common barriers to adopt infection control measures were 
cost, willingness of patient, difficulty in procuring and difficulty 
in performing the procedures using PPE.

Recommendations

• Regardless of whether the health care professionals acquire 
infection at workplace or community, it is essential to practice 
appropriate infection control measures like use of personal 
protective equipment, sterile instruments and devices, clean 
and disinfected environmental surfaces.

• Adequate information regarding basis infection control 
measures should be provided to oral and maxillofacial surgeons 
through continuing education programs by dental association 
and government agencies.

Limitations
The study relies on self-reported information and might therefore 
represent overestimation of practices of infection control measures. 
The association of COVID positive status among the oral surgeons 
cannot be completely associated with their inappropriate use of 
infection control measures solely, but may be due to their exposure 
to COVID patients outside their clinical practice also.
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7. Have you been tested positive for COVID 19
 Yes 
 No  

8. Did you develop the symptoms
 Yes 
 No  

9. What are the barriers in adapting the protocols
 Cost effective
 Patient not willing to pay for PPE’s
 Difficulty in procuring
 Difficulty in performing the procedure

 Fumigation systems   
 High volume extra oral suction  
 The indoor air cleaning system  
 The dental chair water lines should be equipped with ant 

retraction valves n valves  
 Used hand pieces with anti-retraction valves only 
 Chemicals required for disinfection 
 Heap filters    
 UG light    
 Natural ventilation   
 Negative pressure room  
 Any others:_______

6. Have you treated any COVID positive patient
 Yes 
 No  
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INTRODUCTION 

Prenatal maternal anxiety is a distinct and definable 
syndrome that refers to fears and worries about the 
pregnancy, delivery, health of the child, and ability to 
care for the child.1 A woman is highly vulnerable to 
anxiety and stress during her pregnancy, thus in-
creasing the risk of emotional suffering and psychiat-
ric morbidity in this phase of her life. The occurrence 
of anxiety and depression during pregnancy is 10-
15% in developed world.2 Studies on anxiety in the 
antenatal period have shown prevalence ranging 
from 6.6% in a Swedish study to 54.0% in a study 
from Hong Kong.3 Similarly a research study from In-
dia revealed that 8% of prenatal women had severe, 
22% had moderate and 70% had mild level of anxie-

ty.4 Studies on antenatal anxiety have indicated that 
generalized anxiety disorder is the most common, 
with a prevalence of about 8.5%–10.5%, followed by 
panic disorder (1.4%–5.2%) and obsessive–
compulsive disorder (1.2%–5.2%).5,6,7 

Mental health, being an important component of re-
productive health is often being neglected. Depres-
sion during pregnancy has been associated with poor 
attendance at antenatal clinics, substance abuse, and 
low birth weight, all of which can lead to neonatal 
morbidity and mortality.8,9 anxiety disorders are as-
sociated with elevated maternal cortisol, which is a 
predictor of negative neonatal outcomes, impaired 
cognitive development, and future behavioural prob-
lems.10 

ABSTRACT 
Background: A woman is highly vulnerable to anxiety and stress during her pregnancy causing negative 
effect in somatic and psychological forms like Intrauterine growth restriction, low birth weight and pre-
term birth in child. Maternal anxiety not only leads to adverse effect on pregnancy outcome but also de-
creases maternal competence in childcare.  

Aims/Objectives: Determine the prevalence of antenatal anxiety among women attending Ashok Nagar 
UHC and identify the associated risk factors. 

Methodology: A cross sectional study was done for 3 months in 320 antenatal women attending antena-
tal clinic at Ashok Nagar UHC. Data collection was done using a pre designed and pre tested question-
naire. 

Results: The prevalence of antenatal anxiety was 31.2%. Among them 30% had mild to moderate anxie-
ty and only 1.2% had severe anxiety. Prevalence of anxiety was higher in younger women and with low-
er literacy status. 

Conclusion: Antenatal anxiety is of major public health importance but its effect on mother is not con-
sidered to be a serious issue in the society. There is a need for regular antenatal screening, assessment 
and treatment of antenatal anxiety. 

Keywords: Antenatal anxiety, PASS, Primigravida, Screening 
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Depression and anxiety are the most common mental 
health problems during pregnancy with around 12% 
of the women experiencing depression and 13% ex-
periencing anxiety at some point; many experience 
both.11 Depression and anxiety have been linked to 
somatic complaints, gestational and obstetric com-
plications, stillbirth, premature birth, low birth 
weight, low Apgar score, smaller head circumference, 
alterations in fetal motor activity, affected fetal heart 
rate pattern and major congenital anomalies.12 Stress 
and anxiety during pregnancy could diminish one’s 
capacity for self-care, which could lead to inadequate 
nutrition, all of which could have influence on the fe-
tus leading to intrauterine growth restriction 
(IUGR).13 

Childcare stresses, pregnancy and obstetric compli-
cations, poor relationship with their partner, and 
lower socioeconomic status have also been identified 
as moderate-risk factors for depression in pregnan-
cy. 14,15 

Most of the research efforts toward prenatal mater-
nal anxiety has been situated in high-income coun-
tries. In low- and middle-income countries (LMIC), 
other mental health issue such as maternal depres-
sion has remained a key focus of research and health 
care. Because of this, prenatal maternal anxiety in 
LMIC is poorly understood. Contextual factors in 
LMICs must be taken into consideration, such as high 
mortality rates for mother and infant, poor access to 
health care, cost of obtaining care, and poor quality 
of available resources. Indeed, it has been suggested 
that aspects of prenatal maternal anxiety that are 
particularly potent may not exist only during the 
pregnancy, but be magnified due to the existence of 
the pregnancy itself, particularly in LMICs. Antenatal 
depression has been widely studied but anxiety issue 
has been scarcely highlighted. The present study was 
planned to keep these factors in mind to assess the 
occurrence of anxiety among antenatal mothers at-
tending Ashok Nagar Urban Health Centre (UHC) us-
ing the Perinatal Anxiety Screening Scale (PASS) and 
also to identify the associated risk factors among the 
measures of anxiety in pregnant women, such as so-
cioeconomic, demographic and obstetric variables. 
 

OBJECTIVES 

The research was undertaken to study the preva-
lence of anxiety among antenatal women in an urban 
area of Belagavi, Karnataka and to study the factors 
associated with anxiety among antenatal women. 
 

METHODOLOGY 

This cross-sectional study was carried out among 
320 antenatal women attending the antenatal clinic 
at Ashok Nagar Urban Health Centre (UHC), Belagavi. 
The study population consisted of pregnant women 
who underwent monthly prenatal care at the UHC. 
The sample size was estimated using the formula n = 
4pq/d2 where, prevalence was 27%,16 precision of 

5% and 95% confidence interval were assumed. An-
tenatal women who were on anxiolytic drugs or gave 
a previous history of mental illness or had any major 
medical illness were excluded from the study. Ethical 
clearance for the study was obtained from Institu-
tional Ethical Clearance Committee. 

Data collection: Data was collected for a period of 3 
months (November 2020 to January 2021). Every 
participant was personally interviewed by the re-
searcher after obtaining written informed consent. A 
pilot study was conducted to assess the reliability 
and feasibility of the planned study. Necessary cor-
rection was made in the questionnaire. 

Socioeconomic status was calculated was using Mod-
ified B.G. Prasad Classification 2019 that was classi-
fied based upon per capita income (per month): Class 
I for Rs. 7008 and above, Class II for Rs. 3504-7007, 
Class III for Rs.2102-3503, Class IV for Rs. 1051-
2101 and Class V for Rs.1050 and less.9 

Study tool: A pre-designed, semi-structured, pre-
tested questionnaire was used. It composed of three 
parts – socio-demographic detail, obstetric history 
and Perinatal Anxiety Screening Scale (PASS) scoring 
system. The socio-demographic detail studied was 
age, religion, marital status, literacy, employment 
and socioeconomic status. The obstetric history rep-
resented the gravidity, parity, Period of Gestation 
(POG) and history of previous bad obstetric events. 
Assessment of anxiety was done using PASS ques-
tionnaire. It’s a valid and reliable 31 item Likert’s 
scale based, self-report instrument designed to 
screen the problematic anxiety in antenatal and 
postpartum women.10 It measures the four domains 
that address specific symptoms of anxiety as they 
present in perinatal women constituting of excessive 
worry and specific fears; perfectionism, control and 
trauma; social anxiety and acute anxiety and adjust-
ment. The score ranged from 0 to 93. The severity of 
anxiety ranged as asymptomatic if the total score 
was 0-20, mild to moderate symptoms if score was 
21-41 and severe symptoms if the score was 42-93. 
The anxiety status was also differentiated as low and 
high risk based on the total score of less than 26 and 
more than or equal to 26 respectively. 

Statistical analysis: Data was coded and entered in 
excel sheet. Descriptive statistics were expressed as 
percentage. Chi-square test was used to find the as-
sociation between variables and logistic regression 
analysis was done by odds ratio. A p value of ≤ 0.05 
was considered to be statistically significant. 
 

RESULT 

Out of 320 mothers studied, 260 (81.3%) were aged 
18 to 25 years, 42 (13.1%) were 26 to 30 years and 
remaining 18 were aged above 30 years of age. The 
mean ± SD age was 23.2 ± 3.4 years, with a range of 
18 to 33 years. The mean ± SD age of husbands of 
pregnant women was 26.4 ± 3.5 years and the range 
was 21to 38 years. All the study participants were 
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married. Majority 204 (64.4%) of mothers belonged 
to Muslim religion. Regarding literacy status, 100% 
rate was noticed among the study population, but 
most of them had completed only secondary educa-
tion (90.0%) which corresponds to 12 years of 
studying. Only 12 (3.7%) were employed and re-
maining 308 (96.3%) were housewives. Majority of 
the participant’s husbands had completed secondary 
education (82.4%) and more than half of them were 
Government employee (65%). According to Modified 
B.G. Prasad’s socio-economic classification, 160 
(50.0%) belonged to classes II and III, 152 (47.5%) 
to classes IV and V and only 2.5% belonged to Upper 
class. Primigravida constituted 53.1% of the total 
sample size, whereas 150 (46.9%) were multigravi-
da. According to the gestational age, 74 (23.1%) of 

pregnant women were in the first trimester, 186 
(58.1%) in the second trimester and 60 (18.8%) in 
the third trimester of pregnancy. History of previous 
abortion was present in 49 (15.3%) women. 

 

Table 1: Risk and Severity of anxiety among 
study participants (N=320) 

Variables Anxiety score Participants (%) 
Risk of anxiety   

Low risk <26 282 (88.1) 
High risk ≥26 38 (11.9) 

Severity of anxiety   
Asymptomatic 0-20 220 (68.7) 
Mild to moderate 21-41 96 (30.0) 
Severe 42-93 4 (1.3) 

 
Table 2: Association between prevalence of anxiety and socio - demographic variables of the study 
participant (N=320) 

Variable With Anxiety (%) Without Anxiety (%) Chi Square P Value 
Age (in years)     

18 – 25  89 (89.0)  171 (77.7) 6.8 0.03 
26 – 30  6 (6.0)  36 (16.4) 
>30 5 (5.0) 13 (5.9) 

Religion         
Hindu 32 (32.0) 84 (38.2) 1.13 0.286 
Muslim 68 (68.0) 136 (61.8)     

Literacy status      
11.96 

 
0.008 Primary 6 (6.0) 38 (17.3) 

High school 52 (52.0) 100 (45.5) 
Secondary 36 (36.0) 56 (25.4) 
Graduate  6 (6.0) 26 (11.8) 

Socioeconomic status      
0.364 

 
0.545 Upper and middle 50 (50.0) 118 (53.6) 

Lower  50 (50.0) 102 (46.4) 
Gravidity      

16.63 
 
0.00005 Primi 70 (70.0) 100 (45.5) 

Multi  30 (30.0) 120 (54.5) 
Trimester of pregnancy      

13.55 
 
0.001 1st 24 (24.0) 50 (22.7) 

2nd 46 (46.0) 140 (63.6) 
3rd   30 (30.0) 30 (13.6) 

H/o previous abortion       
31.24 

 
0.00001 Absent 68 (68.0) 203 (92.3) 

Present  32 (32.0) 17 (7.7) 
 
Table 3: Logistic regression analysis to determine relation between prevalence of anxiety and socio - 
demographic variables of the study participant 

Variables With Anxiety (%) Without Anxiety (%) OR* (95% CI) ** 
Age (in years)      

18 – 25  89 171 2.318 (1.149 – 4.679) 
>25 11 49 Ref 

Education       
Up to High school 58 138 1.218 (0.750 – 1.970) 
Secondary and above 42 82 Ref 

Gravidity      
Primigravida  70 100 2.801 (1.693 – 4.632) 
Multigravida  30 120 Ref 

Period of gestation (trimester)      
First and second  70 190 2.714 (1.526 – 4.826) 
Third 30 30 Ref 

Previous abortion      
Present  68 203 0.178 (0.093 – 0.340) 
Absent  32 17 Ref 

*OR = Odds ratio **95% CI = Confidence Interval 
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Table 4: Domains of Perinatal Anxiety Screening Score (n=320) 

Domains Participants 
Domain 1: EXCESSIVE WORRY AND SPECIFIC FEARS  

Worry about the baby / pregnancy 59.40% 
Fear that harm will come to baby 60.70% 
Sense of dread - something bad is going to happen 19.40% 
Worry about many things 45.00% 
Worry about the future 41.90% 
Feeling overwhelmed 58.80% 
Really strong fears about things eg. Blood, birth, pain, needles 63.20% 
Sudden rushes of extreme fear/discomfort 28.80% 
Repetitive thoughts difficult to control 31.30% 
Difficulty sleeping even when there is the chance to sleep 36.90% 

Domain 2: PERFECTIONISM, CONTROL AND TRAUMA   
Having to do things in a certain way or order 77.50% 
Wanting things to be perfect 71.90% 
Needing to be in control of things 38.80% 
Difficulty stopping checking or doing things over and over 10.00% 
Feeling jumpy or easily startled 5.70% 
Concerns about repeated thoughts 9.40% 
Being ‘on guard’ or needing to watch out for things 6.90% 
Upset about repeated memories, dreams or nightmares 28.20% 

Domain 3: SOCIAL ANXIETY   
Worry that I’ll embarrass myself in front of others 33.20% 
Fear that others will judge me negatively 38.80% 
Feeling really uneasy in crowds 32.50% 
Avoiding social activities because I might be nervous 27.50% 
Avoiding things which concerns me 11.90% 

Domain 4: ACUTE ANXIETY AND ADJUSTMENT   
Feeling detached like watching yourself in a movie 11.90% 
Losing track of time and can’t remember what happened 24.40% 
Difficulty adjusting to recent changes 30.00% 
Anxiety getting in the way of being able to do things 14.40% 
Racing thoughts making it hard to concentrate 12.50% 
Fear of losing control 17.50% 
Feeling panicky 46.30% 
Feeling agitated 91.30% 

 

Out of 320 antenatal mothers studied, the prevalence 
of antenatal anxiety was 31.2%. The mean  SD PASS 
score among pregnant women was 12.42  4.60, 
25.27  4.34 and 42 for no, mild to moderate and se-
vere anxiety respectively.  Nearly 38 (11.9%) of 
women had PASS score of more than 26, thus belong-
ing to high-risk category of anxiety. (Table 1) 

Association between prevalence of antenatal anxiety 
and socio-demographic variables were assessed. It 
was found that anxiety was more pronounced among 
women belonging to the age group of 18 - 25 years 
(34.2%) which was statistically significant (p = 0.03). 
Literacy status also affected the prevalence of prena-
tal anxiety. It was seen that anxiety was more among 
women who had received secondary level of educa-
tion (39.1%) with a statistically significant associa-
tion (p = 0.008). Primigravida women also showed 
an increased level of anxiety (41.2%) with a statisti-
cally significant p value of 0.00005. Half of the ante-
natal women under study were found to be anxious 
during the third trimester of pregnancy (50%), 
which was statistically significant (p = 0.001). More 
than half of the women had reported anxiety 
(65.3%), with history of previous abortion (p = 
0.00001). (Table 2) 

On further analysis, it was found that women who 
were 25 years old or below had higher odds of ante-
natal anxiety Odds Ratio (OR) 2.318; 95% Confi-
dence Interval (CI) (1.149 – 4.679). Participants who 
studied till high school were found to have higher 
chance of antenatal anxiety compared to the more 
educated group OR 1.218; 95% CI (0.750 – 1.970). 
Similarly, primigravida mothers were 2.8 times more 
prone to antenatal anxiety compared to multigravida 
mothers OR 2.801; 95% CI (1.693 – 4.632).  It was al-
so highlighted that women in their third trimester 
were twice as more anxious compared to first/ sec-
ond trimester mothers. OR 2.714; 95% CI (1.526 – 
4.826) (Table 3) 

 The PASS questionnaire used for the present study 
has four domains, each one addressing specific cause 
of anxiety during antenatal period. Domain 1 (Exces-
sive Worry and Specific Fears) nearly 60% of the 
pregnant women had a strong fear for procedure in-
volving needle, blood, pain, birth, etc. and fear of im-
pending harm to the baby that depicted generalized 
anxiety and phobia. According to the second domain 
(Perfectionism, Control and Trauma), more than 
70% of study participants revealed obsessive 
tendencies at home with work being done in a cer-
tain way and also craved for perfectionism. Domain 3 
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(Social Anxiety) was the least cause for anxiety in 
pregnant women. The reason may be; pregnancy is 
considered as a norm in our society and very few 
mothers experience negative judgement, embar-
rassment and a sense of uneasiness in crowded plac-
es. As per the fourth domain (Acute Anxiety and Ad-
justment), more than 90% of women experienced 
bouts of frequent agitation across the trimesters of 
pregnancy and nearly half also complained of pan-
icky attacks. (Table 4). 

 

DISCUSSION 

The present study determined the overall anxiety 
among the 320 study participants as 31.2% with 
mild to moderate being 30% and very few severe 
anxiety cases being recorded (1.2%). Our study re-
flected that majority of the women (81.3%) belonged 
to the age group of 18 - 25 years with 100% literacy 
status. However, only 3.7% of the antenatal women 
were employed. This suggests that the study area 
comprised of educated women who had good under-
standing of the prevailing issues. However, lower 
employment status reflects the societal mindset to-
wards pregnant mothers. Higher prevalence of ante-
natal anxiety in our study could be due to the pre-
vailing mindset of the women in most of the rural 
parts of India regarding pregnancy owing to their 
lack of knowledge and understanding of the issue.  

There have been various studies done using other in-
struments to assess the prevalence of prenatal anxie-
ty. A study conducted in Bangalore by Thomas CZ et 
al. to determine the prevalence of overall anxiety re-
vealed 22.7% using the same PASS scoring scale.3 In 
a study conducted in Delhi by using the Hospital Anx-
iety and Depression Scale (HADS) scale, the overall 
prevalence of anxiety was found to be 27% which is 
similar to the findings of the present study.16 Another 
study found in accordance with our study was con-
ducted in Kathmandu by Binita Sapkota et al., using 
the same PASS scoring scale and the overall anxiety 
was found to by 29.67%.2 

The findings of our study were similar to a study 
conducted in Bangalore by Thomas CZ et al., where 
65.1% of the study participants were in the age 
group of 20 - 25 years and only 10.3% were em-
ployed.3 However the study was conducted in pre-
dominantly Hindu population (87.7%). Our study 
showed that almost half of the participants belonged 
to lower socioeconomic group (47.5%) with predom-
inantly Muslim population (64.4%). However, a 
study done in Bangalore by Meera G suggested that 
only 11% belonged to lower class and Muslims con-
stituted only 20% of the total participants.19 

The present study reported 23.1% of the antenatal 
mothers in first trimester with primigravida consti-
tuting half (53.1%) of the total study participants 
and 18.9% of the women gave a positive history of 
previous abortion or pregnancy loss. Another study 
conducted by Meera G showed that 43.2% constitut-

ed of primigravida women.19 A study done in Manga-
lore showed similar findings with 16% constituting 
at least one pregnancy loss in past.4 According to the 
gestational age of the women, 15.8% were in the first 
trimester, 41.1% in the second trimester and 43.2% 
in the third trimester. This is in collaboration to a 
study done in Bhubaneshwar by Priyambada K in 
which most of the participants belonged to second 
trimester (40.8%), followed by third trimester 
(31.4%) and 27.8 % belonging to first trimester.12 

The socio demographic components of the antenatal 
women were compared with antenatal anxiety. The 
age group of 18-25 years (p = 0.03) and literacy sta-
tus of secondary education (p = 0.008) reported to 
be risk factors for prenatal anxiety according to our 
study signifying that becoming pregnant at a young 
age itself might be a cause of increased anxiety 
among women. This is in accordance to the study 
conducted by Binita Sapkota et al., that showed sig-
nificant association of age with antenatal anxiety (p < 
0.001).2 

Our study reported an association between the peri-
od of gestation with antenatal anxiety. According to 
the study, antenatal women in their third trimester 
showed a significant association (p = 0.001). This 
may be due to increased level of stress and presence 
of psycho-social issues as they get closer to the deliv-
ery date. This is similar to study done in Bhu-
baneshwar that reported significantly higher anxiety 
scores for third trimester (p =0.000).12 Another 
study done by Madhavanprabhakaran et al. in Kerala 
suggested a significantly high prevalence of pregnan-
cy-specific anxiety during the third trimester.20 How-
ever, another study done in Bangalore reported in-
creased anxiety in early pregnancy with significantly 
higher levels of anxiety during the first trimester 
(47.8%).19 The present study also showed a strong 
trend of association between the gravida status of 
the respondents and the prevalence of anxiety with 
primigravida women showing positive association 
with anxiety which is statistically significant (p < 
0.05). As first-time pregnant women show more ap-
prehensions to the stress of childbirth due to lack of 
experience and appropriate knowledge, primi moth-
ers tend to go through serious anxiety issues. This is 
in accordance to the study conducted by Thomas CZ 
et al., that reported a higher anxiety level among 
primigravida (21.5%) compared to multigravida 
(14.3%).3 Our study supports the significant associa-
tion with respect to previous pregnancy loss. A posi-
tive history of abortion has shown risk to positive 
anxiety screen (65.3%) which is statistically signifi-
cant (p = 0.00001). Therefore, a bad obstetric history 
could affect the mental health and lead to the devel-
opment of anxiety in current pregnancy. The study 
from Bangalore also reported a similar association 
between previous abortions and antenatal anxiety (p 
= 0.001).19 

The present study used the PASS Likert’s scale to de-
termine prenatal anxiety. In Domain 1 depicting “Ex-
cessive Worry and Specific Fears”, 63% of the preg-
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nant women presented with ‘strong fear for proce-
dure involving needle, blood, pain, birth, etc.’ and 
‘fear of impending harm to the baby’ suggesting gen-
eralized anxiety constituted among more than half 
(60.7%) of the participants. This was similar to a 
study conducted by Binita Sapkota et al., that showed 
a finding of 63.5% and 68.8% respectively. In Do-
main 2 that signified “Perfectionism, Control and 
Trauma”, more than 70% of study participants ex-
pressed their desire of ‘Having to do things in a cer-
tain way or order’ and ‘Wanting things to be perfect’. 
Similar findings were noted in the Nepal study that 
contributed to more than 65% of the total study par-
ticipants. The third domain that denoted “Social Anx-
iety” formed the minimal contributing factor to ante-
natal anxiety. According to this domain in our study, 
“Worry that I’ll embarrass myself in front of others” 
and “Fear that others will judge me negatively” were 
answered by only 33.2% and 38.8% respectively. 
However, the other study noted positive response 
among 70.9% and 72.7% of the study participants, 
respectively. According to the fourth domain “Acute 
Anxiety and Adjustment”, 91.3% of women experi-
enced episodes of frequent ‘agitation’ during the 
course of pregnancy. This observation was found to 
be similar to the study by Binita Sapkota et al., that 
suggested the bouts of agitation among 84.3% of the 
women.2 
 

STRENGTHS & LIMITATIONS 

Every participant was interviewed by the female re-
searcher hence the pregnant women could open up 
and give their honest views on anxiety. We conduct-
ed the interview on antenatal clinic days at our Ur-
ban Health Centre so that we could reach out to max-
imum participants. The application of PASS scale that 
deals mainly with perinatal anxiety proved to be a 
significant strength to this study research. 

The limitation of our study is that possible involve-
ment of neuro-endocrinal factors that was not as-
sessed. Gender-based risk factors like intimate part-
ner violence were not assessed in our study. Recall 
bias and social desirability are potential threats to 
the internal validity of the study. Since this is a cross 
sectional study design and has a small sample size, 
there is a lack of follow up which is necessary to 
track anxiety issues in postpartum period as well. 
This can be corrected by applying longitudinal study 
designs in future research. 
 

CONCLUSION 

Antenatal anxiety affects a pregnant woman’s physi-
cal, emotional, social and behavioural well-being. Our 
findings suggest a high proportion of prevalence of 
anxiety among pregnant women (31.2%). The pre-
dominant causes of anxiety were worry, fear of harm 
to the baby, strong fears of blood, pain, needle, fear 
of being judged negatively, panic attacks and bouts of 
agitation during pregnancy. Factors influencing this 
prevalence were age of the women, less education 

and trimester of pregnancy. There was a significant 
association of prenatal anxiety with age, gravida sta-
tus and period of gestation. There is a need to high-
light the comprehensive approach of antenatal care 
services including timely identification and man-
agement during pregnancy in order to overcome the 
potential mental hazard posed to motherhood. 

 

RECOMMENDATIONS 

It is important to conduct routine screening of ante-
natal mothers for anxiety especially in the first tri-
mester by female health workers in the community. 
Once identified, we must counsel the anxious preg-
nant women, focusing on young mothers who are 
primigravida. Awareness must be created first 
among the grass root level health workers regarding 
the effects of antenatal anxiety and appropriate 
training should be provided to them so that they can 
assess, screen and deal with anxious mothers effi-
ciently. 
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Introduction
According to the United Nations, 
elderly or older adults are persons aged 
60+ years.[1] Abuse is defined as “speak to 
someone in an insulting and offensive way 
or treat with cruelty or violence, especially 
regularly or repeatedly.”[2] Older adults are 
often wronged in various ways by their 
trustworthy people which results in lifelong 
consequences. This amounts to elder abuse, 
i.e., “a single or repeated act, or lack of 
appropriate action, occurring within any 
relationship where there is an expectation 
of trust, which causes harm or distress to 
an older person” as defined by the WHO.[3] 
According to the WHO – World Report on 
Ageing and Health 2016, the prevalence 
of elder abuse in high‑ or middle‑income 
countries ranged from 2.2% to 14%. 
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Abstract
Background: Elder abuse is defined by the WHO as: “a single or repeated act or lack of appropriate 
action, occurring within any relationship where there is an expectation of trust, which causes 
harm or distress to an older person.” Elder abuse has always been considered a western problem 
and its existence in India has never been acknowledged seriously. The present study aimed to 
find the prevalence of elder abuse and assess the sociodemographic determinants for the same. 
Materials and Methods: A cross‑sectional, questionnaire‑based study was conducted among 400 in 
elderly population of age ≥60 years, residing for at least 1 year in rural field practice areas of primary 
health‑care Vantamuri in Belagavi taluka and district, Karnataka state, India, by systematic random 
sampling from January 1, to December 30, 2020. A set of pretested standardized questionnaires 
consisting of three parts, including “Modified Geriatric Mistreatment Scale” to assess the elder abuse 
prevalence, were used. Statistical analysis was done by using rates, proportions, and percentages, 
and the association was tested with Chi‑square test and binary logistic regression. Results: Among 
the 400 elderly participants, the overall prevalence of elder abuse was found to be 68 (17%). Among 
all these cases, maximum number of them were facing psychological abuse (59, 52%), followed 
by economic exploitation (24, 21%), neglect (23, 20%), and physical abuse (8, 7%). None of the 
participants had experienced sexual abuse. Statistically significant association was present between 
the occurrence of abuse and sociodemographic characteristics such as age ≥70 years, illiteracy, 
elderly living with family/spouse, and living in a house owned by spouse/others or a rented place. 
Conclusion: The prevalence of elder abuse was found to be low (17%) as compared to what was 
expected (35%). Elder abuse exists in India in various forms, and it is imperative to form new 
policies and strategies by the government, police, health administration, and NGOs to prevent abuse 
of elderly population in rural India.
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According to the analysis, the most common 
types included: physical abuse (prevalence, 
0.2–4.9%); sexual abuse (prevalence, 
0.04%–0.82%); psychological abuse, 
above a threshold for frequency or severity 
(prevalence, 0.7%–6.3%); financial 
abuse (prevalence, 1.0%–9.2%); and 
neglect (prevalence, 0.2%–5.5%).[3]

India is a country where people always care 
for their elders, not out of obligation, but 
because they respect the elderly. However, 
since there has been a shift from joint 
family to nuclear family system and change 
in the societal values, the care for the 
elderly is overlooked. At present, the elders 
find themselves absolutely helpless and 
disappointed because no one in the family 
or the society thinks about the care that 
they require once they get old.

The percentage of elderly population 
has augmented from 5.6% in 1961% to 
8.6% in 2011. This number might rise 
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to 315 million by 2050, comprising 20% of the entire 
population. This longevity of life has been achieved due 
to betterment which has taken place financially, treatment 
and management facilities, and drop in the fertility rates. 
Twenty‑nine percentage of the total population resides in 
urban areas and 71% in rural areas. According to the Indian 
Population Census of 1991, the elderly males were more 
in number than elderly females. However, in the past two 
decades, there was a reversal in this trend, and the elderly 
females outnumbered the elderly males. Older women 
being more vulnerable on all frontages compared to older 
men have posed a major fear for policymakers. The life 
expectancy at birth between 2009 and 2013 was found 
to be 69.3 years and 65.8 years for females and males, 
respectively. It was reported that the average remaining 
span of life was 18 years and <12 years at 60 and 70 years 
of age, respectively. There was a hike in the old‑age 
dependency ratio from 10.9% to 14.2% from 1961 to 2011 
in India. The ratio was 14.9% for females and 13.6% for 
males in 2011.[4]

With the rise in the number of elderlies, the country is 
experiencing a tectonic shift demographically, popularly 
known as the “Grey Tsunami,” which will result in a 
sudden and massive rise in the elderly population in the 
next two decades with a simultaneous rise in their needs 
and our nation is totally unprepared to manage it in future. 
It is disappointing to see that the older population in our 
country might head toward destitution and poor health 
in their old age days, after sacrificing so much for their 
children in the prime of their lives and contributing in 
the nation’s progress. Furthermore, poor economic and 
social security makes the elderly helpless and dependent. 
Elder abuse, once considered a western problem, has now 
started gripping its existence in India but has never been 
acknowledged seriously. However, the elderly have started 
realizing that they are often perceived as a burden by their 
children. The younger and older family members find it 
difficult to cope up. The unwanted behavior of the younger 
family members is experienced as abnormal by the elder 
family member. This isolation, lack of attention, care, and 
their exclusion in taking important decisions in the family 
matters makes them feel neglected and disregarded leading 
to loneliness and depression.[5]

Objectives

1. To measure the prevalence rate of elder abuse residing 
in rural area

2. To find the sociodemographic determinants of elder 
abuse.

Materials and Methods
This community‑based cross‑sectional study was conducted 
for 12 months (January 1, 2020–December 31, 2020) 
among the elderly population of age ≥60 years, residing 
for at least 1 year in rural field practice areas of primary 

health‑care (PHC) Vantamuri (rural) in Belagavi taluka 
of Belagavi district, Karnataka state, India. The sample 
size was calculated by assuming the prevalence of elder 
abuse as 35% from a previous study done in Maharashtra 
in 2016.[6] The sample size was calculated using the 
formula n = 4pq/d2, where n is the sample size, p is the 
prevalence of elder abuse, and q = 100‑p. After adding “no 
response rate” as 10%, it came to 402, by considering 95% 
confidence interval (CI) and absolute error (d) as 5%.

According to Census India 2011 data, the elderly 
population in the state of Karnataka comprises about 
7.7% of its total population. The average decadal increase 
in the elderly population among states between 2001 and 
2011 was 1%, according to census India 2001 and 2011. 
The total population residing in PHC Vantamuri rural field 
practice area is 39,952 as per the CNAA survey done in 
2018 (Ref: As per the written information received by 
the Medical Officer, Vantamuri). This when multiplied by 
7.7% + 1% = 8.7% and divided by the estimated sample 
size (i.e., 400) gave the value of every nth house which was 
approached in the community for data collection.

th th39952 8.7%therefore, n value = 8.68 every9 house
402
×

= ≈

If two or more elderly were present in one house, only one 
person was randomly included. If the study subject was not 
available at first attempt, two more attempts were made by 
the investigator to collect data. Otherwise, the house was 
skipped and the next house was taken for sampling.

Data collection was done by means of personal interview 
by the researcher in the house‑to‑house visits. Written 
informed consent was obtained from all the study 
participants before the onset of data collection, and data 
confidentiality was maintained. At first, the cognition 
level of the participants was tested using Mini‑Cognitive 
test.[6] The eligible candidates were then further asked 
about their sociodemographic profile and their experience 
of elder abuse (using Modified Geriatric Mistreatment 
Scale)[7] in the preceding 12 months period. Data were 
collected by personal interview by the investigator using 
a predesigned pretested pro forma. The characteristics 
noted were age, gender, marital status, address, religion, 
reservation category, type of family, family members, living 
arrangements, qualification status, occupation, ownership 
of the house, and income (self and household). Pamphlets 
containing information on elder abuse in local language 
were prepared and distributed to the participants in all four 
subcenters after taking their personal interview.

Data collected using the questionnaire were coded and 
entered into Microsoft Excel. Data management was 
done in Microsoft Excel and analysed using IBM SPSS 
Statistics for Windows, Version 20.0. Armonk, NY: IBM 
Corp. Descriptive data were expressed in percentages and 
frequencies. Chi‑square test, univariate, and multivariate 
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binary logistic regression were used for finding the 
association between categorical variables.

Results
The present study was undertaken in the rural field 
practice areas of PHC Vantamuri in Belagavi taluka 
of Belagavi district, Karnataka state of India, among 
400 elderly (≥60 years) population. Out of all 402 
elderly approached, 400 were included in the study and 
2 participants were excluded, as they could not pass 
the mini‑cognitive test. Out of 400 study participants, 
255 (63.7%) elderly belonged to the age group of 
60–69 years. The mean age of the study participants was 
68.18 ± 7.12 years with a range of 60–91 years and the 
median age was 66 years. It was noted that 252 (63%) 
elderly were females and 148 (37%) elderly were males. 
Among 400 participants, 255 (63.7%) were married, 
144 (36%) were widowed, and only one (0.3%) was single. 
Majority 350 (87.5%) followed Hinduism, 46 (11.5%) were 
Muslim, and 4 (1%) participants followed Christianity. Out 
of 400 elderly participants, 158 (39.5%) belonged to other 
backward classes category, followed by 126 (31.5%) from 
scheduled tribe category, 91 (22.75%) belonged to general 
category, and 25 (6.25%) were from scheduled castes 
category. Most of them were living in a joint family (313, 
78.25%), followed by 87 (21.75%) living in a nuclear 
family. Out of all the participants studied, 354 (88.5%) lived 
with their families, followed by 24 elderly who lived only 
with their spouse (6%), 17 elderly who lived alone (4.3%), 
and 5 subjects lived with a relative and any other 
person (1.25%). Literacy status of the study participants 
revealed that 255 (63.7%) and 145 (36.25%) were illiterate 
and literates, respectively. With respect to occupation, 
it was observed that 201 (50.2%) were unemployed/
retired, 114 (28.5%) were employed and 87 (21.8%) were 
homemakers. According to the study participants’ house 
ownership status, it was noted that 239 (59.75%) elderly 
owned their house, whereas 83 (20.75%) lived in a house 
owned by their spouse, 62 (15.5%) lived in a house owned 
by others, and 16 (4%) reported to be living in a rented 
house. Among the 400 study subjects, 141 (35.25%) 
belonged to Class V, 140 (35%) to Class IV, 71 (17.75%) 
to Class III, 32 (8%) to Class II, and 10 (2.5%) belonged 
to Class I socioeconomic status according to modified BG 
Prasad’s Classification 2021 [Table 1].[8]

Among the 400 elderly participants, the percentage of 
prevalence of elder abuse was found to be 17% (68 
victims). Among all these cases, maximum number of 
them were facing psychological abuse (59, 52%), followed 
by economic exploitation (24, 21%), neglect (23, 20%), 
and physical abuse (8, 7%). None of the participants had 
experienced sexual abuse [Table 2 and Graph 1].

Chi‑square test showed statistically significant association 
present between the participants who had experienced any 
kind of abuse and who were aged ≥70 years (P = 0.001), 

Table 1: Distribution of study participants according to 
their sociodemographic characteristics (n=400)

Sociodemographic characteristics n (%)
Age group (years)

60‑69 255 (63.7)
70‑79 108 (27)
≥80 37 (9.3)

Sex
Male 148 (37)
Female 252 (63)

Marital status
Married 255 (63.7)
Single/widowed 145 (36.3)

Subcenters
Vantamuri 107 (26.75)
Kakati 119 (29.75)
Bhutramanahatti 87 (21.75)
Honaga 87 (21.75)

Religion
Hindu 350 (87.5)
Muslim 46 (11.5)
Christian 4 (1)

Category
General 91 (22.75)
SC 25 (6.25)
ST 126 (31.5)
OBC 158 (39.5)

Type of family
Nuclear 87 (21.75)
Joint 313 (78.25)

Family members
1‑5 176 (44)
6‑10 209 (52.25)
11‑15 11 (2.75)
16‑20 4 (1)

Living arrangements
With family 354 (88.5)
With spouse only 24 (6)
Alone 17 (4.3)
With relative/any other 5 (1.2)

Education status
Illiterate 255 (63.7)
Primary 60 (15)
High school 66 (16.5)
PUC/ITI Diploma 8 (2)
Graduate 11 (2.8)

Occupation
Self‑employed 33 (8.3)
Government service 1 (0.3)
Private service 6 (1.5)
Farmer 59 (14.8)
Laborer 13 (3.3)
Homemaker 87 (21.8)
Unemployed/retired 201 (50.2)

House ownership

Contd...
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married (P = 0.02), living with family/spouse (P = 0.002), 
illiterate (P = 0.001), and lived in house owned by spouse/
others/rented (P = 0.009) [Table 3].

Univariate binary logistic regression analysis was 
done to check the strength of association between the 
sociodemographic profile of the study participants and 
their experience of elder abuse. Results showed that elderly 
aged 60–69 years compared to elderly aged ≥70 years were 
0.404 times (95% CI: 0.238–0.686, P = 0.001) less likely 
to experience abuse. Single/widowed elderly compared 
to married elderly participants were 1.852 times (95% 
C.I. 1.093–3.138, P = 0.02) more likely to experience 
abuse. Illiterate elderly compared to literate elderly were 
2.792 times (95% CI: 1.468–5.312, P = 0.002) more likely 
to experience abuse. Elderly participants who owned their 
house compared to elderly participants who lived in a house 
owned by spouse/others or a rented place were 0.499 times 
(95% CI: 0.295–0.846, P = 0.04) less likely to experience 
abuse. Elderly participants who lived with their family/spouse 
compared to elderly living alone or with relative/any other 
person were 0.267 times (95% CI 0.109–0.653, P = 0.004) 
less likely to experience abuse [Table 4].

Independent variables showing statistically significant 
association using univariate binary logistic regression were 
selected for multivariate binary logistic regression analysis 
which was done to remove the effect of confounders 
and check the strength of association between the 
sociodemographic profile of the study participants and 
their experience of elder abuse. Results showed that elderly 
aged 60–69 years compared to elderly aged ≥70 years were 

0.424 times (95% CI: 0.238–0.755, P = 0.004) less likely 
to experience abuse. Illiterate elderly compared to literate 
elderly were 2.213 times (95% CI: 1.132–4.327, P = 0.02) 
more likely to experience abuse. Elderly participants who 
owned their house compared to elderly participants who 
lived in a house owned by spouse/others or a rented place 
were 0.47 times (95% CI: 0.269–0.821, P = 0.008) less 
likely to experience abuse. Elderly participants who lived 
with their family/spouse compared to elderly living alone 
or with relative/any other person were 0.317 times (95% 
CI: 0.114–0.884, P = 0.028) less likely to experience 
abuse [Table 4].

Discussion
In the present study, out of 400 rural elderly study 
participants, 255 (63.7%) belonged to the age group of 
60–69 years. The mean age of the study participants was 
68.18 ± 7.12 years with a range of 60–91 years and median 
age was 66 years.

Among the 400 elderly participants, the overall prevalence 
of elder abuse was found to be 68 (17%). Among all these 
cases, maximum number of them were facing psychological 
abuse (59, 52%), followed by economic exploitation 
(24, 21%), neglect (23, 20%), and physical abuse (8, 7%). 
None of the participants had experienced any sexual abuse.

In the “Elder Abuse study – 2018” by Help Age India, 25% 
of elders had stated that they had experienced elder abuse. 
The findings also showed that the most common form of 
elder abuse prevalent was disrespect and verbal abuse (50%) 
followed by neglect (34%), economic exploitation (22%), 
and beating/slapping (12%). 1% elderly had stated that 
they were victims of sexual abuse.[5] A study conducted 
in Maharashtra in 2016 used data from the “BKPAI” 
survey with a sample size of 1,435 elders and showed the 
prevalence of elder abuse around 35%.[8] Another study 
conducted in Mumbai in 2018 used data from “BKPAI” 
survey with a sample size of 9,850 elders and found that 
the prevalence of elder abuse was 10%.[9] A cross‑sectional 

Table 1: Contd...
Sociodemographic characteristics n (%)

Self‑owned 239 (59.75)
Owned by spouse 83 (20.75)
Owned by others 62 (15.5)
Rented 16 (4)

Socioeconomic status
Class I 11 (2.8)
Class II 32 (8)
Class III 71 (17.75)
Class IV 144 (36)
Class V 142 (35.5)

Table 2: Distribution of participants according to the 
experience of elder abuse and its forms

Elder abuse prevalence n (%)
Physical abuse 8 (2)
Psychological abuse 59 (14.6)
Economic exploitation 24 (6)
Neglect 23 (5.7)
Sexual abuse 0
Total abuse prevalence 68 (16.9)
Total 400 (100)

Graph 1: Distribution of participants according to the experience of elder 
abuse and its forms
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study conducted among 243 elderly in rural Puducherry in 
2019 found the prevalence of elder abuse to be 50.2%.[10] 
The variation with respect to elder abuse prevalence could 
have been due to differences in the level of awareness and 
knowledge about elder abuse.

Compared to studies conducted in India, a survey 
conducted in Ireland among community‑dwelling people 
aged 65 years or more showed the prevalence of overall 
abuse and neglect of only 2.2%.[11] The Malaysian Elder 
Mistreatment Project, a population‑based survey conducted 
in 2017 among 4118 elderly in Malaysia, also showed the 
prevalence elder abuse of 4.5%.[12] Similar results have been 
found in other studies conducted to find the prevalence 

of elder abuse that showed that the most common forms 
of abuse prevalent were verbal abuse, disrespect, and 
neglect.[9,13‑16]

Statistically significant association was found in the 
present study, with Chi‑square analysis done between 
the participants who had experienced abuse and who 
were aged ≥70 years, married, living with family/spouse, 
illiterate and lived in a house owned by spouse/others or a 
rented place. Similar statistical associations were found in 
a study conducted in Saurashtra, India, in 2018 among 100 
elderly patients with depression, where illiterate elderly 
reported more abuse compared to educated participants.[15]

Univariate and multivariate binary logistic regression 
analysis was done to check the strength of association 
between the sociodemographic profile of the study 
participants and their experience of elder abuse in the 
present study. Results showed that elderly aged ≥70 years, 
illiterate elderly, elderly living with family/spouse, and 
lived in a house owned by spouse/others or a rented place 
were more likely to experience abuse. These associations 
were found to be similar to the ones found in a study 
conducted in Puducherry in 2019 among 243 elderly 
individuals where higher age group and absence of formal 
education were found to be independent predictors of 
elder abuse.[10] Similar association between higher age 
group and elder abuse was also seen in a study conducted 
in Tehran, Iran, in 2017 among 260 elderly women.[17] 
Significant association between independent variable of 
living arrangements with family members and elder abuse 
was also seen in a study conducted in Japan in 2013 among 
26,229 elderly people.[18,19]

Conclusion
Elder abuse being a sensitive issue is seldom discussed in 
the society. As the demography of our country is changing 
with increase in the number of elderly and their life 
expectancy, with increased urbanization and modernization, 
more and more elderly find themselves left alone and 
neglected.

The overall prevalence of elder abuse in rural area 
was found to be low (17%) as compared to what was 
expected (35%). Among all these cases, maximum number 
of them were facing psychological abuse (59, 52%), 
followed by economic exploitation (24, 21%), neglect 
(23, 20%), and physical abuse (8, 7%). None of the 
participants had experienced any sexual abuse. Statistically 
significant association was present between the occurrence 
of abuse and sociodemographic characteristics such as 
age ≥70 years, illiteracy, elderly living with family/spouse, 
and living in a house owned by spouse/others or a rented 
place.

This wide gap of knowledge among the elderly (especially 
who are facing abuse) demands the attention of the 
government and police authorities to take actions for 

Table 3: Chi‑square analysis showing association 
between the sociodemographic profile of participants 

and their experience of elder abuse (n=400)
Sociodemographic characteristics Elder abuse experienced

n (%) χ2 P
Age (years)

60‑69 31 (45.6) 11.694 0.001
≥70 37 (54.4)

Gender
Male 20 (29.4) 2.024 0.155
Female 48 (70.6)

Marital status
Married 35 (51.5) 5.346 0.02
Single/widowed 33 (48.5)

Religion
Hindu 63 (92.6) 1.984 0.159
Muslim/Christian 5 (7.4)

Category
Unreserved 16 (23.5) 0.028 0.86
Reserved 52 (76.5)

Family type
Nuclear 20 (29.4) 2.826 0.093
Joint 48 (70.6)

Family members
1‑5 32 (47.1) 0.31 0.577
≥6 36 (52.9)

Living arrangements
With family/spouse 59 (86.8) 9.432 0.002
With relative/any other/alone 9 (13.2)

Education status
Illiterate 55 (80.9) 10.406 0.001
Literate 13 (19.1)

Occupation
Employed 17 (25) 0.366 0.545
Unemployed/retired/homemaker 51 (75)

House ownership
Self‑owned 31 (45.6) 6.832 0.009
Owned by spouse/others/rented 37 (54.4)

Socioeconomic status
High (Classes I, II, and III) 21 (30.9) 0.228 0.633
Low (Classes IV and V) 47 (69.1)
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increasing awareness among the elderly for various portals 
available to report elder abuse.

Despite having strengths of the study such as recruiting 
participants in the study after screening them through “Mini 
Cognitive Test” and using validated questionnaire like 
“Geriatric Mistreatment Scale,” there were certain limitations 
in the study such as response bias which could have been 
subjected by the participants as questionnaire included 
sensitive questions, there was no qualitative component 
explored, the study can be generalized only in rural areas, and 
the cases of abuse included in the study were self‑reported.

Ethical clearance

The study protocol was approved by the institutional 
ethical committee J. N Medical College, Belagavi, 
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Introduction

“High‑risk pregnancy (HRP) is defined as one which is 
complicated by factor or factors that adversely affect the 
pregnancy outcome (maternal, perinatal or both)”[1] Identification 
of  such pregnancies which lead to poor outcome is the primary 
aim in antenatal care. A risk scoring system is very useful for 
the detection of  HRP as it often results in a bad maternal 
and fetal outcome, and extra care should be given, especially 

in developing countries like India. Early prediction of  such a 
state, severity, and planning interventions can help in preventing 
complications and thus reduce the maternal and infant mortality 
rates and the incidence of  low birth weight babies. The Ministry 
of  Health and Family Welfare of  India launched the Pradhan 
Mantri Surakshit Matritva Abhiyan (PMSMA) in 2016 to provide 
quality antenatal care services, free of  cost, to all women in their 
2nd or 3rd trimesters of  pregnancy at certain government health 
facilities on the 9th of  every month.[2] This helps us in identifying 
and tracking high‑risk pregnancies, monthly antenatal checkups 
by a specialist, and treatment of  complicated cases at all the 
health centres, thereby making the antenatal services more 
approachable to all the pregnant women in all places, including 
the remote areas and rural places; thus helping every mother 
and child to have a safe delivery and healthy life by preventing 
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high‑risk pregnancy complications. A scoring system is very 
useful to identify a high‑risk pregnancy. There are many; one such 
developed by Coopland AT is widely preferred.[3] “Risk scoring 
system may be defined as a formalized method of  recognizing, 
documenting, and cumulating antepartum, intrapartum, and 
neonatal risk factors in order to predict complications for the 
fetus and newborn”.[4]

The present study was conducted to identify high‑risk pregnancies 
and know the possible adverse outcomes among them. The 
modified Coopland’s high‑risk pregnancy score was used, which 
is a simple, effective, inexpensive, and reliable method to detect 
‘at risk’ cases. The knowledge thus acquired from the study is 
important as it can be used to plan specific interventions by 
family physicians in the study area by: 1. Providing maternal‑child 
healthcare benefits  for severe, high, and low‑risk pregnancies 
on priority, thereby reducing bad pregnancy outcomes using 
this screening tool 2. Maintaining family health records of  HRP 
and good or bad pregnancy outcomes. 3. Creating awareness in 
the community 4. Educating and counseling family members 
5. Preventing further bad outcomes and similar occurrences 
within the families in the future, thus reducing maternal and child 
mortality and morbidity in rural areas. 6. Identifying the cause 
for high‑risk anaemia, PIH, etc., and treating them primarily 
with interventions: Iron, folic acid, iodine supplementation, 
nutrition, early ANC registration, regular BP monitoring, routine 
investigations, and follow‑up with family, family planning, etc., 7. 
Evaluating national programmes such as PMSMA.

Objectives of  the study are: 1. To study the pregnancy outcome 
among high‑risk pregnant women of  a rural area. 2. To associate 
pregnancy outcomes of  high‑risk pregnant women with modified 
Coopland’s criteria.

Materials and Methods

A Longitudinal study was conducted for a period of  one year 
from 1st October 2016 to 31st December 2017 at Kinaye, Primary 
Health Centre (PHC), Belagavi district, Karnataka.  The study 
sample consisted of  147 high‑risk pregnant women attending 
the PMSMA camp and was followed up every month till 
delivery. Inclusion criteria: pregnant women were attending 
the PMSMA camp at Kinaye rural PHC, with a present or past 
history of  high‑risk factors. Ethical clearance for this study was 
obtained from the Institutional Ethics Committee (Ref. No. 
MDC/DOME 434; dt. 21/09/2016). Data was collected using 
a predesigned and pretested questionnaire after taking written 
informed consent. The study subjects were interviewed, and 
information regarding the sociodemographic details, past and 
present obstetric, gynecological, medical, and surgical history 
was collected. General physical and antenatal examination along 
with anthropometry and laboratory tests was done on every visit. 
The patients were counselled and referred to a higher centre 
whenever needed, and appropriate treatment was prescribed. 
Coopland’s high‑risk scoring for pregnancy was used to group the 
risk pregnancy according to its severity by adding the values of  all 

the high risk factors. The predictor variables were reproductive 
history consisting of  age, parity, and previous bad obstetric 
history, the medical and surgical conditions of  the mother, and 
the present pregnancy complications. The numerical values 
were assigned to each of  the high‑risk factors based on their 
severity. The summed up total score determined whether the 
pregnancy was “No risk”, “low risk”, or “high risk”, accordingly 
and was categorized as: Low risk with the score of  0 to 2, High 
risk with the score of  3 to 6 and Severe risk with the score ≥7. 
The outcome of  pregnancy was assessed on the 8th post‑natal 
day, and the information regarding maternal complications 
and perinatal morbidity and mortality were noted. Statistical 
analysis: Data was compiled and analysed using MS Excel and 
SPSS software (Trial version 22). The statistical test used was 
Chi‑square, and a P value <0.05 was considered significant at a 
confidence interval of  95%. The categorical variables such as 
age, sociodemographic details, obstetric details, present and past 
high‑risk characteristics, and their outcomes were all tabulated 
and expressed as percentages.

Results

The population of  the study area was 70,000, the birth rate 
20/1000 live birth, and the prevalence rate of  HRP 15.0%. So, 
the expected number of  pregnancies and high‑risk mothers was 
1400 and 210, respectively. But the women attending the monthly 
PMSMA camps were 147 (10.5%) of  the HRP. Therefore, 
63 (4.5%) of  mothers may be missing the camp. Although the 
PMSMA camp approach wants to identify HRP as early as 
possible, 71 (48.3%) of  the study participants, when interviewed 
and examined initially, were in the 3rd trimester, 58 (39.5%) in the 
2nd trimester, and 18 (12.2%) in the 1st trimester. The mean ± SD 
months of  amenorrhea was 6 ± 2 months.

The study participants were in the reproductive age group of  
16 to 45 years, most of  them (89 (60.5%)) belonging to 20 to 
25 years’ group; 31 (21.1%) in the age group of  26 to 29 years, 
>30 years were 17 (11.6%) pregnant women and ≤19 years 
were 10 (6.8%). The mean ± SD age of  pregnant women was 
24 ± 4 years. About 5 (3.4%) of  the study participants had child 
marriage, and most of  them 100 (68.0%) had their 1st pregnancy 
in the age group of  20 to 25 years. The mean ± SD age at marriage 
and first pregnancy was 20 ± 2 years and 21.4 ± 2.7 years, 
respectively. Nearly 34 (23.1%) study subjects were pregnant 
for the first time with age <19 years, and one (0.7%) of  
the participant was the elderly primigravida. The pregnant 
women had attained their menarche between 12 to 17 years 
of  age, and most 99 (67.3%) of  them, at 13 years of  age. The 
mean ± SD age of  menarche was 13 ± 1 years. The zajority 
of  the pregnant women (132 (89.8%)) belonged to the Hindu 
religion, and 15 (10.2%) followed the Muslim religion. Most of  
them (82 (55.8%)) lived in a joint family, and 65 (44.2%) of  the 
women belonged to nuclear families. The family size was >4 
members for 77 (52.4%) mothers. The socioeconomic status 
according to modified BG Prasad classification, 49 (33.4%) of  
the study participant belonged to class IV, 44 (29.9%) to class III, 
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29 (19.7%) to class II, 21 (14.3%) belonged to class V and only 
4 (2.7%) belonged to class I. Around 97.3% of  the pregnant 
women and their husbands were literate, and 135 (91.8%) of  
the women were housewives. The majority (124 (84.4%)) of  the 
husbands of  the pregnant women worked in the private sector.

According to the Asian population cut off  values for Body 
Mass Index (BMI), 70 (47.6%) of  the women had normal BMI, 
though 17 (11.6%) were underweight; 25 (17.0%) overweight, 
28 (19.0%) preobese, and 7 (4.8%) of  the study participant were 
obese. Nearly 52 (35.4%) of  pregnant women were primigravida, 
and 5 (3.5%) were grand multigravida. Around 47 (31.9%) were 
2nd gravida; 24 (16.3%) were 3rd gravida, and 19 (12.9%) were 
4th gravida. With regards to parity among multigravida, 57 (60%) 
were para one; 23 (24.2%) para two; 13 (13.7%) para three; 
and 1 (1.1%) each were para four and five. Around 25 (17.0%) 
pregnant women had a previous history of  abortion; among 
them, 20 (80.0%) had a history of  one abortion; 3 (12.0%) had 
two abortions, 1 (4.0%) each had a history of  three and four 
abortions. In relation to living children, 50 (64.1%) of  them had 
one child; 18 (23.1%) had two children; and 10 (12.8%) of  them 
had three children. Nearly 22 (14.9%) of  the pregnant women 
had a previous history of  neonatal or child death; among them, 
19 (86.4%) of  the mothers had a history of  one child death, and 
3 (13.6%) of  them had three child or neonatal deaths.

Regarding anaemia, 8 (5.4%) of  the pregnant women had severe 
anaemia with haemoglobin value less than 8 g/dl, 66 (44.9%) of  
them had mild to moderate anaemia with a haemoglobin level 
between 8.1 to 10.9 g/dl and 73 (49.7%) of  the mothers had 
normal haemoglobin level >11 g/dl. The prevalence of  anemia 
in our study was 50.3%. Neither of  the participants was reactive 
for Human Immuno‑Deficiency Virus infection, nor were they 
positive for surface antigen. None of  them had their random 
blood sugar level outside the normal range. Peripheral smear for 
malarial parasite was negative among all the mothers. With regards 
to blood group and Rh typing, 127 (86.4%) were Rh positive, and 
20 (13.6%) were Rh negative. The main blood group noted in our 
study was O 58 (39.5%), followed by A 41 (27.9%), B 33 (22.4%), 
and least being AB group in 15 (10.2%) mothers. About 4 (2.7%) 
of  the mothers had abnormal thyroid test in the present pregnancy; 
another four pregnant women were known cases of  thyroid 
disorders and under treatment. None of  the mothers required 
a chest X‑ray/CT scan. Ultrasonography was found to have 
abnormal findings among 8 (5.4%) of  the mothers. The findings 
were: congenital anomaly, malpresentation, placenta previa, and 
amniotic abnormality. Only one (0.7%) mother required additional 
investigation of  toxoplasmosis, rubella cytomegalovirus, herpes 
simplex, and HIV infections (TORCH) and was positive for it.

Out of  the 147 mothers studied, 71 (48.3%) and 76 (51.7%) had 
high‑risk characteristics during the present and past pregnancy, 
respectively. Among them, 37 (32.7%) had a risk factor in 
the present pregnancy only, 42 (37.2%) in the past pregnancy 
only, and 34 (30.1%) mothers in both pregnancies. In the 
present pregnancy, 82 (55.8%) risk factors were contributed 

from 71 study subjects, and 11 (15.5%) of  them had two risk 
characteristics [Table 1]

Similarly, in the past pregnancy, 102 (69.4%) risk factors were 
contributed from 76 study participants, and 23 (30.3%) of  them 
had ≥2 risk characteristics [Table 2].

Out of  146 (one mother expired before delivery in a Road 
Traffic Accident) study subjects, 67 (45.9%) had high‑risk 
scores [Figure 1]. The overall mean ± SD Coopland’s high risk 
pregnancy score was 3.5 ± 2.3 among our study population. The 
mean ± SD score was 1.3 ± 0.9, 4.1 ± 0.9, and 7.4 ± 0.6 for low, 
high, and severe risk scores, respectively.

Table 1: Distribution of pregnant women according to 
present pregnancy high‑risk characteristic

Characteristic Number Percentage
Rh negative pregnancy 20 24.4
Teenage pregnancy 10 12.2
Short stature 9 10.9
Severe Anemia 8 9.8
PregnancyInduced Hypertension 7 8.6
Obesity 7 8.6
Grand Multigravida 5 6.1
Thyroid disorder 4 4.9
Twin pregnancy 3 3.7
Polyhydramnios 2 2.4
Oligohydramnios 2 2.4
Congenital fetal anomaly 2 2.4
Breech presentation 1 1.2
Antepartum hemorrhage 1 1.2
Elderly primigravida 1 1.2
Total 82* 55.8
*multiple response

Table 2: Distribution of pregnant women according to 
past pregnancy high‑risk characteristic

Characteristic Number Percentage 
Previous caesarean 30 29.4
Previous h/o abortion 25 24.5
Previous h/o neonatal or child death 22 21.6
Renal disorder 4 3.9
Previous gynae surgery 3 2.9
Previous Pregnancy Induced Hypertension 3 2.9
Known case of  hypothyroidism 3 2.9
Known case of  hyperthyroidism 1 0.9
h/o Congenital fetal anomaly 2 1.9
Heart disease 1 0.9
h/o Sexual Transmitted Infection 1 0.9
Previous Twin pregnancy 1 0.9
Previous malpresentation 1 0.9
Thalassemia 1 0.9
Lung disease 1 0.9
Allergic illness 1 0.9
Previous Postpartum Hemorrhage 1 0.9
Previous Premature Rupture of  Membrane 1 0.9
Total 102* 69.4
*multiple response
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Regarding pregnancy outcome, there were total of  145 newborns 
(three abortions and two twin deliveries), among whom 77 (53.1%) 
were male, and 68 (46.9%) were female. The mode of  delivery was 
normal vaginal for 95 (65.1%) pregnant women and Caesarean for 
51 (34.9%). Most (93 (63.7%)) of  the mothers preferred private 
hospitals for delivery, whereas 52 (35.6%) preferred Government 
hospitals, and one (0.7%) of  them had home delivery.

Comparison of  pregnancy outcome, 103 (70.5%) of  the high 
risk pregnancies had good a fetal outcome, and 43 (29.5%) had 
bad outcomes.

Full‑term vaginal delivery with single live birth with an immediate 
cry and normal weight, without complications was considered 
a good outcome. There were 43 total bad fetal outcomes as 
shown in Figure 2.

The majority of  the good fetal outcomes (48 (81.4%)) 
were seen in the low‑risk group, followed by the high‑risk 
44 (65.7%). The association between the pregnancy risk 
group and the fetal outcome was found to be statistically 
significant (P = 0.04). [Table 3]

Various steps were taken by the health workers to identify 
at‑risk pregnant mothers and provide timely, adequate treatment 
affecting the overall pregnancy outcome. Some of  the preventive 
practices are as shown in Figure 3.

Discussion

In the present study, the majority (81.6%) of  the mothers were in 
the age group of  20 to 29 years, <19 years were 6.8%, 1 (0.7%) 
of  the participant was the elderly primigravida. In a similar study 
conducted in central India, among 415 women, the majority of  
the mothers were in the age group of  19 to 34 years (97.4%), while 
the remaining 2.6% were in the age group of  <18 or >35 years.[4] 
In another study done in Nagpur, 141 (65.89%) were in the age 
group of  21 to 25 years, and 14 (6.54%) were teenagers.[5] In 
our study, 3.4% of  the study participants had child marriage, 
and nearly 23% of  the mothers were aged below 19 years at the 
time of  the 1st pregnancy. In a similar study of  Belagavi, more 
than 50% of  the participants had child marriage, and 27% of  
their age at first pregnancy was <19 years.[1] According to the 
National Family Health Survey (NFHS) 4 (2015‑2016), 26.8% 
of  the women population have child marriage, and 7.9% of  the 
pregnancies are <19 years.[6] In this study, 33.4% of  the study 
participant belonged to the class IV socioeconomic status, 
followed by 29.9% class III, and only 2.7% belonged to the 

class I, whereas in another study conducted in Kinaye, about 
40% belonged to IV socioeconomic class followed by III 39.66%, 
and least belonged to class I 3.66%, according to modified B.G. 
Prasad’s classification[1] In the present study, around 97.3% of  
the mothers were literate. A similar study done in a rural area of  
Nagpur showed that (96.73%) were literate.[5]

In our study, 47.6% of  the women had a normal BMI, 17 (11.6%) 
were underweight, 25 (17.0%) overweight, 28 (19.0%) preobese, 

Table 3: Coopland’s risk scoring and pregnancy outcome
Risk group Bad outcome Good outcome Total 
Low 11 (18.6%) 48 (81.4%) 59 (100%)
High 23 (34.3%) 44 (65.7%) 67 (100%)
Severe 9 (45.0%) 11 (55.0%) 20 (100%)
Total 43 (29.5%) 103 (70.5%) 146 (100%)
χ2=6.4106, df=2, P=0.04

40.40%

45.9%

13.7%

LOW RISK(0-2) HIGH RISK(3-6) SEVERE RISK(≥7)

Figure 1: Distribution of mothers based on modified Coopland’s high 
risk pregnancy scoring
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and 7 (4.8%) of  the study participants were obese.[6] According 
to the NFHS 4, 22.9% of  the women are underweight with 
BMI <18.5 kg/m2, and 20.7% of  them are overweight, preobese, 
and obese with BMI >25 kg/m2. In the present study, 52 (35.4%) 
of  the mother were primigravida compared to another study 
which consisted of  110 (51.4%) primigravida.[5] Most of  the high 
risk participants had more than one contributing high risk factor, 
as high risk pregnancy is multifactorial. The leading risk factors 
noted in the present pregnancy were: 20 (24.4%) Rh negative 
pregnancy; 10 (12.2%) teenage pregnancy; 9 (10.9%) short 
stature; 8 (9.8%) severe anemia; 7 (8.6%) each pregnancy‑induced 
hypertension and obesity; 5 (6.1%) grand multigravida. Risk 
factors of  the past pregnancy known to affect the fetal outcome 
noted were: previous caesarean section in 30 (29.4%); 25 (24.5%) 
with a history of  abortion; 22 (21.6%) with a history of  neonatal 
or child death; 4 (3.9%) each with renal and thyroid disorders. The 
most important risk factors were bad obstetric history (75.5%) 
and underlying medical illness (12.2%).

In another Belagavi study, out of  the 30.7% high‑risk pregnancy 
cases, 59.8% had bad obstetric history, 4% had pregnancy‑induced 
hypertension, 5.5% were elderly primigravida, 3.2% were Rh 
negative, and 22.3% had other risk factors.[1] Another south 
Indian study revealed pregnancy‑induced hypertension (16.6%), 
anaemia (9.6%), and incidence of  medical disease (10.3%) as 
major causes for high‑risk pregnancy.[4] In Nagpur rural study, 
history of  caesarean section 31 (14.49%), malpresentation 
17 (7.94%), teenage pregnancy 14 (6.54%); pregnancy‑induced 
hypertension, oligohydramnios, height less than or equal to 
140 cm and weight less than or equal to 40 kg 6 (2.80%) each and 
history of  stillbirth and associated diseases was 4 (1.87%) each. 
Gestational diabetes, age more than 30 years in primigravida, 
history of  congenital anomalies, prolonged pregnancy, and 
history of  more than or equal to two abortions was 2 (0.93%) 
each. The sistory of  ectopic pregnancy and severe anaemia was 
one each (0.47%).[5] Around 7 to 10% of  the general population 
have Rh negative blood group.[7]

In the present study, 45.9% of  the pregnant women had high‑risk 
scores; 40.4% low‑risk scores, and 13.7% had severe‑risk of  
adverse pregnancy outcomes, according to Coopland’s high 
risk pregnancy scoring. Among 146  pregnant women, 70.5% 
of  the high‑risk pregnancies had good outcomes, and 29.5% 
had bad fetal outcomes. Most of  the good outcomes (81.4%) 
were mainly seen in the low‑risk group and in the high‑risk 
group 65.7%. The bad fetal outcome was seen more among the 
high risk group 45.0% and least in the low‑risk group (18.6%). In 
a similar prospective study done among 415 pregnant women of  
central India, 59% of  them had high risk, 46% had low risk, and 
31% had no risk. In the high‑risk group, perinatal deaths were 
59 with a high perinatal mortality rate (614 per 1000 live births).[4] 
In another study conducted at Khammam, the incidence of  
perinatal morbidity and all the perinatal deaths (4 cases) occurred 
in the high‑risk group, with none in low‑risk group that showed 
an association of  increased perinatal mortality with an increased 
maternal high‑risk score.[8] Another Belagavi study done among 

428 mothers using Coopland’s criteria showed that 40.2% had 
high risk and 59.8% cases were low risk. None of  the women 
were of  the extreme risk category. The most commonly reported 
risk factors were thyroid disorders (27.3%, hypothyroidism 
17.3%; hyperthyroidism 10%), gestational diabetes (16.1%), bad 
obstetric history (12.6%), and anaemia (10.7%).[9] Similar were 
results of  Jain S et al.[4] study, that showed low‑risk group mothers 
had a 50% lower incidence of  high‑risk neonates (41.3%) 
when compared to high‑risk group mothers, who had 84.4% 
of  high‑risk neonates. In a Nagpur rural study, there were 
142 (66.36%) study subjects with low‑risk pregnancy, and the 
prevalence of  high‑risk pregnancy observed was 33.64% and 
was significantly associated with caesarean section and low 
birth weight.[5]

A similar Pokhara study among 700 participants using 
modified high‑risk scoring method showed 67.3% of  mothers 
in low‑risk, 20% in high‑risk, and 12.7% of  them in severe 
high‑risk groups and showed that identifying high‑risk 
pregnancy using a scoring system is useful to identify women 
at risk of  developing maternal and perinatal complications 
as caesarean deliveries, maternal complications, low birth 
weight, and NICU admissions were mostly seen in severe 
high‑risk (60%) and high‑risk pregnancies (26%) than in 
low‑ risk pregnancies (15%).[10]

A Nepal hospital‑based prospective cohort study done among 
346 participants using the Malaysian antenatal risk stratification 
approach based on maternal high‑risk pregnancy factors 
using four colour codes (red and yellow) high‑risk, and (green 
and white) low‑risk showed that the prevalence of  high‑risk 
pregnancies was 14.4%.(red 7.5%, 6.9% yellow, 72% green, 
13.6% white). The WHO criterion was used for women with 
severe maternal morbidities, and it was found that the high risk 
pregnant women were 4.2 times at risk of  developing severe 
maternal morbidities as compared to low‑risk pregnant women. 
This risk scoring approach showed its benefits of  detecting severe 
maternal complications if  implemented in antenatal care services 
routinely for screening.[11]

A retrospective Saudi Arabian cohort study of  533 pregnant 
women using a similar scoring system showed that their risk 
scores were 55.9% low, 34.7% moderate, and 9.4% high. Maternal 
and neonatal complications were significantly increased in 
high‑risk mothers, which suggested the use of  a risk assessment 
method to prevent adverse pregnancy outcomes by early 
detection and treatment of  HRP.[12]

The present study showed that the general health workers’ 
practices such as supplementation of  folic acid, iron, calcium 
during the regular checkup at ANC visits of  the HRP mothers 
and early ANC registration have probably ensured good 
pregnancy outcome by preventing adverse outcomes in the study 
area, as seen in another Canadian (KAP) study that emphasises 
the physician’s role in promoting folic acid intake to prevent 
adverse pregnancy outcome.[13]
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Due to post‑covid digtalisation of  healthcare services, the 
Coopland’s criteria can also be conveniently used on similar lines 
as seen in another Pregnancy induced hypertension (PIH)‑related 
recent qualitative study conducted in the Netherlands to assess 
the doctor‑patient relationship.[14]

A New York study conducted among physicians showed that 
the need for intentional pregnancy screening, especially of  
contraception and preconception care counselling at the primary 
care level, is of  utmost importance, which supports our study’s 
purpose.[15]

Conclusion

The major past HRP characteristics were Caesarean section and 
bad obstetric history, whereas surprisingly, the present HRP 
mainly were Rh negative and teenage pregnancies, followed by 
anaemia and PIH. The study of  pregnancy outcomes among 
HRP women in rural Belagavi was found to be good among 
103 (70.5%) and bad among 43 (29.5%) mothers. Coopland’s 
high‑risk pregnancy scoring used as a screening tool to predict 
the HRP outcome showed that 40.4% of  the pregnant women 
had low‑risk scores; 45.9% had high‑risk scores, and 13.7% 
had severe‑risk scores. The overall mean ± SD Coopland’s 
pregnancy score was 3.5 ± 2.3 among our study population. 
The low‑risk group showed 80% good outcomes compared to 
45% bad outomes among severe‑risk mothers. As Coopland’s 
score in the high‑risk group increased, the chance of  having a 
good fetal outcome decreased, and this association between 
HRP outcome with modified Coopland’s criteria was found to 
be statistically significant. This study helps to identify HRP by 
health workers in the community and to predict adverse outcomes 
and take necessary actions to prevent them from progressing 
into the severe category. The low‑risk cases may end up with 
bad outcomes if  not taken care of  properly, though the good 
outcome is more than the bad, the severe‑risk cases had almost 
the same bad outcomes as those of  low risk. This shows that 
early detection and proper treatment of  HRP will prevent adverse 
outcomes in the risk group. The scoring system can be used by 
health workers/general practitioners, especially at the periphery 
where obstetricians may not be available, and appropriate 
interventions can be planned depending on the area of  study. 
The current practices of  early Antenatal care (ANC) registration 
(1.5 to 5 months) and regular ANC visits (2 to 6) along with 
regular medicine consumption of  iron, calcium, and folic acid 
has helped to ensure adequate care to all HRP, thus resulting 
in overall good pregnancy outcome (70.5%) in the study area.

Recommendation
This study is of  Public health importance as it helps us to 
prevent bad pregnancy outcomes and take necessary precautions 
among high‑risk pregnant women by early detection of  adverse 
outcomes. It helps us to know the functioning of  the PMSMA 
camps in the region of  it and the knowledge, attitude, and 
utilization of  the National Health Programmes. The scoring 
system is a very simple, cost‑effective, and non‑invasive tool to 

help many pregnant mothers and can be used not only for high 
risk but all pregnant mothers. Nowadays in this digitalised world, 
the Coopland’s screening tool also can be used in patient’s mobile, 
thereby utilising technology (as seen in other studies) wherein 
the patient and caregiver both save time, maintain privacy, and 
become aware of  the HRP status as well as enhance pregnancy 
outcome prediction and thus further reducing the complications, 
cost of  treatment and help community effectively.[14]

Limitation of the study
The study included all the high‑risk pregnant women attending 
the PMSMA camps in the entire rural area (9 subcentres), which 
forms a small percentage of  the population, and thereby the 
generalization of  the results to the entire population could be 
a limitation.

Relevance of the study
This study adds to the current knowledge regarding high‑risk 
pregnancy adverse outcome prevalence in a rural setup, 
health‑seeking behaviour (PMSMA), treatment facilities in 
Primary health centre (PHC’s), the role of  health workers in early 
identification, prevention of  high‑risk pregnancy complications 
using a simple tool such as the modified Coopland’s criteria so 
that appropriate interventions can be planned accordingly. The 
Belagavi study area has many Rh negative, teenage pregnancies 
compared to usual anemia and PIH HRPs, which needs to be 
tackled and has a great scope for future research pertaining 
to the association of  various high‑risk characteristics with the 
sociodemographic details, fetal outcome, which can enhance 
the prediction use of  the screening tool as well as preventive 
practices used by the area‑specific general practitioner and help 
the entire community. Coopland’s criterion is easy to train the 
health workers and thereby utilise their services easily to identify 
HRP and prevent bad outcomes in rural areas. The study is thus 
relevant to the practice of  primary care physicians as they are the 
first point of  contact with any patient in an emergency (especially 
obstetrics) and usually know all the family medical history of  a 
particular area and can help in timely treatment and referral to the 
concerned specialist only with a cost‑effective screening tool. Now 
they can also use it conveniently with digitalisation of  healthcare.

Key message
Early detection and treatment of  high‑risk pregnancy 
prevents adverse outcomes which are determined by 
the prevalence of  present and past pregnancy high‑risk 
characteristics. The modified Coopland’s risk scoring system 
can be used as a simple and cost‑effective screening tool for 
identifying high‑risk pregnancies by easily training the general 
health workers at the periphery to predict the pregnancy 
outcome (which has a strong association statistically) and 
take appropriate planned interventions accordingly, using the 
knowledge from this study.
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Summary
Background Preterm birth remains the major cause of neonatal death worldwide. South Asia contributes 
disproportionately to deaths among preterm births worldwide, yet few population-based studies have assessed the 
underlying causes of deaths. Novel evaluations, including histological and bacteriological assessments of placental 
and fetal tissues, facilitate more precise determination of the underlying causes of preterm deaths. We sought to 
assess underlying and contributing causes of preterm neonatal deaths in India and Pakistan.

Methods The project to understand and research preterm pregnancy outcomes and stillbirths in South Asia 
(PURPOSe) was a prospective cohort study done in three hospitals in Davangere, India, and two hospitals in 
Karachi, Pakistan. All pregnant females older than 14 years were screened at the time of presentation for delivery, 
and those with an expected or known preterm birth, defined as less than 37 weeks of gestation, were enrolled. 
Liveborn neonates with a weight of 1000 g or more who died by 28 days after birth were included in analyses. 
Placentas were collected and histologically evaluated. In addition, among all neonatal deaths, with consent, 
minimally invasive tissue sampling was performed for  histological analyses. PCR testing was  performed to assess 
microbial pathogens in the placental, blood, and fetal tissues collected. An independent panel reviewed available 
data, including clinical description of the case and all clinical maternal, fetal, and placental findings, and results of 
PCR bacteriological investigation and minimally invasive tissue sampling histology, from all eligible preterm 
neonates to determine the primary and contributing maternal, placental, and neonatal causes of death.

Findings Between July 1, 2018, and March 26, 2020, of the 3470 preterm neonates enrolled, 804 (23%) died by 28 days 
after birth, and, of those, 615 were eligible and had their cases reviewed by the panel. Primary maternal causes 
of neonatal death were hypertensive disease (204 [33%] of 615 cases), followed by maternal complication of 
pregnancy (76 [12%]) and preterm labour (76 [11%]), whereas the primary placental causes were maternal and fetal 
vascular malperfusion (172 [28%] of 615) and chorioamnionitis, funisitis, or both (149 [26%]). The primary neonatal 
cause of death was intrauterine hypoxia (212 [34%] of 615) followed by congenital infections (126 [20%]), neonatal 
infections (122 [20%]), and respiratory distress syndrome (126 [20%]).

Interpretation In south Asia, intrauterine hypoxia and congenital infections were the major causes of neonatal death 
among preterm babies. Maternal hypertensive disorders and placental disorders, especially maternal and fetal 
vascular malperfusion and placental abruption, substantially contributed to these deaths.

Funding Bill & Melinda Gates Foundation.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Most neonates who are born preterm in high-income 
countries now survive; however, preterm birth remains 
the major contributor to neonatal death globally.1–3 The 
Asian region contributes to more than half of all preterm 
births, and India alone contributes to nearly a quarter.3 
Although advances have been made in reducing child 
mortality in this region, the number of deaths attributed to 
preterm birth remains disproportionately high.4 So far, 
complications of prematurity have been classified as the 
major cause of child deaths, with little differentiation 
among the sub-causes of death in preterm babies, especially 
in low-income and middle-income countries (LMICs). 

Ambiguity persists because the cause-of-death estimates 
have frequently been based on verbal autopsy or clinical 
evaluation.5–7 These methods lack specificity, especially for 
differentiating intrapartum hypoxia from other respiratory 
disorders and from infectious conditions, which are among 
the most common causes of neonatal deaths.

To help improve accuracy of cause-of-death estimation, 
minimally invasive tissue sampling (MITS) can facilitate 
histological and microbiological evaluations of selected 
tissues.8–10 For preterm neonatal deaths, histological 
evaluation of the placenta might also have an important 
role in determining the cause of death because various 
placental conditions can contribute to preterm neonatal 
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deaths.11 However, placentas are rarely evaluated as part 
of neonatal death investigations.

Two recent studies used MITS to evaluate causes of 
death in neonates. One study from Ethiopia, which 
was done in preterm newborn babies admitted to a 
neonatal intensive care unit, found the major causes 
of death to be respiratory distress syndrome (45%), 
neonatal infections (30%), and asphyxia (14%).12 The 
Child Health and Mortality Surveillance (CHAMPS) 
study, which was done in seven LMICs (primarily in 
African sites), found the leading cause of neonatal death 
to be complications of prematurity (42%).13 Both studies 
did not routinely evaluate placental histology.

The main aim of the project to understand and 
research preterm pregnancy outcomes and stillbirths in 
South Asia (PURPOSe) was to improve the accuracy in 
determining the specific causes of death in preterm 
neonates born in India and Pakistan.14 Although 
PURPOSe included causes of death for both preterm 
liveborn deaths and stillbirths, we report the results of 
the cause-of-death analyses for preterm neonates. 

Methods
Study design and population
PURPOSe was a prospective cohort study done in 
two south Asian sites, one in Davangere, India 
(three hospitals providing public and private services), and 
one in Karachi, Pakistan (one public maternity and 

one children’s referral hospital). Detailed study 
methodology has been published.14–16

At participating study hospitals, research staff screened 
all pregnant females older than 14 years at the time of 
presentation for delivery. Pregnant females with an 
expected or known preterm birth, defined as less than 
37 weeks of gestation, were approached for enrolment at 
the time of admission to hospital. Girls aged 14 years or 
younger and those who did not provide consent were 
excluded. Preterm neonates with a weight of 1000 g or 
more who died by 28 days after birth were included 
in analyses.

The study was reviewed and approved by the ethics 
review committees at participating sites: the Aga Khan 
University (Karachi, Pakistan), KLE Academy of Higher 
Education and Research (Belagavi, India), JJM Medical 
College (Davangere, India), and Research Triangle 
Insititute International (Durham, NC, USA). All women 
provided informed written consent for themselves and 
their neonate (or neonates) before participation in 
the study.

Data collection
At the time of delivery, study staff recorded results of 
the physical examination, medical and obstetric history, 
and the clinical status and procedures conducted 
during the current delivery. Gestational age was based 
on clinical ultrasound or, when unavailable, was 

Research in context

Evidence before this study
We searched PubMed for research articles published in English 
between May 2, 2012, and May 1, 2022, using the terms 
”neonatal death” OR “fetal death” OR “perinatal mortality” OR 
“preterm birth” AND “low- and middle-income countries” OR 
“developing countries” OR “Asia”. In low-income and middle-
income countries (LMICs), preterm birth remains a major 
contributor to neonatal mortality. Although childhood 
mortality has declined, neonatal mortality has not shown a 
similar decrease. The ability to address neonatal mortality in 
preterm infants is hampered by the absence of accurate cause-
of-death data in LMICs. When causes are available, a substantial 
proportion of the reports from LMICs have been based on 
verbal autopsy, with the deaths attributed to prematurity 
without differentiating the sub-causes. Recent advances in 
cause-of death investigations, including minimally invasive 
tissue sampling for histological examination and pathogen 
identification by PCR, have improved the ability to determine 
more granular understanding of the causes of death, especially 
in LMICs. However, so far, few studies have examined the 
underlying causes of death among preterm births in LMICs.

Added value of this study
The project to understand and research preterm pregnancy 
outcomes and stillbirths in South Asia (PURPOSe), one of the 

largest prospective studies of preterm neonatal mortality from 
south Asia so far, included detailed assessment of all preterm 
neonatal deaths, including placental assessment, physical 
examination, and histological evaluation of neonatal tissues. 
Placental and fetal tissues were also tested for a wide range of 
pathogens by PCR. Expert panelists reviewed all available data 
presented in standardised format to determine the primary and 
contributing maternal, placental, and fetal causes based on the 
tenth revision of the WHO International Classification of 
Diseases Perinatal Mortality classification.

Implications of all the available evidence
The techniques used for this study, which was conducted in 
hospitals with a range of resources, can inform future efforts to 
more accurately determine cause of death. Our results suggest 
that to achieve substantial reductions in preterm neonatal 
deaths, more attention should be paid to improving obstetric 
care and among preterm births in LMIC settings. The major 
finding from this study is that intrauterine hypoxia is among 
the most important causes of preterm neonatal mortality. 
Improving obstetric care around delivery as well as neonatal 
resuscitation should have an important effect on neonatal 
deaths resulting from intrauterine hypoxia. 
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determined by last menstrual period and by clinical 
assessment based on the American College of  
Obstetricians and Gynecologists recommendations for 
estimating pregnancy due date and gestational age.17 
The placenta and umbilical cord blood were collected 
for all deliveries.18 Placentas were collected and 
evaluated in a fresh state. Tissue samples were taken 
for microscopic examination from the umbilical cord, 
fetal membranes, and the placental disc as well as 
additional samples of any lesions present.19 Trained 
pathologists did a gross evaluation and evaluation of 
the histopathology of placentas using the Amsterdam 
Consensus criteria.20

Newborn babies were weighed and their lengths were 
measured after delivery by trained staff. In addition, for 
neonatal deaths, a physical examination was conducted 
at the time of death. With additional consent, trained 
study staff conducted a MITS, which included needle 
biopsy using asceptic techniques to collect at least two 
tissues samples in each of lung, liver, and brain tissues, 
as well as 8 mL of blood and cerebrospinal fluid, which 
were collected using standardised procedures.21 MITS 
samples were assessed using histological and molecular 
microbiological methods.22 The TaqMan Array Card 
(ThermoFisher, Waltham, MA, USA) PCR testing, 
which was developed and validated by the US Centers 
for Disease Control and Prevention for 75 pathogens, 

was used to evaluate organisms in the fetal tissues, 
umbilical cord, membrane, and placental tissues.23 At 
the Indian site, with additional consent, a standardised 
complete autopsy was also performed. For infants who 
died after discharge, a verbal autopsy was performed in 
sites in India and Pakistan.

Cause-of-death determination
The cause (or causes) of death for preterm infants 
with a birthweight of 1000 g or more was determined by 
an independent panel in India and a separate one 
in Pakistan. The panelists determined the primary 
maternal, placental, and neonatal causes of death and 
the contributing causes using standard procedures 
described in detail elsewhere.15,16 These panels comprised 
obstetricians, paediatricians, pathologists, micro-
biologists, and other clinicians.

For each case, a pair of panelists, who were not directly 
involved with the conduct of the study, reviewed the cases. 
A brief clinical description of the case and all positive 
clinical maternal, fetal, and placental findings, and results 
of the PCR bacteriological investigation and MITS 
histology were included in each report. Additionally, 
reference weight measures including the 10th percentile 
for gestational age based on the INTERGROWTH-21st 
criteria24 and mean placental weight for gestational age 
were presented in a standardised data report. Each pair of 
panelists reviewed their cases, with any discrepancies 
resolved through discussion among the team. Causes of 
death used nomenclature from the tenth revision of the 
International Classification of Diseases Perinatal Mortality 

Figure: Study profile

560 not enrolled (103 from India; 457 from
Pakistan)

 394 did not meet gestational age criteria
  (103 from India; 291 from Pakistan)
 165 consent not given (all from

Pakistan)
 1 withdrawn from study (from

Pakistan)

2666 alive at age of 28 days (1703 from India;
963 from Pakistan)

189 birthweight <1000 g (95 from India;
94 from Pakistan) 

4030 infants screened at delivery (2135 from India; 
1895 from Pakistan)

3470 enrolled (2032 from India; 1438 from 
Pakistan)

804 died by age of 28 days (329 from India; 
475 from Pakistan)

615 included in cause-of-death review (234 from 
India; 381 from Pakistan)
235 minimally invasive tissue sampling 

evaluation completed (138 from India; 
97 from Pakistan)

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Gestational age, weeks

20 to <28 68 (11%) 20 (9%) 48 (13%)

28 to <32 248 (40%) 80 (34%) 168 (44%)

32 to <37 299 (49%) 134 (57%) 165 (43%)

Birthweight, g

1000–1499 288 (47%) 135 (58%) 153 (40%)

1500–2499 289 (47%) 88 (38%) 201 (53%)

≥2500 38 (6%) 11 (5%) 27 (7%)

Fetal growth restriction (IUGR)* 132 (22%) 79 (34%) 53 (14%)

Admitted to NICU 484 (79%) 197 (84%) 287 (75%)

Age at death, days

<1 123 (20%) 54 (23%) 69 (18%)

1–3 247 (40%) 78 (33%) 169 (44%)

4–6 105 (17%) 43 (18%) 62 (16%)

≥7 136 (22%) 59 (25%) 77 (20%)

Missing 4 (1%) 0 4 (1%)

Data are n (%). Percentages might not sum to 100% as a result of rounding. 
IUGR=intrauterine growth retardation. NICU=neonatal intensive care unit. *Fetal 
growth restriction is defined as a birthweight of less than the INTERGROWTH-21st24 
10th percentile weight, which is not available for gestational age of less than 
24 weeks or 43 weeks or more, and for fetuses missing sex or birthweight data.

Table 1: Neonatal death characteristics
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system.25 Using this system, infectious causes of death 
were identified as congenital infections (ie, those acquired 
before delivery) and neonatal infections (ie, those 
determined to have been acquired following delivery).

Statistical analysis
The planned study sample size was 350 deceased preterm 
neonates in both India and Pakistan to provide sufficient 
precision to detect causes of death that contributed to 
20% or more of the deaths with 95% power. To achieve 

the required sample size, based on reported mortality 
rates, we attempted to screen and enrol all pregnant 
females admitted to study hospitals in preterm labour or 
scheduled for a preterm delivery. All data were entered 
and reviewed at each site. Descriptive analyses were 
performed using SAS (version 9.4).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. 

Results
Between July 1, 2018, and March 26, 2020, 4030 liveborn 
neonates of women presenting in preterm labour or for 
preterm delivery (ie, born before 37 weeks of gestation) 
were screened and 3636 of those neonates were eligible; 
consent was obtained from the mothers of 3470, and 
they were enrolled in the study (figure). Of the preterm 
neonates enrolled, 615 died by the age of 28 days and 
had a birthweight of 1000 g or more, and their deaths 
were reviewed by the independent panel. Among the 
deaths reviewed, 615 had clinical and physical 
evaluations completed, 582 had a placental evaluation 
(histology and PCR), 246 had MITS (histology and 
PCR), 105 had a verbal autopsy, and 64 had a full 
perinatal autopsy. Because of multiple births, these 
neonates came from 559 pregnancies, with a cause-of-
death review included in the analyses of cause of 
preterm neonatal death.

68 (11%) of the 615 reviewed cases were 20 to <28 weeks 
gestational age, 248 (40%) were 28 to <32 weeks ges-
tational age, and 299 (49%) were 32 to <37 weeks (table 1). 
Furthermore, 288 (47%) neonates weighed 1000–1499 g, 
289 (47%) weighed 1500 to <2500 g, and 38 (6%) weighed 
2500 g or more. 132 (22%) preterm neonates were 
diagnosed with fetal growth restriction. 123 (20%) of the 
deaths occurred within 24 h of delivery, 247 (40%) at 
1–3 days, 105 (17%) at 4–6 days, and 136 (22%) at 7–28 days. 
Among the neonatal deaths, 484 (79%) of the infants had 

Overall 
(n=559)

India 
(n=214)

Pakistan 
(n=345)

Multiple pregnancy 43 (8%) 13 (6%) 30 (9%)

Maternal age at delivery, years

>14 to 20 38 (7%) 17 (8%) 21 (6%)

>20 to 25 248 (44%) 116 (54%) 132 (38%)

>25 to 30 191 (34%) 63 (29%) 128 (37%)

>30 82 (15%) 18 (8%) 64 (19%)

Maternal education

No formal schooling 184/556 (33%) 25/211 (12%) 159 (46%)

1–8 years 158/556 (28%) 72/211 (34%) 86 (25%)

9–12 years 186/556 (33%) 95/211 (45%) 91 (26%)

>12 years 28/556 (5%) 19/211 (9%) 9 (3%)

Maternal occupation

Homemaker 540 (97%) 205 (96%) 335 (97%)

Government or 
company

2 (<1%) 1 (<1%) 1 (<1%)

Self-employed 1 (<1%) 1 (<1%) 0

Farmer 6 (1%) 5 (2%) 1 (<1%)

Other 10 (2%) 2 (1%) 8 (2%)

Gravida

0 186 (33%) 82 (38%) 104 (30%)

1–3 287 (51%) 123 (57%) 164 (48%)

>3 86 (15%) 9 (4%) 77 (22%)

Data are n (%) or n/N (%). Percentages might not sum to 100% as a result of 
rounding. 

Table 2: Maternal baseline characteristics 

Primary maternal cause Contributing maternal causes*

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Overall 
(n=615)

India 
(n=234)

Pakistan 
(n=381)

Eclampsia, pre-eclampsia, or other hypertensive disorder 204 (33%) 77 (33%) 127 (33%) 25 (4%) 13 (6%) 12 (3%)

Other maternal complications of pregnancy 76 (12%) 30 (13%) 46 (12%) 106 (17%) 43 (18%) 63 (17%)

Preterm labour 70 (11%) 33 (14%) 37 (10%) 64 (10%) 31 (13%) 33 (9%)

Other complications of labour and delivery 31 (5%) 11 (5%) 20 (5%) 22 (4%) 12 (5%) 10 (3%)

Maternal infectious and parasitic disease 30 (5%) 4 (2%) 26 (7%) 36 (6%) 4 (2%) 32 (8%)

Diabetes 9 (1%) 2 (1%) 7 (2%) 16 (3%) 6 (3%) 10 (3%)

Severe maternal infection 7 (1%) 2 (1%) 5 (1%) 4 (1%) 0 4 (1%)

Other maternal medical and surgical conditions 29 (5%) 3 (1%) 26 (7%) 130 (21%) 14 (6%) 116 (30%)

No maternal cause identified 159 (26%) 72 (31%) 87 (23%) 292 (47%) 132 (56%) 160 (42%)

Data are n (%). *More than one contributing cause possible.

Table 3: Primary and contributing maternal conditions related to neonatal death
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been admitted to the neonatal intensive care unit: 
197 (84%) of 234 in India and 287 (75%) of 381 in Pakistan.

248 (44%) of the 559 women with neonates in the study 
were aged 20–25 years at the time of delivery, and 
191 (34%) were 26–30 years (table 2). 184 (33%) of 
556 women had no formal schooling, which was more 
common in the Pakistani sites than in the Indian sites, 
whereas 344 (62%) of 556 mothers had 1–12 years of 
schooling. 19 (3%) women were employed outside the 
home, and the proportions were similar in both sites. 
186 (33%) women were primagravidas, 287 (52%) had 
one to three previous pregnancies, and 86 (15%) had 
more than three previous pregnancies.

Hypertensive disorders of pregnancy were the 
primary maternal cause of death in 204 (33%) of the 

615 cases, followed by maternal complications of 
pregnancy (76 [12%]) and preterm labour (70 [11%]; 
table 3). No primary maternal cause of death was identified 
for 159 (26%) cases. Important maternal conditions that 
contributed to the neonatal deaths included hypertensive 
disorders in pregnancy (25 [4%] cases), maternal medical 
and surgical conditions (130 [21%]; eg, hyperthyroidism 
or appendicitis), maternal complications of pregnancy 
(106 [17%]), and preterm labour (64 [10%]). No contributory 
maternal cause was found in 292 (47%) cases.

The placenta was collected and evaluated for 582 (95%) 
of the 615 cases (table 4). Primary placental causes of 
death determined by the panel were maternal or fetal 
vascular malperfusion (172 [28%] of 615 cases); 
chorioamnionitis, funisitis, or both (149 [25%]); and 

Primary placental cause Contributing placental causes*

Overall (n=615) India (n=234) Pakistan (n=381) Overall (n=615) India (n=234) Pakistan (n=381)

Placentas evaluated 582 (95%) 230 (98%) 352 (92%) 582 (95%) 230 (98%) 352 (92%)

Maternal or fetal vascular malperfusion 172/582 (30%) 80/230 (35%) 92/352 (26%) 70/582 (12%) 40/230 (17%) 30/352 (9%)

Chorioamnionitis, funisitis, or both 149/582 (26%) 44/230 (19%) 105/352 (30%) 83/582 (14%) 24/230 (10%) 59/352 (17%)

Placental abruption 38/582 (7%) 15/230 (7%) 23/352 (7%) 9/582 (2%) 5/230 (2%) 4/352 (1%)

Placenta previa 24/582 (4%) 3/230 (1%) 21/352 (6%) 3/582 (1%) 1/230 (<1%) 2/352 (1%)

Prolonged membrane rupture 1/582 (<1%) 1/230 (<1%) 0 6/582 (1%) 5/230 (2%) 1/352 (<1%)

Umbilical cord complication 0 0 0 3/582 (1%) 0 3/352 (1%)

Other complications of placenta, umbilical cord, and membranes 28/582 (5%) 6/230 (3%) 22/352 (6%) 36/582 (6%) 16/230 (7%) 20/352 (6%)

No placental cause identified 176/582 (30%) 84/230 (37%) 92/352 (26%) 422/582 (73%) 152/230 (66%) 270/352 (77%)

Data are n (%) or n/N (%). *More than one contributing cause possible.

Table 4: Primary and contributing placental conditions related to neonatal death

Primary neonatal cause Contributing neonatal causes*

Overall (n=615) India (n=234) Pakistan (n=381) Overall (n=615) India (n=234) Pakistan (n=381)

Non-infectious conditions 314 (51%) 113 (48%) 201 (53%) 387 (63%) 174 (74%) 213 (56%)

Intrauterine hypoxia 212/314 (68%) 57/113 (50%) 155/201 (77%) 138/387 (36%) 67/174 (39%) 71/213 (33%)

Respiratory distress syndrome (hyaline 
membrane disease)

63/314 (20%) 30/113 (27%) 33/201 (16%) 170/387 (44%) 108/174 (62%) 62/213 (29%)

Congenital malformations, deformations, 
and chromosomal abnormalities

28/314 (9%) 19/113 (17%) 9/201 (4%) 29/387 (7%) 14/174 (8%) 15/213 (7%)

Pulmonary haemorrhage 6/314 (2%) 5/113 (4%) 1/201 (<1%) 21/387 (5%) 19/174 (11%) 2/213 (1%)

Necrotising entercolitis 2/314 (1%) 2/113 (2%) 0 8/387 (2%) 7/174 (4%) 1/213 (<1%)

Intraventricular haemorrhage of the neonate 1/314 (<1%) 0 1/201 (<1%) 24/387 (6%) 20/174 (11%) 4/213 (2%)

Intracranial haemorrhage of the neonate 
unspecified

1/314 (<1%) 0 1/201 (<1%) 5/387 (1%) 5/174 (3%) 0

Meconium aspiration 1/314 (<1%) 0 1/201 (<1%) 3/387 (1%) 0 3/213 (1%)

Hypothermia (neonatal cold injury) 0 0 0 108/387 (28%) 3/174 (2%) 105/213 (49%)

Apnoea of prematurity 0 0 0 9/387 (2%) 9/174 (5%) 0

Disseminated intravascular coagulation 0 0 0 8/387 (2%) 8/174 (5%) 0

Neonatal anaemia 0 0 0 6/387 (2%) 4/174 (2%) 2/213 (1%)

Birth trauma 0 0 0 3/387 (1%) 1/174 (1%) 2/213 (1%)

Kernicterus 0 0 0 1/387 (<1%) 0 1/213 (<1%)

Congestive heart failure 0 0 0 1/387 (<1%) 0 1/213 (<1%)

Data are n (%) or n/N (%). *More than one contributing cause possible.

Table 5: Primary and non-primary neonatal cause of neonatal death
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placental abruption (38 [6·5%]). No primary placental 
cause of death was found in 176 (30%) cases. Common 
contributory placental causes of death included 
chorioamnionitis, funisitis, or both (83 [13·5%] cases) 
and maternal and fetal vascular malperfusion (70 [11%]). 
No contributing placental causes of death were found in 
422 (69%) cases, with similar distributions found in the 
Indian and Pakistani sites.

314 (51%) of the 615 deaths were attributed to non-
infectious conditions (table 5). Among the non-infectious 
causes of death, the leading cause was intrauterine 
hypoxia (212 [68%] of 314 cases), followed by respiratory 
distress syndrome (63 [20%]) and congenital malfor-
mations, deformations, and chromosomal abnormalities 
(28 [9%]). Congenital infections (126 [20%] of 615) and 
neonatal infections (122 [20%]) were identified as the 
primary cause of death for a substantial proportion of the 
cases. The most common organisms found in an internal 
organ by PCR for these deaths included Acinetobacter 
baumanii, Klebsiella pneumoniae, Escherichia coli, and 
shigella species (data not shown). Group B streptococcus 
was rarely found (four [2%] of 246 cases) by PCR analyses 
in any internal organ. For 53 (9%) of 615 cases, no primary 
neonatal cause of death could be identified.

To explore the inter-relationship between the most 
common cause of death from each category, we evaluated 
the primary cause of death from each domain (appendix). 
Among preterm neonates who died from the most 
common neonatal cause, intrauterine hypoxia, 91 (43%) 
of 212 also had maternal hypertensive disease and 
68 (32%) also had placental maternal malperfusion as 
causes of death.

Discussion
The PURPOSe study represents one of the largest 
prospective studies so far on the causes of preterm 
neonatal death from south Asia. Hypertensive disease 
was the primary maternal cause of nearly a third of the 
deaths. Placental and umbilical cord conditions were 
an important primary or contributing factor, mostly 
involving maternal and fetal placental malperfusion and 
chorioamnionitis, funisitis, or both. Among neonatal 
causes of death, about half were non-infectious, whereas 
about 40% were infectious.

The most common primary neonatal cause of death 
determined by the panel was intrauterine hypoxia, 
followed by congenital and neonatal infections, and 
finally respiratory distress syndrome. We observed that 
respiratory distress syndrome was designated as the 
primary cause of death less frequently than is generally 
reported. We believe that preterm infants with respiratory 
distress are often diagnosed with respiratory distress 
syndrome, but often without a confirmatory chest x-ray 
or presence of hyaline membranes on lung histology. If 
those findings are absent, other reasons for respiratory 
distress, including birth asphyxia and sepsis, are likely 
and can often be elucidated with more information, as 

was seen in the PURPOSe study. Because intrauterine 
hypoxia is the most common final pathway leading to 
preterm neonatal death, prevention and treatment of this 
condition should be a major focus of efforts to reduce 
preterm neonatal mortality.26 Improvements in both 
obstetric care and neonatal resuscitation will probably be 
required to reduce mortality from this condition.27

This study had prospective data collection in 
two countries with a range of quality of care, and with 
high-quality historical, histological, and microbial 
evaluation to inform the assessments. The inclusion of 
placental pathology is often crucial in determining cause 
of preterm neonatal deaths but is rarely obtained. 
Independent panelists had available a case report with 
key investigations summarised. Finally, the primary 
findings across the sites were similar. Another strength 
was the inclusion of maternal, placental, and neonatal 
causes of death to highlight the inter-relationship of 
conditions. For example, if a mother had hypertension, 
the placenta had vascular malperfusion, and the neonate 
had birth asphyxia, specific inclusion of each of these 
areas facilitated an understanding of the contribution of 
the maternal, placental, and neonatal causes of this death.

One of the study constraints was that maternal 
conditions were only collected at enrolment, usually 
before delivery, so there were potential limitations 
regarding the data on maternal conditions and gestational 
age ascertainment. Another limitation was the quality of 
data on conditions among those infants discharged 
home before death; however, this represented a small 
proportion of all neonatal deaths evaluated. Although the 
causes of preterm neonatal deaths were generally similar 
in India and Pakistan, we are aware that these findings 
might not be representative of other sites in India and 
Pakistan, in sites in other Asian countries, or in other 
LMICs worldwide. For this reason, it is important to 
determine causes of preterm neonatal death in multiple 
locations so the appropriate interventions can be 
introduced.

In contrast to high-resource settings, where almost all 
preterm newborn babies survive, prematurity remains a 
leading cause of neonatal death globally. Furthermore, 
in low-resource settings, complications of prematurity 
are often listed as the cause of death, with little 
understanding of the factors that could inform 
programmes to reduce these deaths. In PURPOSe, 
infants who were late preterm, and would be viable in 
high-income countries, comprised the majority of the 
preterm neonatal deaths. We found that maternal 
hypertensive disorders together with intrauterine 
hypoxia were the main maternal contributors to these 
deaths. Congenital and newborn infections were also 
important causes of death. Continuing to improve our 
understanding of causes of preterm neonatal deaths in 
these settings is important to developing effective 
strategies to reduce this important contributor to global 
infant mortality.

See Online for appendix
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Ab s t r Ac t
Introduction: The global incidence of low birth is 15%, and in India, it is 18%.  Together with gestational maternal age and size, placental factors 
contribute to 32% of low-birth weight. Various factors influence the fetal growth such as the factors originating from fetus itself, maternal factors, 
placental factors, and the factors due to interaction of all these factors. 
Materials and methods: The placenta was collected from 30 mothers of low-birth-weight babies and 60 placentas from mothers of normal-
birth-weight babies in the Department of Obstetrics and Gynecology from October 2020 to December 2020. Information regarding maternal 
characteristics, placental morphometry, and newborn parameters were recorded.
Results: Mean of placental weight is significantly less in case group (420 + 7 gm) compared with control (560 + 100) group. Mean of placental 
length, breadth, surface area, diameter, and thickness is significantly less in the case group compared with the control group (p <0.05). The 
presence of hard areas, focal avascular villi, syncytial knotting, focal hyaline degeneration, and fibromuscular sclerosis was seen more in low-
birth-weight babies when compared with normal-birth-weight babies (p <0.05). 
Conclusion: Placental factors such as placental weight, placental length, breadth, diameter, surface area, thickness, and volume were less in 
low-birth-weight babies. All the microscopic and gross findings like the presence of hard areas, focal avascular villi, syncytial knotting, focal 
hyaline degeneration, and fibromuscular sclerosis were seen more in low-birth-weight babies.
Keywords: Low birth weight, Maternal risk factors, Newborn, Placental morphometry, Placental risk factors, Placental weight.
Journal of South Asian Federation of Obstetrics and Gynaecology (2022): 10.5005/jp-journals-10006-2124

In t r o d u c t I o n
Placenta is an organ that facilitates exchange of gases and metabolic 
products (nutrients, electrolytes, and maternal antibodies) between 
maternal and fetal blood and produces hormones that sustain the 
pregnancy and prepares the mother and baby for postnatal period. 
Placental morphological changes such as length, breadth, weight, 
and shift in the insertion of umbilical cord on the chorionic plate 
may affect the vasculature of placenta, which is required to meet 
the requirement of nutrients and oxygen to the fetus. The placental 
weight also serves as a marker for the surface area available for 
maternal fetal nutrient exchange.1

The global incidence of low birth is 15%, and in India, it is 
18%.2 Together with gestational maternal age and size, placental 
factors contribute to 32% of low birth weight.3 Various factors 
influence the fetal growth such as the factors originating from 
fetus itself, maternal factors, placental factors, and the factors 
due to interaction of all these factors. Low birth weight is usually 
associated with uterine malnutrition due to mother–placenta–
fetus interchanges. Addressing the placental factors is of utmost 
importance since existing national programs address obstetric and 
neonatal care, but placental risk factors are neglected. So, we need 
to identify early changes in the placenta that helps in predicting 
and prevention of adverse fetal outcomes.4

Various studies have shown the association of maternal 
disorders, congenital anomalies, and chromosomal anomalies with 
low birth weight. This study highlights the association of placental 
risk factors such as changes in placental morphology, histological 
changes in the placenta, and low birth weight in the newborn. 
Hence, the present study was conducted to know the association 
between placental risk factors and birth weight of newborn.

Objectives
• To know the association between placental risk factors and birth 

weight of newborn.
• To know the association between maternal risk factors and birth 

weight of newborn.

MAt e r I A l s A n d Me t h o d s

Source of Data
Registered pregnant women undergoing normal or cesarean 
delivery at a Tertiary Care hospital in Belagavi.
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Method of Collection of Data 
Study design: Case–control study.

Study period and sample size: The placenta was collected from 30 
mothers of low-birth-weight babies and 60 placentas from mothers 
of normal-birth-weight babies in the Department of Obstetrics and 
Gynecology from October 2020 to December 2020.

Study population: 90 newborn babies – 30 term low-birth-weight 
babies (cases) and 60 normal-weight term babies (controls).

• Selection of cases: Term low-birth-weight (<2.5 kg) babies who 
were delivered at a Tertiary Care hospital in Belagavi in the 
period from October 2020 to December 2020.

• Selection of controls: Term normal-birth-weight (2.5–4 kg) babies 
who were delivered to a Tertiary Care hospital in Belagavi in 
the period from October 2020 to December  2020.

Two consecutive normal-birth-weight babies born after the 
birth of a low-birth-weight baby were chosen as controls (1 case: 
2 control).

In case they came under exclusion criteria, the next imme-
diate normal-birth-weight baby was taken as control.

• Matching: Controls were matched for gestational age at delivery 
and sex of the baby. Group matching of the cases and controls 
was done.

Study tool: Pretested and predesigned questionnaire.

Study variables: Information regarding maternal characteristics, 
placental morphometry, and newborn parameters was recorded.

Method of Collection of Placenta
• The placenta was collected along with cord and membranes 

after delayed cord clamping within 1 hour of delivery. The 
placental clots if any were removed, washed thoroughly in 
running water to remove excess blood, the cord was cut at 5 cm 
from the insertion site, membranes were cut, and the weight 
of the trimmed placenta was measured within 10 minutes of 
collection of the placenta using a digital baby-weighing scale 
calibrated to 2 decimal points (10 gm).

• The placental volume was calculated by water displacement 
technique using standardized measuring apparatus.5

• Placenta was then examined for type of placenta, type of 
insertion of umbilical cord into the placenta, and presence of 
meconium staining on fetal surface by the investigator.

• The placenta along with the membranes and cord was cut into 
multiple longitudinal slices and transported in a container with 
10% formalin, tagged with numbers for identification, and was 
sent to a histopathology lab attached to the medical college. 
Further gross analysis including dimensions of the placenta, was 
done using a Vernier caliper calibrated to 10 mm.
– The maximum horizontal dimension of placenta was 

considered as length.
– The dimension perpendicular to the length was considered 

as breadth.
– Thickness was measured using a needle passed at the level 

of insertion of umbilical cord and then the thickness was 
measured using Vernier calipers.

– Surface area of placenta was calculated using 3 14
4

. × ×ds dl

Where ds – smallest diameter (placental breadth) and dl – largest 
diameter (placental length)

– Feto placenta ratio was calculated using the formula:6 

Weight of fetus
Weight of placenta

– Placental coefficient was calculated using the formula:6

Weight of placenta
Weight of fetus

• Placenta was dissected according to Amsterdam criteria 2016.7

• Placenta was cut into 1 cm slices extending just short of cutting 
through to look for abnormal areas.

• A minimum of 6 bits were given which included:
– Umbilical cord 2 cm from site of insertion.
– Umbilical cord at the site of insertion.
– Membranes were rolled into a swiss roll model and cross 

section was taken.
– Maternal surface of placenta.
– Fetal surface of placenta.
– Edge of placenta.
– Abnormal areas, if any.

• The 5-cm wide section of membrane starting at the point of 
rupture of membranes extending till insertion of placenta at 
the margin was taken. The membrane was rolled with amniotic 
surface inward via Swiss roll model, and 1 cm cuts were made. 

• The bits were processed to make slides of 4-micron thickness 
with Hematoxylin and Eosin stain. 

Inclusion Criteria
• Singleton delivery of live neonate born to mothers of any parity 

at or after 37 weeks till 42 weeks of the period of gestation.
• Small for gestation and fetal growth restriction babies.

Exclusion Criteria
• Those not willing to be part of the present study.
• Congenital anomalies of baby detected antenatally or suspected 

postnatally.
• Twin or multiple gestations.
• RVD positive cases (increased risk of chorioamnionitis).
• Those who do not remember their last menstrual period.

Informed Consent
Written informed consent was taken from each participant prior 
to the study.

Statistical Analysis
Data were analyzed using statistical software R version 4.1.1 and 
Microsoft Excel. Continuous variables were represented by mean ± 
SD/median (range), and categorical variables were represented 
by frequency and percentage. To check the association between 
categorical variables, Chi-square test was used. To check the 
normality of variables, Shapiro–Wilk’s test was used. To compare 
the mean between groups, two-sample t-test was used. p-value 
less than or equal to 0.05 indicates statistical significance. Logistic 
regression analysis was used to find the association between 
placental and maternal risk factors and birth weight of the 
newborn.

Ethical Clearance
Institutional ethical committee clearance was obtained vide 
reference number: MDC/DOME/147 dated 19/9/2019.
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re s u lts
Table 1 shows the maternal characteristics of the study participants. 
The mean maternal age was 23.6 + 3.71 years and 24.37 + 3.53 
years in cases and controls, respectively. However, in our study, it 
was seen that maternal age was not a contributing factor for low 
birth weight (p = 0.4933). Our study did not show any significant 
difference in the mean of maternal age between the groups by 
two-sample t-test. By Mann–Whitney test, there was a significant 
difference in the distribution of registration of pregnancy between 
the groups wherein controls registered their pregnancy earlier 

(6 weeks) as compared with cases (9 weeks). One-tailed two sample 
t-test showed that mean of prepregnancy weight (p = 0.003033), 
weight at delivery (p = 0.000241), prepregnancy BMI (p = 0.01449), 
and BMI at delivery (p = 0.002444) were significantly less in case 
group compared with control group.

Table 2 shows the neonatal characteristics of study participants. 
There was no significant difference in the distribution of sex of the 
child. There was no significant difference in the  distribution of Apgar 
scores between the groups. Mean placental weight was significantly 
less in case group (420 + 7 gm) compared with control (560 + 100) 

Table 1: Maternal characteristics of study participants (n = 90)

Maternal characteristics Cases (n = 30) Controls (n = 60) Total (n = 90) p-value

Maternal age (in years)

 <20 3 (10%) 2 (3.33%) 5 (5.56%) 0.4933MC

 20–25 17 (56.67%) 31 (51.67%) 48 (53.33%)

 25–30 8 (26.67%) 23 (38.33%) 31 (34.44%)

 ≥30 2 (6.67%) 4 (6.67%) 6 (6.67%)

Maternal age (in years) 23.6 ± 3.71 24.37 ± 3.53 24.11 ± 3.59 0.3424t

Registration of pregnancy 9 (4, 20) 6 (4, 20) 8 (4, 20) 0.0424*MW

Gestational age (in weeks) 38.87 ± 1.32 39.24 ± 1.04 39.11 ± 1.15 0.1485t

Prepregnancy weight (in kgs) 40.57 ± 7.58 46.18 ± 9.53 44.31 ± 9.27 0.003033*t

Weight at delivery (in kgs) 51.3 ± 7.97 58.83 ± 9.86 56.32 ± 9.9 0.000241*t

Prepregnancy BMI (in kg/m2) 17.67 ± 2.64 19.6 ± 4.38 18.96 ± 3.98 0.01449*t

BMI at delivery (in kg/m2) 22.37 ± 2.65 24.93 ± 4.47 24.08 ± 4.12 0.002444*t

Hemoglobin at 1st trimester (g/dL) 10.57 ± 1.49 10.15 ± 1.66 10.29 ± 1.61 0.8602t

Hemoglobin at 2nd trimester (g/dL) 10.6 ± 1.36 10.03 ± 1.15 10.4 ± 1.22 0.5321t

Hemoglobin at 3rd trimester (g/dL) 11.19 ± 1.77 11.26 ± 1.4 11.24 ± 1.52 0.4148t  

MCMonte-Carlo simulation used in Chi-square test; tt-test; MWMann–Whitney test, *p <0.05

Table 2: Neonatal characteristics of study participants (n = 90)

Cases Controls Total p-value

Sex of baby

 Female 14 (46.67%) 28 (46.67%) 42 (46.67%) 1

 Male 16 (53.33%) 32 (53.33%) 48 (53.33%)

Birth weight (in kg) 2.19 ± 0.26 2.98 ± 0.38 2.72 ± 0.51 <0.00001*t

Apgar 7 (7, 8) 7 (6, 9) 7 (6, 9) 0.9638MW

Fetal distress

 Absent 25 (83.33%) 46 (76.67%) 71 (78.89%) 0.465

 Present 5 (16.67%) 14 (23.33%) 19 (21.11%)

Placental weight (grams) 0.42 ± 0.07 0.56 ± 0.1 0.51 ± 0.11 <0.00001*Wt

Placental length (in cm) 14.64 ± 2.2 16.83 ± 2.89 16.1 ± 2.86 0.000222*t

Placental breadth (in cm) 12.57 ± 1.79 13.88 ± 1.96 13.44 ± 1.99 0.001424*t

Surface area (in cm2) 145.85 ± 37.43 186 ± 52.84 172.62 ± 51.67 0.000177*t

Thickness (in cm) 2.12 ± 0.61 2.66 ± 0.93 2.48 ± 0.87 0.000734*t

Placental diameter 13.61 ± 1.71 15.35 ± 2.18 14.77 ± 2.19 0.00011*t

Placental volume 305.15 ± 87.21
344.54 (162.57, 495.14)

499.75 ± 225.47
476.15 (113.04, 1329.79)

434.89 ± 211.4
380.01 (113.04, 1329.79)

<0.00001*MW

Feto-placental ratio 5.3 ± 0.7 5.45 ± 0.77 5.4 ± 0.75 0.1947t

Placental coefficient 0.19 ± 0.03 0.19 ± 0.02 0.19 ± 0.03 0.8256t

tt-test; MWMann–Whitney test; WtWelch’s t-test, *p <0.05
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group (p <0.00001). Mean placental length, breadth, surface area, 
diameter, and thickness were significantly less in the case group 
compared with the control group (p <0.05). However, there was no 
difference observed in the mean of feto-placental ratio and placental 
coefficient between the groups by two-sample t-test. Feto-placen-
tal ratio was observed as 6:1 in case and 5:1 in controls. Placental 
volume was less in low-birth-weight babies when compared with 
normal-birth-weight babies (p <0.00001).

Table 3 shows the gross and microscopic examination of the 
placenta. Presence of hard areas (Fig. 1), focal avascular villi, syncytial 
knotting (Fig. 2), focal hyaline degeneration, and fibromuscular 
sclerosis was seen more in low-birth-weight babies when compared 
with normal-birth-weight babies (p <0.05). 

Table 4 shows logistic regression for maternal risk factors for 
low birth weight. The model was finalized using stepwise regression 
method, and we can observe that only prepregnancy weight is 
affecting low birth weight. In this study, it was seen that with unit 
increase in the prepregnancy birth weight, log odds of having low 
birth weight decreased by a factor of 0.08.

Table 5 shows logistic regression for placental risk factors of low 
birth weight. The model was finalized using stepwise regression 
method, and we can observe that placental weight and focal hyaline 
degeneration is affecting low birth weight. With unit increase in the 
placental weight, log odds of having low birth weight decreased by 
a factor of 19.3282. Log odds of having low birth weight are 2.0164 
times more for the subjects who had focal hyaline degeneration 

Table 3: Gross and microscopic examination of placenta of study participants

Cases Controls Total p-value

Hard areas

 <10% 19 (63.33%) 50 (83.33%) 69 (76.67%) 0.03445*

 >10% 11 (36.67%) 10 (16.67%) 21 (23.33%)

Type of placenta

 Bidiscoidal 2 (6.67%) 0 (0%) 2 (2.22%) 0.1159MC

 Circumvallate 0 (0%) 1 (1.67%) 1 (1.11%)

 Normal 28 (93.33%) 59 (98.33%) 87 (96.67%)

Type of insertion of umbilical cord into placenta

 Central 6 (20%) 20 (33.33%) 26 (28.89%) 0.1454MC

 Eccentric 18 (60%) 34 (56.67%) 52 (57.78%)

 Marginal 4 (13.33%) 6 (10%) 10 (11.11%)

 Velamentous 2 (6.67%) 0 (0%) 2 (2.22%)

Meconium staining

 No 4 (13.33%) 8 (13.33%) 12 (13.33%) 1

 Yes 26 (86.67%) 52 (86.67%) 78 (86.67%)

Calcification

 No 13 (43.33%) 33 (55%) 46 (51.11%) 0.2966

 Yes 17 (56.67%) 27 (45%) 44 (48.89%)

Focal avascular villi

 No 15 (50%) 50 (83.33%) 65 (72.22%) 0.000874*

 Yes 15 (50%) 10 (16.67%) 25 (27.78%)

Syncytial knotting

 Mild 8 (26.67%) 31 (51.67%) 39 (43.33%) 0.0004998*MC

 Moderate 9 (30%) 5 (8.33%) 14 (15.56%)

 Nil 4 (13.33%) 12 (20%) 16 (17.78%)

 Severe 9 (30%) 1 (1.67%) 10 (11.11%)

Focal hyaline degeneration

 No 21 (70%) 55 (91.67%) 76 (84.44%) 0.0004998*MC

 Yes 9 (30%) 4 (6.67%) 13 (14.44%)

Hypertrophic vessels

 No 28 (93.33%) 60 (100%) 88 (97.78%) 0.1044MC

 Yes 2 (6.67%) 0 (0%) 2 (2.22%)

Thickened vessel wall

 No 30 (100%) 57 (95%) 87 (96.67%) 0.5502MC

 Yes 0 (0%) 3 (5%) 3 (3.33%)
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Intervillous hemorrhage

 No 25 (83.33%) 55 (91.67%) 80 (88.89%) 0.2274MC

 Yes 5 (16.67%) 4 (6.67%) 9 (10%)

Infarction

 No 24 (80%) 56 (93.33%) 80 (88.89%) 0.073436MC

 Yes 6 (20%) 4 (6.67%) 10 (11.11%)

Fibrinoid necrosis

 No 24 (80%) 56 (93.33%) 80 (88.89%) 0.07096MC

 Yes 6 (20%) 4 (6.67%) 10 (11.11%)

Fibromuscular sclerosis

 No 27 (90%) 60 (100%) 87 (96.67%) 0.03998*MC

 Yes 3 (10%) 0 (0%) 3 (3.33%)
MCMonte-Carlo simulation used in Chi-square test, *p <0.05

Table 4: Logistic regression for maternal risk factors of low-birth weight

Beta estimates (CI) p-value

(Intercept) −0.9694 (−5.259, 3.4491) 0.6589

Registered pregnancy 0.0713 (−0.0573, 0.2005) 0.2725

Prepregnancy weight (in kgs) −0.0846 (−0.164, −0.0186) 0.0209*

Hemoglobin at 1st trimester 0.3088 (−0.0122, 0.6526) 0.066
*p <0.05

Table 5: Logistic regression for placental risk factors of low-birth weight

Beta estimates (CI) p-value

(Intercept) 7.5701 (3.271, 13.1303) 0.002165

Placental weight (in kg) −19.3282 (−31.9028, −10.0619) 0.000402*

Syncytial knotting

 None – –

 Mild 0.4774 (−1.3483, 2.5002) 0.619652

 Moderate 1.5842 (−0.3929, 3.7575) 0.128046

 Severe 2.2547 (−0.0589, 5.4578) 0.084992

Focal hyaline degeneration

 No – –

 Yes 2.0164 (0.3107, 4.0539) 0.030415*

*p <0.05

Fig. 1: Gross examination of cut-slice placenta during dissection showing 
hard area

Fig. 2: Microscopic examination of placenta with H&E staining showing 
excessive syncytial knotting
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when compared with the subjects who do not have focal hyaline 
degeneration.

Table 6 shows the correlation between placenta parameters and 
birth weight between the groups. By Pearson’s correlation test, there 
is strong positive correlation observed between placental weight 
and birth weight in both cases and controls. By Pearson’s correlation 
test, there is moderate positive correlation observed between 
placental diameter and birth weight in both groups. By Spearman’s 
correlation, there is moderate positive correlation observed between 
placental volume and birth weight in both groups (Figs 3 and 4).

dI s c u s s I o n

In our study, mean maternal age of cases and controls was 23.6 + 
3.71 years and 24.37  +  3.53, respectively, which was similar to 
studies done in India.8,9 In the present study, maternal age was 
not associated with placental weight that differed from other 
studies.8,9 However, several studies have shown that teenage 
mothers had higher incidence of giving birth to low-birth-weight 
babies, which could be attributable to prematurity.10,11 In our study, 
mean pregnancy weight, weight at delivery, prepregnancy BMI, 
and BMI at delivery were significantly less in mothers who had 
given birth to low-birth-weight babies, which could be attributed 
to poor nutritional status of the mother which was similar to other 
studies.9,12

Gender of the baby did not affect the birth weight of the baby 
in our study, whereas many studies have shown that male babies 
had higher birth weight than female babies.13 Apgar score at 5th 
minute was similar in both groups unlike other studies.14,15 It was 
probably similar in cases and controls in our study due to better 
neonatal resuscitation care and equipment availability in the 
tertiary care center. Fetoplacental ratio and placental coefficient 
were similar between the two study groups in our study, whereas 
several studies have shown that these could be less for small-
for-gestational age and adverse pregnancy outcomes.6,16–18 
In the present study, mean placental weight was significantly 
lower in low-birth-weight babies, which were similar to other 
studies.19–23 Low mean placental weight in low-birth-weight 
babies in our study could be due to decompensatory changes in 
the placenta.19–23

In our study, we could see changes in the placenta on gross 
and microscopic examination, such as the presence of hard areas, 
focal avascular villi, syncytial knotting, focal hyaline degeneration, 
and fibromuscular sclerosis which was more among low-birth-
weight babies when compared with normal-birth-weight babies, 
which was similar to other studies.24,25 Having diffuse hyaline 

degeneration could be physiological. However, in our study, focal 
hyaline degeneration was seen, which could be due to vascular 
obliteration of stem villous vessel of noninflammatory cause that 
could predict the possibility of low birth weight.24,25 Increased 
syncytial knotting was seen in the placenta of low-birth-weight 

Fig. 3: Comparison of mean placental weight between the cases and 
controls

Fig. 4: Positive correlation plot between placental weight and birth 
weight

Table 6: Correlation between placental parameters and birth weight over groups

Cases Controls

r-value p-value r-value p-value

Placental weight (grams) 0.62761 0.00020* 0.67226 <0.00001*

Placental length (in cm) 0.32482 0.07989 0.3629 0.004375*

Placental breadth (in cm) 0.31787 0.08693 0.22457 0.08452

Surface area (in cm2) 0.35870 0.05159 0.35144 0.00589*

Placental diameter 0.37517 0.04106* 0.340973 0.007676*

Placental volume# 0.46176 0.01021* 0.58756 <0.0001*

Thickness (in cm) 0.26386 0.1589 0.44946 0.00031*

#Indicates Spearman’s correlation applied for the particular variable, *p <0.05
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babies. This could be explained by the fact that there is higher 
vascular endothelial growth factor (VEGF) expression in patients 
with maternal stress as a part of placental adaptation to procure 
more nutrition. Vascular endothelial growth factor causes 
angiogenesis and more villous pattern of placental vessels that 
appears as syncytial knotting in low-birth-weight placentae.26,27 
Focal avascular villi, which is a predictor of low birth weight, were 
seen higher in our cases compared with controls.28 Fibromuscular 
sclerosis is seen more in patients with GDM, however, our study 
showed a higher incidence in mothers who give birth to low-birth-
weight babies.29 Our study showed focal hyaline degeneration, 
focal avascular villi, increased syncytial knotting, and fibromuscular 
sclerosis to be significantly associated with low-birth-weight 
babies, however, in a study conducted in Uttar Pradesh showed 
that placental ischemia, placental infarction, fibrinoid necrosis, 
stromal fibrosis, and calcification were significantly associated with 
low-birth-weight babies.8 

In our study, the placental diameter and volume had a 
moderate positive correlation with birth weight of the baby in 
both case and control groups similar to other studies conducted 
in Karnataka.23,30 In our study, surface area and thickness had 
a positive correlation only with the control group and were 
significantly higher in the control group similar to other studies 
conducted in Karnataka.23,30

st r e n g t h s
This study was done on “term” babies, which enables us to study 
the reason why some babies are low birth weight, despite reaching 
term.

This study elucidates the importance of the placenta as a 
predictor for low birth weight.

lI M I tAt I o n s
In this study, placentae were examined after delivery of the baby, 
thereby losing valuable preventive time that was available during 
the period of gestation.

This study does not correlate the postnatal gross and 
microscopic findings with antenatal ultrasonography (USG) or 
magnetic resonance imaging (MRI) of placenta.

co n c lu s I o n
• Placental factors such as placental weight, placental length, 

breadth, diameter, surface area, thickness, and volume were 
less in low-birth-weight babies.

• All the microscopic and gross findings like the presence of 
hard areas, focal avascular villi, syncytial knotting, focal hyaline 
degeneration, and fibromuscular sclerosis were seen more in 
low-birth-weight babies when compared with normal-birth-
weight babies.

• Maternal factors such as prepregnancy weight, prepregnancy 
BMI, weight, and BMI at delivery were less in mothers of low-
birth-weight babies, and were statistically significant.

Ac k n ow l e d g M e n ts
The authors would like to thank the study participants for their 
cooperation. We would also like to thank the principal for giving 
us permission to conduct the study.

or c I d

Balasubramanian R  https://orcid.org/0000-0002-9496-4294
Sulakshana Shridhar Baliga  https://orcid.org/0000-0001-7165-4974
Ranjit Kangle  https://orcid.org/0000-0003-2165-6634
Kamal P Patil  https://orcid.org/0000-0003-3942-9245
Karthik Srevatsa  https://orcid.org/0000-0002-2036-4309

re f e r e n c e s

 1. Sadler TW, Jan Langman. Langman’s Medical Embryology. 12th ed. 
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins; 
2012. pp. 100–109. 

 2. Vivek Jain. Review of Preventive and Social Medicine (Including 
Biostatistics). 11th ed. New Delhi: Jaypee Brothers Medical Publishers 
Pvt. Ltd; 2019. pp. 485–486. 

 3. Sanin LH, López SR, Olivares ET, et al. Relation between birth 
weight and placenta weight. Biol Neonate 2001;80(2):113–117. DOI: 
10.1159/000047129.

 4. Valero de Bernabé J, Soriano T, Albaladejo R, et al. Risk factors 
for low birth weight: A review. Eur J Obstet Gynecol Reprod Biol 
2004;116(1):3–15. DOI: 10.1016/j.ejogrb.2004.03.007.

 5. Gupta C, Harode H, D’Souza A. A morphological and morphometric 
study of placenta with its clinical implications. Trop J Med Res 
2015;18(2):85. DOI: 10.4103/1119-0388.158400.

 6. Balihallimath R, Bhusaraddi PS, Singh I, et al. Determinants of feto-
placental ratio. J Int Med Dent 2015;2(2):111–117. https://imsear.searo.
who.int/handle/123456789/163461.

 7. Khong TY, Mooney EE, Ariel I, et al. Sampling and definitions of 
placental lesions Amsterdam placental workshop group consensus 
statement. In: Archives of Pathology and Laboratory Medicine. 
College of American Pathologists; 2016; 140(7):698–713. DOI: 10.5858/
arpa.2015-0225-CC.

 8. Nigam J, Misra V, Singh P, et al. Histopathological study of placentae 
in low birth weight babies in India. Ann Med Health Sci Res 2014; 
4(Suppl 2):S79–S83. DOI: 10.4103/2141-9248.138016.

 9. Balihallimath R, Shirol V, Tyagi N, et al. Maternal determinants of 
placental morphometry and birth weight. Int J Med Sci Public Health 
2015;4(4):508–515. DOI: 10.5455/ijmsph.2015.1012201499.

 10. Patel S, Verma NR, Padhi P, et al. Retrospective analysis to identify the 
association of various determinants on birth weight. J Family Med 
Prim Care 2021;10(1):496–501. DOI: 10.4103/jfmpc.jfmpc_1493_20.

 11. Aras R. Is maternal age risk factor for low birth weight? Arch Med 
Health Sci 2013;1(1):33–37. DOI: 10.4103/2321-4848.113558.

 12. Baptiste-Roberts K, Salafia CM, Nicholson WK, et al. Maternal risk 
factors for abnormal placental growth: The national collaborative 
perinatal project. BMC Pregnancy Childbirth 2008;8(1):44. DOI: 
10.1186/1471-2393-8-44.

 13. Dougherty CRS, Jones AD. The determinants of birth weight. 
Am J Obstet Gynecol 1982;144(2):190–200. DOI: 10.1016/0002-
9378(82)90627-5.

 14. Joshi JM, Patel D. A study of association between maternal 
placental weight and neonatal characteristics. J Evol Med Dent Sci 
2013;2(7):689–695. DOI: 10.14260/jemds/325.

 15. Chien LY, Whyte R, Aziz K, et al. Improved outcome of preterm 
infants when delivered in tertiary care centers. Obstet Gynecol 
2001;98(2):247–252. DOI: 10.1016/s0029-7844(01)01438-7.

 16. Suarez Idneta L, Bedford H, Ohuma EO, et al. Maternal risk factors 
for small-for-gestational-age newborns in Mexico: Analysis of a 
nationwide representative cohort. Front Public Health 2021;9:707078. 
DOI: 10.3389/fpubh.2021.707078.

 17. Luque-Fernandez MA, Ananth CV, Jaddoe VWV, et al. Is the 
fetoplacental ratio a differential marker of fetal growth restriction in 
small for gestational age infants? Eur J Epidemiol 2015;30(4):331–341. 
DOI: 10.1007/s10654-015-9993-9.

https://orcid.org/0000-0003-3942-9245


Association of Placental Risk Factors and Birth Weight of Newborn

526 Journal of South Asian Federation of Obstetrics and Gynaecology, Volume 14 Issue 5 (September–October 2022)

 18. Kim HS, Cho SH, Kwon HS, et al. The significance of placental ratios in 
pregnancies complicated by small for gestational age, preeclampsia, 
and gestational diabetes mellitus. Obstet Gynecol Sci 2014;57(5): 
358–366. DOI: 10.5468/ogs.2014.57.5.358.

 19. Raghavendra AY, Vinay KV, Veena P. A Study of Placental Weight 
and Fetal Outcome In Different Grades of Pregnancy Induced 
Hypertension. Int J Anat Res 2014;2(4):625–629. https://imsear.searo.
who.int/handle/123456789/174625. 

 20. Onche EP, Zaiyol ST, Ochigbo OA. Placental-birth weight ratio atterm 
at the  benue state university teaching hospital, makurdi, north-
central Nigeria. Res Rep Gynecol Obstet 2017;1(3):16–18. https://www.
researchgate.net/profile/Bernard-Utoo/publication/334769889_
placenta_birthweight_ratio_published/links/5d40448692851 
cd0469364b7/placenta-birthweight-ratio-published.pdf. 

 21. Dhagale JR, Salunkhe JA, Kakade SV, et al. A comparative study to 
assess the relationship of placental weight and fetal outcome among 
normal and anemic mothers admitted in Tertiary Care hospital Karad. 
Asian J Pharm Res Health Care 2017;9(4):180–185. DOI: 10.18311/
ajprhc/2017/16363.

 22. Panti A, Yakubu A, Ekele B, et al. The relationship between the weight 
of the placenta and birth weight of the neonate in a Nigerian Hospital. 
Niger Med J 2012;53(2):80–84. DOI: 10.4103/0300-1652.103547.

 23. D’Sa DS, Sangeetha V. Morphometric study of placenta in relation 
to birth weight of full term new-borns. Int J Anat  Res 2018;6(1.2): 
4924–4927. DOI: 10.16965/ijar.2017.508.

 24. Boog G. Chronic villitis of unknown etiology. Eur J Obstet Gynecol 
Reprod Biol 2008;136(1):9–15. DOI: 10.1016/j.ejogrb.2007.06.018.

 25. Roesher AM, Timmer A, Erwich JH, et al. Placental pathology, 
perinatal death, neonatal outcome and neurological development. A 
systematic review. PLoS One 2014;9(2):e89419. DOI: 10.1371/journal.
pone.0089419.

 26. Zhou Y, McMaster M, Woo K, et al. Vascular endothelial growth 
factor ligands and receptors that regulate human cytotrophoblast 
survival are dysregulated in severe preeclampsia and hemolysis, 
elevated liver enzymes, and low platelets syndrome. Am J Pathol 
2002;160(4):1405–1423. DOI: 10.1016/S0002-9440(10)62567-9.

 27. Cantle SJ, Kaufmann P, Luckhardt M, et al. Interpretation of syncytial 
sprouts and bridges in the human placenta. Placenta 1987;8(3): 
221–234. DOI: 10.1016/0143-4004(87)90046-4.

 28. Pinar H, Goldenberg RL, Koch MA, et al. Placental findings in singleton 
stillbirths. Obstet Gynecol 2014;123(2 Pt 1):325–336. DOI: 10.1097/
AOG.0000000000000100.

 29. Aldahmash WM, Alwasel SH, Aljerian K. Gestational diabetes 
mellitus induces placental vasculopathies. Environ Sci Pollut Res Int 
2022;29(13):19860–19868. DOI: 10.1007/s11356-021-17267-y.

 30. Balihallimath RL, Shirol VS, Gan AM, et al. Placental morphometry 
determines the birth weight. J Clin Diagn Res 2013;7(11):2428–2431. 
DOI: 10.7860/JCDR/2013/7478.3564.

https://imsear.searo.who.int/handle/123456789/174625
https://imsear.searo.who.int/handle/123456789/174625
https://www.researchgate.net/profile/Bernard-Utoo/publication/334769889_placenta_birthweight_ratio_published/links/5d40448692851 cd0469364b7/placenta-birthweight-ratio-published.pdf.
https://www.researchgate.net/profile/Bernard-Utoo/publication/334769889_placenta_birthweight_ratio_published/links/5d40448692851 cd0469364b7/placenta-birthweight-ratio-published.pdf.
https://www.researchgate.net/profile/Bernard-Utoo/publication/334769889_placenta_birthweight_ratio_published/links/5d40448692851 cd0469364b7/placenta-birthweight-ratio-published.pdf.
https://www.researchgate.net/profile/Bernard-Utoo/publication/334769889_placenta_birthweight_ratio_published/links/5d40448692851 cd0469364b7/placenta-birthweight-ratio-published.pdf.


© 2022 Indian Journal of Health Sciences and Biomedical Research KLEU | Published by Wolters Kluwer - Medknow 7

Assessment of hidden leprosy cases 
in North Karnataka by leprosy case 
detection campaign – A mixed‑method 
study
Ooviya Jayaseelan, Deepti M. Kadeangadi, Shivaswamy M. S.

Abstract:
BACKGROUND: Leprosy, also known as Hansen’s disease, is a chronic infectious disease, caused 
by Mycobacterium Leprae. India and Indonesia contributed 92% of the South‑East Asia Region’s 
caseload.
AIM: The aim of this study is to identify leprosy cases in the general population by active surveillance.
MATERIALS AND METHODS: As a part of the leprosy survey, the teams comprised healthcare 
workers and volunteers who performed house‑to‑house survey and examined all the household 
members to identify any suspects with hypopigmented and hypoanesthetic patches. The suspects 
were examined by the medical officer. Clinically suspected leprosy patients were then referred to 
the district hospital for laboratory confirmation.
RESULTS: Of the 123 screened individuals, 62.5% of the suspects were aware of the presence 
of skin lesions (hypopigmented patch), 45.8% of them noticed the presence of patch or patches 
3 months before this survey. Six of 123 were clinical suspects of leprosy, 83.3% were aware of the 
availability of treatment for leprosy in the primary health center. Only three among the six knew that 
leprosy is completely curable. All six had social stigma about leprosy.
CONCLUSION: Despite many awareness campaigns on leprosy, social stigma on leprosy is still 
prevalent. Healthcare workers need to educate the general population about the modes of spread, 
availability of the treatment, and myths/false beliefs on leprosy.
Keywords:
Leprosy, leprosy case detection campaign, social stigma

Introduction

Leprosy, also known as Hansen’s disease, 
is a chronic infectious disease caused by 

Mycobacterium Leprae. It is transmitted 
by droplets from the nose and mouth, 
during close and frequent contact with the 
untreated cases. It mainly affects the skin, 
peripheral nerves, mucosa of the upper 
respiratory tract, and eyes.[1]

South‑East Asian Region accounted for 71% 
of the new leprosy cases globally. India and 

Indonesia contributed 92% of the region’s 
caseload. The WHO epidemiological 
report 2018 reported that of 208,641 global 
new leprosy cases reported, 120,334 cases 
were reported from India. Thus, India 
contributed to about 58% of new cases 
reported globally.[1,2]

The WHO target for elimination of leprosy 
≤1/10,000 population, which India achieved 
in the year 2005. A significant increase of 
leprosy cases was recorded in 50 districts 
among seven states in India. Leprosy case 
detection campaign (LCDC) was launched 
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by the Central Leprosy Division, Directorate General of 
Health Services, Ministry of Health and Family Welfare, 
Government of India. LCDC is a unique initiative under 
the National Leprosy Control Program.[3]

The first phase of LCDC was conducted in seven states 
namely Maharashtra, Jharkhand, Bihar, Chhattisgarh, 
Uttar Pradesh, Madhya Pradesh, and Orissa, between 
March and April 2016 which showed increasing in 
the number of leprosy cases with the prevalence rate 
of 1–1.32/10,000 populations in many districts of 
the country.[1,4] There was a continuous increase of 
ANCDR (annual new case detection rate) in the Belagavi 
district. Two hundred and fifty‑eight leprosy cases 
were detected in the year 2018–2019 and 192 cases were 
detected from April to December 2019.[5]

The campaign aimed to identify leprosy cases in the 
general population by active surveillance. Separate 
case detection campaign was perceived by the National 
Leprosy control program mainly for active case detection 
because of the rise in caseload.[1] State Health and Family 
Welfare Department of Karnataka state found that there 
had been a consistent rise in the number of new cases 
in five districts namely Belagavi, Chitradurga, Haveri, 
Chamarajanagar, and Koppal.[3] Hence, the survey was 
carried out in these districts.

Our study aimed to identify the hidden leprosy cases in 
the community by active case finding through LCDC and 
in turn to save leprosy‑affected person from developing 
physical disability.

Materials and Methods

Study design
A Community‑based cross‑sectional study with 
mixed‑method design.

Study area
The LCDC was conducted by the Ministry of Health 
and Family Welfare Government of India throughout 
the Belagavi district. In this study, we have included the 
population residing in the rural field practice areas of 
Kinaye and Vantamuri and the urban field practice areas 
of Rukmini Nagar and Ashok Nagar which are under 
the administration of the Department of Community 
Medicine, Jawaharlal Nehru Medical College. All the 
age groups from the study area were included in the 
study. The house‑to‑house survey was conducted among 
residents in the study area.

Qualitative data were collected from the clinical suspects 
of leprosy. Six clinically suspected leprosy patients 
were taken as Key informants (K). K1, K2‑from one 
rural healthcare and training center (RHTC), K3‑urban 

healthcare and training center (UHTC), K4‑from another 
RHTC, K5, K6‑from another UHTC.

Population of all the age groups residing in the study 
area was included in the study. Patients who are on 
multidrug treatment for leprosy and houses which were 
found to be locked on three consecutive visits, during the 
house‑to‑house survey were excluded from the study.

Data collection
A total of 34,792 households with 183,845 people were 
surveyed. Medical Officers and Health Supervisors 
underwent district‑level training about LCDC. Medical 
officers then trained the ASHAs (Accredited Social 
Health Activists), anganwadi workers, and community 
volunteers to identify the cases in the field practice areas.

E a c h  t e a m  h a d  o n e  h e a l t h  w o r k e r 
(ASHA/anganwadi worker) and one volunteer most 
preferably, male. 117 teams were formed, from 2 PHCs 
and 2 UHCs for continuous 14 days, from November 
2019 to December 2019. 25 households/day/team– target 
was covered between 7 a.m. and 11 a.m. during the 
house‑to‑house survey.

The teams performed house‑to‑house survey and 
examined all the household members by using a 
predesigned checklist to identify the suspects with 
hypopigmented and hypoanesthetic patches.[6] The 
checklist contained few details which the team members 
needed to look for, i.e. hypo/hyperpigmented skin 
lesions, hypoanesthetic patches, and scaling should not 
be present over the skin lesion(s).[7]

Houses which were covered by the team was marked 
as– L. Households which were locked or if at least one 
household member was not screened, those houses were 
marked as– X. After three consecutive visits also, if the 
particular household member(s) remained absent for 
the survey, such houses were marked as X. X houses 
which successfully covered, on the next visits were 
converted into L (X→L).[8] Health supervisor(s) and 
medical officer(s) visited the survey sites to supervise 
and to identify and resolve any difficulties that were 
encountered during the survey.

34,792 Households – 1,83,845populations of 2 PHCs 
and 2 UHCs

↓
117 Teams × 14 Days

↓
25‑30 Houses/Day/Team

↓
Identified leprosy suspects (n = 123)

↓
Clinically suspected leprosy cases (n = 6)
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↓
Referred to the district hospital for further 

confirmation
↓

Interaction with the patients to find out the reasons for 
not consulting any healthcare worker

The clinically suspected leprosy cases who were identified 
during the house‑to‑house survey were asked to come to 
the primary health center covering that area on the same 
day of the survey. Detailed history and examination 
of the suspects were done by the postgraduates of 
the department of community medicine who were 
posted at that time and it was counter‑checked by the 
medical officer. Examination comprised evaluation of 
hypo/hyperpigmented patches or reddish patches with 
sensory examination over the skin lesions for the definite 
sensory deficit; palpation of peripheral nerves on the wrist, 
elbows for nerve thickening with the loss of sensation and 
weakness or paralysis of corresponding muscles.

In the second phase, after the survey, qualitative data 
were collected from six suspected leprosy cases using key 
informant interviews with a semi‑structured interview 
guide. The interview lasted for 10 min with each patient.

Coding was done using the triangulation process and 
analyzed using Microsoft Excel. Descriptive data were 
expressed in frequency and percentages.

Ethics
The Institutional ethics committee clearance was 
obtained for the study. Informed written consent was 
obtained from all the study participants before each 
interview. Ethical Clearance was obtained from JNMC 
Institutional Ethics Committee on Human Subjects 
Research, J.N.Medical College, Belagavi, India with Ref 
no MDC/DOME/334 dated 24.12.2019).

Results

Out of 183,845 populations who were screened, 123 
suspects were identified by the healthcare teams and 
brought to the PHC/UHC for further examination by 
the postgraduates and medical officers. The medical 
officers examined the suspects and excluded other skin 
conditions such as dermatitis, pityriasis alba, and tinea 
versicolor.

Of the 123 suspects, 62.5% were women, 34.1% of the 
participants were between 31 and 50 years of age. 24% 
of the suspects had an education less than primary 
schooling. Forty‑six percent of the suspects belonged 
to Class IV (lower middle socioeconomic class) as per 
modified BG Prasad classification and 37.5% were 
housewives [Table 1].

About 62.5% of the suspects were aware of the presence 
of skin lesion (hypopigmented patch), 45.8% of them 
noticed the presence of patch 3 months before this survey, 
but they did not consult any doctor for their condition 
or discuss with a healthcare worker. About 37.5% of the 
suspects were unaware of the presence of patches in their 
bodies. About 66.7% and 56.3% had itching and scaling 
respectively, which clearly indicated that the suspects 
were free from leprosy and instead, were suffering 
from other skin diseases. About 25% of the suspects had 
erythema around the skin lesion(s) [Table 2].

Graph 1 shows the differential diagnosis made by the 
medical officers among the suspects brought by the 
teams after screening them. About 48% of the suspects 
had fungal infections‑tinea versicolor, tinea corporis, 
pityriasis versicolor, and treatment were started 
accordingly. About 30% of the 123 suspects were 
suffering from dermatitis and 5.5% of the suspects had 
symptoms of leprosy.

Six patients, who had shown the symptoms of leprosy, 
were interviewed using a semi‑structured interview 
guide. In‑depth interview was conducted among these 
clinically suspected patients (the possibility of becoming 

Table 1: Sociodemographic characteristics of the 
study participants (n=123)
Variables Frequency, n (%)
Age (years)

10‑30 39 (31.7)
31‑50 42 (34.1)
51‑70 37 (30.0)
>70 5 (4.0)

Gender
Male 46 (37.5)
Female 77 (62.5)

Education
Illiterate 24 (18.8)
Middle school 24 (18.8)
High school 46 (37.5)
Pre university course/diploma/ITI 17 (14.5)
Graduate 12 (10.4)

Occupation
Student 15 (12.5)
Unemployed 2 (2.1)
Unskilled 26 (20.8)
Semi‑skilled 26 (20.8)
Skilled 8 (6.3)
Housewife 46 (37.5)

Socioeconomic status (modified BGP)
Class I 10 (8.3)
Class II 20 (16.7)
Class III 41 (33.3)
Class IV 49 (39.6)
Class V 3 (2.1)

LCDC: Leprosy case detection campaign
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leprosy positive is >50% among these six clinically 
suspected patients).

Five of six patients knew at least one symptom of leprosy. 
About 83.3% were aware of the availability of treatment 
for leprosy in the PHC/UHC. Only three among these 
six knew that leprosy is completely curable. All six 
had social stigma about leprosy [Table 3]. Most of the 
population belonged to SES– III, IV as per modified B. G. 
Prasad’s classification and the majority of the population 
had an educational status below High school.

K1 mentioned– “I am really worried. By chance, if I 
become leprosy positive, people will start avoiding me 
and they will not socialize like before.”

K2 revealed that‑ “All people are still having social 
stigma of leprosy.”

K3 mentioned– “I am aware of the availability of 
treatment for leprosy, even then, I am worried about 
the people around me who will start neglecting me if I 
become positive.”

K4 mentioned– “I am worried about my family, 
they may send me out of the home if I become leprosy 
positive.”

K5 mentioned that‑ “I am scared of losing my job if I 
turned out to be leprosy positive.”

K6 Said‑ “I know few symptoms of leprosy, but I thought 
the skin lesion will not be due to leprosy.”

Discussion

The LCDC was an attempt on pilot basis to involve the 
general health care staff in NLEP by utilizing ASHA 
workers and male volunteers to find out leprosy cases/
suspects by the house‑to‑house survey. Passive mode 
of case detection was followed to identify the leprosy 
cases before the initiation of LCDC.[1] Then, it changed 
into an active case detection campaign. The first phase 
of LCDC was conducted only in seven endemic states in 
India.[1] Active surveillance was carried out to identify 
more cases hidden in the community who were not 
seeking health care and were hesitant to visit the health 
care centers.

Of the total population residing in the area, 90% of the 
population was screened. Another 10% were screened 
because few participants migrated to other places; 
few participants were working in the field and were 
not available during the survey period. Few of them 
were very resistant and did not allow the healthcare 

Table 2: Symptoms and signs among the suspects detected by the teams (n=123)
Symptoms Yes, n (%) No, n (%) Don’t know, n (%)
Whether patient was aware of presence of patch? 77 (62.5) 46 (37.5)
When the patch was first noticed?

<3 months 36 (29.2)
3‑6 months 56 (45.8)
>6 months 18 (14.6)
Unaware of patch 13 (10.4)

Presence of itching over the lesion 82 (66.7) 41 (33.3)
Presence of scaling 69 (56.3) 26 (20.8) 28 (22.9)
Presence of erythema 31 (25) 84 (68.7) 8 (6.3)

Table 3: Knowledge about leprosy among clinically suspected leprosy subjects (n=6)
Variable Frequency, n (%)
1) Number of subjects who know at least one symptom of leprosy 5 (83.3)
2) Number of subjects aware of availability of treatment for leprosy 5 (83.3)
3) Number of subjects who know that leprosy is completely curable 3 (50)
4) Number of subjects who know that leprosy is a communicable disease 4 (66.7)
5) If diagnosed with leprosy, how many were afraid to disclose the disease status due to social stigma? 6 (100)

59(48%)

20(16.8%)

37(30%)

Fungal infection Dermatitis Clinically suspected leprosy patients Others

6(5.2%)

Graph 1:Distribution of the study participants according to the diagnosis of skin 
patch
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workers to examine them even after proper counseling 
about the screening. Since the screening was conducted 
between 7 a.m. and 11 a.m., allotted teams were able 
to meet most of the households before they left for 
their workplace. The survey team found 123 suspects, 
of which six were clinically suspected as leprosy; later 
these six patients were referred to district hospital for lab 
investigation to confirm leprosy diagnosis.

These six clinically suspected patients’ laboratory reports 
came as negative for leprosy. Among these six patients, 
two were diagnosed as annular erythematous plaque, 
one was diagnosed with vitiligo, two were diagnosed 
with fungal infection, and one was diagnosed with 
granuloma annulare. Trainings, microplanning, and field 
activities were conducted according to LCDC, but there 
was a negligible chance of missing the actual leprosy 
case in the unscreened population.[9] The present study 
shows that social stigma about leprosy is prevalent. Since 
most of the people did not have higher education and 
belonged to a lower socioeconomic status, this could be 
a reason as to why they have stigma and worry about 
discrimination regarding leprosy.

Patients who had tested negative for leprosy were 
educated about the mode of spread, signs and symptoms, 
availability of treatment, stigmas, and they were advised 
to approach any health‑care workers if they develop any 
signs and symptoms of leprosy in the future.

Conclusion

Although India was declared as a leprosy‑eliminated 
country, there was a rise in leprosy cases in some states 
of the country. LCDC was an active community‑based 
case detection campaign to identify the missing cases 
in the community. Strengthening of the public health 
system at the ground level is a key strategy to identify 
and treat the patients. Healthcare workers are already 
educating the general population about the mode of 
spread, availability of treatment, and eliminating false 
beliefs on leprosy through this campaign. This campaign 
provides important information and health education 
on leprosy but still, there is an underlying social stigma 
which ensues in the community.
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Workplace‑based assessment for improving 
clinical performance: A shift from assessment of 
learning to assessment for learning in medical 
education

“Assessment drives learning” is a well‑known fact 
in medical education. Physicians’ graduates from 
medical colleges in India are not competent enough to 
practice in real life due to a lack of skills in lifesaving, 
communication, team skills, and professionalism. 
Conventional assessment methods did not observe the 
clinical performance directly in day‑to‑day practice and 
if observed, were not accompanied by any feedback. 
These assessment methods lacked in uniformity, 
context specificity, and objectivity for every student. 
Conventional assessment methods were implicit 
and nonstandardized and were based on subjective 
judgments by experts. Hence, it is important to assess the 
clinical performance of all trainees as a part of a formative 
assessment or assessment for learning. This can be done 
by the inclusion of the assessments of performance in the 
workplace, rather than relying on formal and infrequent 
high‑stakes examinations alone.

“Workplace‑based assessment” refers to the assessment 
of day‑to‑day practices undertaken in the working 
environment. Workplace‑based assessment (WPBA) is 
an assessment of what doctors actually do in practice. 
It is also called in‑training assessment, continuous 
assessment, or internal assessment.[1,2] The research 
literature on workplace‑based formative assessment 
and feedback suggests that it is a powerful means for 
changing the behaviour of learners.[3]

The three cardinal features of WPBA are direct 
observation of performance, conducted at the workplace, 
and provision of feedback to the trainee.[1] The critical 
element required to achieve this is the provision of 
feedback from assessor to trainee, enabling the trainee 
to steer his or her learning toward desired outcomes.[3]

The Postgraduate Medical Council Board has published 
a guidebook for the implementation of WPBA methods 
and the General Medical Council of the United Kingdom 
and the American College of Graduate Medical 
Education (USA) assessment guidebook, and the 
American Board of Internal Medicine have recommended 
the use tools of WPBA for formative assessment: 
mini‑Clinical Evaluation Exercise (mini‑CEX) for 

assessing clinical skills, direct observation of procedural 
skills (DOPS) for patient care, procedural skills, 
case‑based discussion (CBD) communication skills, 
and professionalism chart‑stimulated recall (CSR) for 
assessing record‑keeping skills, and mini‑peer assessment 
tool (mini‑PAT) for team skills for postgraduate and 
undergraduate medical education.[2,4‑6]

Postgraduate Medical Education Regulations 2021 by the 
National Medical Council (NMC) of India have specified 
that formative assessments should be continuous 
and should assess medical knowledge, patient care, 
procedural and academic skills, interpersonal skills, 
professionalism, self‑directed learning, and ability 
to practice in the system on a day‑to‑day basis. 
Patient‑based learning and skill‑based training and 
self‑directed learning methods are recommended 
teaching‑learning methods. NMC has suggested the 
WPBA assessment methods to evaluate undergraduate 
clinical internal assessment and also other methods 
such as DOPS for, mini‑CEX for, multisource feedback 
(MSF) records maintenance, and attitudinal assessment 
in undergraduate medical education.[7,8]

There are many WPBA tools used across the world; the 
most commonly used tools WPBA can be divided into 
four categories.
1. Observation of clinical activities ‒ min CEX and DOPS
2. Discussion of clinical cases ‒ such as CSR and the 

CBD
3. Documentation of work experience through 

logbooks ‒ such as clinical encounter cards
4. F e e d b a c k  f r o m  p e e r s ,  c o w o r k e r s ,  a n d 

patients ‒ MSF/360° mini‑PAT, team assessment of 
behaviors, and the patient satisfaction questionnaire.[9]

Rationale for Using Workplace‑Based 
Assessment

Workplace‑based assessment conforms to the 
highest level of Miller’s pyramid
The base of Miller’s pyramid (knowledge) is like 
a concrete foundation on which all other layers of 
the pyramid are built. Medical education literature 
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distinguishes between competence (ability to do) and 
performance (actually doing). In terms of Miller’s 
pyramid, competence would fall under the “shows” 
category, whereas performance falls under “does.”[1,8] 
The trainees competent in controlled situations such 
as OSCE, may not be performing the same way on the 
ground.[3] Hence, WPBA provides trainee with real‑life 
situations with good sample of the situations that the 
trainee will actually encounter after completion of 
training.

Focuses on clinical skills
Focuses on clinical skills assessment in real life with the 
inclusion of soft skills assessment such as communication, 
professionalism, behavior, attitude, and ethics which are 
the key components of physician‒patient interaction, 
and these were not assessed explicitly in traditional 
assessment methods. WPBA methods have these soft 
skills inbuilt within the assessment rating scale. Hence, 
the assessors will not miss the opportunity to assess 
soft skills assessments and hence can identify those 
who might need particular educational support early 
in training.[1]

Observation and feedback
“Learners need endless feedback more than they need 
endless teaching.” Hattie established the fact that 
feedback is the most important contributor to learning 
and it is said to be the heart of medical education. 
Feedback is more effective when it is given after a specific 
task, which is inbuilt in WPBA. Feedback provides an 
opportunity for the trainee and teacher to reflect on his/
her clinical behavior and encourages reflective practice. 
However, the opportunities for assessment by direct 
observation and feedback are underutilized in traditional 
methods of assessment.[1,3]

Context and content specificity
Physicians perform differently on different patients 
in different contexts such as outpatient department, 
inpatient department, intensive care unit, and casualty 
and emergency departments. WPBA uses the clinical 
patients seen by the trainee at these different settings 
and those are the same patients, which they will be 
seeing tomorrow in his real‑life practice also. Learning at 
workplace is triggered by specific problems encountered 
with patients, known as “on spot learning.” The first step 
in the development of curricular content areas is based 
on local needs analysis. WPBA caters to the same content 
areas what trainees see in actual local context.[1,9]

The utility of any assessment depends on many 
attributes, namely validity, reliability, acceptability, 
feasibility, and educational impact. An assessment low 
on any one of these attributes can compensate by being 
high on others.[10]

(Van der Vleuten’s and Schuwirth Conceptual Model)  
Uti l i ty  = val idi ty  × rel iabi l i ty  × feasibi l i ty 
 × acceptability × educational impact.[1,9,10]

OSCE is said to be high on reliability, but low on 
validity and educational impact. It means that assessing 
what trainees do in a real‑life setting is likely to be 
more authentic than in a controlled situation. Hence, a 
better predictor of future performance compared with 
assessment in a controlled situation such as Objective 
structured clinical examination (OSCE). WPBA 
stands very high on validity due to the authenticity of 
assessment in real life and its future educational impact 
on society. Acceptability and feasibility from both trainee 
and trainer have been demonstrated in few studies in 
India.[1,9,10]

Challenges for Implementation of 
Workplace‑Based Assessment in India

Many institutions across the country have implemented 
WPBA methods in isolation or as a program. Such 
programs demonstrate the feasibility of implementation 
to others, especially as a part of formative assessment 
methods.

Sensitization of faculty and trainers by various faculty 
development programs can overcome the initial 
resistance to implement WPBA methods. Most of the 
time, the feedback relies on student self‑assessment 
and improvement than remedial measures or any 
action planned by faculty. Faculty training to improve 
the quality of assessment and feedback is crucial. 
Faculty plays a key role in the implementation of any 
formative assessments such as WPBS. Poor faculty 
participation and feedback strategies are the reasons 
for its poor implementation. This can be overcome 
by educational recognition and incentives given to 
faculty who are involved in the implementation of 
WPBA methods.[1,3]

Conventional assessment methods did not observe 
the clinical performance and obtain feedback in 
day‑to‑day practice. Whereas, WPBA has features of 
direct observation of performance, conducted at the 
workplace, and provision of feedback to the trainee are 
obtained to overcome the limitations of conventional 
assessment methods. WPBA can improve the quality 
of undergraduates’ and postgraduates’ clinical 
performance, if implemented as a whole program, and 
ensures the quality of care to patients in future.
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Misconceptions about diabetes 
mellitus among diabetes patients: 
A cross‑sectional study
Suyesha Nalavadey, Sulakshana Shridhar Baliga

Abstract:

BACKGROUND: Diabetes mellitus is a lifestyle‑related painless disease. India has the highest 
diabetes burden in the world and is called as the “Diabetic Capital of the world.” Even though the 
disease is so rampant, there are ample misconceptions about diabetes and this has become a hurdle 
in effective management and control of the disease.
MATERIALS AND METHODS: A cross‑sectional study was conducted at the urban health center 
among 200 diabetics. Patients were asked about their belief in misconceptions regarding diet, 
exercise, treatment‑seeking behavior, and self‑care of diabetes.
RESULTS: From a total of 200 participants, 112 (56%) were females. Majority 183 (91.5%) were 
self‑monitoring their blood glucose. More than half of the participants were on oral hypoglycemic 
drugs. In this study factors such as low educational status, participants staying in joint family, low 
socioeconomic class, participants on oral hypoglycemic drugs, participants on both oral hypoglycemic 
drugs and insulin, participants on herbal treatment had more prevailing misconceptions regarding 
diabetes.
CONCLUSION: There were many prevailing misconceptions among the diabetic patients, especially 
related to diet, treatment, and self‑care. Regular health education programs regarding misconceptions 
can change the attitude of diabetic patients and improve their compliance toward treatment.
Keywords:

Determinants, diabetes, misconceptions, urban

Introduction

Diabetes is a lifestyle‑related disease. As 
of 2019, it has a global prevalence of 

9.3% (463 million people).[1] It is estimated 
that 415 million people are living with 
diabetes in the world, which is about 1 in 
11 of the world’s adult population.[2] In 
2016, an estimated 1.6 million deaths were 
directly caused by diabetes.[3] India has the 
highest diabetes burden in the world, with 
a prevalence of 11.8% and hence is called as 
“the diabetic capital of the world.”[4]

Even with such high prevalence of this 
disease, there is a lack of clear knowledge 

about it among the general public. The false 
beliefs become a part of their social behavior 
and they will have a strong influence on their 
lifestyle and treatment seeking behavior as 
well. Despite having a National Programme 
for Prevention and Control of Cancer, 
Diabetes, Cardiovascular disease and 
Stroke by the Government of India, health 
education and counseling are neglected 
by the physicians, especially regarding 
misconceptions about diabetes mellitus.

Therefore, it becomes seemingly important 
for physicians to understand the false 
beliefs and misconceptions in a particular 
community about a disease to improve 
patient care, especially when dealing with 
chronic diseases like diabetes. Hence, the 
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present study was planned to determine the various 
misconceptions about diabetes among the diabetic 
patients.

Objective
The objective of the study is to determine the various 
misconceptions about diabetes among the diabetic 
patients.

Materials and Methods

Source of data
The present study was conducted in urban field practice 
area of the Department of Community Medicine, 
Jawaharlal Nehru Medical College, KAHER, Belagavi. 

Study design
A community‑based cross‑sectional study conducted for 
a period of 6 months.

Sample size
Two hundred type 2 diabetic patients were selected using 
universal sampling method.

Sampling method
A total of 226 type 2 diabetics are registered in the 
Diabetic clinic of urban health center attached to 
Department of Community Medicine, J. N. Medical 
College Belagavi. Only 200 had diabetes for more than 
6 months. Hence, 200 were enrolled in the study as study 
participants. A pilot study was carried out on 20 diabetic 
patients (not included in the final analysis) to test our 
tool and make necessary modifications.

Data collection procedure
The subjects were interviewed by using predesigned 
and pretested questionnaire. A detailed questionnaire 
included information on information regarding 
sociodemographic details, various misconceptions about 
diabetes among the diabetic patients.

Patients were asked about their belief in misconceptions 
regarding diet, exercise, treatment‑seeking behavior, and 
self‑care of diabetes. The patient’s responses on these 
aspects were scored as 1 or 0 if he/she had a misconception 
or not, respectively. The sum of all scores was computed 
as misconception score. A total of 32 questions were 
enquired. A cut‑off point of 16 was chosen.

Mean score >16 was considered as high misconception.

Mean score <16 was considered as low misconception.

All the subjects were informed about the purpose of 
study, and after obtaining informed consent, they were 
interviewed.

Inclusion criteria

• Registered diabetic patients in diabetic clinic of urban 
health center

• Have type 2 diabetes for more than 6 months.

Exclusion criteria

• Freshly diagnosed patients
• Type 1 diabetic patients
• Any patient with physical and psychological illness
• Written informed consent was taken from every 

participant
• Ethical clearance was obtained from Institutional 

Ethics Committee with reference number MDC/
JNMCIEC/452 dated 21/10/2021.

Data analysis
Data were coded and entered in Microsoft Excel 
software and statistical analysis was done using SPSS. 
Data were analyzed using Data was analyzed using 
Statistical Package for the Social Sciences (SPSS) for 
Windows, Version 24, SPSS Inc. by International Business 
Machines Corporation (IBM), Chicago, Illinois, USA. 
Respondent’s sociodemographic characteristics were 
stated using descriptive statistics. Significant variables 
on univariate analysis were entered into multivariate 
logistic regression analysis.

Results

Out of the total 200 study participants, 112 (56.0%) were 
females and 88 (44.0%) were males. In our study, majority 
of the participants were aged more than 50 years. 124 
(62%) were Hindus, 66 (33%) were Muslims, and only 
10 (5%) were Christians. Out of total, 13 (6.5%) of them 
were on Insulin, 123 (61.5%) on oral drugs, 34 (17%) 
on both on oral drugs and insulin, 17 (8.5%) on herbal 
medicines, and 3 (1.5%) were not on any treatment. 
Among the participants, 32 (16%) of them monitored 
blood glucose monthly, 61 (30.5%) once in 3 months, 
60 (30%) once in 6 months, and 30 (15%) once in a year. 
Whereas only 17 (8.5%) of them never self‑monitored 
blood glucose. 55 (27.50%) of all the participants had 
some complication associated with diabetes. Most 
common complications recorded were diabetic foot ulcer 
16 (8%), followed by kidney complications 12 (6%), heart 
complications 11 (5.50%), eye complications 4 (2%), and 
nerve complications 4 (2%).

Table 1 shows the sociodemographic profile of study 
participants.

Table 2 shows the common misconceptions among 
study participants. In the present study, almost all 
the participants had one or the other misconceptions 
regarding diabetes. Majority of the participants, 
167 (83.5%) had a misconception that toenails should 
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glucose were significantly (*P < 0.05) associated with 
high misconception scores. However, age, gender, and 
family history of DM were not significantly associated 
with total misconception scores in diabetic patients.

The variables such as age, gender, family size, 
socioeconomic status, history of diabetes, presence of 
glucometer, and diet control had a strong correlation 
with misconceptions. Whereas, on the other hand, 
educational qualification, marital status, monthly income 
were inversely corelated with misconceptions [Table 4].

Multivariate logistic regression analysis showed that 
participants with primary education (odds ratio [OR]: 
29.23 [95% confidence interval {CI} 3.79–225.72] 
P = 0.0010), secondary education (OR: 22.59 [95% CI: 
3.42–149.25] P = 0.0010), participants staying in joint 
family (OR: 10.11 [95% CI: 1.63–62.65] P = 0.0130), 
participants with socioeconomic Class III (OR: 73.17 [95% 
CI: 4.13–1295.85] P = 0.0030), participants on oral 
hypoglycemic drugs (OR: 58.66 [95% CI: 5.43–634.13] 
P = 0.0010), participants on both oral hypoglycemic drugs 
and insulin (OR: 26.17 [95% CI: 2.08–328.88] P = 0.0110), 
participants on herbal treatment (OR: 106.92 [95% 
CI: 4.61–2477.99] P = 0.0040) had more prevailing 
misconceptions regarding diabetes [Table 5].

Discussion

Diabetes has become the modern epidemic. Educating 
the masses about diet control and exercise, taking small 
and frequent meals, regular monitoring of blood glucose 
levels, and self‑care will help prevent and treat the 
disease better.

In our study, all the participants had one or the other 
misconception regarding diet, exercise, treatment‑seeking 
behavior, and self‑care of diabetes. More than half of 
participants believed that by eating bitter food, the 
elevated blood glucose levels can be controlled, which is 
not true. In our study, this finding could be due to the belief 
in people that increased sugar can be nullified by bitter 
food as “sweet” and “bitter” are opposite to each other. 
Similarly, 68.5% of the study participants also believed 
that jaggery/honey is better than sugar for diabetics. 
However, the fact is, although complex both jaggery 
and honey have the same gram‑to‑gram calorie content. 
That means it is as harmful as any other form of sugar.[5] 
Overall, there were strong dietary misconceptions seen 
in our study similar to studies conducted in Pondicherry, 
Haryana, Bihar, Saudi Arabia, New York.[6‑10]

Misconception related to physical activity that diabetics 
cannot take part in exercise or sports was believed by 
almost half of them in our study. However, in reality, 
exercise reduces blood glucose levels by increasing the 

Table 1: Sociodemographic profile of study 
participants (n=200)

Sociodemographic characteristics n (%)

Age of individual
≤40 24 (12.0)
41‑50 29 (14.5)
51‑60 35 (17.5)
61‑70 61 (30.5)
≥71 51 (25.5)

EQ
Illiterate 19 (9.5)
Primary 42 (21.0)
Secondary 55 (27.5)
Collegiate 46 (23.0)
Graduate 38 (19.0)

Occupation

Unemployed 124 (62.0)
Private 27 (13.5)
Government 23 (11.5)
Business 26 (13.0)

Socioeconomic class
Class I 87 (43.5)
Class II 76 (38.0)
Class III 29 (14.5)
Class IV 8 (4.0)

EQ: Educational qualification

Table 2: Prevalence of misconceptions among study 

population

Misconceptions n (%)

Bitter food reduces elevated sugar level 134 (67.00)
Jaggery/honey is better than sugar for diabetics 137 (68.50)
Consumption of large amount of any fruit/fruit juice is 
healthy

128 (64.00)

People with diabetes cannot participate in exercise/
sports

101 (50.50)

Regular medication is not required when blood sugar 
levels are normal

102 (51.00)

Diabetes can be cured only by herbal treatment 109 (54.50)
Medications should be stopped during an acute illness 122 (61.00)
Soaking feet in water decreases elevated blood glucose 
levels

117 (58.50)

Toenails should be clipped curved 167 (83.50)
All carbohydrates (rice, bread, potato) should be 
eliminated from the diet of diabetics

92 (46.00)

Diabetes occurs only when blood sugar levels are 
high (RBS >200 mg/dl)

110 (55.00)

When people with DM begin insulin therapy, they are in 
the final stage of the disease

113 (56.50)

RBS: Random blood sugar, DM: Diabetes mellitus

be clipped curved. More than half of them had 
misconception like bitter food reduces elevated sugar 
level, jaggery/honey is better than for diabetes, 
medications should be stopped during acute 
illness. Table 3 shows the association of the selected 
sociodemographic variables on the total misconception 
score. It shows that patients with little or no education, 
type of treatment, diet control, and self‑monitoring of 
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controlled, the medications have to be continued because 
it plays a vital role in preventing or delaying the onset 
and progression of diabetic complications.[12] It prevents 
sudden shoot of glucose levels which causes end‑organ 
damage. 58.5% of the participants believed that diabetes 
can be managed by soaking the feet in water, which 
reduces the elevated blood sugar levels. This belief of 
theirs could be due to total ignorance of the nature and 
the cause of the disease. Soaking feet in water, oiling, and 
massaging are preventive measures.[13] The participants 
were also unaware about the way of clipping toe nails. If 
toe nails are clipped curved, it will lead to in‑growing of 
nails which can have superimposed infections.[14]

Out of the total participants, 64% of them also believed 
that all fruits or fruit juice consumption is healthy, but in 
reality, certain fruits with high fructose content, i.e., high 
glycemic index like mango, banana, melon, peach have 
to be limited.[15] Almost half of the participants in our 
study believed that if insulin therapy has been started, 
then they are in the final stage of the disease. However, 
in reality, insulin is used for severe uncontrolled diabetes; 
once the blood glucose levels revert back to normal, the 
patient is switched back to other antidiabetic drugs.[16] 
Around 54.5% of participants had a misconception that 
herbal treatment can cure diabetes. Hence, it is very 
important to create awareness that diabetes is a lifestyle 
and lifelong acquired disease and cannot be cured but 
can be controlled.

Study participants with primary education and 
secondary education, participants staying in joint family, 
socioeconomic Class III, participants on oral hypoglycemic 
drugs, participants on both oral hypoglycemic drugs 
and insulin, participants on herbal treatment had more 
prevailing misconceptions regarding diabetes which 
was similar to studies done in various parts of India like 
Haryana, Bihar, West Bengal, Pondicherry.[6,8]

Conclusion

This study revealed that there were many prevailing 
misconceptions among the diabetic patients, especially 
related to diet, treatment, and self‑care. This affects 
their health‑seeking behavior and can affect the control 
of disease. In this study factors such as low educational 
status, participants staying in joint family, low 
socioeconomic class, participants on oral hypoglycemic 
drugs, participants on both oral hypoglycemic drugs 
and insulin, participants on herbal treatment had more 
prevailing misconceptions regarding diabetes. This 
study also shows that more than half of the patients 
were not aware of the risk of taking herbs along with 
their diabetic medications. Suboptimal knowledge and 
false beliefs can be corrected by providing education on 
diabetes self‑management. Hence, this study highlights 

uptake of glucose by the muscles and also helps avoid 

long‑term complications, especially heart problems.[11]

In the present study, almost half of the diabetic patients 

believed that diabetes occur only when the blood glucose 

levels are high and when the glucose levels are controlled, 

they do not have diabetes and there is no need to take 

regular medications. 61% also believed that medications 

should be stopped during an episode of acute illness. 

However, the fact is that, when the glucose levels are 

Table 3: Association between sociodemographic and 

diabetes characteristics with levels of misconceptions

Characteristics Levels of misconceptions P

Low (%) High (%) Total (%)

EQ
Illiterate 8 (42.11) 11 (57.89) 19 (9.50) 0.0030*
Primary 18 (42.86) 24 (57.14) 42 (21.00)
Secondary 25 (45.45) 30 (54.55) 55 (27.50)
Collegiate 25 (54.35) 21 (45.65) 46 (23.00)
Graduate 31 (81.58) 7 (18.42) 38 (19.00)

Type of treatment
Insulin 11 (84.62) 2 (15.38) 13 (6.50) 0.0020*
Oral hypoglycemic 
drugs

64 (52.03) 59 (47.97) 123 (61.50)

Both 24 (70.59) 10 (29.41) 34 (17.00)
Herbal 6 (35.29) 11 (64.71) 17 (8.50)
Don’t take any 
treatment

0 (0.00) 3 (100.0) 3 (1.50)

Others 2 (20.00) 8 (80.00) 10 (5.00)
Diet control

No 33 (34.74) 62 (65.26) 95 (47.50) 0.0001*
Yes 74 (70.48) 31 (29.52) 105 (52.50)

Self‑monitoring
Monthly 18 (56.25) 14 (43.75) 32 (16.00) 0.0160*
Once in 3 months 32 (52.46) 29 (47.54) 61 (30.50)
Once in 6 months 39 (65.00) 21 (35.00) 60 (30.00)
Once a year 15 (50.00) 15 (50.00) 30 (15.00)
Never 3 (17.65) 14 (82.35) 17 (8.50)

*P<0.05. EQ: Educational qualification

Table 4: Correlation between misconceptions and its 

dimension scores with other variables

Variables Misconceptions

Age 0.0911
Gender 0.1195
EQ −0.3387*
Type of family 0.2497*
MS −0.2361*
Occupation 0.0250
Family size 0.0896
Monthly income −0.1262
SES 0.0537
History of DM 0.1777*
Glucometer 0.3160*
Diet control 0.4440*
*P<0.05. EQ: Educational qualification, SES: Socioeconomic status, DM: 
Diabetes mellitus, MS: Marital status

[Downloaded free from http://www.ijournalhs.org on Thursday, September 22, 2022, IP: 202.131.131.112]
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the misconceptions about diabetes and reflects the need 
for health education which should focus on these one or 
more predictors of misconceptions.

Recommendation
It is necessary to give appropriate health education, 
especially regarding false beliefs about diabetes. Health 
education should be given at regular intervals to promote 
better knowledge about diabetes among the general 
public, especially in diabetic clinics and improve their 
treatment seeking behavior and compliance toward the 
treatment which will in turn have a positive impact on 
the quality of life.

Limitations
Misconceptions about the lifestyle of diabetic patients 
and sources of misconceptions were not assessed. 
HbA1C values if recorded for all the patients under the 
study could have given a clearer and accurate picture of 
the misconceptions.
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Effect of one Year of Yoga Therapy on Glycemic 
Control among Patients with Type 2 Diabetes Mellitus: 
A Randomized Controlled Trial

Rajesh Kulkarni1, Padmaja Walvekar2
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Original Article

Context: India is well-endowed in using yoga therapy for the management of type 2 diabetes mellitus (T2DM) 
which is a safe, effective, and easy-to-learn alternative treatment that can be practiced by elderly and 
persons with disabilities.
Aim: Effect of 1 year of yoga therapy on glycemic control among patients having T2DM: A randomized 
controlled trial (RCT).
Settings and Design: RCT conducted at and Urban Health Centre (UHC) for 1 year.
Materials and Methods: One hundred and twenty diagnosed and registered for T2DM from UHC enrolled 
as participants who were divided into exercise and yoga interventional group by computer-generated, 
randomized number sequence method. The yogic practice was advised to 60 study participants and the 
reaming 60 participants were advised to do exercises for 1 year. The glycemic outcome was evaluated by 
Random Blood Sugar (RBS) and HbA1c which were examined at baseline, 6 months, and at the end of 1 year.
Statistical Analysis Used: Paired and unpaired (independent) t-test. Generalized estimating equations models 
were performed on the glycemic control variables to assess the differences between the two intervention 
groups.
Results: The post hoc analysis of 120 T2DM patient’s data inferred that yoga and exercise have shown 
statistically significant (P < 0.05) effect on reducing HbA1C. However, no statistically significant 
difference (P > 0.05) was observed when the yoga group was compared with the exercise group on glycemic 
control (reducing HbA1c).
Conclusions: Yoga is as effective as exercise, hence people with morbidities or who are unable to go for 
exercise can practice yoga at home which will help them for proper control of HbA1c and RBS.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a complex metabolic 
disorder that is distinguished by defects in insulin 
secretion and insulin action, leading to hyperglycemia.[1] 
It is considered to be the leading cause of  morbidity and 
mortality worldwide, related with severe cardiovascular 
manifestations, cerebrovascular ailment, or chronic kidney 
disease.[2] The prevalence of  T2DM was estimated to be 
366 million in 2011, which is likely to raise 51%, attaining 
a prevalence of  552 million in 2030. The estimated 
prevalence of  T2DM in India was 60 million in 2011 and 
may likely increase to 63%, achieving 98 million by 2030.[3,4] 
The significant increase in the prevalence poses an alert to 
the Indian healthcare system to make necessary actions for 
the management of  diabetes.[5]

India is well‑endowed in using yoga therapy for the 
management of  T2DM. More worrisome is the rising 
prevalence in children and young adults.[6] Yoga is a mind/
body practice that incorporated three main components 
namely physical postures, meditation, and breathing 
exercises.[7,8] The regular practice of  yoga is associated with a 
shift of  the autonomic equilibrium toward parasympathetic 
dominance. The parasympathetic balance is associated with 
conserving and restoring energies which helps inhibit the 
heart and alimentary activity, enabling secretion.[9]

Diabetes is estimated to be the seventh prominent cause 
of  death by 2030.[2] The global prevalence of  T2DM was 
assessed to be 6.4%. In Asia, approximately 15% of  the 
population – or 1 in 7 adults – have been stated to have either 
high fasting blood glucose or impaired glucose tolerance.[10] 
Among these, 5%–12% of  these individuals develop type 2 
diabetes every year.[11] As of  now, India is the country with 
the second‑highest number of  type 2 diabetic patients, and 
the figure is likely to increase two‑fold by 2030.[12] In India, 
the increased prevalence of  T2DM is due to factors such as 
genetic predisposition and environmental factors contributing 
to increased abdominal obesity and insulin resistance.[6,13]

Yoga is an effective alternative treatment requiring no 
equipment, professionals and have sound evidence to 
possess long‑term benefits.[14] The role of  exercise in diabetic 
is known and according to ADA guidelines, adults with 
diabetes should be counseled to accomplish at least 150 min/
week of  modest‑intensity aerobic physical activity (50%–
70% of  maximum heart rate), spread over at least 3 days/
week with no more than 2 successive days without exercise.[15]

Along with medication, there are a number of  treatments 
modalities are available to manage and treat diabetes such 

as life style modification, diet, yoga, and exercise. Although 
studies have been conducted in India to elucidate the 
impact of  yoga on diabetes, most studies involve a limited 
number of  patients with limited follow‑up and more 
importantly involving only blood sugar estimations to 
evaluate the results. Since the literature is unclear regarding 
the most beneficial forms of  yoga and exercise on glycemic 
outcome among subjects with T2DM, the present study 
randomized to compare the effect of  yoga versus exercise 
treatment on glycemic outcome in subjects with T2DM.

SUBJECTS AND METHODS

Subjects
A randomized controlled trial (RCT) was performed 
at Urban Health Centre, Ashok Nagar, Belagavi. Study 
participants were recruited from the Diabetic Register 
maintained at Urban Health Centre, Ashok Nagar, Belagavi. 
The study was organized from July 2018 to December 
2019. Institutional ethics committee had approved the 
study (ref  no. KLEU/EC/17‑18/D‑102; Dated June 5, 
2017) and participants provided informed consent before 
enrolment in the study.

The patients who will be eligible as per the inclusion 
criteria will be enrolled at the time of  data collection 
from the OPD of  Urban Health Centre, Ashok Nagar, 
which is Urban Field practice area of  the Department of  
Community Medicine, Jawaharlal Nehru Medical College, 
KLE University, Belagavi. The sample size was calculated 
using below‑mentioned formula

( )
( )

β α
2 2 2

1‑ 1‑ 1 1

2
1 2

Z + Z ) SD + SD

x ‑ x

Where, Z1‑α = at 95%, Confidence Interval = 1.96, Z1‑β = at 
80%, Power of  the test = 0.84, Mean and SD for exercise 
and yoga intervention groups were taken: 0.59 and 
3.34,[6,12] X1‑X2 = Expected impact size, n = (0.84 + 1.96) 2 

(0.592 + 3.34 2)/(9.0 – 7.29)2 = 57. Accounting drop‑out 
cases as 10%, then the calculated sample size was = 63 in 
each group. Participants were randomly divided into exercise 
and yoga interventional group by computer‑generated, 
randomized number sequence method. T2DM patients 
of  both genders in the age group of  28–60 years, with 
HbA1c concentrations of  6.5% or more, on medication 
with oral hypoglycemic agents (OHA) with at least 1‑year 
duration and those who were permanent residents of  
urban field practice area of  Ashok Nagar were included 
in the study as study participants. T2DM patients with 
known vascular complication of  diabetes, such as coronary 
artery disease, stroke, nephropathy, retinopathy, and 
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poly neuropathy were excluded from the study as this 
can interfere with the physical activities of  the patients. 
Participants who had impairment of  speech, hearing, 
vision, or cognition and patients on insulin and pregnant 
women were also excluded from the study. The details of  
the recruitment and workflow are depicted in CONSORT 
flow diagram [Figure 1].

Data collection
During the first visit, socio‑demographic details, medication, 
medical history, any associated health problem, and duration 
of  diabetes were obtained by interviewing the participants. 
All study subjects were given health education regarding 
diet by a qualified nutritionist before the beginning of  the 
study and also told about the importance of  treatment 
adherence.

Yoga intervention group
The number of  study participants in yoga intervention 
group is 65. The Yoga intervention comprised of  hatha 
yoga classes with asanas (physical poses), relaxation, 

pranayama (breathing exercises), and meditation. The yoga 
instructor explained six yoga asanas to the study subjects.

Yoga teacher taught 60 min session which consisted of  
Surya namaskara – 20 min which included 12 steps, deep 
relaxation including muscle relaxation technique for 10 min, 
and 20 min yoga postures or asnas. The asanas consisted of  
Pavanamuktasana in the supine position, Bhujangasana and 
Shalabhasana in the prone position, Ardha Matsyendrasana 
in the sitting position which was followed by 10 min of  
pranayama. The time and occurrence of  classes were 
roughly 50–60 min, 3 days in a week for 2 months. In 
the remaining days of  the week, study participants were 
instructed to practice yoga at their home and to maintain 
a daily log book for seeing the adherence. For the first 
2 months, intensive yoga teaching sessions were conducted 
by the yoga teacher. For the next 4 months, the patient 
was instructed to continue yoga under the observation 
of  a recognized family member. The research staff  nurse 
coordinated and did the follow‑up of  study participants to 
monitor compliance and provide individualized feedback.

Figure 1: CONSORT flow diagram of participants’ allocation, intervention, dropouts, follow‑up, and analysis
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Every month when the patient comes to the urban health 
center to collect his anti‑diabetic drugs, random blood 
sugar levels (RBS) were checked, cross verification of  
participant family member checklist was done, and health 
education and counseling on nutritional aspects was 
given on the importance of  adherence to proper diet and 
treatment. After 6 months and at the end of  1 year baseline 
investigations were repeated.

Exercise intervention group
The number of  study participants in exercise group is 65. 
Exercise intervention refers to any unsupervised exercise 
training and subjects were counseled to enhance the 
physical activity that involves expenditure of  energy such 
as a walking, jogging, and cycling for 45 min every day 
preferably in the morning hours with proper footwears. 
One person in the family was identified and was given a 
checklist to monitor whether the participant is regularly 
doing exercise. A research medico‑social worker uses 
to coordinate and had done the follow‑up of  study 
participants.

Measurement
For the estimation of  biochemical parameters like rasting 
blood sugar (RBS, Rxl‑Max 500) HbA1c (Bio‑Rad 
D‑10) about 5 ml of  blood was drawn and analyzed 
by phlebotomist of  Sisco Research Laboratories of  
Belagavi at Urban Health Centre. Anthropometric 
measurements like height and weight were obtained by 
trained researcher. The BMI was obtained using the 
formula (weight in kg/height (meter)2.

Statistical analysis
The data analysis was done to understand the descriptive 
and inferential statistics in terms of  the central tendency 
of  glycemic values and variations in yoga and exercise 
groups. The statistical significance from the baseline 
to 6 months and baseline to 12 months was measured 
by paired t‑test, and variation in the yoga and exercise 
groups was calculated by an unpaired (independent) t‑test. 
Statistical programming package SPSS version 25.0 was 
used for calculations. As the data violated the normality 
and homogeneity of  variance, generalized estimating 
equations (GEE) models were performed instead of  
mixed‑model ANOVA. GEE models were performed on 
the glycemic control variables to assess the differences 
between the two intervention groups.

RESULTS

The demographic details of  the patients are provided in 
Table 1. Table 1 compares the background characteristics 

of  study participants between the exercise group and yoga 
group. No significant association was identified between the 
intervention group and any of  the given socio‑demographic 
variables (P > 0.05) suggesting a good randomization.

Female participants were slightly more than the 
male participants in the exercise (57.3%) and yoga 
intervention (42.7%). In our study, most of  the study 
participants had 5–9 years of  duration as diabetics 
(45.5% in the exercise intervention and 54.5% in the yoga 
intervention). The majority of  study participants belonged 
to class III socioeconomic status according to Modified B. 
G. Prasad classification [Table 1].

Comparing glycemic control between exercise group 
and yoga group at different points of time
The mean change in the HbA1c levels at 6 and 12 months 
from the baseline for the yoga and exercise intervention 
groups are provided in Table 2.

GEE model analysis showed no significant effect of  
Intervention × Time on HbA1c (P = 0.318). However, 
there was a significant decrease of  HbA1c in both the 
groups after 6 months and 12 months compared to 
baseline. Similarly, there were no significant effects of  
Intervention × Time on RBS (P = 0.431). However, there 
was a significant decrease (P = 0.431) of  RBS in both 
the groups after 6 months and 12 months compared to 
baseline [Table 3].

Multiple linear regression for determining predictors 
of change in HbA1c and RBS
On comparing the effect of  demographic variables with 
the change in HbA1c levels, it was identified that none of  

Table 1: Comparison of background characteristics between 
exercise group and yoga group
Background characteristics Group, frequency, n (%) P

Exercise (n=60) Yoga (n=60)

Age group
28‑56 32 (53.3) 28 (46.7) 0.584
57‑83 28 (46.7) 32 (53.3)

Sex
Female 43 (57.3) 32 (42.7) 0.060
Male 17 (37.8) 28 (62.2)

Socioeconomic status
I 3 (75.0) 1 (25.0) 0.527
II 15 (41.7) 21 (58.3)
III 38 (52.8) 34 (47.2)
IV 4 (50.0) 4 (50.0)

Duration of DM (years)
1‑4 35 (53.8) 30 (46.2) 0.464
5 or more 25 (45.5) 30 (54.5)

Number of days practiced
142‑159 29 (61.7) 18 (38.3) 0.061
160‑171 31 (42.5) 42 (57.5)

DM: Diabetes mellitus
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the variables were found significant predictors of  change 
in HbA1c [Table 4].

Age was found to be significant predictor of  change in 
RBS (P = 0.032). With each year increase in age, there was 
0.783 times increase in RBS level keeping other variables 
constant [Table 5].

Correlation between number of days respective 
intervention practiced and change in HbA1c and RBS
The correlation of  number of  days respective intervention 
practiced with each dependent variable was found to be low 
and insignificant (P > 0.05). The correlation of  number of  
days respective intervention practiced with each dependent 
variable is visualized in Figures 2 and 3.

DISCUSSION

The present study was one of  the very few studies which 
is community‑based conducted at urban field practice area 
for 1 year of  time with an adequate sample size among 

T2DM patients with three times reading baseline, 6 months 
and at the end 1 year. In our study, we found that both 
yoga and exercise are equally effective in glycemic control. 
Results obtained after statistical analysis in this study and 
its comparison with already published research, we can 
say that yoga as well as exercise both helps in reducing 
random blood glucose levels as well as Hb1Ac level in 
patients with T2DM.

Jayawardena et al. performed a meta‑analysis involving eight 
studies with 842 participants to find the influence of  yoga on 
glycemic control in subjects with T2DM. It was identified in 
the pooled analysis that a substantial reduction in the levels 
of  fasting blood glucose (15.16 mg/dl), post prandial blood 
glucose (28.66 mg/dl), and glycated hemoglobin (0.39%) 
were seen in the yoga group compared to the exercise 
group.[16] Ramamoorthi et al. in a meta‑analysis involving 
12 RCTs and 2 non‑RCTs identified that yoga improved 
fasting blood glucose levels in the prediabetic state.[17]

The beneficial effect of  yoga in type II diabetes has 
been ascribed to improved insulin sensitivity at target 
tissues decreasing insulin resistance and accordingly 
increasing peripheral glucose utilization.[18] It has also 
been hypothesized that yoga can revitalize or restore beta 
cells of  the pancreas.[19] Apart from reducing the dosage 

Table 2: Mean change in glycated hemoglobin at 6 months and 12 months from the baseline (n=120)
HbA1C group Yoga Exercise

Baseline 6 months Mean change 12 months Mean change Baseline 6 months Mean change 12 months Mean change

<7.5 7.14 6.89 0.25 6.77 0.37 7.38 6.87 0.52 6.78 0.60
7.6‑8.9 8.16 7.58 0.58 7.51 0.65 8.09 7.48 0.62 7.34 0.75
>9.0 10.62 9.40 1.23 8.85 1.78 10.20 9.09 1.11 8.84 1.36
Grand total 8.72 8.01 0.71 7.77 0.96 8.54 7.80 0.73 7.65 0.89

HbA1C: Glycated hemoglobin

Table 3: Comparison of glycemic control between exercise 
group and yoga group at different point of time
Variable Time Intervention (mean±SD) P*

Exercise Yoga

HbA1C Baseline 8.54±1.26 8.73±1.54 0.318
6 months 7.8±1.02** 8.01±1.17**
12 months 7.65±0.93** 7.77±0.98**

RBS Baseline 190.66±45.28 194.63±53.55 0.431
6 months 165.37±32.57** 174.9±32.74**
12 months 156.68±27.67** 168.87±29.06**

*P‑value is for interaction effect between intervention and time, 
**Significant difference between baseline and follow‑up time (6 months 
and 12 months). SD: Standard deviation, HbA1C: Glycated hemoglobin, 
RBS: Random blood sugar

Table 4: Multiple linear regression for determining predictors 
of change in glycated hemoglobin
Variables Estimate P

Yoga group 0.030 0.810
Age −0.007 0.320
Number of days practiced 0.002 0.835
Male 0.164 0.224
Socioeconomic status II −0.060 0.859
Socioeconomic status III −0.100 0.765
Socioeconomic status IV 0.095 0.810
Duration of DM 0.002 0.891

Change in HbA1C=Baseline HbA1C minus 12 months’ follow‑up 
HbA1C. HbA1C: Glycated hemoglobin, DM: Diabetes mellitus

Figure 2: Scatter plot showing correlation between number of days 
respective intervention practiced and change in HbA1c
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of  oral hypoglycemic drugs or insulin, yoga can delay the 
development of  the disease process.[20]

In our study, there was a significant decrease of  RBS and 
HbA1c in both yoga and exercise groups. Recent studies 
showed a significant decline in the levels of  FBS and PPBS in 
type 2 diabetic patients on OHA undertaking yoga training 
when compared to subjects who are only on OHA.[21,22] 
Similarly, a significant reduction in FBS and PPBS after yoga 
training has been proved in T2DM patients on OHA in a 
study.[23] Keerthi et al. analyzed the consequence of  yoga 
on quality of  life (QoL) and Indian diabetes risk score in 
normotensive, diabetic, prediabetic individuals and it was 
identified that a significant improvement in QoL was seen 
and yoga diminished the risk of  diabetes among Indian 
prediabetic people and diabetic individuals.[24]

A decrease in HbA1c levels in the yoga group agrees with 
the earlier studies done by Malhotra et al. and Selvin et al. 
reported that a 1% reduction in HbA1c levels is related 
with a 37% decrease in microvascular complications and 
a 14% decrease in myocardial infarctions.[25,26] Thus, in this 

study the observed 1.17% decrease in HbA1c levels might 
be projected to yield a 40% decline in risk of  microvascular 
complications and a16% decrease in cardiovascular disease 
risk. In a meta‑analysis conducted by Thind et al. involving 
23 studies with 2473 participants, yoga improved glycemic 
outcomes and reduced the risks of  complications of  type 2 
diabetes mellitus.[27] Similar to our study, Gordon et al. 
observed that conventional physical training improved 
glycemic outcome in type 2 diabetic individuals.[28] The 
present study has few limitations. Since this study is for 
1 year and most of  the yoga practice and exercise was 
unsupervised and adherence was mainly based on study 
participants reporting. Large multicenter trials with 
improved methodology are needed for further research.

CONCLUSION 

Yoga is as effective as exercise, hence people with 
morbidities or who are unable to go for exercise can 
practice yoga at home which will help them for proper 
control of  HbA1c and blood sugar levels. It appears 
extremely promising for primary and secondary prevention 
of  diabetes mellitus. 
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Abstract 

 The learning environment of a medical institution is measurable and can be changed to enhance the 

quality of medical education. DREEM (Dundee Ready Education Environment Measure) is a valid 

and reliable tool to measure the learning environment. The study aims to know the perception of 

medical students about the existing learning environment and to find the problem areas in it. A cross-

sectional study was conducted on 300 medical students of the third, sixth and seventh semesters, 

studying at ESIC Medical College. DREEM questionnaire was used to know the students' perception 

of the existing learning environment. Descriptive statistics and one-way ANOVA were used to analyze 

the data.  Overall mean DREEM score for all academic years was 123.90 + 21.6. Mean domain scores 

of, Students' Perception of Learning (SPL), Students' Perception of Teachers (SPT), Students' 

Academic Self Perception (SASP), Students' Perception of Atmosphere (SPA), Students' Social Self 

Performance (SSSP) were 30.79+5.42, 28.01+4.96, 20.87+4.24, 30.33+6.71, 16.74+4.20 respectively. 

Comparison of the mean domain scores among three semesters was found to be statistically significant. 

The items, the teaching over emphasized factual learning (q25), unable to memorize the required 

content (q27), and the stress of the course (q42) had mean item scores of 1.68,1.87 and 1.98 

respectively.  This study showed that the majority of students had "more positive than negative" 

perceptions, interpreting that the institution provides a reasonably good learning environment. 

However, it identifies certain problem areas that need to be addressed to enhance the quality of medical 

education. 

Keywords:  Learning environment, DREEM, Problem areas 
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1. Introduction   

Every medical student must have an opportunity to learn in a positive environment, enjoy the learning 

process, feel comfortable, and content within it. The learning environment of an institute is defined as 

everything that is happening in the classroom, department, faculty, or university (Genn JM,2001). It 

includes the educational, physical, social, and psychological aspects of the medical course that plays a 

significant role in the professional and moral development of the medical students( Kennedy C, 

2013).It involves the students' perceptions of the available support structures, level of autonomy in 

their learning, their emotional response, and the inherent meaning they find in the education process 

(Marshall RE,1978). 

A positive learning environment fosters a healthy relationship between teachers and students. It 

encourages self-directed learning among the students and has an impact on students' perception of 

wellbeing( Roff S, 2005), academic achievements(Jamaiah I, 2008) and their future aspirations. An 

excellent educational environment reflects a quality curriculum. Thus, all medical education programs 

should emphasize on improving their learning atmospheres. Various tools including qualitative 

approaches by Seabrook (SeabrookM.A,2004)and questionnaires by Audin (Audin, K., Davy, J. & 

Barkham, M, 2003) have been utilized for evaluating the learning environment of an institution. But 

the most reliable and valid tool for assessing the learning environment of an institution is the one 

developed by an international Delphi panel in Dundee, Scotland called DREEM-Dundee Ready 

Education Environment Measure (Roff S,2005). DREEM not only finds the perception of medical 

students about the learning environment but also compares them across students of various phases of 

the MBBS course. It also finds the strengths and deficiencies in the learning environment. A systematic 

review, by Soemantri concluded that DREEM is the best tool for evaluating medical students' 

perceptions of the learning environment . (Soemantri D, Herrera C, Riquelme A, 2010). 

2.Significance Of The Study  

The students' perception of various components of the learning environment and their influence on the 

learning process is variable. Thus, if we evaluate how various elements in the learning environment of 

a given institution are perceived by the students and teachers, we can modify them, to enhance the 

quality of medical education.  

3.Review Of Related Studies 

Riquelma Etal in their study reported that the school's educational climate was generally perceived 

positively by students, although they viewed the school's social environment less favourably. Specific 

areas identified by students as needing improvement included an overloaded curriculum and 

inadequate student supports. (Riquelme A, Oporto M, Oporto J, Méndez J I, Viviani P, Salech F, 

Chianale J, Moreno R, Sánchez I, 2009). 

Kohli concluded in their study using the DREEM questionnaire  that improvement is required across 

all domains of the educational environment at their institution and Students, particularly of the eighth 

semester, perceived the teaching negatively. The lowest scores were given to the support system, 

burdensome course content, and factual learning; thus, a hybrid curriculum that includes problem-

based learning might provide students with stimulating learning; structured clinical teaching with 
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specific curricular objectives, as well as mentoring of senior students by faculty and near-peers, might 

improve the learning environment for senior students(Kohli V and Dhaliwal U , 2013).  

4.Objectives Of The Study 

 1. To know the medical students' perception of the existing learning environment 

2.To compare the perceptions among the students' in different phases of the MBBS course and  

3.To find the strengths and weaknesses in the existing learning environment. 

5.Hypotheses Of The Study  

•  Medical students perceptions about the existing environment are moderate 

• There is no significant difference between  perceptions  of learning environment and different 

phases of the MBBS Course 

• There is no significant difference in strengths and weaknesses of the existing learning 

environment 

6.Population And Sample  

 A cross-sectional study was conducted in the Department of Medical Education at ESIC Medical 

College, Telangana, India during November- December 2019.Employees State Insurance Corporation 

(ESIC) Medical College, under the aegis of ESI Corporation, Ministry of Labour and Employment, 

Government of India, is an MCI permitted Medical College and Hospital located in Hyderabad, 

Telangana, a southern state in India. The College which is affiliated to Kaloji Narayana Rao University 

of Health Sciences, Warangal was approved by the Medical Council of India (MCI) in the year 2016 

and has an intake of 100 students every year. Presently this Medical College caters to 400 medical 

students in different phases of the MBBS course. All the students (regular batch and repeaters) who 

have passed at least one of the university examinations in the past 3 years (3rd, 6th, and 7th semesters 

of MBBS course) were included in the study. (N=300)Institutional Ethical Clearance was obtained 

(IEC No-ESICMC/F0144/11-2019). 

Procedure and Data Collection 

The students were oriented about the study through a didactic lecture. An online DREEM questionnaire 

was generated and shared through WhatsApp and Email to all the students who consented to the study. 

The responses were collected through the same process. DREEM is a 50-item closed question 

questionnaire in which each item (question) falls into one of the 5 domains, Students Perception of 

Learning (SPL), Students Perception of Teachers (SPT), Students Academic Self Perception (SASP), 

Students Perception of Atmosphere (SPA), Students Social Self Performance (SSSP). Each item is 

marked on a 5-point Likert scale- scoring 4 for Strongly Agree (SA), 3 for Agree (A), 2 for Uncertain 

(U), 1 for Disagree (D), and 0 for Strongly Disagree (SD). 9 out of 50 items (Questions 4, 8, 9, 17, 25, 

35, 39, 48, and 50) are negative statements and scored in the reverse order (0-strongly agree to 4-

strongly disagree). 
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The responses were analyzed at 3 levels- overall mean DREEM scores, the mean scores for each 

domain, and the mean scores for each item. The maximum overall DREEM score calculated was 200 

while the maximum domain scores were 48, 44, 32, 48, and 28 for SPL, SPT, SASP, SPA, and SSSP 

respectively. Interpretation of the learning environment was done using the guide given by Roff in 

2002. A score of 0 – 50 indicated a "very poor, 51–100 an environment with ''plenty of problems, 101 

to 150 an environment which is' 'more positive than negative,'' while 151 – 200 indicated an "excellent" 

environment. All the scores were calculated and compared among the 3 academic year students. 

Specific strengths and weaknesses in the learning environment were assessed by interpreting the mean 

scores of individual items in the questionnaire. Items with a mean score of 3.5 or more were considered 

as strengths and those with a mean score of 2 or less were considered as problem areas in the learning 

environment.  

6.1.Statistical Techniques Used in the Present Study 

 Descriptive statistics such as frequency, mean and standard deviation, and one-way ANOVA for 

comparisons were used. 

6.2.Data Analysis and Interpretation  

 Out of 300 medical students, 263 participated in the study with a response rate of 87.6%. The overall 

mean DREEM score was 123.90+21.6. Out of 263 students 212 (80.6%) students perceived that the 

existing learning environment was more positive than negative, 2/263 (0.8%) felt that it had plenty of 

problems, 23/263 (8.7%) perceived that the learning environment was excellent. Comparisons among 

different phases of the MBBS course showed that 71(79%),77(81%), and 64(82%) of the students from 

the third, sixth and seventh semesters had overall positive perceptions about the learning environment. 

Analysis of mean domain scores was done for different semesters and compared. Table 1 gives the 

details of semester wise comparisons of SPL, SPT, and SASP.  

Table 1: Semester wise interpretation of subscale scores in SPL, SPT and SASP 

        Domain  3rd semester 

(n=90) 

6th semester 

(n=95) 

7th semester 

(n=78) 

SPL 

• Very Poor  

• Teaching Viewed negatively 

• A more positive approach 

• Teaching highly thought of 

 

  0 (0%) 

  4 (5%) 

71(79%) 

15(16%) 

 

  1(1%) 

10(11%) 

76(80%) 

  8(8%) 

 

  1 (1%) 

13(17%) 

61(78%) 

  3(4%) 

SPT 

• Abysmal 

• In need of some retraining  

• Moving in the right direction 

• Model Teachers 

 

   1(1%) 

   3(3%) 

 67(75%) 

 19(21%) 

 

 1(1%) 

 8(8%) 

82(86%) 

  4(5%) 

 

 1(1%) 

 7(9%) 

67(86%) 

  3(4%) 

SASP 

• Feeling of total failure 

• Many negative aspects 

• Feeling of more on positive side 

• Confident 

 

  0(0%) 

  7(8%) 

61(68%) 

22(24%) 

 

 

  0(0%) 

  8(8%) 

75(79%) 

12(13%) 

 

  2(3%) 

14(18%) 

54(69%) 

  8(10%) 
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The study found that 71(79%) students in the 3rd semester, 76(80%) in the 6th semester and 61(78%) 

in the 7th semester had a more positive perception about learning (SPL). 67(75%), 82(86%), and 

67(86%) students in 3rd, 6th, and 7th semesters respectively considered that teaching was moving in 

the right direction. Students' academic self-perception was felt more on the positive side among 

61(68%), 75(79%), and 54(69%) students in the 3rd, 6th, and 7th semesters respectively. Students' 

Perception of the atmosphere (SPA) and Student's Social Self-Perception (SSSP) for all three 

semesters is detailed in Figure 1 and Figure 2. 

Fig 1: Semester wise interpretation of scores for student’s perception of atmosphere 

 

Fig 2: Semester Wise interpretation of Scores for Students Social Self Performance 
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Comparison of the overall mean DREEM score and domain mean scores across different semesters 

Semester wise analysis of overall DREEM mean scores showed that the highest mean score was 

reported in 3rd followed by 6th and 7th-semester students. Comparison of the domain mean scores 

showed a statistically significant association among the students of different semesters. The details are 

represented in Table 2. 

Table 2 Semester wise comparisons of overall and domain mean score 

Items (questions) with highest and lowest mean scores in each domain 

DREEM inventory considers items with a mean score of 3.5 or more as positive points i.e., strengths 

in the learning environment, and those with a mean score of 2 or less as problem areas that need to be 

addressed. The main strengths in the learning environment according to our study are the students' 

confidence about passing their examination (q10), teachers' are knowledgeable (q2), and learning 

empathy in the professional course(q31) with mean item scores of 3.94,3.84 and 3.74 respectively.  

Problem areas identified in our study are teaching over emphasized factual learning (q25), unable to 

memorize the required (q 27), and stress of the course (q42) with mean item scores of 1.68, 1.87 and 

1.98 respectively (Figure 3) 

 

 

 

Domains 3rd semester 

   (n=90) 

 6th semester 

    (n=95) 

 7th semester 

   (n=78) 

  Total  

 (n=263) 

p value 

SPL 32.53+5.14 30.81+5.26 28.75+5.27 30.79+5.42 0.0001 

SPT 29.87+5.51 27.83+5.51 26.10+4.24 28.01+4.96 0.0002 

SASP 22.26+3.87 20.67+3.64 19.50+4.83 20.87+4.24 0.008 

SPA 29.91+5.62 28.63+5.68 27.11+5.14 30.33+6.71 0.005 

SSSP 17.57+3.61 16.67+3.81 15.92+2.82 16.74+4.20 0.005 

Overall score 132.1+21.2 123.01+20.38 115.50+20.16 123.90+21.6 0.0001 
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Figure 3: Items with mean scores of < 2 : Problem areas 

 

This study was conducted to know the perception of medical students to the learning environment in 

a medical college which has received a Letter of Permission from the Medical Council of India in 

2016. Our Medical College which is located in the heart of the city, not only caters to MBBS students 

with general merit (eligibility through an all India common entrance test) but also children of insured 

persons with ESI corporation. Thus, it has students belonging to different socio-economic and 

geographic strata. 

DREEM inventory is used as an evaluation tool to detect deficiencies in the educational environment 

and to compare the experiences among different groups working in such a system. It is also been used 

to determine the relationship between the educational environment and other measures operating in it 

(Miles S, Swift, Leinster SJ, 2012).  

The response rate among the medical students belonging to the 3rd,6th, and 7th semester in our study 

was 87.6%. The overall mean DREEM score was found to be 123.90+21.6 which interprets that the 

students have "a more positive than negative" perception about our learning environment. 

Semester wise comparison of the mean domain scores for SPL was 32.53+5.14, 30.81+5.26, and 

28.75+5.27 for 3rd, 6th, and 7th semester respectively. Similar comparisons for SPT, SASP, SPA and 

SSSP for 3rd,6th and 7th semester was: (29.87+5.51, 27.83+5.51, 26.10+4.24), (22.26+3.87, 

20.67+3.64,19.50+4.83), (29.91+5.62, 28.63+5.68, 27.11+5.14), (17.57+3.61,16.67+3.81, 

15.92+2.82) respectively. These comparisons were statistically significant. The mean scores for each 

domain were found to be significantly higher in the 3rd semester followed by the 6th and 7th semesters. 

The domain with the highest mean score was SPL (30.79+5.42) followed by SPA and SPT. SSSP had 

the least mean domain score (16.74+4.20). 

Similar findings were reported in a study conducted by Tadessa et al. on 106 undergraduate students 

at Adis Ababa [Ethiopia]. The overall mean DREEM score was 130.73 interpreting a positive 

perception of the students to their learning environment. SPL had the highest mean domain score 

(31.73) followed by SPA (31.53) and SPT (29,08) (Ayalew Zewdie Tadesse, Selamawit Alemayehu 

and Dejene Tagesse, 2019)  On the contrary, a study conducted by Arezou Farajpour among medical 

students of Iran, found an overall mean DREEM score of 93.7+23.4 interpreting that the students had 
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mixed perceptions about their learning environment ranging from an environment with plenty of 

problems to a more positive environment. The highest mean domain score found in this study was 

student's perception of educational environment 22+7 followed by SPT 22+5.8, SPA 18.5+7, SSSP 

15.5+4, and the least SASP 15.4+5.4(Farajpour A, Raisolsadat SMA, S Moghadam S, Mostafavian Z, 

2017).   Riqulme et al in their study on Chile medical college students found a response rate of (90.5%). 

The overall mean DREEM score was 127.5+20.9 and the domain with the highest mean score was 

SASP (22.3 + 4.1). The domain with the lowest mean score was SSSP (15.9 +4.0) which is similar to 

our study. The overall mean scores were significantly lower for 5th-year medical students (119.3 + 

20.2) compared to 3rd and 4th-year students -128.8 + 21 & 132.5 +19.7 respectively( Riquelme A, 

Oporto M, Oporto J, Méndez J I, Viviani P, Salech F, Chianale J, Moreno R, Sánchez I, 2009). Sandhya 

Sharma, in a study at a private Medical College of Udaipur [ Rajasthan], had reported a more positive 

perception of medical students to the educational environment with an overall mean DREEM score of 

118.39+13.97 and 112.46+21.19 among the students of 1st and 2nd-year medical course. SPT had the 

highest mean domain score followed by SPL and SPA. Both the groups were not satisfied with their 

Social Self-perception( Sharma S, Kaur M, 2016). 

The variation in the DREEM scores in different countries and settings can be explained by factors like 

curriculum adopted in government and private institutions, available infrastructure, and approach of 

the management to medical education.  

Our study focused on the items with the mean scores of >/= 3.5 and <2 to find the strengths and 

problem areas in the learning environment respectively. Three items with a mean score of >/=3.5 were- 

students' confidence about passing the exams, knowledgeable teachers, learning empathy in the 

medical profession. The items with a mean score <2 included- teaching over emphasized factual 

learning, unable to memorize the subject and stress during the medical course.  

Similar to ours, Varun Kohli in a study on undergraduate medical students of the University of Delhi, 

found three highest-rated items- knowledgeable teachers, having good friends, and confidence about 

passing exams. Poor support system for stressed students, unable to memorize, and over-emphasis on 

factual learning were identified as problem areas in his study( . Kohli V and Dhaliwal U , 2013). Patil 

AA and Chaudhari VL in their study at Terna Medical College, Navi Mumbai found that none of the 

items had scores above 3.5. However, the positive points identified by the students were the teachers 

are knowledgeable, students have good friends, and their confidence about passing the exams. The 

problem areas observed in their study were authoritative teachers, overemphasis on factual learning 

and more teacher-centered learning( Patil AA and Chaudhari VL, 2016). In the study mentioned 

earlier, which was conducted at Adis Ababa, Ethiopia documented that the items with a mean score of 

< 2 required immediate intervention. These include- the course organizers ridiculing their students, the 

problem of cheating in the course, and lack of a good support system for stressed out students( Ayalew 

Zewdie Tadesse, Selamawit Alemayehu and Dejene Tagesse, 2019). 

The SPL domain of our study identified that teaching overemphasized factual learning. This could 

have been due to the practice of traditional methods of learning in some of the departments of the 

college. Innovative teaching methods like problem and case-based learning can be introduced to make 

learning more interesting for the students. Our study also identifies the difficulty of the students to 

memorize everything which could be due to the overloaded syllabus and the traditional assessment 
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methods. Stressful experiences of the students can be reduced by strengthening the social support 

system of the institute. Emotional fatigue of the students can be reduced by encouraging peer 

mentoring and also by enhancing the mentee-mentor relationship. 

7. Recommendations 

We recommend that innovative teaching and learning methods to be implemented to make learning 

more interesting for the students. Students should be encouraged for self-directed learning to raise 

confidence levels. Teachers should be motivated to refreshen their knowledge and skills by 

participating in internal and external faculty development programs. Peer mentoring and social support 

should be extended to all students to yield productive learning. This is the pioneer study in our medical 

college and hence serves as a study to evaluate the changing trends in the learning environment over a 

period of time. 

 The results are not conclusive as it is a cross-sectional study and is a reflection of medical students 

during the study period. These reflections might change over a period of time. To get a better picture 

of the learning environment, there is a need to sustain such studies. Despite using DREEM inventory 

in its original form and a simplified language, the response rate of the students was 87.6%. This could 

be because the DREEM inventory was digitally circulated to the students and the researcher was not 

available to clarify their doubts at the time of submission. 

8. Conclusions 

Our study had the majority of the item scores in "a more positive than negative" range interpreting that 

the institution provides a reasonably good educational environment. It also identifies certain problem 

areas that need to be addressed to enhance the quality of medical education in the institution.  
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Comparison of efficacy of filter paper 
cyanmethemoglobin method with 
automated hematology analyzer for 
estimation of hemoglobin
Lalit Kumar, Ranjit Kangle

Abstract:
BACKGROUND: Screening of hemoglobin (Hb) before blood donation is one among the vital tests. 
It is performed to select a blood donor to prevent the collection of blood from an anemic person. 
However, no accurate, cost‑effective, reliable, and standardized method is available to estimate Hb.
OBJECTIVE: The aim is to evaluate the efficacy of filter paper cyanmethemoglobin (FPCH) method 
with the automated hematology analyzer in the estimation of Hb concentration for screening of a 
suitable donor.
METHODOLOGY: This was a cross‑sectional study in which the blood samples of 2000 patients 
visiting KLE’s Dr. Prabhakar Kore Charitable Hospital, Belagavi, were collected in vials and directly 
estimated for Hb using automated hematology analyzer. To evaluate the efficacy of FPCH, 20 μL of 
blood sample was transferred onto Whatman filter paper and dried at room temperature. After drying, 
it was placed in 5 mL of Drabkin’s solution for 30 min. Optical density was estimated by measuring 
the absorbance. Data were analyzed using  SPSS version 20. The correlation coefficient, paired 
t‑test, and difference between the means of both the methods were calculated.
RESULTS: The mean Hb estimated by FPCH was 11.25 g/dL and automated hematology analyzer 
gave 11.35 g/dL. The difference in the means of both the methods was 0.1 g/dL. Paired t‑test was done 
to test the level of significance and the result was 8.151 (95% confidence interval: 0.08–0.13 g/dL, 
P < 0.001). The correlation coefficient was found to be 0.976 (P < 0.001).
CONCLUSION: FPCH is an efficient method, which is comparable to the automated hematology 
analyzers for Hb estimation. It could be used as an alternative screening tool for detection of Hb in 
a blood donation camp.
Keywords:
Automated hematology analyzer, filter paper cyanmethemoglobin, hemoglobin

Introduction

Hemoglobin (Hb) is a two‑way, iron‑
containing, and oxygen‑transporting 

carrier protein found in the red blood cells 
(RBCs). It is made up of four connected globin 
chains: two alpha‑ and two beta‑globin 
chains. Porphyrin is an iron‑containing 
heme compound, which is vital for the 

transportation of gasses. Hb helps in 
transportation of oxygen from lungs to the 
tissues and carbon dioxide from tissues 
to the lungs. Carbon dioxide binds to the 
globin protein as carbaminohemoglobin.[1] 
It maintains the shape of the RBCs; if the 
Hb structure is abnormal, it can interfere 
with the flow and function of RBCs. It 
constitutes approximately 90% of the RBC’s 
dry weight.[2,3]

Anemia is the deficiency of Hb in the RBC. 
According to a survey conducted by the 
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World Health Organization (WHO) in 93 countries 
around the world, 1.62 billion people have been affected 
from anemia. Iron deficiency anemia (IDA) is the most 
common cause of anemia. It is a serious health problem, 
as it affects the development, work performance, and 
behavior of an individual.[4‑6] IDA can be treated by oral 
supplementation of iron, which has proved to improve 
the overall status of health.[7] Therefore, it is vital to 
estimate Hb to eliminate anemia. However, due to lack of 
proper standard methods for estimating Hb in the rural 
and some inaccessible areas in developing countries, 
multitudes of people are suffering from anemia.[8]

A simple, cost‑effective yet reliable, and accurate 
method to determine Hb level is the need of the 
hour. Numerous methods and devices based on 
different principles are available such as Sahli’s acid 
hematin method, hemoglobin color scale (HCS), filter 
paper cyanmethemoglobin (FPCH), and automated 
hematology analyzer.[8,9] In our study, the efficacy of 
FPCH method and automated cell counter using sodium 
lauryl sulfate (SLS) method is compared to estimate Hb 
levels in terms of accuracy, cost, and reliability.

Methodology

This 12‑month, cross‑sectional study was conducted 
at KLE’s Dr. Prabhakar Kore Charitable Hospital and 
Medical Research Centre, Belagavi, between January 2014 
and December 2014. A total of 2000 patients were studied 
after obtaining their consent. Patients undergoing routine 
blood investigation at the Department of Pathology 
of KLE’s Dr. Prabhakar Kore Charitable Hospital and 
Medical Research Centre, Belagavi, were included 
in the study. Clotted and hemolyzed blood samples 
were excluded from the study. Ethical clearance was 
obtained before the commencement of study from 
the Institutional Ethics Committee of Human Subjects 
Research, Jawaharlal Nehru Medical College, Belagavi.

The blood (2 mL) was collected from all the study 
participants following aseptic precautions in an 
ethylenediaminetetraacetic acid (EDTA) Vacutainer 
tube from the patients. To eliminate investigator bias, 
single‑blinding was done and samples were coded 
using random six digit code. The Hb level of the coded 
sample was estimated using the five‑part automated 
hematology analyzer, which undergoes daily quality 
control tests. For FPCH method, the blood sample (20 μL) 
was transferred onto Whatman filter paper and dried at 
room temperature. The dried samples were individually 
placed in 5 mL of Drabkin’s solution in a test tube for 
30 min. The optical density (OD) is read using a digital 
colorimeter at an absorbance wavelength of 540 nm. It 
was calibrated to zero using distilled water. First, the 
standard for the cyanmethemoglobin was estimated 

and recorded. After 30 min, the OD of the samples was 
recorded. Hb values for indirect cyanmethemoglobin 
method were calculated using the formula:

� � 540

540

A of test sample
Hb g /L = ×

A of standard

Dilution factor(251)
concentration of standard ×

1000

Where,

A540 of test sample: absorbance of the test sample at 
540 nm.

A540 of standard: absorbance of the Hb standard at 
540 nm.

Concentration of  standard:  concentration of 
hemiglobincyanide (HiCN) in the solution; it is taken 
as 60 mg/dL

Dilution factor was taken as 251 (20 μL of blood plus 
5 mL of reagent).[10]

All the data obtained were tabulated on Microsoft Excel 
spreadsheet and analyzed using  SPSS version 20 (SPSS, 
Inc., Chicago, IL). The correlation coefficient between the 
two methods was calculated and paired t‑test was used 
to determine the difference between the mean values of 
the two methods.

Results

A total of 2000 patients were studied for 12 months. 
Patients were from all walks of life with age varying 
from day 1 infant to 92 years adult. The majority of the 
patients were between the age of 11 and 60 years (75.7%). 
Out of 2000 patients, 965 (48.25%) were women and 
1035 (51.75%) were men.

According to the WHO recommendation for classification 
of anemia in various age‑groups, the patients were 
allotted different subgroups according to their age and 
Hb values. On the basis of age, patients were divided 
into age‑groups such as 6–59 months, 5–11 years, and 
12–14 years. Patients aged more than 15 years were 
subdivided into groups of men, women, and pregnant 
women. Furthermore, based on the Hb values estimated 
by automated hematology analyzer and FPCH, each 
group was further divided into normal, mild, moderate, 
and severe anemia as per the recommendations of the 
WHO.[11]

The outcome of this study suggests that 66.7%, 56.1%, 
and 64.7% of children between the age of 6–59 months; 
5–11 years; and 12–14 years of age were anemic, 
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respectively. Among the adults, 62% of men, 67% of 
women, and 67% of nonpregnant women were found 
to be moderately anemic. The mean Hb value estimated 
for FPCH and automated hematology analyzer was 
11.25 g/dL (standard deviation [SD] ±2.55 g/dL) and 
11.35 g/dL (SD ± 2.51 g/dl), respectively. The difference 
in the means of both the methods was 0.1 g/dL. This 
signifies that values obtained from the FPCH method 
are equivalent to the value provided by hematology 
analyzer. The level of significance was tested by paired 
t‑test and the result was 8.151 (95% confidence interval: 
0.08–0.13 g/dL, P < 0.001). Correlation coefficient was 
found to be 0.976 [P < 0.001; Table 1 and Figure 1]. The 
percentage of the difference between the Hb values of 
both the methods was calculated. The majority of the 
results showed a variation of ± 10.0%, signifying good 
correlation between the two methods.

Discussion

In India, anemia is a public health concern, which affects 
mainly preschool children and women of reproductive 
age. Low level of Hb is an apprehension among the 
young children, as it could result in impaired cognitive 
performance, motor development, and make them 
susceptible to infections. In pregnant women, anemia 
can result in premature delivery, prenatal death, and 
low birth weight.[12]

The present study was conducted to compare the Hb 
values estimated by FPCH method with the values 
assessed by the current reference standard, that is, 
automated hematology analyzer that utilizes SLS method 
and also to estimate the prevalence of anemia in the 
study population. According to the study done in the 
Department of Virology of Hospital for Children NHS 
Trust, London, authors stated that the dried blood spots 
could also be used as a medium for various investigations 
such as testing for human immunodeficiency virus, 
human T‑lymphotropic virus 1, hepatitis C virus, and 
Toxoplasma gondii.[13] We have used the dried blood spots 
to effectively transfer the blood samples in a labeled 

Table 1: Comparison of filter paper cyanmethemoglobin 
method and automated hematology analyzer for 
hemoglobin estimation

FPCH method Automated 
analyzer

Mean Hb (g/dL)±SD 11.25±2.55 11.35±2.51
Conclusions P

Differences in 
means (g/dL)

0.10

Paired t‑test 8.15 (95% CI: 0.08‑0.13) <0.001
Pearson’s correlation 
coefficient (r)

0.976 <0.001

SD = Standard deviation, CI = Confidence interval, FPCH = Filter paper 
cyanmethemoglobin, Hb = Hemoglobin

bag and used the samples on a later date to estimate Hb 
values of the same sample. The estimated Hb values 
derived from the said samples on filter paper were 
comparable to the gold standard used in the study. As 
the authors of the above article mentioned, the use of 
dried blood spots lead to reduction of risks.[13]

Multiple studies have been conducted in India using 
FPCH method to estimate the Hb values and in the 
process detect anemia in the population. A study 
conducted by Aggarwal et al. to test the validity of 
anemia by palmar pallor used the FPCH method as a 
reference standard to detect the levels of Hb.[14] Two 
studies conducted in rural Wardha, India, proved the 
utility of FPCH method for the detection of anemia in 
rural setup.[15,16] Toteja et al. conducted a study in several 
states of India to detect the prevalence of anemia in 
pregnant women and adolescent girls.[17]

FPCH method makes it convenient and easy to collect 
samples in any condition. With the use of lancets to 
draw the blood and storage on a filter paper, the need to 
carry syringes and tubes is eliminated. Furthermore, the 
need to carry a temperature‑controlled storage container 
for the EDTA tubes with samples is not required. Hb 
estimation by indirect cyanmethemoglobin has high 
sensitivity and specificity of 76%, as compared to the 
commonly used method for estimation of Hb in rural 
areas, that is, HCS method that has a lower sensitivity 
and specificity of approximately 50%. A small variation 
is noticed between capillary and venous samples; while 
sensitivity to detect anemia remains the same in both, 
specificity is mildly reduced in capillary samples. The 
coefficient of variation for FPCH method is 11.38%.[9]

Shah et al. compared Hb estimation by a noncyanide 
method with HiCN method. They found out an excellent 
correlation (r = 0.98, P < 0.001) between the noncyanide 
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method and HiCN method.[18] In our study, we compared 
HiCN method with automated hematology analyzer, 
which utilized a noncyanide method for determination 
of Hb. We also found similar correlations (r = 0.98, 
P < 0.001).

Another study published in the Journal of Clinical and 
Diagnostic Research by Chakravarthy et al., estimated 
Hb values in 2000 patients using HiCN method with 
Drabkin’s reagent, and compared it to SLS reagent. Their 
patients’ age ranged from day 1 to 88 years, whereas Hb 
levels ranged from 3.8 g/dL to 20 g/dL. The Pearson’s 
correlation coefficient was reported as 0.98 with 
P < 0.001.[19] We also studied Hb values in 2000 patients 
for 1 year and their age ranged from newborns to 
92 years. The Hb values varied from 2.0 to 20.4 g/dL. 
The Pearson’s correlation coefficient was calculated 
and it matched with the above mentioned study. The 
“r” value was 0.98 with P < 0.001, which signifies 
excellent correlation.

I n  t h e  y e a r  2 0 0 0 ,  A z i m  e t  a l .  c o m p a r e d 
cyanmethemoglobin method and automated cell 
counter for accuracy, cost‑effectiveness, suitability, 
and feasibility. They found that both methods 
were accurate and precise, but FPCH method was 
relatively cheaper. The cost for Hb estimation 
using automated analyzer was Rs. 50/test, whereas 
cost for FPCH method was just Rs. 3.5/test. Hb 
level was increased by 0.85% when measured by 
cyanmethemoglobin method compared to automated 
analyzer. The difference in the mean Hb of both the 
tests was 0.1 g/dL and coefficient of variation was 
2.7% as compared to controls for cyanmethemoglobin 
method. Maintenance of automated analyzer caused 
frequent problems, whereas FPCH method required 
negligible maintenance.[20] In our study, we had similar 
conclusions. The mean Hb by FPCH method and 
automated hematology analyzer was 11.25 ± 2.55 g/dL 
and 11.35 ± 2.51 g/dL, respectively. The difference in 
mean Hb was 0.1 g/dL. However, in our study, the 
Hb value was decreased by 0.88% when measured 
by FPCH method as compared to the automated 
hematology analyzer. Furthermore, the cost for Hb 
estimation using automated analyzer was Rs. 50/test, 
whereas cost for FPCH method was just Rs. 10/test.

FPCH method costs lesser than HemoCue, which costs 
Rs. 35/test.[21] The results between both the methods are 
comparable.[22] Few studies conducted in India show that 
HemoCue overestimates the Hb values by about 2 g/dl. 
The hot and humid climate and duration of opening of 
microcuvette box also affects the Hb values estimated 
by HemoCue.[23,24] Copper sulfate method is also another 
cheap and commonly used alternative to HemoCue for 
detection of Hb. A study done by Samuel Antwi‑Baffour 

shows that using copper sulfate method underestimates 
the Hb, leading to increase in deferral of prospective 
blood donors.[25]

All the data obtained highlight that statistically strong 
significant correlation exists between the Hb values 
estimated by FPCH method and automated hematology 
analyzer.

Conclusion

FPCH is an efficient method, which is comparable to the 
automated hematology analyzers for Hb estimation. The 
FPCH method along with dried blood spots could be used 
in mass population‑based surveys and for mass screening 
of blood donors before conducting blood donation camps. 
It could be a valuable asset in a resource‑poor setting of a 
blood donation camp as the results obtained are reliable, 
reproducible, and cost‑effective.
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Grading of prostate cancer: Evolution 
and changing concepts
Vijayalaxmi M. Dhorigol, Ranjit P. Kangle

Abstract:

Grading system for prostatic cancer (PC) was first described in1966 by Dr. Donald Gleason. 
Over the years, histologic, clinical diagnosis and management of PCa have evolved, leading to 
revisions of the Gleason system first by the International Society of Urological Pathology (ISUP) in 
2005 and more recently in 2014. Unlike the original Gleason score (GS) ranging from 2 to 10, the 
current system no longer assign Scores 2–5, the lowest score being 6. The new grading system 
of 2014 proposed Five Grade Groups based on revised GS which produces a smaller number 
of grades with the most significant prognostic differences and may contribute to a decrease in 
the overtreatment of low‑grade PC detected by prostate‑specific antigen screening. This review 
provides an update on the evolution and revision of the Gleason grading system, with a discussion 
on the deficiencies, benefits, and limitations of the revised and new grading system of ISUP 2005, 
2014, and 2019.
Keywords:

Gleason grade, Gleason score, prostate cancer, new grading system, International Society of 
Urological Pathology, needle core biopsies, radical prostatectomy

Introduction

Prostate cancer (PC) is the most common 
cancer among males in the United 

States in the year 2016 (21% of all cancers) 
and is responsible for 8% of cancer 
deaths among men.[1,2] Gleason grading 
system is one of the most important and 
powerful prognostic predictors in PC. 
PC grading is done using the Gleason 
scoring (GS) system. Accurate grading 
plays a very important role in prognosis 
and therapy. Gleason grading system has 
evolved significantly over the years and 
continues to be modified and revised to 
remain relevant in modern practice. It was 
first revised in 2005 and recently l at the 
2014 International Society of Urological 
Pathology (ISUP) Consensus Conference 
on Gleason Grading of PC, which allows 
for a more accurate prognostic and risk 
stratification.[2]

Diagnosis of Prostatic 
Adenocarcinoma

Microscopically, prostatic adenocarcinomas 
exhibit a wide spectrum of appearances. 
They have different architectural patterns. 
The major patterns include medium 
or small glands, cribriform, [3] diffuse 
infiltration, and poorly formed glands.[4] 
A more specific feature of carcinoma is the 
presence of either a linear row of atypical 
glands traversing the width of the core or 
small atypical glands which are seen on 
both sides of a benign‑appearing gland. 
Basal cells are absent. The most widely 
recognized cytological feature of prostate 
adenocarcinoma is prominent nucleoli. 
The presence of glomerulations, mucinous 
fibroplasia, and perineural invasion when 
circumferential is considered to be the 
three strong indicators of malignancy in 
prostate.[4,5] The diagnosis of cancer should 
not be based on anyone criterion alone. 
Instead, always rely on a combination of 
important features.
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Grading of Prostate Cancer‑ General 
Aspects

Gleason grading should not be applied in cases with 
a therapy effect. Regression grading is not routinely 
done.[5] It is on the patterns and their admixture, as seen 
on low‑power examination, that the Gleason grading 
system is primarily based. The predominant “primary” 
tumor pattern and the “secondary” pattern are graded 
from 1 to 5. When both are added, we get the Gleason 
score (GS) or sum. In case the tumor has a single pattern 
throughout, the final score is obtained by multiplying 
the grade by 2.[6] Tumors with tertiary or minor pattern 
is reported only if it is of a higher grade.[7,8] In biopsies, 
the minor high‑grade pattern is incorporated into the 
GS. Gleason patterns 1 to 2 are not clinically meaningful 
in modern practice, so the grading system effectively 
begins at GS 3 + 3.

In most cases, for grading the tumor, the use of × 4 
objective is ideal except for few cases that require × 10 
objectives, to define back‑to‑back glands and fused 
glands. Especially Gleason Pattern 3 must be identified 
at × 4, so that overgrading can be avoided. Because 
small well‑formed glands when cut tangentially may 
appear as poorly formed glands on a higher power. GS 
is usually reported as an equation, for example, 3 + 4 = 
7, to avoid confusion.

When multiple cores are submitted and are positive 
for malignancy, Gleason grade in each core may be 
different. When the cores are sent in different containers 
or location designated by inking, grades of each core 
should be reported separately. It is observed that, when 
the cores exhibit different grades, the correlation between 
the highest GS and stage is found to be better than the 
frequent grade or the average score among the cores, 
when assessed on RP.[9‑12] However, an overall GS can be 
reported when multiple fragmented cores are submitted 
in a single container [Figures 1‑5].

Evolution of Gleason Grading System

A unique grading system for prostatic adenocarcinoma 
was first created by Dr. Donald Gleason and Veterans 
Administration Cooperative Urologic Research Group 
in 1966, based on architectural pattern of the tumor.[13] 
He demonstrated 5 prognostic patterns by drawing a 
simple diagram. Later in 1974, Gleason and Mellinger, 
based on a study of larger number of patients, further 
modified definition of pattern 4. The overall grade of the 
carcinoma was not the highest grade noted. Instead, GS 
ranging from 2 to 10 was proposed which represented the 
sum of 2 most common grade patterns. It was observed 
that increase in score was associated with increase in 
mortality related to cancer.[14]

Significant changes were introduced in 2005 at the ISUP 
conference with further modifications in 2014. The 
resulting grading system is referred to as the “ISUP 
modified Gleason grading system.”

Need for Modification of Original Gleason 
Grading System

Way back in 1974, few biopsies were taken using a thick 
gauge needle after identifying an area abnormality on 
palpation. With the advent of needle core biopsies, grading 
on multiple needle cores submitted from different areas of 
prostate, grading multiple nodules on the same prostate, 
reporting of the tertiary patterns had to be addressed. With 
the use of immunohistochemistry, diagnosis of adenosis 
and cribriform high‑grade PIN could be made confidently. 
New patterns and new histological variants of prostate 
adenocarcinoma were identified. Hence, there was a need 
to adapt the Gleason system to modern practice.

Changes as per the 2005 International 
Society of Urological Pathology Consensus 

Conference

A group of leading urological pathologists from all over 
the world gathered at the United States and Canadian 
Academy Pathology Meeting in 2005, to achieve 
consensus in controversial areas related to the Gleason 
grading system.[15,16]

The diagnosis of GS 2–5 should not be made on needle 
core biopsy, as these scores do not correlate well or poor 
reproducibility was noted when compared with the 
grades in radical prostatectomy.[17,18] This leads to gradual 
disappearance of GS 2‑4; reporting of GS 5 decreasing 
from 12.2% to 0.3% on needle biopsy. Even with limited 
cancer on TURP (stage T1a), the prognosis in cases of 
GS 2–4 did not differ much when compared to score 
5‑6. Hence, it was thought that GS less than 6 does not 
carry much clinical significance and it frequently occurs 
in the transition and anterior zones of the prostate. It 
was agreed that Gleason cribriform pattern 3 carcinoma 
should never be diagnosed. Gleason pattern 4 should be 
assigned to areas exhibiting glands which are ill‑defined 
and do not have well‑formed lumina.

Using modified grading system, the proportion of needle 
biopsies with GS of 6 reduced and Gleasons score 7 
increased. Based on this grading system, organ‑confined 
prostate cancer with GS 6 and negative margins are 
virtually 100% curable.

Gleason pattern 3
In this pattern, well‑formed glands of varying sizes 
are seen, forming discrete units, infiltrating into and 
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amidst the normal‑appearing prostatic glands. The 
outlines of these glands can be easily traced. Even when 

biopsies show only a small focus exhibiting pattern 3, 
a GS 3 + 3 = 6 can be given by assigning primary and 
secondary patterns, as it is likely to find the same on 
radical prostatectomy in such cases.[19]

Gleason pattern 4
Contain ill‑formed, fused, or cribriform glands. 
Unless overtly cribriform, Gleason pattern 4 should 
be cautiously assigned to areas where glands appear 
complex when associated with perineural invasion and 
mucinous fibroplasias.[20]

In the original grading system, glands which exhibited 
regular cribriform pattern were included in Gleason 
pattern 3, while those with irregular ragged edges in 
pattern 4. It was observed that biochemical changes, 
positive margins, extraprostatic extension, recurrence, and 
cancer‑related mortality were associated with cribriform 
pattern.[21‑25] Hence, cribriform pattern and poorly formed 

Figure 3: Gleason pattern 4. Show fused glands (H and E, ×100)

Figure 1: Prostate adenocarcinoma-Gleason pattern 3. Show well formed, 

individual glands of varying sizes (H and E, ×100)

Figure 2: Gleason pattern 4. Show Cribriform pattern, neoplastic cells running 

across the core (H and E, ×100)

Figure 4: Gleason pattern-5. Show comedonecrosis within solid nests and 

cribriform glands (H and E, ×100)

Figure 5: Gleason pattern 5. Show cells as cords invading the stroma (H and E, ×100)
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glands should be Gleason pattern 4. With this, the 
Gleason grade on biopsy and on radical prostatectomy 
correlated well. Furthermore, the prediction of tumor 
volume, margins, prostatectomy stage, and biochemical 
recurrence improved.[26‑30] Glomeruloid morphology 
was considered when cribriform structures were seen 
within the lumen of dilated glands with a single point of 
attachment, as the structure resembles a glomerulus in 
the kidney.[31] However, there was no agreement on what 
grade to assign to this morphology. Later, it was found 
that in most of the cases, Gleason pattern 4 or higher grade 
was associated with these structures.[32]

Gleason pattern 5
Assigned when there is the presence of cords of 
cells, solid nests, single cells, tumor cells in sheets, or 
occasional gland space formation. Cribriform glands 
or solid nests with comedonecrosis also represent this 
pattern. There is no notable change in Gleason pattern 
5 in modern practice.

Reporting Limited Secondary Patterns and 
Tertiary Patterns

When <5% of tumor area in a high‑grade cancer is 
occupied by lower‑grade patterns, they should be 
ignored. If on a needle core biopsy, 96% is Gleason 
pattern 4 and only 4% constitute Gleason pattern 3, it is 
to be reported as GS 8 (4 + 4), which would have been 
4 + 3 = 7 according to original system. However, the same 
is not true for secondary pattern of a higher grade. If, 96% 
is Gleason pattern 3 and only 4% constitute pattern 4, it 
should be reported as 3 + 4 = 7.

On needle biopsies, a third pattern (Tertiary pattern) if 
present is of lower grade, should be ignored. Tumors 
with patterns 3, 4, and 5 are categorized as high‑grade 
tumors with GS constituting 8‑10, wherein sum of the 
primary pattern and highest grade is considered. This 
is in contrast to the old system, where sum of the most 
prevalent and second most prevalent patterns would 
be considered.

In radical prostatectomies (RP) which may have 
multifocal tumors, every dominant nodule must be 
assigned a separate GS. Experts define a tertiary pattern 
for RP, when a third component is present and exhibits 
a pattern higher than the primary and secondary 
pattern, and constitute <5% of the entire tumor tissue. 
However, if it occupies >5% of the tumor, record it as 
the secondary pattern. The GS in RP is given as sum of 
primary and secondary patterns with a comment on 
the tertiary pattern. As on needle biopsy, if the most 
common and highest Gleason pattern is added in these 
RP specimens, the result does not represent the tumor 
behavior accurately.[15,21]

Risk of recurrence increases and lies between GS 
category without a tertiary pattern and the subsequent 
higher GS category, when tertiary RP Gleason patterns 
are present. The current score can then be reported with 
the modified score as, GS 3 + 4 = 7 with tertiary pattern 
5 (GS 7.5). The presence of tertiary patterns is usually 
associated with biochemical recurrence and higher 
pathological stage when compared to those without 
tertiary patterns.[20,21]

Clinical risk stratification
Risk stratification for the management of prostate 
cancer patients can be developed by using GS, Clinical 
stage and prostate‑specific antigen (PSA). D’Amico 
classification system and National Comprehensive 
Cancer Network[33] are the most widely used risk 
stratification systems. Based on GS, can be categorized 
as low risk (GS: 2–6), intermediate‑risk (GS: 7), and high 
risk (GS: 8–10).[20]

The 2014 IUSP Modified New Grading 
System[2]

Since the scoring ranged from 2 to 10, the score of 6 
though assigned the lowest, gave a false implication to 
the patients as having an aggressive cancer or cancer with 
intermediate prognosis. Assuming a similar prognosis, 
scores being incorrectly grouped together was observed 
for therapeutic purposes. This became particularly 
important for the Gleason’s score 7 since those with score 
4 + 3 had 3‑fold increased risk of incidence of metastasis 
at diagnosis and significantly worse prognosis than score 
3 + 4. Patients with GS4 + 3 prostate cancers have higher 
PSA levels at diagnosis.[34]

Hence, a new grading system was proposed by Epstein 
JI in 2013. This was based on data from John Hopkins 
Hospital grading them into 5 Grade groups according to 
prognosis, which was validated in a multi‑institutional 
study and consensus obtained for adopting it in the 2014 
consensus conference. More recently, two studies have 
provided some validating data for ISUP grading based 
on a variety of outcomes.[35,36]

This new system with group grades has been accepted 
by the WHO 2016 Edition on Pathology and Genetics. 
It is recommended that new grading system be 
used along with Gleason grading, for example, GS 
3 + 4 = 7 (Grade Group 2).

Benefits
The newgrading system gave more accurate 
stratification, simplified the number of grading 
categories to only 5 group grades (1‑5), with a scope for 
different pattern combinations. It reduced the possibility 
of overtreatment of indolent cancer, with Grade group 1 

[Downloaded free from http://www.ijournalhs.org on Friday, October 7, 2022, IP: 202.131.131.90]



Dhorigol and Kangle: Grading of prostate cancer

196 Indian Journal of Health Sciences and Biomedical Research KLEU - Volume 15, Issue 3, September-December 2022

being considered the lowest against Gleasons score 6 
with the potential to reduce overtreatment of indolent 
prostate cancer.[37,38]

Current guidelines, recent changes, and limitations
The ISUP 2014 New grading system comprises 5 
Grade Groups based on the modified GS groups.
• Grade Group 1: GS ≤6
• Grade Group 2: GS 3 + 4 = 7
• Grade Group 3: GS 4 + 3 = 7
• Grade Group 4: GS 8
• Grade Group 5: GS s 9 and 10

The grade groups of the new grading system accurately 
predict the progression as compared to GS‑based 
risk stratification categories. The prognostic curves 
were similar on biopsy (where patients received 
radiation and/or hormonal therapy) as well as radical 
prostatectomy. However, as higher‑grade cancer which 
may not be sampled may be present in approximately 
20% of cases,[39] follow‑up is still needed. A grade group 
when higher indicates a greater chance of disease 
which is not organ‑confined and worse outcome. 
New grading system strongly correlated with AJCC 
staging system and prostate cancer‑specific mortality 
in biopsy specimens taken from population treated 
conservatively.[40]

Grading for Variants

Grading of the variants of prostate adenocarcinoma was 
proposed as follows.[2,4,20,41]

Atrophic pattern, pseudohyperplastic adenocarcinoma, 
and PIN‑like adenocarcinoma ‑ Gleason pattern 3.

F o a m y  g l a n d  c a r c i n o m a ,  C o l l a g e n o u s 
micronodules ‑ Based on the underlying architecture, 
usually GS 7.

Vacuoles ‑ when present in single cells of Gleason pattern 
5, may mimick a true signet ring cell carcinoma.

Glomeruloid morphology ‑ Gleason pattern 4.

Intraductal carcinoma ‑ not graded but mention its 
association with high‑grade invasive cancer.

Mucinous adenocarcinoma ‑ applied ignoring the 
mucin ‑ GS s of 7 or 8.

Ductal adenocarcinoma ‑ Gleason pattern 4 or 5 with 
necrosis.

Pleomorphic giant cell adenocarcinoma ‑ GS of 9.

Small cell carcinoma ‑ not graded.

Limitations
GS 8 indicate a combination of patterns 3 and 5, 5 and 3, 
or 4 and 4. The former two combinations of GS 8 have 
less favorable outcome than the latter.[42] However, the 
new grading system classify all these combinations 
under Grade group 4. Hence, tumors containing pattern 
5 should be reclassified or grouped under Grade group 5.

In GS 7 tumors, low proportions of pattern 4 have a 
relatively favorable outcome, similar to Grade 1 (3 + 3) 
tumors. Hence, the percentage of pattern 4 may influence 
the prognosis and is of significance. Reporting of 
percentage of pattern 4 present is important in IUSP 
grade2 cases (3 + 4) where a small volume of pattern 
4 is present, which may be important to determine the 
necessity for active surveillance

Lot of new data due to development in imaging lead 
to certain modifications by the 2019 ISUP consensus.[43] 
Following are the recommendations given. For all GS 
7 biopsies, the % of GP4 has to be reported. The term 
“minor” is preferred to “tertiary.” In biopsies, minor 
pattern with higher grade to be included in GS so that 
prediction of prostatectomy lesions is better whereas 
in RPs if the tumor contains >5% tertiary pattern it has 
to be reported in GS grading. If <5%, then mention as 
minor pattern along with the grade. The IDC grade 
has to be incorporated in GS when associated with an 
invasive component. If no invasive component then at 
least mention its presence and the significance. For each 
biopsy site, a separate GS is to be reported. However, 
aggregate GS can be reported for each suspicious lesion 
in magnetic resonance imaging.

Artificial intelligence (AI) has a role to play in the 
diagnosis of prostate cancer. AI prescribes the biopsies, 
creates algorithms, and improves efficacy in diagnosis, 
quantification of tumor, and grading. However, it could 
be a challenge to handle urothelial, rectal carcinomas, or 
lymphomas.

According to few studies, there is an overlap with respect 
to prognosis, between individual grades.[2,36] Whether 
predictive accuracy of new grade groups is greater than 
the old grading, still remains unclear. According to a 
validation study, the accuracies of prognostic models are 
not improved by new grade groups when compared to 
the current three‑tier classification.[44‑46]

Summary

The Gleason Grading of the prostatic adenocarcinoma 
with its evolution and ISUP modifications in 2005, 2014, 
and 2019 continues to be a powerful predictor of prognosis 
in Prostatic adenocarcinomas. The New prognostic Grade 
grouping is simpler, more accurately reflects the prostate 
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cancer biology, provides better understanding, and 
improves reproducibility. The WHO recommends the 
use of a new grading system in conjunction with Gleason 
score. Biochemical recurrence and adverse pathology 
are predicted when the percentage of Gleason grade 4 
disease increase in biopsies. The New grading system 
with its modifications will be of great help to assist 
clinicians to determine different therapeutic strategies for 
prostatic adenocarcinoma patients. Moreover, ML‑based 
systems might be of help in future not only to support 
grading but also in identifying the prognostic markers 
based on newer patterns and stromal features.
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Transesophageal echo‑derived left 
ventricular ejection fraction versus 
myocardial performance index in 
predicting outcome following coronary 
artery bypass grafting surgery
Abhijeet Shitole, Preeti Lamba, Sharanagouda Patil, Anand Vagarali, 
Veerappa Kothiwale1, Jabbar Momin2

Abstract:

BACKGROUND AND AIMS: Although left ventricular ejection fraction (LVEF) is the most commonly 

studied echocardiographic parameter for predicting postoperative outcome, its utility is limited 

by its preload dependency and ability to measure the only systolic function of the left ventricle. 

The myocardial performance index (MPI), a ratio obtained by summing up the time required for 

isovolumetric contraction and relaxation against the systolic ejection phase of the cardiac cycle, 

is the least studied parameter of left ventricular performance in perioperative settings. So, being a 

composite measure of systolic and diastolic function of the heart, we hypothesized that MPI can be 

a better predictor of postoperative outcome following coronary artery bypass grafting (CABG). The 

present study aimed at finding a correlation of LVEF and MPI with postoperative outcome indicators 
such as vasoactive inotropic score (VIS), the requirement of intra‑aortic balloon pump (IABP) to 

maintain cardiac output, duration of mechanical ventilation, stay in the intensive care unit (ICU), 

postoperative morbidity and mortality.

METHODS: A prospective, observational study was conducted on 110 subjects, scheduled for elective 

CABG. Transesophageal echocardiography (TEE) was performed after induction of anesthesia and 

before coronary grafting. Patients with no or grade I mitral regurgitation (vena contracta‑VC <0.3 cm, 

effective regurgitant orifice area <0.2 cm2) and those in normal sinus rhythm were included. Patients 

with arrhythmia and MR of more than grade I (VC >0.3 cm, EROA >0.2 cm2) were excluded. Pre‑CABG 

LVEF was measured using Simpson’s biplane method. MPI was measured using Pulsed‑wave Doppler 

across mitral inflow and left ventricular outflow tract. Subjects were labeled as “good” and “poor” 
outcomes based on standard criteria for defining the immediate postoperative outcome. Pre‑CABG 
MPI and LVEF were correlated with these postoperative outcome variables following CABG.

RESULTS: Of 110 subjects, 14 were excluded due to the presence of more than grade I MR (n = 8) 

and arrhythmias (n = 6) before CABG. Out of 96 subjects, 66% (n = 63) had “good” outcome and 

34% (n = 33) had a “poor” outcome. Pre‑CABG MPI and LVEF were (0.51 ± 0.12 and 47.2% ± 

8.8%) in subjects with “good” compared to (0.57 ± 0.13 and 42.00% ± 8.70%) (P = 0.032 and 

0.007 respectively) “poor” outcome following CABG. A higher pre‑CABG MPI (0.57 ± 0.13) alone 

significantly correlated with increased VIS (r = 0.325, P = 0.001) in contrast to lower LVEF (42% ± 

8.7%) (r = −0.181, P = 0.077). Both, lower precardiopulmonary bypass LVEF (40.46% ± 8.81%) and 

higher MPI (0.6 ± 0.11) were significantly correlated with increased ICU stay in days (r = −0.218 and 
r = 0.287, respectively). The mean MPI was 0.57 ± 0.08 and LVEF was 39.55% ± 4.05% in those 

subjects who succumbed in the postoperative period following CABG.
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Introduction

Since the introduction of ultrasound in the field 
of medicine, transthoracic two‑dimensional (2D) 

echocardiography is an integral part of cardiac 
assessment before cardiac surgical procedure.[1] 2D 
echo‑derived left ventricular ejection fraction (LVEF) is 
the most commonly considered parameter for assessing 
the degree of cardiac function in clinical practice.[2] 
Literature shows the role of low preoperative ejection 
fraction in predicting both early and late postoperative 
morbidity and mortality following coronary artery 
bypass grafting (CABG) surgery.[2,3] LVEF is an 
independent predictor of events such as prolonged 
postoperative ventilation, need of intra‑aortic balloon 
placement (IABP), and prolonged intensive care 
unit (ICU) stay.[3‑5] Left ventricle (LV) ejection fraction is 
the fraction of end‑diastolic volume which is ejected out 
of the LV during systole. It only measures the systolic 
function of the LV.[6] Diastolic dysfunction is an unbiased 
predictor of cardiac failure‑related morbidity and 
mortality following cardiac surgery hence, “Heart Failure 
with preserved Ejection Fraction” is now a well‑known 
entity.[6] Being a preload dependent measure, LVEF 
values vary with different loading conditions.[7] The 
American Society of Echocardiography recommends 
Modified Simpson’s biplane method for accurate 
estimation of LV ejection fraction.[7,8] Tei described 
“myocardial performance index (MPI)” also known as 
“Tei index” which considers both systolic and diastolic 
phases of the cardiac cycle for the assessment of the left 
ventricular function.[9] MPI is obtained by summing 
up the time required for isovolumetric contraction and 
relaxation of LV against the time required for the systolic 
ejection.[9,10] So, being a composite measure of both 
systolic and diastolic performance of the LV, MPI can 
be a more reliable measure to predict the postoperative 
outcome following CABG. At present, though the 
literature is sparse to establish its utility in cardiac 
surgical patients, its prognostic value in individuals 
with heart diseases like myocardial infarction has been 
proved.[10‑12] Unlike LVEF, MPI is a load‑independent 
measure of left ventricular function.[11‑13] In the present 
study, we used transesophageal echocardiography (TEE) 
for the assessment of LVEF and MPI. TEE is a valuable 
tool for intraoperative decision‑making. At present, TEE 
is a class IIa recommendation in patients undergoing 

CABG.[14] We hypothesized that being a composite 
measure of systolic and diastolic function MPI could be 
a better predictor of postoperative outcome following 
CABG. The aim of the study was to correlate the Pre‑CABG 
MPI and LV ejection fraction with postoperative outcome 
variables such as the requirement of inotropic and 
vasopressor support (VIS), requirement of mechanical 
cardiovascular support (IABP), and length of ICCU 
stay, duration of mechanical ventilation, morbidity and 
mortality.

Methodology

Following approval of the institutional ethical committee 
and obtaining informed written consent 110 subjects 
posted for elective CABG surgery were enrolled 
prospectively from September 2020 to April 2021 at the 
cardiothoracic and vascular surgery unit of tertiary care 
hospital in northern Karnataka, India. Subjects with 
normal sinus rhythm and having stable hemodynamic 
were included in the study. Subjects with history or 
evidence of renal, liver and neurological dysfunction, 
undergoing emergency surgery for ventricular septal 
rupture or undergoing combined valve and coronary 
artery bypass surgery, presence of mitral regurgitation 
more than grade I (graded using vena contracta, VC 
width >0.3 cm or effective regurgitant orifice area, 
>0.2 cm2) were excluded.[15] Six subjects who had 
pre‑CABG hemodynamic instability and arrhythmias and 
eight subjects in whom intraoperative TEE showed more 
than grade I MR were excluded from the study. A total 
of 96 subjects were recruited for evaluation and analysis. 
Baseline demographic and clinical and biochemical 
characteristics were noted. Anesthetic induction was 
done as per the standard operating protocols ensuring 
vigilant invasive hemodynamic monitoring. Pulmonary 
artery catheter was placed in subjects with preoperative 
LVEF <45%. In rest, central venous catheter was inserted. 
Central venous pressure, pulmonary capillary wedge 
pressure, and pulmonary artery systolic and diastolic 
pressures were noted. Phillips X7‑2T Adult X matrix 
array transesophageal echocardiography transducer 
probe was inserted after 5 ml of lignocaine 2% mucous 
jelly was instilled in the oral cavity. Undue force was 
avoided while inserting the probe in the esophagus. If 
such resistance was encountered, the probe insertion 
was done under direct vision using laryngoscopy. TEE 

CONCLUSION: MPI was a relatively better predictor of postoperative outcome following CABG. Increased Pre‑CABG MPI 

was more consistent with the postoperative inotropic and vasopressor requirement. The requirement of an IABP to maintain 

cardiac output following CABG and mortality was correlated well with both low preoperative LVEF and higher MPI values.

Keywords:

Coronary artery bypass grafting, left ventricular ejection fraction, myocardial performance index, pulsed wave Doppler, 

transesophageal echocardiography
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was done to calculate the MPI and LVEF. To avoid the 
inter‑observer bias, the readings of echocardiographic 

study variables were taken by a sole echocardiographer 
and an average of two readings was taken for final 

Figure 1: Calculation of myocardial performance index: Two-dimensional transesophageal echocardiography image on right shows pulsed wave Doppler signal velocities of 
mitral inflow in midesophageal four-chamber view obtained at 0°. Time “a” denotes the time required for the E wave to appear after the A wave of the previous cardiac cycle 
ends. It includes isovolumetric contraction time, left ventricular ejection time and isovolumetric relaxation time. Two-dimensional transesophageal echocardiography Image 

on the left shows the pulsed-wave Doppler interrogation across left ventricular outflow tract in transgastric long axis view obtained at 125°. Time “b” is a time required for left 
ventricular ejection. Myocardial performance index (Tei index) is given by the formula, myocardial performance index = (a-b)/b = (412 ms - 292 ms)/292 ms = 0.41

Figure 2: Calculation of the left ventricular ejection fraction by Simpson’s biplane method: Two-dimensional transesophageal echocardiography image on the left shows 
ECG-gated left ventricular end-diastolic frame. The left ventricular end-diastolic volume is obtained by application of “left ventricular ejection fraction measurement software” 
and aligning the endocardial borders accurately in midesophageal four-chamber view obtained at 0°. The image on the right shows ECG-gated left ventricular end systolic 

frame. Left ventricular end-systolic volume is obtained by application of “left ventricular ejection fraction measurement software” and aligning the endocardial borders 
accurately in midesophageal four-chamber view obtained at 0°. The left ventricular ejection fraction is given by the formula, left ventricular ejection fraction = ([left ventricular 

end-diastolic volume - left ventricular end-systolic volume]/left ventricular end-diastolic volume) × 100 = [(96.7-55.9) 96.7] × 100 = 42.2%

Figure 3: Calculation of left ventricular ejection fraction by Simpson’s bi-plane method: Two-dimensional transesophageal echocardiography image on the left shows 
ECG-gated left ventricular end diastolic frame. The left ventricular end-diastolic volume is obtained by application of “left ventricular ejection fraction measurement software” 

and aligning the endocardial boarders accurately in midesophageal two-chamber view obtained at 103°. Image on the right shows ECG-gated left ventricular end systolic 
frame. Left ventricular end systolic volume is obtained by application of “left ventricular ejection fraction measurement software” and aligning the endocardial boarders 
accurately in midesophageal four-chamber view obtained at 103°. The left ventricular ejection fraction is given by the formula, left ventricular ejection fraction = ([left 

ventricular end diastolic volume - left ventricular end systolic volume]/left ventricular end diastolic volume) × 100 = ([83.5-50.0]/83.5) × 100 = 40.1%. (Average of the above 
two values, i.e., (42.2 + 40.1)/2 = 41.15 was considered for documentation of left ventricular ejection fraction and analysis)
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documentation. Six subjects who had pre‑CABG 
hemodynamic instability and arrhythmias and eight 
subjects in whom intraoperative TEE showed more than 
grade I MR were excluded from the study. A total of 
96 subjects were recruited for evaluation and analysis. 
Ethical clearance was obtained  from Jawaharlal Nehru 
medical college institutional ethics committee with ref 
no MDC/DOME/353 dated 20.05.2020.

Myocardial performance index
Pulsed‑wave Doppler with a sample volume of 4 mm 
was placed at the tips of mitral leaflets in the direction 
parallel to blood flow in midesophageal four‑chamber 
view obtained at 0°–20° to get the velocity pattern across 
the mitral valve. Interval “a” was recorded from the 
end of the “A” wave to the beginning of the “E” wave 
of mitral inflow. This interval included isovolumetric 
contraction time (IVCT), ejection time (ET), and 
isovolumetric relaxation time (IVRT). The probe was 
then advanced to obtain the deep transgastric long‑axis 
view at 120°–140° and the pulse‑wave Doppler left 
ventricle outflow tract (LVOT) velocity was obtained 
by aligning Doppler interrogation parallel to the blood 
flow. A sample volume of 4 mm was placed in the LVOT 
0.5 cm proximal to the aortic annulus. Interval “b” was 
measured as the duration of this flow profile which 
equaled the duration of the ET. Measurements were 
taken after sternotomy where the effects of anesthesia on 
cardiac function and systemic vascular resistance were 
nullified by surgical stimulation.[16] All the measurements 
were obtained during a period when the patient was 
hemodynamically stable. Care was taken to ensure that 
the hemodynamic parameters remained unchanged 
during the process of recording. Any recording obtained 
during conditions that did not satisfy the above criteria 
were not considered for the study purpose. MPI was 
obtained from the equation ([a‑b] ÷ b) which equals the 
value of ([IVCT + IVRT] ÷ET)[9,10] [Figure 1].

Left ventricular ejection fraction
Left ventricular ejection fraction was calculated using 
midesophageal four‑chamber and midesophageal 
two‑chamber views obtained at 0°–20° and 80°–100° 
respectively using modified Simpson’s (biplane) method. 
Time and lateral gain compensation were adjusted to 
delineate the endocardial borders accurately. An average 
of values obtained in both views was taken and LV 
end‑diastolic and end‑systolic volumes and subsequent 
LV ejection fraction was calculated and noted down. 
LVEF was calculated using formula, LVEF = ([LV 
end‑diastolic volume‑LV end‑systolic volume]/LV 
end‑diastolic volume) × 100[7] [Figures 2 and 3].

CABG was performed by a  s ingle  surgeon. 
Decision‑making of whether to perform ON pump 
cardiopulmonary bypass (CPB) or an OFF pump CABG 

was completely a surgeon’s choice depending on 
preoperative hemodynamics and quality of coronary 
arteries to be grafted. Hemodynamics were maintained 
adequately during OFF pump CABG. When the CPB 
was used, the institution of CPB and weaning off 
from CABG was done based on standard operating 
protocols of CPB. In all cases, care was taken to maintain 
mean arterial pressure >70 mmHg. To maintain it, 
infusion noradrenaline (0.02‑0.1 mcg/kg/min) and 
dopamine (3–7 mcg/kg/min) were primarily used. If the 
contractility was poor epinephrine (0.05–0.1 mcg/kg/min) 
was considered. An intra‑aortic balloon pump (IABP) was 
inserted to maintain adequate perfusion pressure if there 
was evidence of postoperative hemodynamic instability 
or new‑onset ST‑T changes. Additional vasopressors, 
inotropes and inodilators (dobutamine, vasopressin, 
and milrinone) were started whenever required. After 
surgery, subjects were transported to the postoperative 
intensive cardiac care unit. Postoperative standard 
outcome variables such as VIS in first 6 h, duration of 
mechanical ventilation in hours, duration of vasopressor/
inotrope/inodilator use, the requirement of mechanical 
cardiovascular support (IABP), 24‑h serum creatinine and 
hematocrit values, episodes of cardiac failure (defined as 
clinical or radiological evidence of pulmonary edema that 
requires diuretics, oxygen supplementation, noninvasive, 
or invasive ventilation),[17] morbidity and mortality 
were noted. VIS was calculated using the formula 
Dopamine(µg/kg/min) + Dobutamine(µg/kg/min) + 
Milrinone(µg/kg/min × 10) +Epinephrine(µg/kg/min × 100) + 
Norepinephrine(µg/kg/min × 100) + Vasopressin (unit/
kg/hour × 10,000).[18] The “poor” outcome was labeled 
to subjects who had VIS >20 for more than 6 h and/
or required IABP and/or required mechanical 
ventilation > 24 h, low cardiac output syndrome, 
suffered perioperative organ dysfunction such as 
respiratory failure, cerebrovascular accident, acute 
kidney injury (AKI), or those who succumbed.[18] 
Subjects who did not require much pharmacological 
or mechanical cardiovascular support (VIS <20 in 6 h) 
and weaned off from mechanical ventilation within 24 h 
and did not suffer from low cardiac output syndrome, 
respiratory failure, AKI were labeled as “good” outcome 
class. Demographic, clinical and echocardiographic 
characteristics, operative variables and pre‑CABG MPI 
and LVEF were compared in “good” and “poor” outcome 
classes. Pre‑CABG MPI and LVEF values were correlated 
with the postoperative vasoactive inotropic score (VIS), 
duration of vasopressor/inotrope requirements, duration 
of mechanical ventilation (hrs), duration of ICCU 
stay, and requirement of mechanical cardiovascular 
support (IABP use) and mortality.

Statistical analysis
Based on a relevant previous relevant study, the 
calculated sample size was 96.[18] Keeping the possibility 
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of 10% attrition, a total of 110 subjects were approached 
and assessed for eligibility. Categorical/nominal 
variables were expressed as number/percent and were 
analyzed with the use of the Chi‑square test. Continuous 
variables have been expressed as mean and standard 
deviation and analyzed with the use of an unbiased 
sample t‑test for contrast among the two outcome 
categories. Correlation among two continuous variables 
was analyzed with the use of the Pearson correlation 
coefficient. P < 0.05 was considered statistically 
significant. Epi info model 7.2.1.0 statistical software 
was used for statistical analysis.

Results

65.6% of patients had “good” outcome and 34.4% 
had “poor” outcome. Baseline demographic, clinical 
and biochemical characteristics were similar in 
both classes. Except chronic obstructive pulmonary 
disease (COPD), none of the clinical parameters 
predicted “poor” outcome. CABG performed on CPB 
and requiring higher perioperative blood transfusion 
predicted “poor” outcome [Table 1]. LVEF in the “poor” 
outcome class was significantly lower (42% ± 8.7%) as 
compared to the “good” outcome group (47.2% ± 8.8%, 
P = 0.007). Similarly, mean MPI in “good” outcome 
class was lower (0.51 ± 0.12) than “poor” outcome 
class (0.57 ± 0.13, P = 0.032). A higher pre‑CABG MPI 
(0.57 ± 0.13) alone significantly correlated with increased 
VIS [Graph 1] in contrast to lower LVEF 42% ± 8.7% 
(r = −0.181, P = 0.077) [Table 2]. In the same way, the 
duration of vasopressor/inotrope use was correlated 
with MPI [Graph 2 and Table 2]. Both, lower pre‑CPB 
LVEF (40.46% ± 8.81%) and higher MPI (0.6 ± 0.11) 
were significantly correlating with and predicted 
increased ICCU stay in days (r = −0.218 and r = 0.287 
respectively) [Table 2]. The duration of ventilation 
neither correlated with MPI nor with LVEF. The mean 
MPI was 0.57 ± 0.08 and LVEF was 39.55% ± 4.05% in 
those subjects who succumbed in postoperative period 
following CABG [Table 2].

Discussion

In the present study, among 96 subjects fulfilling the 
inclusion criteria, 63 had a “good” outcome and 33 
had a “poor” outcome. “Poor” outcome was defined 
by increased requirement of pharmacological (VIS >20 
for more than 6 h) and/or mechanical cardiovascular 
supports (IABP) to maintain cardiac output and/or 

Table 1: Demographic, clinical, biochemical, and 

procedure characteristics

Patient/procedure 

characteristics

Good outcome 

(n=63)

Poor outcome 

(n=33)

P

Age (years) 56.5±11.2 59.7±9.4 0.169

Weight (kg) 63.7±8.9 66.6±8.1 0.122

Height (cm) 161.4±7.5 161.4±7.9 0.961

Sex

Females 13 (52) 12 (48) 0.155

Males 50 (70.4) 21 (29.6)

NYHA class

2 36 (65.5) 19 (34.5) 0.781

3 25 (67.6) 12 (32.5)

4 2 (50) 2 (50)

Co morbidities

Hypertension 31 (49.2) 22 (66.7) 0.165

Smoking 19 (30.2) 13 (39.4) 0.494

COPD 12 (19) 15 (45.5) 0.013 (S)

Diabetes 41 (65.1) 27 (81.8) 0.140

Lab parameters (mean)

HbA1C 7.9±2.3 8.6±2.3 0.172

Hematocrit 39.9±4.2 39.7±4.9 0.885

CKMB 21.3±10.1 24.3±15.3 0.258

Serum creatinine 0.96±0.25 1.03±0.31 0.240

Perioperative blood 

transfusion

Yes 16 (55.6) 20 (44.4) 0.002 (S)

No 47 (78.3) 13 (21.7)

Off/on pump

Off 36 (80) 9 (20) 0.010 (S)

On 27 (52.9) 24 (47)

NYHA: New York Heart Association, COPD: Chronic obstructive pulmonary 

disease, S: Significant, HbA1C: Hemoglobin A1C, CKMB: Creatine kinase 
myocardial band
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mechanical ventilation >24 h and/or evidence of organ 
dysfunction or mortality.[18] Pre‑CABG MPI (Tei index) 
was significantly higher (P = 0.032) and LV ejection 
fraction was significantly lower in “poor” outcome 
subjects. Length of ICCU stay, the incidence of IABP use 
was significantly higher in patients with low preoperative 
LVEF and high MPI value. In the present study, higher 
MPI value significantly correlated with increased 
requirement of vasopressor/inotrope (r = 0.325, 
P = 0.001) and duration of pharmacological support to 
maintain cardiac output (r = 0.312, P = 0.002). Lower 
LVEF (40.46 ± 8.81) (P = 0.008) and higher MPI (0.60 ± 0.11, 
P = 0.007). Moreover, thelength of HDU stay was 
significantly correlated with both lower LVEF (r = −0.218, 
P = 0.033) and higher MPI (r = 0.287, P = 0.005). The 
present study was the first of its kind in predicting 
outcome following CABG using transesophageal 
echo‑derived MPI and LV ejection fraction.

Spetsotaki et al. evaluated the advantages of OFF 
pump over ON pump CABG and concluded that OFF 
pump CABG was better than ON pump in maintaining 
systolic LV characteristics.[19] In the present study, we 
found better outcomes in OFF pump surgeries. The 
utility of MPI as a tool to monitor cardiac function and 
predict its outcome had been proved in several studies 
on subjects with different cardiac problems; MPI was 
found useful in monitoring the severity of drug‑induced 
cardiotoxicity, dilated cardiomyopathy, rejections after 
pediatrics cardiac transplantation.[20‑24] The utility of MPI 
as a predictive, monitoring and prognosticating tool in 
patients with CCF is proved in multiple studies.[23‑25] 

Parthenakis et al. in their study found that using a cut‑off 
value of >0.47 for MPI, CCF was anticipated with 86% 
sensitivity and 82% specificity. They concluded that MPI 
is a sensitive indicator of global cardiac characteristics 
in patients with CCF.[26] The results from our study are 
partly consistent with the results of Parthenakis et al., as 
we noticed a mean MPI of 0.57 ± 0.13 in the bad outcome 
group which is notably more than the good outcome 
group (0.51 ± 0.12). Kato et al. studied subjects with acute 
myocardial infarction and concluded that MPI >0.65 
was proven to be an unbiased predictor of long‑term 
mortality.[27] Szymański et al. studied MPI in 90 subjects 
with documented anterior MI and followed them for 
5 years. They did the multivariate analysis for prognosis 
following anterior MI. They concluded that MPI of >0.55 
was an unbiased predictor of mortality.[28] Our study 
yielded similar findings. Subjects with pre‑CABG 
MPI >0.50 had an increased chance of adverse events. 
AI‑Mukhaini et al. found MPI of >0.7 was significantly 
associated with death and CCF and LVEF <40% had a 
weaker specificity, correctness, and predictive utility 
than MPI >0·70 in patients with moderate to extreme 
MR undergoing correction surgery. They inferred that 
MPI was a presumably useful predictor of accelerated 
chance of perioperative loss of life or congestive 
cardiac failure.[29] Although we have studied a smaller 
sample volume to comment on, our findings were 
similar to AI‑Mukhaini et al. Mahmood F et al. studied 
echocardiographic determinants of detrimental events 
such as postoperative CHF, arrhythmia, or extended 
intubation time in patients undergoing aortic aneurysm 
repair surgeries. They found, mean MPIs of 0.48 ± 0.17, 
0.51 ± 0.2, and 0.53 ± 0.13 in those who experienced 
CHF, prolonged intubation time and arrhythmias, 
respectively.[30] In our study, 29 patients having MPI >0.50 
had detrimental events. EURO score, Parsonate score, 
and other risk assessment score include the pre‑operative 
LV ejection fraction as a variable that predict the adverse 
outcome successfully.[4] Topkara et al. showed that the 
preoperative low LVEF is an element to predict risk 
of mortality and morbidity after cardiac surgery.[31] 
Légaré et al. identified preoperative poor LVEF (<30%) 
as an unbiased predictor of extended postoperative 
ventilation.[3] In our study, LV ejection fraction was 
consistently associated with adverse events such as 
LCOS and requirement of mechanical cardiovascular 
support (IABP) and duration of mechanical ventilation. 
The effect of diastolic function on the heart was not 
taken into account in any of the above studies or risk 
assessment models. Diastolic dysfunction/failure is 
an independent factor that influences the outcome, 
adverse cardiac events, morbidity and mortality.[10] In 
our study, we could establish the correlation of adverse 
outcomes with the composite measure of LV systolic as 
well as diastolic function. Of 96, 19 subjects required 
mechanical circulatory support device (IABP), eight had 

Table 2: Correlation and association of outcome 

variables with prebypass left ventricular ejection 

fraction and myocardial performance index

Outcome variables r (correlation coefficient) P

VIS

LVEF −0.181 0.077

MPI 0.325 0.001 (S)

Duration of inotrope/

vasopressor use

LVEF −0.172 0.093

MPI 0.318 0.002 (S)

Duration of ventilation

LVEF −0.138 0.179

MPI 0.084 0.421

Length of ICCU stay

LVEF −0.218 0.033 (S)

MPI 0.287 0.005 (S)

IABP use Association of IABP use P

Yes (n=19) No (n=77)

LVEF (mean) 40.46±8.81 46.6±8.78 0.008 (S)

MPI (mean) 0.60±0.11 0.51±0.13 0.007 (S)

LVEF: Left ventricular ejection fraction, MPI: Myocardial performance index, 

ICCU: Intensive coronary care unit, IABP: Intra‑aortic balloon placement, 

S: Significant, VIS: Vasoactive inotropic score, ICCU: Intensive cardiac care 
unit, IABP: Intra‑aortic balloon counterpulsation
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a cardiac failure and four met with the unfortunate event 
of death (in‑hospital mortality). The characteristics of 
subjects with cardiac failure were male sex, associated 
with comorbidities such as hypertension, smoking, 
diabetes mellitus and COPD, anterior wall MI, ON PUMP 
CABG, preoperative LVEF 27% to 38% and MPI >0.50. 
Cardiac failure was defined as reduction in the cardiac 
index to <2.0 L/min/m2, systolic BP <90 mmHg, cold 
clammy extremities, oliguria (<0.5 ml/kg/h), mental 
confusion, increased lactate levels >2 mg/dl in the 
absence of hypovolemia.[32] MPI predicted the LCOS 
indirectly by predicting increased VIS, prolonged 
duration of vasopressor/inotrope use, and IABP use. The 
present study, could not establish a significant correlation 
between prolonged mechanical ventilation and LVEF or 
MPI, this may be due to the multifactorial association 
of mechanical ventilation with clinical characteristics, 
postoperative bleeding, perioperative transfusion, and 
surgeons’ preference for elective ventilation. MPI has 
been shown as a consistent predictor of poor outcome 
following CABG. Mabrouk‑Zerguini et al. correlated 
FAC and MPI with postoperative outcomes in severe 
grades of mitral regurgitation associated with CABG. The 
pre‑CABG MPI was a better predictor of systolic function 
in these patients. LVEF in different grades of ischemic 
MR was erroneously high. However, MPI values did not 
alter in the presence of MR. Thus, MPI may be a better 
predictor of postoperative outcome following CABG.[33] 
In the present study, if we had included patients with 
grade 1 MR similar results were shown in our study too.

Limitations
Invasive cardiac output monitoring was not instituted 
for perioperative monitoring. The diagnosis of the left 
ventricular dysfunction was made purely based on 
clinical and echocardiographic data. Perioperative serum 
lactate was also not considered for diagnostic criteria 
of LCOS.

MPI was calculated using a conventional method derived 
from assessment in two different cardiac cycles. Tissue 
Doppler imaging method of calculation of MPI could 
have been a better option.

Conclusion

MPI and LVEF significantly predicted the requirement of 
postoperative mechanical cardiovascular support. MPI 
alone proved to be a better predictor of postoperative 
inotropic and vasopressor (pharmacological) support 
requirements to maintain cardiac output. Higher 
pre‑CABG MPI and lower LV ejection fraction, higher 
LV end‑diastolic and systolic volumes, higher fractional 
area change were the principal determinants of poor 
outcome following CABG.
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Abstract

Background: Angioaccess is considered the "Tendon of Achilles" for hemodialysis. Arteriovenous fistula (AVF) is the commonly
entailed vascular access for hemodialysis.
Objectives: The present study evaluates the outcomes of anatomical snuffbox AVF by preoperative and postoperative color Doppler
scans. It also determines the anatomical snuffbox AVF maturation rate concerning preoperative radial artery diameter (RAD),
cephalic vein diameter (CVD), cephalic vein distensibility, and peak systolic velocity (PSV).
Methods: This study was conducted from April 2020 to January 2021 on end-stage renal diseases (ESRD) patients undergoing an
operation for anatomical snuffbox AVF creation at our center after taking permission from the institutional ethics committee and
written informed consent from patients.
Results: Thirty-five ESRD patients underwent snuffbox arteriovenous fistula (SBAVF) creation, including 68% males and 32% females.
Diabetes mellitus was noted in 40% and hypertension in 80%. Successful AVF maturation was noted in 92% (69.57% of males and
30.43% of females). The mean RAD assessed on color Doppler ultrasonography (CDUS) preoperatively was 1.79 mm, while the peak
velocity of the radial artery at the snuffbox was 23.80 cm/s.
Conclusions: We recommend applying the side-to-side configuration as its anastomosis angle is less owing to the lesser kink on
the anastomotic site. A longer segment of anastomosis is achieved, and better fluid dynamics and WSS profiles are seen in this
configuration with good outcomes.

Keywords: Arteriovenous Fistula, Snuffbox, Vascular, Hemodialysis

1. Background

Angioaccess is considered the "Tendon of Achilles" for
hemodialysis. Arteriovenous fistula (AVF) is the commonly
entailed vascular access for hemodialysis. The anatomical
snuffbox should be the preferred choice for AVF creation as
being the most distal location in the upper limb. Anatom-
ical snuffbox AVF was described by Rassat et al. in 1969
(1). AVF planning should be done as distally as possible in
a non-dominant upper limb. This provides a longer arte-
rialized vein segment and preserves the proximal sites of
AVF in cases of primary failure (2). The autologous pos-
terior radial artery branch and cephalic vein anatomical
snuffbox fistulas are, to date, the most distal vascular ac-
cess described (3). Many surgeons still prefer the radio-
cephalic approach over the snuffbox for AVF creation due
to increased technical difficulty in dissection and a smaller
caliber of vessels in the snuff box (4). The depression at the

radial part of the wrist is called the anatomical snuffbox
(AS), bounded by the tendon of the extensor pollicis longus
on the medial border and the extensor pollicis brevis and
abductor pollicis longus on the lateral border (5). The prox-
imal border is formed by the styloid process of the radius
and the floor by the carpal bones (6). Physical examination
of vessels has limitations due to variation in the patient’s
body habitus, subsequently impacting AVF maturation. To
overcome these limitations, one can use color Doppler ul-
trasonography (CDUS) as a non-invasive modality for as-
sessing vascular access (7, 8). Little is known about substan-
tiating CDUS for anatomical snuffbox AVF. Accordingly, the
present study evaluates the outcomes of anatomical snuff-
box AVF by preoperative and postoperative color Doppler
scans. It also determines the anatomical snuffbox AVF mat-
uration rate concerning preoperative radial artery diame-
ter (RAD), cephalic vein diameter (CVD), cephalic vein dis-
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tensibility, and peak systolic velocity (PSV).

2. Objectives

This study was conducted from April 2020 to January
2021 on end-stage renal diseases (ESRD) patients under-
going an operation for anatomical snuffbox AVF creation
at KLES Dr. Prabhakar Kore Hospital and MRC, Belgaum,
Karnataka, after taking permission from the institutional
ethics committee and written informed consent from pa-
tients.

3. Methods

Inclusion criteria included ESRD patients aged 20 - 70
on hemodialysis and undergoing AVF creation in the upper
limb. Exclusion criteria included individuals with throm-
bosed veins in the upper limb, ESRD patients requiring a
prosthetic graft, multiple cannulation attempts for venous
access in the upper limb, pitting edema over the upper
limb on examination, and obese patients whose snuffbox
tendon was not easily palpable.

3.1. Procedure

We gathered demographic data, such as age, gender,
detailed medical history (associated with the illness, e.g.,
diabetes mellitus and hypertension), history of addiction,
occupation, and thorough physical and clinical examina-
tion. All patients were examined per a standard color
Doppler protocol. An ultrasound scanner BK MEDICAL
(PROFOCUS) was used to map the vasculature of the non-
dominant upper limb snuffbox with a linear probe of 7
MHz. A B-mode scanning with 5 MHz was done, and the fol-
lowing data were noted:

- Radial artery diameter (mm)
- Cephalic vein diameter (mm)
- Radial arterial flow rate/velocity (cm/s)
- Cephalic vein distensibility; the diameter of the ves-

sel was measured before (Cvd0) and at least 2 min after the
placement of a sphygmomanometer cuff (Cvd1) that was
inflated to a pressure of 50 - 60 mmHg; the increase in the
vein diameter was noted CVD (Cvd1-Cvd0) (mm).

- Cephalic vein compressibility and the vessel’s condi-
tion, whether supple or hard to palpate.

All patients were operated on by a trained surgeon with
a trained assistant. The procedure was done under local
anesthesia. Xylocaine 2% was infiltrated over the snuffbox
skin, and a subcutaneous tissue longitudinal incision of
around 3 cm was made and deepened in layers until the
cephalic vein was visualized. The vein was mobilized for
5 - 6 cm length and any tributaries ligated. The posterior

branch of the radial artery was then mobilized for 3 to 4 cm,
securing any branches with electrocautery. Elastic loupes
took proximal and distal control of the vein and artery, and
no clamps or bulldogs were used as they would interfere
with the anastomosis (Figure 1A). A longitudinal venotomy
and arteriotomy were then made for a length of 8 mm by
1 cm, and 20 cc of the heparinized solution was injected
into the vessels. A side-to-side anastomosis was made us-
ing proline 7-0 double-needle suture in a continuous pat-
tern (Figure 1B). The skin was closed with 3/0 ethilon inter-
rupted sutures. Successful AVF showed visible distension
of the vein and palpable thrill. Patients with a weak thrill
or weak bruit on auscultation were postoperatively hep-
arinized and reassessed after 12 - 24 h. We did an OPD-based
follow-up via a color Doppler study after 2, 4, and 6 weeks,
and blood flow across the AVF, outflow vein diameter, and
depth from the skin surface were also recorded. A blood
flow of 200 mL/min across the fistula measured by a flow
meter during dialysis was defined as technical success. AVF
with poor vein maturation due to vein thrombosis never
provided vascular access and was defined as primary fail-
ure. AVF failing after 6 - 10 weeks was defined as a secondary
failure.

4. Results

Within nine months, 35 ESRD patients underwent
snuffbox arteriovenous fistula (SBAVF) creation, of whom
68% were males, and 32% were females. History of diabetes
mellitus was noted in 40%, and hypertension was noted in
80%. Successful AVF maturation was noted in 92% (69.57%
of males and 30.43% of females). The mean RAD assessed
on CDUS preoperatively was 1.79 mm, while the peak veloc-
ity of the radial artery at the snuffbox was 23.80 cm/s. The
mean cephalic vein diameter was 1.5 mm with a distensi-
bility of 2 mm (Table 1). Postoperative CDUS at 2, 4, and
6-week intervals was carried out, and the mean diameter
of the outflow vein (Table 2), the distance of the outflow
vein from the skin, and the velocity of blood flow across
AVF (Table 3) were noted (Figure 1C and D ). Blood flow >
200 mL/min during hemodialysis (HD) was present in 92%
of the patients (Table 4). Of 35 patients, 33 had successful
AVF maturation, while two patients developed thrombosis
in the immediate postoperative period and were declared
a primary failure. However, there were no secondary fail-
ures in the rest of our cases until the follow-up of six weeks.

5. Discussion

The AVF creation in the non-dominant upper limb
should be the objective while planning vascular access for
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Figure 1. A, Dissection of the radial artery and cephalic vein; B, Side-to-side anastomosis of cephalic vein and radial artery; C, Doppler USG showing the site of anastomosis and
distension of the outflow vein; D, Color Doppler USG showing blood flow through the site of anastomosis.

Table 1. Comparison of the Vitals of Patients Preoperatively a

Vitals
AVF Maturation

P Value
Absent (n = 2) Present (n = 33)

Cephalic vein diameter, mm 1.50 ± 0.56 1.48 ± 0.31 0.825

Cephalic vein distensibility, mm 1.99 ± 0.15 1.99 ± 0.17 0.951

Radial artery diameter at SB, mm 1.79 ± 0.08 1.78 ± 0.35 0.444

Peak velocity of RA at SB, cm/s 22.80 ± 2.12 23.89 ± 4.12 0.600

aValues are expressed as mean ± SD.

Table 2. Comparison of Diameter of Outflow Vein and Distance of Outflow Vein from Skin at Different Follow-ups

Follow-up (Weeks)
Diameter of Outflow Vein (n = 35) Distance of Outflow Vein from Skin (n = 33)

Median IQR Median IQR

Two 1.90 0.20 2.50 2.06

Four 1.90 0.15 2.50 2.06

Six 1.90 0.20 2.10 1.97

P value 0.376 1.000
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Table 3. Comparison of Blood Flow Across AVF at Different Follow-ups

Follow-up (Weeks)
Blood Flow Through AVF (n = 33)

Median IQR

Two 621.00 543.50

Four 772.00 631.50

Six 715.00 565.50

P value 0.762

Table 4. Distribution of Patients by Blood Flow During Puncture for Hemodialysis
Measured by Dialysis Machine Flow Meter

Blood Flow (mL/min) Distribution (n = 35), NO. (%)

< 200 2 (8.00)

≥ 200 33 (92.00)

Total 35 (100.00)

hemodialysis (9, 10). Snuffbox AVF was mentioned as an al-
ternative to radio cephalic AVF in society’s guidelines for
vascular surgery (11). In the upper limb, the radial artery is
consistently palpable on the floor of the snuffbox, and the
cephalic vein travels near the snuffbox after originating be-
tween the thumb base and index finger. Upper limb vessel
mapping is essential for individuals planning for vascular
access as recommended by the NKF-DOQI (12) to evaluate
the anatomy and functionality of vessels (13-15).

In our study, all patients underwent a preoperative USG
of the snuffbox vessels of the proposed AVF limb. Then,
we measured the RAD, peak velocity of the radial artery,
cephalic vein distensibility, and cephalic vein diameter,
and compared them with postoperatively data at 2, 4, and
6-week intervals by measuring the diameter of the out-
flow vein, the velocity of blood flow across the anastomo-
sis, and the distance of the outflow vein from the skin.
Tao et al. (16) compared AVF in the snuffbox and forearm
and concluded that the snuffbox should be the first choice
in permanent vascular access, as its complications (pseu-
doaneurysm, congestive cardiac failure) were significantly
fewer.

The majority of the individuals planned for AVF cre-
ation at the snuffbox met the anatomical criteria in a study
by Hull et al (17), i.e., vessels (artery and vein) more than 2
mm in diameter and within a distance of 1.5 mm from each
other. A study by Wong et al. (18) proposed an arterial lu-
minal diameter of ≥ 2.0 mm and a venous diameter of ≥
2.5 mm; if these criteria were to be considered for AVF cre-
ation, most SBAVFs and half of the wrist AVFs would have
been abandoned. In our study, the mean cephalic vein and
radial artery diameter were 1.5 mm and 1.79 mm, respec-
tively, with a successful maturation rate of 92% at six weeks,

and the diameters of vessels used to perform AVF were less
than the proposed studies to date.

Flow and intimal hyperplasia development are af-
fected by the anatomy of the vessels and anastomotic
configuration (19). A research conducted by Hull et al.
(17) compared side-side and end-to-side anastomoses on a
computer-based model with computational fluid dynamic
(CFD) and concluded that AVFs with side-to-side (STS) con-
figuration had lower intimal hyperplasia than end-to-side
AVFs (20). In our study, all 35 AVFs were created in a side-
to-side fashion owing to the proximity of the vessels. The
angle of anastomosis decreased, and the risk of vein rota-
tion was minimal, so kinking of the anastomotic site was
minimal, and changing the locally disturbed flow patterns
probably would lead to minimal development of neoin-
tima. As compared to end-to-side AVF, side-to-side config-
uration AVF showed higher one-year patency rates of 92%
with a higher rate of venous hypertension and upper limb
edema, as stated by Tonelli et al (21). We observed that none
of the patients had postoperative limb edema, and no steal
phenomenon was seen with a success rate of 92% over six
weeks.

5.1. Conclusions

Though technically challenging, we recommend ap-
plying the side-to-side configuration for AVF creation, as its
anastomosis angle is less owing to the lesser kink on the
anastomotic site. Besides, a longer segment of anastomo-
sis is achieved, and better fluid dynamics are seen in this
configuration with good outcomes. A preoperative color
Doppler USG of the vessels for AVF construction helps pre-
dict the maturation of AVFs; hence, it should be included in
our daily routine of AVF creation. The study’s limitations
were its non-randomized mode and smaller sample size
than determined (as the study was conducted during the
COVID-19 pandemic). Besides, the study was planned and
executed at a single center in a short period. Further stud-
ies are required with a larger sample size to compare the
success rates and complications between end-to-side (ETS)
and STS configuration snuffbox AVFs.
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Uncorrected Proof

Vernekar RR et al.

Footnotes

Authors’ Contribution: Study concept and design: RV.
Acquisition of data: RV and SDP. Analysis and interpreta-
tion of data: VP and SDP. Drafting of the manuscript: RV, VP,
and SDP. Critical revision of the manuscript for important
intellectual content: VP. Statistical analysis: SDP. Adminis-
trative, technical, and material support: VP. Study supervi-
sion: VP.

Conflict of Interests: The authors declare no conflict of
interest.

Data Reproducibility: It was not declared by the authors.

Ethical Approval: Ethical approval was taken from the In-
stitutional Ethics Committee (MDC/DOME/340).

Funding/Support: This study was not supported/funded
by any funding agencies or organizations.

Informed Consent: Informed consent was obtained from
the subjects prior to the study.

References

1. Rassat JP, Moskovtchenko P, Perrin J, Traeger J. [Artero-venous fistula
in the anatomical snuff-box]. J Urol Nephrol (Paris). 1969;75(12):Suppl
12:482. French. [PubMed: 5386922].

2. Brescia MJ, Cimino JE, Appel K, Hurwich BJ. Chronic hemodialysis us-
ing venipuncture and a surgically created arteriovenous fistula. N
Engl J Med. 1966;275(20):1089–92. doi: 10.1056/NEJM196611172752002.
[PubMed: 5923023].

3. Bonalumi U, Civalleri D, Rovida S, Adami GF, Gianetta E, Griffanti-
Bartoli F. Nine years’ experience with end-to-end arteriovenous fistula
at the ’anatomical snuffbox’ for maintenance haemodialysis.Br J Surg.
1982;69(8):486–8. doi: 10.1002/bjs.1800690820. [PubMed: 7104641].

4. Kolff WJ, Berk HJ, Welle NM, Ley AJW, Dijk EC, Noordwijk J. The Artificial
Kidney: a dialyser with a great area.ActaMedScand. 2009;117(2):121–34.
doi: 10.1111/j.0954-6820.1944.tb03951.x.

5. Ahsan ZU, Waheed A, Zaeem FA, Nazir F. Arteriovenous fistulas con-
structed using side-to-side anastomosis with ligation and division of
distal venous arm; a tertiary care hospital experience. J Vasc Access.
2010;11(1):26–30. doi: 10.1177/112972981001100106. [PubMed: 20119921].

6. Lauvao LS, Ihnat DM, Goshima KR, Chavez L, Gruessner AC, Mills JS.
Vein diameter is the major predictor of fistula maturation. J Vasc
Surg. 2009;49(6):1499–504. doi: 10.1016/j.jvs.2009.02.018. [PubMed:
19497513].

7. Seong SW, Song MH, Sung GY, Lee DS, Kim W, Park IY, et al. Clinical
Analysis of Anatomical Snuffbox Arteriovenous Fistula. J Korean Vasc
Surg Soc. 1998;14(2):316–20.

8. Hodges TC, Fillinger MF, Zwolak RM, Walsh DB, Bech F, Cronenwett
JL. Longitudinal comparison of dialysis access methods: Risk fac-
tors for failure. J Vasc Surg. 1997;26(6):1009–19. doi: 10.1016/s0741-
5214(97)70014-4.

9. Allon M, Lockhart ME, Lilly RZ, Gallichio MH, Young CJ, Barker J, et al.
Effect of preoperative sonographic mapping on vascular access out-
comes in hemodialysis patients. Kidney Int. 2001;60(5):2013–20. doi:
10.1046/j.1523-1755.2001.00031.x. [PubMed: 11703621].

10. Silva JMB, Hobson Ii RW, Pappas PJ, Jamil Z, Araki CT, Goldberg MC, et
al. A strategy for increasing use of autogenous hemodialysis access
procedures: Impact of preoperative noninvasive evaluation. J Vasc
Surg. 1998;27(2):302–8. doi: 10.1016/s0741-5214(98)70360-x.

11. Shenoy S, Darcy M. Ultrasound as a tool for preoperative plan-
ning, monitoring, and interventions in dialysis arteriovenous access.
AJR Am J Roentgenol. 2013;201(4):W539–43. doi: 10.2214/AJR.13.11277.
[PubMed: 24059390].

12. No Authors Listed. III. NKF-K/DOQI Clinical Practice Guidelines for
Vascular Access: Update 2000. Am J Kidney Dis. 2001;37(1):S137–81. doi:
10.1016/s0272-6386(01)70007-8. [PubMed: 11229969].

13. Vascular Access Work G. Clinical practice guidelines for vas-
cular access. Am J Kidney Dis. 2006;48 Suppl 1:S176–247. doi:
10.1053/j.ajkd.2006.04.029. [PubMed: 16813989].

14. Tordoir J, Canaud B, Haage P, Konner K, Basci A, Fouque D, et al. EBPG
on Vascular Access. Nephrol Dial Transplant. 2007;22 Suppl 2:ii88–117.
doi: 10.1093/ndt/gfm021. [PubMed: 17507428].

15. Sidawy AN, Gray R, Besarab A, Henry M, Ascher E, Silva MJ, et
al. Recommended standards for reports dealing with arteriove-
nous hemodialysis accesses. J Vasc Surg. 2002;35(3):603–10. doi:
10.1067/mva.2002.122025. [PubMed: 11877717].

16. Tao W, Guo DY, Meng W, Ying W, Fan Z. Anatomical snuffbox versus
forearm internal arteriovenous fistula for 214 hemodialysis patients
with chronic renal failure: which is the better method for permanent
vascular access prior to kidney transplantation. J Clin Rehabil Tissue
Eng Res. 2010;14(31):5837-40. doi: 10.3969/j.issn.1673-8225.2010.31.034.

17. Hull JE, Kinsey EN, Bishop WL. Mapping of the snuffbox and cu-
bital vessels for percutaneous arterial venous fistula (pAVF) in dial-
ysis patients. J Vasc Access. 2013;14(3):245–51. doi: 10.5301/jva.5000127.
[PubMed: 23334853].

18. Wong CS, McNicholas N, Healy D, Clarke-Moloney M, Coffey JC, Grace
PA, et al. A systematic review of preoperative duplex ultrasonogra-
phy and arteriovenous fistula formation. J Vasc Surg. 2013;57(4):1129–
33. doi: 10.1016/j.jvs.2012.11.094. [PubMed: 23535043].

19. Krishnamoorthy MK, Banerjee RK, Wang Y, Zhang J, Sinha Roy A,
Khoury SF, et al. Hemodynamic wall shear stress profiles influence
the magnitude and pattern of stenosis in a pig AV fistula. Kidney Int.
2008;74(11):1410–9. doi: 10.1038/ki.2008.379. [PubMed: 18818686].

20. Ramacciotti E, Galego SJ, Gomes M, Goldenberg S, De Oliveira Gomes
P, Pinto Ortiz J. Fistula size and hemodynamics: an experimen-
tal model in canine femoral arteriovenous fistulas. J Vasc Access.
2007;8(1):33–43. [PubMed: 17393369].

21. Tonelli M, Hirsch DJ, Chan CT, Marryatt J, Mossop P, Wile C, et al.
Factors associated with access blood flow in native vessel arteri-
ovenous fistulae. Nephrol Dial Transplant. 2004;19(10):2559–63. doi:
10.1093/ndt/gfh406. [PubMed: 15266037].

Nephro-Urol Mon. In Press(In Press):e123142. 5

http://www.ncbi.nlm.nih.gov/pubmed/5386922
http://dx.doi.org/10.1056/NEJM196611172752002
http://www.ncbi.nlm.nih.gov/pubmed/5923023
http://dx.doi.org/10.1002/bjs.1800690820
http://www.ncbi.nlm.nih.gov/pubmed/7104641
http://dx.doi.org/10.1111/j.0954-6820.1944.tb03951.x
http://dx.doi.org/10.1177/112972981001100106
http://www.ncbi.nlm.nih.gov/pubmed/20119921
http://dx.doi.org/10.1016/j.jvs.2009.02.018
http://www.ncbi.nlm.nih.gov/pubmed/19497513
http://dx.doi.org/10.1016/s0741-5214(97)70014-4
http://dx.doi.org/10.1016/s0741-5214(97)70014-4
http://dx.doi.org/10.1046/j.1523-1755.2001.00031.x
http://www.ncbi.nlm.nih.gov/pubmed/11703621
http://dx.doi.org/10.1016/s0741-5214(98)70360-x
http://dx.doi.org/10.2214/AJR.13.11277
http://www.ncbi.nlm.nih.gov/pubmed/24059390
http://dx.doi.org/10.1016/s0272-6386(01)70007-8
http://www.ncbi.nlm.nih.gov/pubmed/11229969
http://dx.doi.org/10.1053/j.ajkd.2006.04.029
http://www.ncbi.nlm.nih.gov/pubmed/16813989
http://dx.doi.org/10.1093/ndt/gfm021
http://www.ncbi.nlm.nih.gov/pubmed/17507428
http://dx.doi.org/10.1067/mva.2002.122025
http://www.ncbi.nlm.nih.gov/pubmed/11877717
http://dx.doi.org/10.3969/j.issn.1673-8225.2010.31.034
http://dx.doi.org/10.5301/jva.5000127
http://www.ncbi.nlm.nih.gov/pubmed/23334853
http://dx.doi.org/10.1016/j.jvs.2012.11.094
http://www.ncbi.nlm.nih.gov/pubmed/23535043
http://dx.doi.org/10.1038/ki.2008.379
http://www.ncbi.nlm.nih.gov/pubmed/18818686
http://www.ncbi.nlm.nih.gov/pubmed/17393369
http://dx.doi.org/10.1093/ndt/gfh406
http://www.ncbi.nlm.nih.gov/pubmed/15266037


STUDY PROTOCOL

Limiting adverse birth outcomes in resource-limited settings 

(LABOR): protocol of a prospective intrapartum cohort study 

[version 1; peer review: 1 approved, 1 approved with 

reservations]
Amanda Adu-Amankwah1, Mrutunjaya B. Bellad2, Aimee M. Benson3, 
Titus K. Beyuo1, Manisha Bhandankar2, Umesh Charanthimath2, 
Maureen Chisembele4, Stephen R. Cole5, Sangappa M. Dhaded 2, 
Christabel Enweronu-Laryea6, Bethany L. Freeman 3, Nikki L. B. Freeman7, 
Shivaprasad S. Goudar2, Xiaotong Jiang7, Margaret P. Kasaro 3,8, 
Michael R. Kosorok7, Daniel Luckett7, Felistas M. Mbewe8, Sujata Misra9, 
Kunda Mutesu4, Mercy A. Nuamah1, Samuel A. Oppong1, Jackie K. Patterson10, 
Marc Peterson 3, Teeranan Pokaprakarn7, Joan T. Price 3, Yeshita V. Pujar2, 
Dwight J. Rouse11, Yuri V. Sebastião 3, M. Bridget Spelke 3, John Sperger 7, 
Jeffrey S. A. Stringer 3, Methodius G. Tuuli11, Michael Valancius7, 
Bellington Vwalika3,12, LABOR Study Group
1Department of Obstetrics and Gynaecology, University of Ghana Medical School, Korle-Bu Teaching Hospital, Accra, Ghana 
2Women’s and Children’s Health Research Unit, KLE Academy of Higher Education and Research, Jawaharlal Nehru Medical College, 
Belgaum, India 
3Department of Obstetrics and Gynecology, University of North Carolina School of Medicine, Chapel Hill, North Carolina, 27599, USA 
4Women and Newborn Hospital, University Teaching Hospital of Lusaka, Lusaka, Zambia 
5Department of Epidemiology, University of North Carolina School of Medicine, Chapel Hill, North Carolina, 27599, USA 
6Department of Child Health, University of Ghana Medical School, Korle-Bu Teaching Hospital, Accra, Ghana 
7Department of Biostatistics, University of North Carolina, Chapel Hill, North Carolina, 27599, USA 
8UNC Global Projects Zambia, LLC, Lusaka, Zambia 
9Fakir Mohan Medical College and Hospital, Balasore, India 
10Department of Pediatrics, University of North Carolina School of Medicine, Chapel Hill, North Carolina, 27599, USA 
11Department of Obstetrics and Gynecology, Warren Alpert Medical School of Brown University, Providence, Rhode Island, 02903, 
USA 
12Department of Obstetrics and Gynaecology, University of Zambia School of Medicine, Lusaka, Zambia 

First published: 24 Aug 2022, 6:115  
https://doi.org/10.12688/gatesopenres.13716.1
Latest published: 24 Aug 2022, 6:115  
https://doi.org/10.12688/gatesopenres.13716.1

v1

 
Abstract 
Background: Each year, nearly 300,000 women and 5 million fetuses 
or neonates die during childbirth or shortly thereafter, a burden 
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concentrated disproportionately in low- and middle-income countries. 
Identifying women and their fetuses at risk for intrapartum-related 
morbidity and death could facilitate early intervention. 
Methods: The Limiting Adverse Birth Outcomes in Resource-Limited 
Settings (LABOR) Study is a multi-country, prospective, observational 
cohort designed to exhaustively document the course and outcomes 
of labor, delivery, and the immediate postpartum period in settings 
where adverse outcomes are frequent. The study is conducted at four 
hospitals across three countries in Ghana, India, and Zambia. We will 
enroll approximately 12,000 women at presentation to the hospital for 
delivery and follow them and their fetuses/newborns throughout their 
labor and delivery course, postpartum hospitalization, and up to 42 
days thereafter. The co-primary outcomes are composites of maternal 
(death, hemorrhage, hypertensive disorders, infection) and 
fetal/neonatal adverse events (death, encephalopathy, sepsis) that 
may be attributed to the intrapartum period. The study collects 
extensive physiologic data through the use of physiologic sensors and 
employs medical scribes to document examination findings, 
diagnoses, medications, and other interventions in real time. 
Discussion: The goal of this research is to produce a large, sharable 
dataset that can be used to build statistical algorithms to 
prospectively stratify parturients according to their risk of adverse 
outcomes. We anticipate this research will inform the development of 
new tools to reduce peripartum morbidity and mortality in low-
resource settings.

Keywords 
Labor, delivery, intrapartum, postpartum, adverse birth outcomes, 
machine learning
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Introduction
Each year worldwide, nearly 300,000 women and over 5 million 
fetuses or neonates die during childbirth or shortly thereafter1–4.  
The vast majority of this burden is borne by the world’s poor;  
only a tiny fraction of these peripartum deaths occur outside  
low- and middle-income countries (LMICs)5. Estimates of 
the worldwide burden of perinatal death demonstrate that 
22% of maternal deaths and 50% of stillbirths occur in the  
intrapartum period and that 26% of neonatal deaths can be  
attributed to intrapartum events4,6. Better identification of  
women and fetuses at risk for intrapartum complications could  
lead to improved outcomes through early intervention.

The Limiting Adverse Birth Outcomes in Resource-Limited  
Settings (LABOR) Study is designed to exhaustively document  
the course and outcomes of hospitalization, labor, delivery,  
and the immediate postpartum period in settings where the  
occurrence of adverse outcomes is high. Using information  
obtained from this study, we seek to develop machine learning,  
deterministic, and statistical algorithms that prospectively  
stratify women and fetuses by their risk of adverse outcomes 
and that signal actionable intrapartum diagnoses. These novel  
algorithms will lay the groundwork for the development of a  
robust suite of tools to reduce intrapartum morbidity and mortality 
in low-resource settings.

Methods
Study design
The LABOR Study is a multi-country, prospective, observational  
cohort study. It was initially designed to enroll a maximum 
of 15,000 mother-infant pairs but this figure was modified to  
12,000 after recruitment was slowed by the SARS-CoV-2  
pandemic at all sites. The study has been registered  
prospectively with clinicaltrials.gov under identifier 
NCT04102644 and with the Clinical Trial Registry of India  
under CTRI/2020/01/022589.

Women are screened for study participation at the time of  
presentation to the hospital for delivery and followed for  
42 days after delivery. The study’s co-primary outcomes are  
composites of incident maternal and fetal or neonatal adverse  
events that may be attributed to the intrapartum period. For 
the mother, the primary composite outcome includes death,  
hemorrhage, hypertensive disorders, or infection. For the  
fetus/newborn the primary composite outcome includes  
intrapartum stillbirth, neonatal death, encephalopathy, or sepsis. 
The LABOR Study has been designed following the guidelines  
outlined by the Strengthening the Reporting of Observational  
Studies in Epidemiology (STROBE) statement (Figure 1)7.

The study includes a pilot phase of the first 500 mother-infant  
pairs enrolled at the Zambia site prior to full implementa-
tion at all sites. The primary objective of the pilot is to gain  
experience with study procedures and outcomes measurement,  
and apply lessons learned about optimal strategies for  
enhancing uptake, retention, data quality, and data ascertainment  
to the larger observational cohort.

Study execution is expected to take 5 years, including start-up  
and staff training (9 months), enrollment and delivery (up to  
3 years), completion of follow-up (2 months), data cleaning  
(6 months), analysis (6 months), and dissemination of results  
(3 months).

Study setting
The LABOR Study is conducted on the inpatient antepartum,  
labor and delivery, and postpartum wards at four sites across  
three countries: Korle-Bu Teaching Hospital (KBTH) in Accra, 
Ghana; Fakir Mohan Medical College and Hospital (FMMCH) 
in Balasore, India; Jawaharlal Nehru Medical College (JNMC) 
in Belgaum, India; and Women and Newborn Hospital of the  
University Teaching Hospitals (WNH-UTH) in Lusaka,  
Zambia. The sites were chosen based on the following criteria:  
large volume of deliveries, high incidence of adverse birth  
outcomes, and demonstrated capacity to implement rigorous  
clinical research.

Study participants
Women seeking care at a study facility who meet the following  
inclusion criteria are eligible for participation: 1) maternal  
age of majority (18 years at all study sites); 2) intrauterine  
singleton pregnancy; 3) admission to hospital labor and  
delivery unit with plan for either (a) vaginal delivery or  
(b) cesarean delivery in the presence of signs/symptoms of  
parturition, elevated blood pressure, or fever; 4) willing and  
able to provide written informed consent; 5) willing to adhere to 
study procedures and provide locator information for follow-up.  
We exclude women who have any condition (social or medical)  
that, in the opinion of study staff, would make participation  
unsafe or not feasible. All potential participants are assessed  
for eligibility and enrolled following provision of informed  
consent. Participants are then followed through labor, delivery,  
and discharge and at seven- and 42-day follow-up contacts  
(phone calls or in-person visits). Liveborn infants are enrolled  
at birth and followed through 42 days of life.

Study procedures
Sensitization 
Each study site conducts routine “sensitization” activities to edu-
cate community members and potential participants about the  
LABOR Study. Study staff meet with key stakeholders and  
hospital staff regularly to ensure smooth integration of study 
activities into provision of standard care at each study facil-
ity. Study staff also periodically provide health talks and written  
informational materials to women attending antenatal clin-
ics in the catchment area of the study facilities so that potential 
participants are informed about the study prior to presentation  
for labor and delivery.

Prescreening 
To be able to compare women who enroll in the study with 
those who do not, staff record basic de-identified informa-
tion about all women presenting for labor at participating sites,  
including maternal age, gravidity, parity, estimated gestational 
age, presenting symptoms, and any reasons for ineligibility  
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Figure 1. LABOR Study participant flowchart.

for enrollment. Following prescreening, all women undergo 
an ultrasound performed by a certified sonographer or consult-
ant obstetrician as part of standard care prior to study enroll-
ment. The sonographer performs a general survey and fetal  
biometry measurements of biparietal diameter, head circum-
ference, abdominal circumference, femur length, and tran-
scerebellar diameter. While sonographers are encouraged to 
measure and record each structure twice, if not feasible due to  
advanced labor, descent in the maternal pelvis, or fetal cranial 
calcification, the minimum required biometry element is a sin-
gle femur length measurement. Based on individual biometry  
measurements, the estimated fetal weight, due date, and ges-
tational age as calculated by the ultrasound machine are docu-
mented in real time. Study sonographers then perform umbilical  
artery doppler velocimetry on all potential participants. The 
entire ultrasound examination, including abdominal sweeps 
collected as part of the general fetal survey, is electronically  
archived.

Screening and enrollment 
Following prescreening assessment of basic eligibility crite-
ria (e.g., maternal age, singleton pregnancy, admission to labor  
ward, interest in study participation), potentially eligible 
women provide written informed consent in their preferred  
language. Before signing, a participant must demonstrate that 
she fully understands the information in the informed consent 
form by successfully completing a comprehension assessment.  
Participants provide separate consent for long-term storage of 

biological samples (detailed below) for possible future research 
testing not defined in the LABOR Study protocol. Participants  
may choose not to have these specimens stored for possible 
future research testing or withdraw their consent for long-term  
specimen storage at any time and remain in the study.

Study nurses collect information from consented participants  
about relevant maternal demographics, health and risk  
behaviors, and medical and obstetrical history in fixed case 
report forms. Research staff review the participant’s medical  
records to abstract relevant antenatal care, medical  
comorbidities, prior ultrasound findings, and key laboratory  
results performed during pregnancy and in the hospital prior 
to study enrollment. LABOR Study staff perform a physical  
examination and collect peripheral blood, urine, and vaginal/ 
rectal swabs for real-time testing and storage (Table 1).

Sensor placement 
At enrollment, LABOR Study staff place physiologic sen-
sors on each participant to collect maternal vital signs, and con-
cealed continuous fetal heart rate and uterine contractions. 
These data are stored electronically for future correlation with  
adverse pregnancy outcomes. Continuous maternal vital signs are 
recorded by Sibel Health’s ANNE™ System that includes two  
skin-mounted sensors placed on the maternal chest and finger. 
Fetal ECG signals are collected continuously by the MindChild  
Meridian M110 Fetal Monitoring System, an intrapartum fetal 
monitor that uses surface electrodes embedded in four patches 
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Table 1. Schedule of evaluations.

Enrollment Labor Delivery Before 
discharge

7 days after 
delivery

42 days after 
delivery

Informed consent •  

Collection / review of locator information • • • •

Medical chart abstraction • • • •  

Demographic / behavioral assessment •  

Maternal physical exam •  

Ultrasound •  

Maternal / fetal sensor placement •  

Labor progress assessments •  

Maternal / fetal sensor removal •  

Maternal and fetal / neonatal outcomes 
assessment • • • • •

Neonatal physical exam •  

Maternal point-of-care tests (HIV, syphilis, 
hemoglobin, urinalysis) •  

Maternal chemistry •  

Maternal hematology • •  

Maternal lactate •  

Cord blood lactate •  

Neonatal blood culture (if NICU admission) •  

Maternal vaginal / rectal swabs storage •  

Maternal blood storage • •  

Maternal urine storage •  

Cord blood storage •  

Neonatal DBS card storage •  

Neonatal urine storage (if moderate or 
severe encephalopathy) •  

NICU, neonatal intensive care unit; DBS, dried blood spot

placed on the maternal abdomen to detect fetal and maternal  
ECG signals and uterine muscle contraction signals8,9. Once 
available, we plan to transition to using Sibel Health’s ANNE™ 
Emvryo fetal ECG sensor comprising 18 external electrodes 
placed on the maternal abdomen10. All ANNE™ devices  
include Bluetooth Low Energy capabilities and lithium-polymer 
batteries to allow use without a wired connection or external,  
steady electrical source.

Intrapartum procedures 
Following enrollment, LABOR Study staff continuously collect  
data through labor, delivery, and immediately after delivery. To 
accomplish this real-time task, we introduced study “scribes,” 

a cadre of data collection specialists tasked with collecting  
detailed information by direct observation, interrogation of 
clinical staff, and medical record abstraction. The scribes have 
no clinical role; on-site clinical care providers make all deci-
sions and diagnoses regarding labor management in accordance  
with practice prevailing at each study site.

Scribes are positioned at participants’ bedsides and enter data  
in real time into a tablet-based data management system, 
built using Dimagi’s CommCare platform11 and customized 
for use in the LABOR Study. Scribes are assigned up to three  
participants simultaneously, depending on volume and acuity  
of active intrapartum participants. Although real-time data  
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collection is encouraged, when multiple events occur  
simultaneously or the scribe needs time to confirm observed  
events, data may be entered retrospectively with a back-dated 
timestamp.

Throughout labor, delivery, and immediately postpartum, the 
scribes are responsible for recording detailed information  
about all actions performed, medications provided, and  
diagnoses made for each participant. Scribes document all  
actions carried out either by clinical staff or the participant  
herself, which may include assessments (e.g., cervical  
examination), procedures (e.g., amniotomy), or events (e.g.,  
maternal pushing). Information recorded about medications  
administered includes name, route of administration, dose, and 
time administered. Scribes document all diagnoses made by  
on-site clinical care providers throughout labor, delivery, and 
immediately postpartum. Finally, they are responsible for  
ensuring continuous data collection from all study sensors and  
documenting any adjustments or interruptions.

During delivery and immediately postpartum, scribes are  
encouraged to prioritize real-time documentation of time and  
mode of delivery, time of cord clamping and placental  
delivery, estimated blood loss measured by a study-supplied 
calibrated drape (for vaginal deliveries), and any delivery  
complications. If scribes are present for cesarean delivery, they  
are additionally responsible for documenting the time and  
type of skin and uterine incisions. After delivery, scribes  
document neonatal vital status, Apgar scores, sex, birth weight, 
head circumference, and provision of any positive pressure  
ventilation.

Immediately after the umbilical cord is clamped and cut, a  
sample of umbilical venous blood is drawn and tested for  
lactate concentration on a point-of-care platform. Additional  
venous cord blood is also processed and stored for future testing.

Postpartum maternal and neonatal procedures 
After transfer from the labor ward, LABOR Study staff closely 
track mother-infant pairs, visit each participant at least daily, and 
perform abstraction of maternal and neonatal medical charts.  
Study staff document maternal postpartum care, neonatal care, 
and final maternal and neonatal outcomes prior to hospital  
discharge. An additional maternal blood sample is collected  
once the mother is stabilized following transfer from the  
delivery room for immediate hematology analysis and storage  
for future testing.

Trained and certified study providers perform up to two  
neurological examinations to diagnose intrapartum-related  
neonatal encephalopathy for newborns weighing at least  
1500 grams who meet any one of the following four  
physiologic criteria: ten-minute Apgar score <5, continued  
need for positive pressure ventilation at ten minutes of life, 
venous cord blood lactate >7mmol/L, or acute perinatal event, 
defined as intrapartum hemorrhage, umbilical cord prolapse, 
fetal distress as evidenced by an abnormal heart rate or pattern,  
or uterine rupture. The newborn neurological examination  

is based the modified Sarnat examination that evaluates level 
of consciousness, spontaneous movement, posture, tone, primi-
tive reflexes, and the autonomic nervous system12,13. For all  
newborns diagnosed with either moderate or severe  
encephalopathy by neurological examination, urine specimens  
are collected and stored for future testing. One urine specimen  
is collected on the second day of life and another on day seven  
of life or discharge, whichever occurs first.

All newborns admitted to the neonatal intensive care unit  
within the first seven days of life are assessed for signs or  
symptoms of sepsis, and a blood culture is obtained (prior  
to antibiotics, if administered). Repeat blood cultures may  
be collected in cases of new, worsening, or recurrent signs or  
symptoms of sepsis during the first seven days of life. LABOR 
Study staff collect a dried blood spot card on all study newborns  
at 24 hours after delivery or discharge, whichever occurs first,  
to be stored for future analyses.

At discharge, LABOR Study staff complete a final review  
of the maternal and neonatal hospital course and reconcile key 
study diagnoses, medications, laboratory and radiographic  
diagnostic tests, and other interventions that occurred during  
labor, delivery, and the inpatient postpartum period. Study  
staff are responsible for confirming or correcting data recorded  
by scribes during the intrapartum and immediate postpartum  
periods and for adding any additional diagnoses and/or  
interventions that have occurred since delivery as documented  
in the medical record or in study chart notes. Finally, study  
staff categorize birth outcomes according to a modified rubric to 
assign a clinical delivery phenotype14.

Approximately seven and 42 days after delivery, LABOR  
Study staff contact participants by phone (or in person as  
needed) to assess maternal and neonatal status and interval  
course. Staff collect information about maternal and neona-
tal vital status and events since discharge, including signs and  
symptoms experienced, non-routine clinic or hospital visits 
attended, diagnoses made, and treatments received.

Laboratory procedures
All study samples are obtained from study participants by  
trained study staff according to approved standard operating  
procedures. Specimen transport, processing, storage, testing, 
and results reporting are conducted in accordance with Good  
Clinical Laboratory Practice (GCLP) standards15. Samples  
are processed according to the assay manufacturers’ specifications  
by certified laboratory personnel. All relevant materials,  
including diagnostic specimens and infectious substances, 
are transported according to instructions detailed in the  
International Air Transport Association (IATA) Dangerous  
Goods Regulations. Potentially biohazardous waste is man-
aged according to institutional, national, and other applicable  
regulations.

Whenever possible, maternal and neonatal blood samples are 
taken at the time of regularly scheduled clinical blood draws.  
Specimens are analyzed immediately as described in Table 1 
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and stored at -80°C for later study-related analysis to identify  
inflammatory markers, metabolic analytes, proteins, hormones, 
transcripts, and infectious factors contributing to adverse birth  
outcomes.

Data management
The study database has four primary sources of data as  
follows (Figure 2): (1) fixed case report forms and real-time scribe 
data, managed via the CommCare system; (2) laboratory data,  
managed via CommCare and Lab Data Management Systems;  
(3) fetal and maternal physiologic sensor data, managed  
via a local server synchronized with cloud-based servers; and  
(4) ultrasound data, managed via a cloud-based server (Trice  
Imaging Inc, Del Mar, CA, USA). Data from each of these  
sources are automatically transferred to a secure, centralized  
server where they are queried, curated, and cleaned as needed. 
Key information from these sources is processed, synthesized,  
and presented on site-specific, custom-built R Shiny dashboards  
that are hosted on a secure, self-managed Shiny server and  
deployed on the web. Using data directly from the centralized  
server, dashboard metrics and visualizations are computed  
on demand without any required intermediate hand process-
ing and available to authorized study staff at any time. Access to  
real-time study metrics allows the study operating center and  
site staff to track performance and identify challenges as they 
arise. 

Data analysis and statistical plan
Study outcomes 
The primary outcomes of the LABOR Study include a compos-
ite maternal outcome of potentially actionable incident adverse 
events and a composite fetal / neonatal outcome of the same  
nature (Table 2). Secondary outcomes include the individual 
components of the two primary composite outcomes: maternal 
outcomes including maternal death, incident intrapartum hemor-
rhage, postpartum hemorrhage, incident hypertensive disorders  
(eclampsia, severe preeclampsia, preeclampsia, superimposed 
preeclampsia, severe gestational hypertension), and incident 
maternal infection (intrauterine inflammation or infection, 
endometritis), and fetal / neonatal outcomes including intrapartum  
stillbirth, neonatal death, encephalopathy, and sepsis. The LABOR  
Study distinguishes between prevalent conditions (those present 
at the time of enrollment) and incident conditions (those aris-
ing after enrollment). Although we identify and assess fre-
quency of prevalent conditions, the primary focus of analytic 
approaches described below is the characterization and prediction  
of incident conditions.

Sample size 
Because the incidence rates of certain complications of inter-
est are small, we require a large sample size to observe  
sufficient numbers of each complication. During initial study  
planning, we calculated a sample size of 15,000 participants  

Figure 2. LABOR Study data collection.
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Table 2. Study outcome definitions.

Maternal Outcomes

Maternal death Death of a maternal participant after study enrollment and up to 42 days postpartum, irrespective of cause

Incident intrapartum 
hemorrhage

Intrapartum vaginal bleeding of ≥ 1000 mL of blood prior to delivery of the placenta

Postpartum hemorrhage Blood loss of ≥ 1000 mL or any bleeding leading to an adverse event, regardless of mode of delivery, either 
within the 24 hours after delivery of the placenta (primary) or up to 42 days postpartum (secondary)

Incident eclampsia New onset of tonic-clonic, focal, or multi-focal seizures in the absence of other causative conditions

Incident severe 
preeclampsia

New development of systolic blood pressure ≥ 140 mmHg or diastolic pressure ≥ 90 mmHg measured 
at least 4 hours apart in addition to proteinuria and at least one of the following severe features: 
thrombocytopenia, renal insufficiency, impaired liver function, pulmonary edema, new-onset cerebral or 
visual disturbances, or rise in systolic blood pressure to ≥ 160 mmHg or diastolic pressure to ≥ 110 mmHg

Incident preeclampsia New development of systolic blood pressure ≥140 mmHg or diastolic pressure ≥ 90 mmHg measured at 
least 4 hours apart in addition to proteinuria in the absence of severe features described above

Incident superimposed 
preeclampsia

New development of preeclampsia as defined above in a woman with chronic hypertension

Incident severe 
gestational hypertension

New development of severe range blood pressure (i.e., ≥ 160 mmHg systolic pressure or ≥ 110 mmHg 
diastolic pressure) without proteinuria, thrombocytopenia, renal insufficiency, impaired liver function, 
pulmonary edema, or cerebral or visual disturbances

Incident intrauterine 
inflammation or infection 

Maternal fever and any of the following prior to delivery: fetal tachycardia, maternal leukocytosis, drainage 
of purulent fluid from cervical os

Endometritis Presence of two or more of the following on any 2 of the first 10 days postpartum, exclusive of the first 24 
hours and with no other recognized cause: maternal fever, abdominal pain, uterine tenderness, purulent 
drainage from uterus

Fetal / Neonatal Outcomes

Intrapartum stillbirth A stillborn fetus weighing at least 500g meeting all of the following criteria at birth: no heart rate, no 
respirations, absence of pulsation of the umbilical cord, and no definitive movement of voluntary muscles, 
and in which fetal heart tones were documented on the ultrasound performed at the time of LABOR Study 
enrollment

Neonatal death Death of a live-born neonate within 28 days of birth

Neonatal encephalopathy Live-born neonate weighing at least 1500g that meets one of the following four physiologic criteria: 
venous cord lactate > 7 mmol/L; 10 minute APGAR < 5; continued need for ventilation at ≥ 10 minutes of 
life; intrapartum hemorrhage, cord prolapse, severe fetal heart rate abnormality, or uterine rupture, and 
that demonstrates moderately or severely abnormal neurologic findings in at least three of the following 
six categories: spontaneous activity, posture, level of consciousness, tone, primitive reflexes, autonomic 
nervous system.

Neonatal sepsis Live-born neonate exhibiting one or more signs of early-onset sepsis (i.e., convulsions, tachypnea, 
severe chest indrawing, nasal flaring, grunting, bulging fontanelle, pus draining from ear, umbilical 
redness extending to the skin, fever, low body temperature, many or severe skin pustules, lethargy / 
unconsciousness, or less than normal movement) with a positive blood culture (excluding contaminants) 
within the first seven days of life

across three countries (four sites), with enrollment evenly  
distributed among the countries. However, with start-up and  
accrual delays owing to the SARS-CoV2 pandemic, we  
conducted a modified analysis to assess the impact of a  
reduced sample size of 12,000 on our key analytic goals.  
To do this, we performed a 2-part simulation study to assess our 
expected ability to (1) estimate risk and (2) estimate optimal  
decision rules. For (1), we assessed the anticipated precision  
with which we would be able to estimate risk for key  
outcomes using exact Poisson confidence intervals16. Basing our 

estimates on observed event rates in the first 500 participants  
in the study, we expect to estimate a rare event, one occurring  
in just 2% of the participants, with 95% confidence intervals  
with a half-width of 1.2%. For (2), using the first 500  
observations in the study and 9 key covariates, we generated  
simulation data sets by sampling with replacement from 
the observed covariates and constructing binary treatment  
decisions for each simulation record conditional on covari-
ates. We also generated outcomes for each simulation record  
such that individual treatment effects exhibited heterogeneity 
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dependent on interactions between the treatment and patient  
covariates. For each simulation data set, we estimated an  
optimal treatment rule that tailors treatment recommendations  
based on patient features. Across replications, we estimated 
the probability of correctly rejecting the null hypothesis that  
there is no benefit of personalized decision-making when  
compared to completely randomized decision-making (i.e.,  
a coin flip). With a true risk ratio of 1.17 and a sample size  
of 12,000 participants, our analysis indicates a 76% probability 
of correctly rejecting the null hypothesis. Our simulation results  
further indicate that an overall sample size of 12,000 yields  
sufficient power for estimating decision rules that, when  
used to recommend treatments, will reduce the probability of 
observing a bad outcome sufficiently close to the true optimal.

Statistical analysis 
Descriptive analysis of baseline, intrapartum, and outcome 
variables. Common methods for descriptive statistics will be 
used to examine the distribution of key baseline factors, intra-
partum events, and overall outcomes in the study population  
(e.g., frequencies for categorical variables and measures of  
centrality and dispersion for quantitative variables). These meth-
ods will also be used to examine unadjusted (crude) differ-
ences in the distribution of outcomes and intrapartum events by  
baseline factors. Key baseline factors will include mater-
nal demographics, medical history and obstetrical risk factors,  
enrollment ultrasound, physical examination and laboratory 
values collected at admission or enrollment in the study. Intra-
partum events will include time-varying variables related to 
the course of labor (e.g., cervical examinations), provider inter-
ventions (e.g., drugs, procedures), and continuous monitoring  
through fetal and maternal sensors.

Associations between baseline variables, interventions, and  
outcomes. Generalized linear models will be used to estimate  
the adjusted relative risk with 95% confidence interval of  
outcomes associated with baseline factors. Covariates (baseline  
factors) for inclusion in the multivariable models will be  
identified a priori based on clinical relevance and using causal 
directed acyclic graphs. We will start by fitting two separate  
models for binary outcome variables (yes/no) for the  
composite maternal and fetal / neonatal outcomes, respectively.  
If baseline factors of interest are found to be associated with 
the composite outcomes, we will fit models to each of the  
individual outcome components within each composite  
(maternal or fetal / neonatal). A similar modeling approach  
to that used for the composite and individual outcomes will  
be used to estimate associations between baseline factors (cov-
ariates) and key intrapartum interventions such as cesarean  
delivery.

Predictive models and risk stratification. We will develop  
and validate models to use baseline variables to predict the 
probability of each outcome. These predicted probabilities can  
be used to stratify patients by risk. Because of the expected 
high dimensionality of the data, we will consider the use of  
dimension reduction techniques such as deep learning  
autoencoders17, a nonlinear feature extraction tool using  
artificial neural networks, to reduce the dimension of baseline  
data prior to modeling, as well as, when appropriate, inclusion  

of regularization techniques such as elastic net18. Predictive  
models will be fit using multiple machine learning techniques 
such as random forests19, reinforcement learning trees20, and  
kernel support vector machine21. Model selection and validation 
will be done within a cross-validation framework with models 
fit using a training set, hyperparameters tuned using a validation  
set, and performance assessed on a testing set. For binary  
outcomes, model fit may be assessed using metrics such as  
accuracy, and for continuous outcomes, model fit may be  
assessed using metrics such as root mean squared error (RMSE). 
Key features identified in the predictive modeling will help  
us identify potential tailoring variables to be included in  
subsequent data-driven clinical decision support algorithms.

Signal processing and dimension reduction. The expected  
availability of multiple streams of physiological signals  
including maternal heart rate, contractions, and fetal heart 
rate in risk prediction models and clinical decision support  
algorithms is a unique opportunity. Yet, given the differences  
in the volume and velocity between these high-dimensional  
signal data and more standard clinical examination and  
laboratory data elements, some signal processing including  
possibly dimension reduction and feature extraction will be  
needed before the various types of data can be integrated  
into statistical learning models. A number of signal processing  
strategies are available; for example, Fourier decomposition  
methods may be used to analyze the nonlinear and non-stationary  
time series22, the aforementioned autoencoder23 may be used 
to reduce signal dimensionality to a parsimonious class of  
features, and modern deep learning may be used on the raw  
signal directly to extract and construct novel, highly predictive  
features.

Finite horizon and infinite horizon dynamic treatment regimes. 
Beyond risk prediction, modern statistical precision medicine 
methods will be used to generate optimal, data-driven treatment 
recommendations. The statistical precision medicine framework  
formalizes the clinical decision-making process into a statistical  
model with baseline and time-evolving patient features,  
a sequence of key decision points, a set of feasible treatment  
options available at each decision point, and an outcome  
to optimize (i.e., either the maximization of a positive outcome 
or the minimization of a negative outcome). Framed within  
a rigorous causal framework, the goal is to learn from the 
data optimal dynamic treatment regimes (DTRs), which are  
sometimes referred to as individualized treatment regimes 
(ITRs). DTRs are a sequence of decision rules, one for each key  
decision point, that yield an optimal treatment recommendation  
given an individual patient’s health status and history  
up to that decision point; they may take a multitude of forms, 
ranging from interpretable if-else decision lists to black box  
algorithms. Optimal DTRs are DTRs that, if followed, 
would improve outcomes on average across the population24.  
Distinct from risk prediction, learning optimal DTRs is  
focused on improving decision-making and tailoring decisions  
to account for inter-patient heterogeneity.

We will assess the feasibility of analyzing a key decision or  
sequence of decisions using formal causal inference tools,  
including causal directed acyclic graphs and assessments  
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of whether there are structural or practical positivity  
violations. If feasible, we will model key labor decisions in 
a Markov decision process (MDP) framework25. For a given  
decision problem or sequence of related decisions, we  
will first analyze decision-making using a finite-time horizon  
where decision time points are fixed, yielding one decision  
rule for each decision point that optimizes a targeted outcome  
across all of the decision recommendations. Optimal DTRs in 
this setting will be learned via off-policy, finite-time horizon  
reinforcement learning methods such as Q-learning26 or  
simultaneous outcome weighted learning27. When warranted  
by the decision problem at hand, we may then estimate  
an optimal DTR within an infinite horizon framework,  
where the decisions can be made recurrently with virtually  
no limit on the number of decision times. In this case, the  
estimated treatment regime provides real-time recommended 
actions based on both baseline and time-varying information  
rather than at pre-specified time points and is focused  
primarily on optimizing imminent outcomes. We will utilize  
reinforcement learning methods developed for infinite horizon 
problems such as V-learning28 and greedy gradient Q-learning29.

Missing data. As part of ongoing data quality assurance and  
control procedures, we monitor and promote high completion 
of key study variables before the end of follow-up, including  
baseline variables, intrapartum interventions, and variables used 
to define outcomes. In the analysis phase, we will investigate  
patterns of missingness and consider the use of multiple  
imputation or weighted estimation methods, as appropriate, to 
account for missing data when the proportion of participants  
missing data is more than 20%30. We will also report complete  
case analyses alongside multiple imputation or weighted  
estimation to assess the impact of missing data.

Ethical considerations
The study is conducted according to international standards  
of Good Clinical Practice31. The protocol and informed consent 
documents are approved by properly constituted independent  
Ethics Committees (ECs) or Institutional Review Boards (IRBs) 
maintaining Federal Wide Assurances (FWA) with the Office  
for Human Research Protections (OHRP) at each site.  
All staff with participant contact receive training on the  
protection of human research participants prior to conducting  
any study activities and routinely thereafter32.

Participation in the study is voluntary. All study participants  
are provided a consent form describing the study and providing  
sufficient information for participants to make an informed  
decision about their participation in the study. LABOR Study  
consent forms are translated into local languages and  
back-translated into English to ensure accurate translation.  
Potential participants have the choice of undergoing consent 
in English (all sites); Hindi, Kannada, or Marathi (Belgaum,  
India); Bengali, Hindi, or Oriya (Balasore, India); Ewe, Ga,  
or Twi (Ghana); or Nyanja or Bemba (Zambia). Clinical study  
procedures are conducted according to local standards of  
routine care. Study staff inform women that they do not  
have to agree to participate in the study to receive care at the  

delivery facility even if investigators are affiliated with both  
the facility and the study.

Investigators make every reasonable effort to minimize  
risks to participants. We expect that participants in this  
observational study will be exposed to minimal risk. Physical  
risks of participation include risks associated with venipuncture  
or finger prick, which are infrequent and minimized with use 
of proper technique. Collection of vaginal and rectal samples  
may also be associated with some discomfort. To reduce  
the risk of social or psychological harm, we explain the  
study in detail during the informed consent process and  
routinely remind participants that they do not have to answer  
questions that make them uncomfortable. To maintain  
participant confidentiality, all research-related discussions 
and informed consent procedures are conducted in a private  
room or area. All study data, laboratory specimens, and  
administrative forms are identified by a unique coded number.  
This unique number is scanned anytime data are captured  
within the password-protected study tablets. All databases are  
password-protected and accessible only to members of the  
study team. 

The study has been approved by the following committees:  
University of North Carolina IRB, Chapel Hill, NC, USA;  
University of Ghana College of Health Sciences Ethical and  
Protocol Review Committee, Accra, Ghana; Korle Bu Teach-
ing Hospital IRB, Accra, Ghana; Institutional Ethics Committee 
of KLE Academy of Higher Education and Research, Belgaum,  
Karnataka, India; Institutional Ethics Committee of Fakir  
Mohan Medical College and Hospital Balasore, Odisha,  
India; India Research and Ethics Committee, Directorate of  
Health Services, Odisha, India; Health Ministry Screening  
Committee of Government of India with Indian Council of  
Medical Research acting as its Secretariat; University of  
Zambia Biomedical Research Ethics Committee, Lusaka,  
Zambia; Zambia National Health Research Authority, Lusaka, 
Zambia.

Safety monitoring
At each study contact, study staff evaluate participants for  
social harms and adverse events. All adverse events occurring  
after study enrollment are assessed for seriousness and  
relatedness to study procedures. Study staff document and 
carefully monitor all serious adverse events occurring in  
participants whether or not they are related to study  
participation. The severity of any serious adverse events  
is graded using the National Institute of Health’s Division  
of AIDS Table for Grading the Severity of Adult and  
Pediatric Adverse Events. Study staff are responsible for  
promptly reporting related adverse events or social harms to the 
site investigators and the overall study Principal Investigator,  
who determine if reporting to the appropriate ethics committees  
is required based on their guidelines. 

Dissemination of findings
The LABOR Study team will disseminate findings to  
participants and key stakeholders at local dissemination events 
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and globally at international conferences and in peer-reviewed  
journals. At the completion of this study, in accordance with the 
Bill and Melinda Gates Foundation Global Access requirements,  
research data from participants followed through pregnancy 
and the postpartum period will be curated and documented,  
stripped of personal health information, and placed into 
the public domain. Additionally, the study team welcomes  
collaboration with others who could make use of intrapartum 
testing algorithms developed upon study completion. Knowl-
edge generated from this study has the potential to contribute to  
the development of a suite of tools (which may include diag-
nostics, devices, and/or software) that can be deployed in  
low-resource healthcare facilities to substantially improve  
intrapartum outcomes in low-resource settings worldwide.

Study leadership and oversight
The LABOR Study is funded by the Bill and Melinda Gates  
Foundation and sponsored/coordinated by the University  
of North Carolina at Chapel Hill. The Management Team  
provides central technical and operations expertise to sites  
to ensure the successful implementation of the study and is  
responsible for developing the clinical protocol, training study  
staff, monitoring recruitment and retention, managing data  
quality, and ensuring regulatory compliance. The Steering  
Committee is led by the study Principal Investigator and  
comprises representatives from each participating site and  
additional ad hoc members selected for domain-specific  
knowledge. The Steering Committee advises on overall  
operations and manages all decisions concerning data analysis  
and interpretation, secondary analyses, and dissemination.

Study status
We expect to complete enrollment and follow-up at all sites in  
the 2nd quarter of 2022.

Discussion
Provision of quality obstetrical and neonatal health care is a  
complex matter that requires informed patients, trained provid-
ers, equipped and proximal facilities, timely diagnostics, an 
uninterrupted supply of essential treatments, and a coordinated 
strategy for all individual components to operate harmoniously33.  
Obstetrical and neonatal services in resource-limited settings 

often lack some or all of these critical components.  
Algorithms that identify the maternal-fetal dyads at greatest risk 
for preventable intrapartum complications would allow the tar-
geting of limited resources toward those that need it most and  
are the most likely to benefit.

The overarching goal of our research is to develop new  
tools that can be deployed in low-resource healthcare facilities  
to improve intrapartum outcomes through better risk stratifi-
cation, timely intervention or transfer to higher care, and ear-
lier diagnosis. The first step toward this goal is to precisely  
characterize the incidence of adverse labor outcomes and their 
measurable antecedents in diverse populations while care-
fully documenting patterns of care. The data generated by this 
study will serve as a foundation for new discovery and develop-
ment of novel technological approaches to substantially reduce  
adverse perinatal outcomes. With this study, we aim to create 
the largest, most extensively documented observational cohort  
of labor and delivery ever assembled.

Data availability
No data are associated with this article.
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This is a protocol for a study that appears to be complete, based on the statement by the authors 
under the heading 'study status' that they expect to complete enrolment and follow up by the 
second quarter of 2022.  
 
Overview 
The protocol sets out plans for an ambitious and complex study to be run in multiple countries. It 
aims to identify maternal-fetal dyads at greatest risk of preventable intrapartum complications, to 
allow targetting of resources, with the hypothesis that this will improve outcomes for those most 
likely to benefit. 
 
Comment 
The ambition, reach, and attention to detail displayed in the protocol are highly laudable. Planned 
processes and procedures are clearly explained, and the addition of scribes in the labour ward is 
likely to address some of the problems of completeness and accuracy that other studies have 
encountered when trying to use routinely collected data (paper-based or online) for this kind of 
study.  
 
I do have some caveats, and these relate to my scoring of 'partly' in relation to the fit between the 
research question and the study design. Most of these issues arise from the evidence that, while 
outcomes for mothers and babies are partly a function of their physical characteristics and 
interconnections, outcomes are also mediated by staff and organisational attitudes and 
behaviours, rules, guidelines, and procedures. For example, the most recent Cochrane review on 
the topic suggests routine use of EFM for low (and even high) risk women will result in higher CS 
rates than the use of intermittent monitoring, with no additional benefit to the baby long term1. 
Some women labouring in organisations that routinely use EFM will therefore experience CS, and, 
potentially, post-surgical complications such as PPH, regardless of the intrinsic mother/baby dyad 
risks. 
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Similarly, some women labouring in sites where there is limited staff available will experience 
adverse events that will be prevented in sites where the staff/woman ratio is higher. Those who 
have further to travel, or who are handed over between institutions with minimal transfer of 
information may experience worse outcomes than those with similar clinical characteristics who 
live closer to a facility - and so on. 
 
The issue here is that, if the locus of potential adverse outcome is only sited with the mother/fetus 
in any future algorithm for resource allocation, there may be a risk of both under or 
overdiagnosis, and, subsequently, both under and over-treatment - both of which could cause 
harm.  
 
It may be that the statistical analysis will control for these organisational and human factors, 
which will then remove these concerns. However, even if that is the case, I was interested in this 
comment: 'Optimal DTRs are DTRs that, if followed, would improve outcomes on average across the 
population'. This implies that the output from the study will not be personalised to individuals, but 
to a cluster of phenomena that might be associated with a certain outcome. The critical issue in 
practice is then how sensitive and specific the tool is for particular individuals (i.e., how 
personalised it actually is) and to what extent both professional experts and service users will have 
the freedom to offer/accept/decline treatment based on the potential risk identified, as opposed 
to on actual manifestation of pathology.  
 
It will be critical for implementation research to be undertaken with the tool to establish its 
acceptability, feasibility, affordability, equity, and possible unintended consequences or 
opportunity costs before it is irretrievably embedded into organisational and electronic systems, 
and, therefore, practice.   
 
Additional comments and issues

I wasn’t clear if the hospitals included in the study are typical for those to which the results 
are to be applied in the future. Women labour differently and have different outcomes in 
settings where they are well supported rather than not, especially if they have continuous 
labour companionship throughout labour2. It would be good to know if the analysis will 
control for the different types of setting for the data collection, to see how this factors into 
the patterns emerging. 
 

1. 

The inclusion criteria include the ability to provide 'written informed consent’/locator 
information'. The exclusion criteria encompass those with ‘any social or medical condition that 
would make participation unsafe or not feasible’ . This does seem to have the potential to 
exclude women who are at most risk of the kinds of adverse outcomes of interest to the 
study (since being illiterate or living in dangerous social circumstances/having a severe 
medical condition is likely to be associated with the adverse outcome). Maternal or fetal 
deaths also seem to be excluded in the flow chart on p5, but they are included in the 
composite outcome. I’m not quite clear how this has operated in the study.   
 

2. 

I couldn’t tell from the protocol if women consented to the study antenatally or in labour. If 
in labour, I wasn’t sure how the extensive data collection could be explained in a way that 
would ensure the woman really understood what she was signing up for. 
 

3. 
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How accurate are the following measures when done as a one-off?: the estimated fetal 
weight, due date, and gestational age as calculated by the ultrasound machine are documented 
in real-time 
 

4. 

The protocol seems to suggest that the woman has (four or sixteen) sensors placed to 
measure fetal ECG and maternal vital signs from the time of enrolment (antenatally for 
some women?) until they are discharged from the hospital. I wasn’t sure if there had been 
any consideration in the analysis of how having up to 16 sensors placed might impact on 
the freedom of movement of the mother in labour (and therefore on labour progress) even 
if they are wireless. I presume that the technology has been tested prior to the study to 
assess if it is unobtrusive, and robust (for example, in the exertion of labour, and the 
consequent rise in skin temperature/maternal sweating, do the sensors stay firmly fixed, or 
do staff have to keep re-siting them, interrupting the women’s concentration on managing 
her labour?). After birth, if the woman is breastfeeding, it would be useful to know if this 
impacts the sensors/signals, and how the sensors might impact the success of 
breastfeeding, if at all. It would be helpful if the final report provides an assessment of the 
acceptability and feasibility of the sensors during labour and birth and the postpartum 
period, especially if the proposal is that similar sensors might be used in routine practice in 
the future for women deemed to be high risk. 
 

5. 

I note that the scribes are allocated up to three women simultaneously and that they are 
supposed to collect a large amount of data in real-time. I wonder if this is actually possible 
to do with accuracy and completeness. I imagine that this means that up to three women 
are labouring in one room. If this is indeed the environment in which these data are 
collected, this needs to be a caveat on the findings, since this kind of context may affect 
labour progress and outcome. It would be very helpful to have a description of the context 
and organisational labour room norms in the final report, to establish how far they may or 
may not have influenced the clinical progress and outcomes of labour and birth. This could 
include if women were upright and mobile or supine, or in lithotomy, if fundal pressure was 
used, and if the women had companionship, nutrition, pain relief, and respectful care as 
recommended by WHO.  
 

6. 

The primary outcome measure is a composite. While this makes sense at a population level, 
it doesn’t really lend itself to a determination about what to do about individual risk. The 
problem with composite outcomes is that the aetiology and therefore treatment of different 
components of the composite are very different. While the individual components are 
included as secondary outcomes, it isn’t clear if there will be sufficient statistical power to 
establish risk profiles for individuals with these specific outcomes. 
 

7. 

The sample size calculation section states that the numbers anticipated could provide 
statistically significant findings for ‘a rare event, one occurring in just 2% of the participants’'. 
Presumably then this doesn’t include maternal death. It would, however, probably be 
sufficient for perinatal mortality in the included countries, though, as noted above, it isn’t 
clear if these are exclusions for the study, despite the fact that they are included in the 
composite measure of outcome.

8. 

 
Dissemination plan 
This looks reasonable. It is good to see the intention to share the findings with local participants 
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and key stakeholders, and with academics at conferences and in journals.  However, I can't see 
any plans for sharing with service user organisations more widely, or with national professional 
groups and policymakers. It might be useful to add this in to the plans going forward. 
 
Statistical plan 
I am not a statistical expert, so cannot comment on this part of the protocol. 
 
Conclusion 
As stated above, this is an important and ambitious study. It seems to be carefully designed, and it 
is very likely to produce a very large amount of useful data. 
 
My main concerns are, firstly, about the extent to which assumptions are made that risk is only a 
function of the clinical characteristics of the mother/fetal dyad, without considering personal, 
social, and health care systems/organisational impacts on labour progress and outcome; and, 
secondly, the risks of the rapid introduction of any algorithm resulting from the study without 
proper assessment of the benefits and harms of implementation in the real world.  
 
If both of these concerns are addressed in the final report and in future studies and practice, I am 
sure that the findings will be of critical importance in future maternity care. 
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This paper describes the study protocol for a large, multi-country observational study focused on 
risk factors, interventions, and outcomes related to labour and the early postpartum period. A 
unique feature is detailed blinded physiological data acquisition, which in my opinion has the 
potential to provide important information. The planned statistical analysis is complex - I am not 
familiar with many of the statistical procedures and therefore not able to comment on them. 
 
The following suggested additional information may be of interest to readers:

What clinical fetal monitoring unblinded to caregivers has been employed? 
 

1. 

Has information been collected on the presence of childbirth companions, which may 
impact several of the outcomes being measured, such as low Apgar scores? 
 

2. 

Has information been collected on maternal position, particularly the supine position during 
the second stage of labour, and will it be possible to relate maternal position to the 
physiological data collected (or to impute maternal position from the data provided by the 
sensors)? 
 

3. 

Were partographs used for guiding labor management, and if so which design of 
partograph? 
 

4. 

Were clinical management protocols in use? If so, some information on the protocols would 
be useful. 
 

5. 

It would be useful to update certain statements, for example, whether recruitment, which is 
due to have been completed, has indeed been completed, and whether certain proposed 
changes in the technology available did in fact take place. 
 

6. 

Study participants: the phrase: "3) admission to hospital labor and delivery unit with plan for 
either (a) vaginal delivery or (b) cesarean delivery in the presence of signs/symptoms of 
parturition, elevated blood pressure, or fever;" is not very clear - perhaps it could be written 
more precisely.

7. 

 
Is the rationale for, and objectives of, the study clearly described?
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Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: General obstetrics including hypertensive disorders, postpartum hemorrhage 
and intrapartum care

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.
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Abstract

Background: Parathyroid lesions are identified by subjective enhancement

and washout patterns on computed tomography (CT). We have previously pro-

posed “percentage arterial enhancement” (PAE) as an objective index and now

aim to validate its performance prospectively.

Methods: Dual-phase CT was performed in 40 consecutive primary hyper-

parathyroidism patients. PAE was calculated as [{arterial phase Hounsfield

unit (HU)-unenhanced phase HU}/unenhanced phase HU]� 100. PAE >

128.9% was considered parathyroid.

Results: PAE had 94.2% sensitivity, 100% positive predictive value (PPV) in lat-

eralization, and sensitivity and PPV of 93.9% in quadrant localization of single-

gland disease. PAE failed to identify two lesions: an intrathyroidal parathyroid

carcinoma in the background of multinodular goiter and another lower enhanc-

ing cystic parathyroid adenoma. PAE had 60% sensitivity, and 100% PPV to iden-

tify multigland disease. The mean effective dose was 2.74mSV.

Conclusions: PAE is a specific CT index for parathyroid lesions with less radi-

ation exposure. Areas of caution include intrathyroidal and cystic lesions.

KEYWORD S

2DCT, bolus tracking, percentage arterial enhancement, primary hyperparathyroidism,
prospective validation

1 | INTRODUCTION

In the last few decades, accurate localization of the
underlying lesions has assumed great significance in the

management of primary hyperparathyroidism (PHPT).1

It has enabled a paradigm shift in the surgical strategy of
PHPT from bilateral neck four-gland exploration to pre-
cise minimally invasive surgery of the culprit lesion.1
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Using the parathyroid adenoma's differential perfusion
characteristics, four-dimensional (4D) CT was introduced
in 2006 as an important localization modality.2 Since
then, several studies have established better sensitivity of
the 4DCT over ultrasonography and Tc99mSestamibi scin-
tigraphy as both a first-line and second-line imaging
modality in diagnosing single and multigland disease.3,4

However, the limiting concern for wide use of 4DCT has
been the risk of greater radiation exposure, and studies
have attempted to reduce the number of phases from four
to a single phase.5 Most of these studies involve subjec-
tive identification of the parathyroid lesion by differenti-
ating it from local mimics (lymph nodes and exophytic
thyroid nodules) based on its location and unique perfu-
sion characteristics in the unenhanced, arterial, early
venous, and delayed venous phases.1 Very few studies
have attempted to calculate an objective parameter with
an optimum diagnostic cut-off.6–8 Our previous retrospec-
tive study introduced “percentage arterial enhancement”
(PAE) as an objective and specific parameter to diagnose
parathyroid lesions.8 In the current prospective study, we
aim to validate the diagnostic accuracy of PAE in a
cohort of successive PHPT patients managed at our
center.

2 | MATERIALS AND METHODS

The study protocol conformed to the 1975 Declaration of
Helsinki's ethical guidelines as reflected in a priori
approval by the Institutional Ethics Committee II of Seth
GS Medical College and KEM Hospital, Mumbai, India.
Written informed consent was obtained from each
patient prior to inclusion. Inclusion criteria for enrolment
in the study were patients (1) with biochemically proven
PHPT. The biochemical criteria for the diagnosis of PHPT
were a high serum calcium (higher than the upper limit
of normal for assay, i.e., more than 10.5 mg/dL) with
unsuppressed PTH (more than 30 pg/mL); (2) eligible
and willing for surgery (surgery naïve as well as re-
operative cases); (3) willing to participate in the study
and undertake a 2DCT scan for localization.

The results of the 2DCT scans were used to guide the
surgical approach, but the final extent of surgery was
determined by the combination of clinical profile and
2DCT results. Patients with multigland disease under-
went removal of all localized glands. Targeted single
gland excision was performed in most patients with sin-
gle gland disease. However, in those patients with single
gland disease who had disease onset before 20 years of
age or those who had features of syndromic associations
like MEN1 syndrome, the extent of surgery involved uni-
lateral both superior and inferior glands removal.

2.1 | Biochemical analysis

An automated analyser (Bio-Rad AP, Hercules, CA) was
used to measure serum levels of calcium (normal range:
9–10.5 mg/dL), phosphorous (normal range: 2.5–
5 mg/dL), and alkaline phosphatase (normal <117 U/L).
Serum PTH (normal range: 18.5–88 pg/mL) was analyzed
with a second-generation assay (intact PTH, ADVIA
CENTAUR CP; Siemens Healthcare Global, Erlangen,
Germany) with inter- and intra-assay variability of ≤6%
and ≤8%, respectively.

After signing an informed consent document, 2DCT
was performed according to the following protocol.

2.2 | Scan protocol

Scans were performed on a 64-slice multidetector Phillips
Brilliance (Amsterdam, the Netherlands) CT scanner.
Patients were placed supine with arms pulled caudally.
Two identical helical scans were obtained in an auto-
mated form from the hard palate to the top of the carina.
Scanning parameters were 120 kVp, 250–266mA with
automatic exposure control used for individual patients,
with the scanner settings of 0.75 s rotation time, 0.797
pitch, 0.625-mm detector configuration, and a beam
width of 40 mm. First, the unenhanced baseline phase
was obtained without contrast material. Iodinated con-
trast material (Omnipaque300, GE healthcare, Phoenix)
was subsequently injected into a preplaced 18–22 gauge
cannula in the cubital vein at 3 mL/s, followed by a
saline flush. For patients weighing <60 kg, 60 mL of
iodinated contrast was used, while for those ≥60 kg, a
weight-based dosing of 1 mL/kg was used. Using the
bolus tracking technique, the second (early arterial)
phase images were obtained as soon as the contrast
reached the arch of aorta. The average effective dose of
radiation (mSv) was calculated using the dose length
product (DLP) data based on the European Guidelines on
quality criteria for CT. The conversion factor used for the
neck was 0.0059 mSv/(mGy�cm) for effective dose
calculation.9

2.3 | Image reporting

Reporting was performed in a predefined format by a
senior radiologist (with over 10 years of experience), who
was unaware of the results of other imaging modalities, if
any (like USG or Tc99mSestamibi scintigraphy at referring
institutions). The reporting format consisted of reporting
the suspected parathyroid lesions' number, size, and loca-
tion. An imaginary vertical line passing through the
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middle of the thyroid gland was used as an axis to ascer-
tain the lateralization of parathyroid lesions to the right
versus left. Similarly, an imaginary horizontal line pass-
ing through the lower border of the isthmus was used as
a horizontal axis to ascertain superior versus inferior
parathyroid lesions. Single gland disease (SGD) was
defined as a single parathyroid lesion (adenoma/hyper-
plasia/carcinoma) documented on histopathology and
normalization of serum calcium after its surgical exci-
sion. Multigland disease (MGD) was defined as more
than one parathyroid lesion on histopathology or persis-
tent hypercalcemia after complete removal of a histo-
pathologically proven single parathyroid lesion. Using
ellipsoid region-of-interest (ROI) measurements, the
enhancement HU values were recorded in both
unenhanced and early arterial phases. ROI was recorded
on magnified images (200�) covering the maximum area
of the lesion without encroaching adjacent soft tissue. In
the case of heterogeneous lesions, the area with maxi-
mum enhancement was used. An average of three ROI
readings was recorded. Percentage arterial enhancement
(PAE) was calculated as {(early arterial phase HU-
unenhanced phase HU)/unenhanced phase HU}� 100. A
lesion with PAE greater than 128.9% was considered a
parathyroid lesion, in accordance with our previous find-
ings.8 Additionally, the radiologist was asked to report
the PAEs of the thyroid (especially exophytic thyroid
nodules) and lymph nodes, whenever observed.

2.4 | Statistical analysis

Using the nomogram proposed by Malhotra et al., a mini-
mum calculated sample size of 28 patients was obtained,
based on the anticipated sensitivity of 97% and disease
prevalence of 1% at a precision of 10%.10

The intraoperative surgical findings, final histopathol-
ogy results, as well as postoperative resolution of hyper-
calcemia were used as a reference to determine true
positivity (TP), false positivity (FP), and false negativity
(FN) of PAE estimation on 2DCT. For patients with sin-
gle gland disease (SGD), sensitivity and positive predic-
tive value (PPV) of 2DCT using PAE were calculated for
lateralization (right or left side) and quadrant localization
(right superior or inferior, left superior or inferior). In
patients with the multigland disease (MGD), 2DCT
results were considered true positive if more than one
lesion could be accurately identified by the radiologist
using PAE; else, it was classified as a false negative. The
sensitivity and PPV of PAE on 2DCT for identification of
MGD were calculated.

All categorical variables were expressed in actual
numbers/percentages, and the continuous variables in

mean ± standard deviation. ANOVA test with post hoc
analysis was used to compare attenuation values for thy-
roid, parathyroid lesion, and lymph nodes at different
time points. p-value of <0.05 was considered significant.
The analysis was performed on the Statistical Package for
the Social Sciences (SPSS) software version 22 (IBM,
Armonk, NY).

3 | RESULTS

Our study consisted of 40 patients (15 males, 25 females),
with a mean age of 41.5 ± 15.3 years, (four patients <20
years old). Only four patients had asymptomatic PHPT,
while others had symptoms ascribable to hyperparathy-
roidism. Two of the asymptomatic PHPT patients were
diagnosed during a routine health check-up, while two
patients who presented with symptoms of insulinoma
were diagnosed during screening for multiple endocrine
neoplasia 1 (MEN 1) syndrome. Five patients (12.5%) had
syndromic associations. Thirty-five patients had SGD,
while 5 had MGD. The other clinical details are tabulated
in Table 1.

The mean time to arterial phase imaging was 20.6
(±3.8) seconds after the contrast injection. The attenua-
tion values of parathyroid lesions were significantly lower

TABLE 1 Baseline characteristics of the cohort

S.
No Parameter Mean (±SD)

1 Age (years) 41.5 ± 15.3

2 Sex (male, female) 15 (37.5%), 25 (62.5%)

3 Prevalence of asymptomatic
patients (%)

4 (10%)

4 Prevalence of syndromic
associations (%)

4 (10%); all with
MEN1 syndrome

5 Body mass index (kg/m2) 19.2 ± 3.8

6 Serum calcium (mg/dL) 12.1 ± 1.2

7 Serum phosphorus (mg/dL) 2.3 ± 0.73

8 Serum Alkaline phosphatase
(IU/L)

745.2 ± 858.4

9 Serum PTH (pg/mL) 761.6 ± 625.8

10 Prevalence of multiglandular
disease

5 (12.5%)
2: sporadic, 3: MEN1
syndrome

11 Size of glands (mm) (n = 45) 18.6 ± 10.4

12 Histopathology (n = 45) Adenomas: 35
Hyperplasia: 05
Carcinomas: 05

Abbreviations: n, number; MEN, multiple endocrine neoplasia; PTH,
parathyroid hormone; SD, standard deviation.
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than that of the thyroid in the unenhanced phase but
higher than lymph nodes in the arterial phase (Table 2).
PAE values of parathyroid lesions were the most discrim-
inatory and were significantly higher than those of thy-
roid as well as lymph nodes. In patients with SGD, at a
cut off of 128.9% (as derived in the previous study8), PAE
had 94.2% sensitivity and 100% PPV in correct lateraliza-
tion (to the right vs. left side) and sensitivity as well as
PPV of 93.9% in correct quadrant localization (right supe-
rior vs. left superior vs. right inferior vs. left inferior). In
patients with MGD, 2DCT using PAE at the same cut-off
had 60% sensitivity and 100% PPV to correctly identify
the presence of multigland disease. The mean effective
dose (MED) in our study was 2.74 ± 0.49 mSV.

Some patients had undergone other localization stud-
ies at the referring institutions. These included 99Tc-
Sestamibi scan (14 patients with SGD and 2 patients with
MGD) and ultrasonography (8 patients with SGD and
2 patients with MGD). Although not the aim of the cur-
rent study, we analyzed the diagnostic sensitivities of
these modalities and found them to be lower than that of
2DCT-based PAE. 99Tc-Sestamibi scan had a sensitivity
of 71.41% (10/14) for culprit gland lateralization and 50%
(7/14) for culprit gland localization. Ultrasonography had
a lateralization sensitivity of 62.5% (5/8) and localization
sensitivity of 37.5% (3/8). In the two patients with MGD
who underwent other imaging, ultrasonography identi-
fied multigland disease in 1/2, while the 99Tc-Sestamibi
scan did not identify multigland disease.

4 | DISCUSSION

In a previous retrospective study, we have proposed per-
centage arterial enhancement as an objective radiological

index for accurately identifying parathyroid lesions.8

Using the ROC curve analysis, we had derived a PAE
cut-off of 128.9%, which had 100% specificity and 95.8%
sensitivity in diagnosing parathyroid lesions. In the cur-
rent study, we validated these findings prospectively,
using the 2DCT as a primary localization modality. Using
the same cut-off (128.9%), we observed a similar sensitiv-
ity of around 94%, both for lateralization and quadrant
localization, and a PPV of 100% for lateralization and
94% for quadrant localization in patients with single
gland disease. However, the corresponding sensitivity
was 60%, and PPV was 100% in patients with multigland
disease.

Since its introduction by Rodgers et al. in 2006, 4DCT
has been increasingly used in PHPT localisation.2 Due to
its better sensitivity, the 4DCT was initially used as a sec-
ondary modality in patients with unlocalized disease,
ambiguous findings on USG and MIBI scans, or those
with failed surgery.1 Increasingly, it is being used as a pri-
mary modality for PHPT localization in at least a few
centers, including ours.11 However, a significant concern
deterring its widespread use remains the higher radiation
exposure. In a recent exhaustive review of 51 published
studies, Raeymaeckers et al. reported a mean effective
dose (MED) of radiation of 15–18 mSv in 3 and 4-phase
CT studies, with a maximum reported dose of 28 mSv.5

This is higher than the MED of MIBI SPECT-CT,
reported between 3.3–12mSv by different authors.12–15

Additionally, Mahajan et al. calculated the thyroid
absorbed dose and found it to be 57 times higher in the
4-phase 4DCT (92mGy) than in the MIBI SPECT CT
(1.6 mGy).15 Furthermore, they estimated the lifetime
thyroid cancer risk after 4DCT to be 0.01% for a 40-year-
old woman and 0.1% for a 20-year-old woman, thus cau-
tioning the routine use of 4DCT in young patients.

TABLE 2 Radiological characteristics on 2DCT

Parathyroid lesions (N = 43) Thyroid (N = 40) Lymph nodes (N = 33) p-value

HU at baseline (unenhanced phase) 43.3 ± 9.2* 107 ± 23.3* 34.9 ± 14* <0.001

HU at arterial phase 139.5 ± 26.9* 179.2 ± 28.4* 51.5 ± 16.1* <0.001

PAE (%) 235.5 ± 93.2%* 71.9 ± 31%* 52.6 ± 29.5%* <0.001

Mean radiation dose 2.74 ± 0.49 mSv

At 128.9% cut-off of PAE For SGD (n = 35 patients):
Lateralization:
Sensitivity: 94.2% (33/35)
PPV: 100% (35/35)
Localization:
Sensitivity: 93.9% (31/33)
PPV: 93.9% (31/33)

For MGD (n = 5 patients)
Sensitivity: 60% (3/5)
PPV: 100% (3/3)

Abbreviations: HU, Hounsfield unit; N, number; MGD, multigland disease; PAE, percentage arterial enhancement value calculated as {(arterial phase HU-
unenhanced phase HU)}/unenhanced phase HU}� 100; PPV, positive predictive value; SGD, single-gland disease.
*p< 0.05.
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However, considering the standard reference of a
56-year-old woman representing the usual demographic
of a typical patient with PHPT, Hoang et al. calculated a
4-phase CT imaging-associated increase in lifetime inci-
dence of cancer of only 0.5% over that of baseline risk in
unexposed individuals, thus reassuring that the radiation
risk should not be a significant concern in older individ-
uals.13 Nevertheless, several attempts have thus been
made to reduce the number of phases in 4DCT scans
(from 4 phases to a single phase) to reduce the radiation
exposure.5 Based on two phases, our study found a mean
effective dose of 2.74 mSv. Our MED is lower than the
other published biphasic studies. In their review,
Raeymaeckers et al. observed that only three out of seven
biphasic CT studies published to date have reported
MED. They calculated the average MED of 8.1 mSv for
these studies.5 The relatively lower MED in our study
might be explained by the lower tube current used in our
study (250–266mA) compared to that used in these stud-
ies (100–440mA by Campbell et al.16 and 220–320 mA by
Kutler et al.17). The radiation dose is directly affected by
scanning parameters like tube current and voltage.
Although higher tube current and voltage may result in
better image quality, Raeymaeckers et al. showed that
sensitivity and specificity are not affected by different
tube parameters.5 They proposed using a lower fixed tube
current and a lower tube voltage of 100 kV to minimize
radiation exposure. Thus, using two phases with appro-
priate tube settings, the radiation exposure of 2DCT can
be reduced to a level lower than that of MIBI SPECT-CT
scans.

The greatest concern in reducing phases of CT imaging
is the risk of compromising diagnostic accuracy since para-
thyroid lesions have different discriminating features in
each phase. In the noncontrast phase, almost all parathy-
roid lesions are hypo-attenuating to inherently hyper-
attenuating iodine-rich thyroid tissue. In the arterial
phase, most parathyroid adenomas rapidly wash in con-
trast and are hyper-enhancing compared to thyroid nod-
ules and lymph nodes.5 In our experience, the incremental
utility of delayed phases over the unenhanced and arterial
phases is limited. In almost all published studies, baseline
noncontrast and arterial phases have been included in the
CT protocols.5 Interestingly, in the most comprehensive
literature review on 4DCT done to date, Raeymaeckers
et al. reported that the sensitivity and specificity of 4DCT
are not affected by the number of phases.5

In most studies, the identification of parathyroid
lesions is based on subjective observation of enhance-
ment and washout patterns of suspected soft tissue
lesions in typical locations.1,5 Very few studies have cal-
culated an objective parameter and defined an optimum
diagnostic cut-off.6–8 Using two phases, we have proposed

PAE as an objective parameter with 128.9% as the opti-
mum diagnostic cut-off and validated its performance in
the current prospective study. PAE has the advantage of
simplicity and ease of calculation over the other objective
indices proposed in the previous studies.6,7

At cut off of 128.9%, we found a 100% PPV and a sen-
sitivity of 94% in SGD. There were two patients with
false-negative results, which deserve to be discussed fur-
ther. The first patient was a 60-year-old lady with symp-
tomatic PHPT who had a multinodular goiter with an
intrathyroidal right superior parathyroid carcinoma
(Figure 1). Thyroid nodularity is reported to be an inde-
pendent factor associated with discordance between
4DCT and intraoperative findings.18 Thyroid nodules
may be more hypoattenuating than the rest of the thyroid
and can have overlapping wash-in and washout charac-
teristics with parathyroid lesions, making identification
of juxta-thyroid and intrathyroid parathyroid lesions diffi-
cult.19 We believe the intrathyroid location in the back-
ground of multinodular thyroid disease in our patient
accounted for the failure to identify the lesion on 2DCT.
The lesion was identified on ultrasonography, which has
been shown to be a better modality with more dis-
tinguishing features aiding in intrathyroidal lesion identi-
fication.20 The second patient with false-negative PAE in
our study was a 45-year-old woman with symptomatic
PHPT having a 2 cm cystic left inferior parathyroid ade-
noma, with a baseline HU of 54.3, an arterial phase HU
of 91.8, yielding a PAE of 69%, thus failing our diagnostic
PAE threshold of 128.9% for parathyroid adenoma
(Figure 2). The reason for low enhancement in our
patient remains elusive. The literature regarding less
avidly enhancing parathyroid lesions is scarce. Lipid-rich
adenomas, cystic degeneration, hemorrhage, and fibrosis
within the parathyroid adenomas are associated with a
lower degree of arterial enhancement and lower washout
on 4DCT.21,22 Notably, multiple areas of hemorrhage
were identified on the histopathology of parathyroid ade-
noma in our patient, which can be speculated to explain
the lower attenuation on 2DCT. The lesion in our patient
was ascertained to be parathyroid adenoma based on its
characteristic location, lower attenuation in the non-
contrast phase that differentiated it from thyroid, and rel-
atively higher wash-in in the arterial phase that
differentiated it from a lymph node. This patient illus-
trates the importance of acknowledging the rare but defi-
nite presence of lower enhancing parathyroid lesions,
especially if cystic, and exemplifies the need to consider
the overall imaging morphology.

In our cohort of patients with single gland disease,
the PPV for precise quadrant localization is lower than
that of lateralization. This loss of PPV is mainly because
of mislabeling the superior–inferior quadrant status of a
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few parathyroid lesions, which were nevertheless cor-
rectly lateralized (to the left or right side). This has been an
oft-observed phenomenon in several studies8,23,24 and has
been discussed as a minor discordance having minimal
influence on surgical planning and outcomes by Sho et al.18

Ascribing superior or inferior quadrant status on cross-
sectional imaging is arbitrary in most studies, based on the
gland's location with reference to imaginary horizontal and
vertical planes through the thyroid gland.8,23,25 However,
the true nomenclature is based on the embryological origin
of the glands as superior (arising from the fourth branchial
arch) versus inferior (arising from the third branchial

arch).1 It is reliably defined based on the relationship of the
gland to the recurrent laryngeal nerve (superior glands
being posterior to the nerve and inferior glands being ante-
rior to the nerve).1 Since this relationship can most defini-
tively be ascertained intraoperatively by the surgeon,
frequent mislabeling of superior–inferior quadrant status in
preoperative radiology is understandable. Very few 4DCT
studies have actually defined superior–inferior quadrant sta-
tus based on radiological identification of the relationship
of lesions to recurrent laryngeal nerve.18

In our cohort of patients with MGD, the sensitivity
and PPV of PAE for identification of MGD status were

FIGURE 1 2DCT findings (A: baseline unenhanced phase, B: arterial phase) of a 60-year-old woman with symptomatic PHPT showing

multinodular thyroid. The arrow points toward an intrathyroidal parathyroid adenoma which was missed on 2DCT as a thyroid nodule

[Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 2 2DCT findings (A: baseline unenhanced phase, B: arterial phase) of a 45-year-old woman with symptomatic PHPT. The

arrow marks a 2 cm cystic parathyroid adenoma, which showed a baseline HU 54.3, an arterial phase HU of 91.8, yielding a PAE of 69%,

thus failing our diagnostic PAE threshold for parathyroid adenoma (128.9%) [Color figure can be viewed at wileyonlinelibrary.com]
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lower, which is in accordance with most studies publi-
shed previously.8,24 MGD status has been reported to be a
major source of missed glands on 4DCT, mainly ascrib-
able to the smaller size of the lesions in MGD.18

We have used the bolus tracking technique to deter-
mine the appropriate timing for taking arterial phase
imaging which we believe is an important strength of our
study. Most previous studies have used arbitrary time
points of 20–35 s after the start of contrast administration
to take arterial phase images.5 Precise arterial phase
timing is important to ensure the optimum contrast
enhancement is not missed by taking premature images,
which can be avoided by using the bolus tracking tech-
nique, especially in elderly patients with altered cardio-
vascular function, as it helps coordinate arterial phase
imaging as soon as the contrast reaches arch of aorta.5 A
prospective setting and validation of an easy to calculate
objective index are some of the other strengths of our
study. One of the important limitations of our study is
that we did not include nonoperated cases and had only
one reoperative patient in our cohort. These patients are
more likely to have missed lesions on 2DCT, which could
have resulted in lowered sensitivity. However, the need
to define true positivity based on histopathology reports
precluded us from including nonoperated patients. Nota-
bly, our cohort has some unique characteristics that are
different from typical PHPT cohorts from western litera-
ture. The majority of our patients were symptomatic with
disease onset at a younger age. These features have been
well described in other Indian cohorts as well.26 Addi-
tionally, we had a higher prevalence of patients with
parathyroid carcinoma, which could be the result of
referral bias. This differing clinical profile of our cohort
limits the generalizability of our findings regarding the
performance of 2DCT to other cohorts.

To conclude, in the current prospective study, we vali-
date PAE (at a cut-off of 128.9%) as an objective parame-
ter for accurate identification of parathyroid lesions with
good sensitivity and PPV in patients with single gland
disease. The presence of thyroid nodularity and intra-
thyroidal location are important instances of false-
negative results. Some parathyroid lesions, especially
cystic lesions and those with hemorrhages, can have
lesser enhancement and due caution must be exercised to
consider overall morphological features while identifying
lesions on 2DCT. Multigland disease has lower sensitivity
than SGD. This biphasic protocol reliably reduces radia-
tion exposure without losing diagnostic performance.
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Abstract

Objective: Type 2 diabetes mellitus (T2DM) and hypertension commonly coexist; how-

ever, underlying primary aldosteronism (PA) can lead to worsening of hypertension, gly-

cemia and cardiovascular risk. We aim to screen patients withT2DM and hypertension for

PA by conducting a prospective monocentric study from Western India, which included

adults with T2DM and hypertension from the outpatient diabetes clinic.

Design: Prospective study.

Patients and Measurements: Patients with an aldosterone renin ratio of ≥1.6 ng/dl/

µIU/ml with plasma aldosterone concentration (PAC) ≥ 10 ng/dl were considered to

be positive on a screening test. A PAC ≥ 6 ng/dl on seated saline suppression test

(SST) was used to confirm the diagnosis of PA.

Results: Four hundred and eighty‐six patients were included in this study. Seventy‐six

(15.6%, 95% confidence interval [CI]: 12.7%–19.1%) patients had a positive screening

test with positive confirmatory test in 20 of the 36 (55.5%, 95% CI: 39.3%–71.7%)

screen‐positive patients who underwent SST. Patients with positive screening test had

a higher proportion of females (65.8% vs. 50%; p = .011), frequent history of hy-

pertensive crises (21.1% vs. 8%; p = .001), uncontrolled blood pressure (51.3% vs.

34.6%; p = .006), diagnosis of hypertension before diabetes (32.9% vs. 21.7%;

p = .035) and higher systolic (137.6 ± 6.9 vs. 131.2 ± 17.8mmHg; p = .004) and dia-

stolic (85.3 ± 11.1 vs. 81.7 ± 10.7mmHg; p = .007) blood pressures. Patients with

positive confirmatory test had longer duration of diabetes (108 [60–162] vs. 42

[24–87] months; p = .012), hypertension (84 [42–153] vs. 36 [15–81] months;

p = .038) and higher creatinine (1.16 [1.02–1.42] vs. 0.95 [0.84–1.12]mg/dl; p = .021).

Conclusions: PA is prevalent (at least 4.1%) in Asian Indian patients with T2DM and

hypertension. Further studies are needed to assess the cost‐effectiveness of routine

screening.
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aldosterone, Asian Indians, hyperaldosteronism, hypertension, prevalence, screening, type 2
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Clinical Endocrinology. 2021;1–10. wileyonlinelibrary.com/journal/cen © 2021 John Wiley & Sons Ltd. | 1

http://orcid.org/0000-0002-9623-4471
http://orcid.org/0000-0002-6902-4639
mailto:drtusharb@gmail.com


1 | INTRODUCTION

Primary aldosteronism (PA) is characterized by excessive and auton-

omous aldosterone production, which classically manifests as hy-

pertension and hypokalemia.1 Excess level of aldosterone with sodium

excess is associated with worse cardiovascular outcomes than essen-

tial hypertension at comparable blood pressure levels.1 A recent meta‐

analysis suggests that PA is associated with an increased risk of cor-

onary artery disease, stroke, atrial fibrillation, heart failure, diabetes

mellitus, metabolic syndrome and left ventricular hypertrophy.2

The prevalence rates of PA in the routine hypertensive popula-

tion in the two large series are 7.2%–19.5% and 3.9%–11.8%, using

aldosterone renin ratio (ARR) as the screening test followed by

confirmatory testing.3,4 A recent study using oral sodium suppression

test regardless of baseline aldosterone and renin levels showed the

prevalence of 11.3%–22% across the spectrum from normotensives

to resistant hypertension.5

Type 2 diabetes mellitus (T2DM) frequently coexists with hy-

pertension. Patients with type 1 diabetes mellitus usually develop

hypertension after nephropathy sets in, whereas hypertension in

T2DM is due to associated obesity, higher risk of atherosclerosis,

nephropathy and higher sympathetic drive due to insulin resistance.6

The development of hypertension in T2DM increases cardiovascular

risk, retinopathy, renal failure and other target organ damage. Un-

derlying PA can lead to a worsening of hypertension and glycemia

and may escalate cardiovascular risk.7

While screening for PA in severe hypertension is advised by the

Endocrine Society, there are no recommendations for screening patients

with T2DM and hypertension. Studies in T2DM patients with resistant

or difficult to control hypertension have shown a higher prevalence of

PA (13%–14%). The studies on the prevalence of PA in T2DM patients

without resistant hypertension are a few with conflicting results; studies

from Japan (n = 124) and China (n = 256) reported the disease burden of

11.3% and 19%, respectively, while other studies (n = 61, n = 551) have

reported a very low prevalence (0%–0.93%).8–13

Thus, there are a few studies with varying evidence on PA in patients

with T2DM and hypertension. A couple of studies from the Indian sub-

continent show high PA prevalence in hypertensives, but none specifi-

cally investigated patients with T2DM and hypertension.14,15 In addition,

Asian Indians have a different phenotype with higher abdominal fat, in-

sulin resistance and dyslipidemia, which predisposes them to an increased

risk of T2DM and coronary artery disease.16 Therefore, to elucidate the

prevalence and contribution of possible underlying PA, we aimed to

screen patients with T2DM and hypertension for PA.

2 | METHODS

This prospective single centre study was conducted at a tertiary care

hospital inWestern India (Seth G S Medical College and KEM Hospital,

Mumbai, India) after approval from the institutional ethics committee

(EC/OA‐102/2018) and registration in the clinical trial registry of India

(CTRI/2018/12/016785) with patient enrolment from June 2019 to

December 2019. Adult patients (18–75 years) with T2DM and hy-

pertension following up in the outpatient diabetes clinic were con-

sidered for inclusion in the study. Diabetes mellitus and hypertension

were defined according to ADA and ACC/AHA guidelines, respec-

tively.17,18 Patients with type 1 diabetes mellitus, secondary causes of

diabetes mellitus, T2DM with acute diabetic complications (diabetic

ketoacidosis, hyperosmolar nonketotic hyperglycaemia), severe un-

derlying systemic diseases, chronic kidney disease stage 5 (estimated

glomerular filtration rate [eGFR]<15ml/min/1.73m2), pregnancy,

lactation, on oral contraceptives or hormone replacement therapy,

spironolactone, eplerenone, amiloride, triamterene and diagnosed

secondary cause of hypertension (renovascular hypertension, pheo-

chromocytoma, Cushing's syndrome, acromegaly etc.) were excluded.

After obtaining informed consent from eligible patients, relevant

clinical history and examination findings were recorded. The duration

of T2DM and hypertension, comorbidities, family history, anthro-

pometry, blood pressure and medications were noted. Past history of

hypertensive crises (systolic blood pressure ≥ 180 and/or diastolic

blood pressure ≥ 120mmHg), requiring either visits to the emergency

department or hospitalisation was noted. Blood pressure more than

140/90mmHg was considered as uncontrolled hypertension. Venous

blood samples for plasma aldosterone concentration (PAC) and direct

renin concentration (DRC) were collected midmorning, that is, after

the patient has been up (sitting, standing or walking) for at least 2 h

and seated for 5–15min. In addition, venous blood samples were

collected for serum potassium and creatinine levels (eGFR was cal-

culated using Chronic Kidney Disease Epidemiology Collaboration

equation). Spot urine sample was collected for urine creatinine and

microalbumin levels.

PAC and DRC were measured by solid‐phase competitive che-

miluminescent enzyme immunoassay (LIASON; DiaSorin Inc). The

analytical sensitivity for PAC was 0.97 ng/dl, intra‐assay coefficients

of variation (CVs) of 3.5%, 1.8% (Level 1 and Level 2) and interassay

CVs of 9.5%, 5.6% (Level 1 and Level 2). The analytical sensitivity for

DRC was 0.52 µIU/ml. The conversion factor for plasma renin activity

(PRA; ng/ml/h) to DRC (µIU/ml) in the assay used is 12.

Patients were considered to have suppressed renin if they had

DRC < 12 µIU/ml (corresponds to PRA of <1 ng/ml/h).1 Using a

conversion factor of 12, ARR for our study was derived as ARR

(ng/dl/ng/ml/h)/12 = ARR (ng/dl/μIU/ml); that is, for an ARR cutoff

of 20 ng/dl/ng/ml/h, the correlate with DRC was 20/12 = 1.6 ng/dl/

μIU/ml. Patients with an ARR of ≥1.6 ng/dl per µIU/ml (corresponds

to ARR of 20 ng/dl per ng/ml/h) with PAC of ≥10 ng/dl were con-

sidered to be positive on the screening test. These screen‐positive

cases were recalled and antihypertensive medications were changed

to verapamil and/or prazosin for at least 2 weeks and then subjected

to seated saline suppression test (SST) as per the Endocrine Society

guidelines.1 Two litres of 0.9% normal saline were infused over 4 h

while the patients were in the seated position. A cut‐off of postsaline

PAC ≥ 6 ng/dl was considered as confirmatory test positive.1 Patients

with the positive confirmatory test were advised computed tomo-

gram (CT) and adrenal venous sampling (AVS) as per the standard

of care.
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2.1 | Sample size

The sample size was calculated assuming a prevalence of PA as 2% in

patients with T2DM and hypertension, and a precision of 1%; the

calculated sample size to reach the level of significance would be 753.

However, during the study, the prevalence was found to be greater

than assumed; hence, the recruitment was stopped prematurely.

2.2 | Statistical methods

All categorical variables were expressed in actual numbers and per-

centages and continuous variables as mean ± standard deviation or

median and interquartile range as applicable. The overall prevalence of

PA in the study population was calculated by assuming the prevalence

of confirmed PA in the total screening‐positive patients to be the same

as that in those who successfully underwent the confirmatory testing.

The categorical variables were compared using the χ2 test, whereas

continuous variables were compared using independent t‐test or

Mann–Whitney U test in normally and nonnormally distributed data,

respectively. A p value of less than .05 was taken as significant. All

statistical analyses were done with SPSS version 25.0 (IBM).

3 | RESULTS

A total of 486 patients (females: 255, 52.5%) with T2DM and hy-

pertension with a mean age of 57.9 ± 9.5 years were included in the

study. The median (interquartile range) duration of T2DM and hy-

pertension in the study cohort was 84 (36–135) and 72 (28.5–120)

months. The mean systolic blood pressure, diastolic blood pressure and

glycated haemoglobin (HbA1c) of the group were 132.2 ± 17.8mmHg,

82.3 ± 10.9mmHg and 7.8 ± 1.7%, respectively. Among these, 76 pa-

tients (15.6%, 95% confidence interval: 12.7%–19.1%) had positive

screening tests (ARR ≥ 1.6 ng/dl/µIU/ml and PAC ≥ 10 ng/dl) on

existing antihypertensive medications. Most of these (92%) had sup-

pressed renin concentration. Seated SST was performed after chan-

ging antihypertensives in 37 patients, of which 20 patients had

postsuppression PAC ≥ 6 ng/dl (Figure 1). One patient had a saline

infusion‐related reaction (chills, shivering), hence SST had to be

abandoned in her. The prevalence of confirmed PA in the screen‐

positive patients who successfully underwent SST was 55.5% (20/36).

If the same proportion of the confirmed PA is assumed among the total

screening‐positive patients (n = 76), a total of 42 (8.7% of the total

study population) patients are estimated to have confirmed PA.

In the comparison of patients with positive versus negative screening

tests (Table 1), the former had a female preponderance (65.8% vs. 50%;

p= .011), higher past history of hypertensive crises (21.1% vs. 8%;

p= .001), higher proportion of patients with uncontrolled (>140/90) blood

pressure (51.3% vs. 34.6%; p= .006), higher systolic blood pressure

(137.6 ±16.9 vs. 131.2 ± 17.8mmHg; p= .004) and higher diastolic blood

pressure (85.3 ± 11.1 vs. 81.7 ± 10.7mmHg; p= .007). In addition, a larger

proportion of patients with positive screening tests had a preceding

history of hypertension before T2DM (32.9% vs. 21.7%; p= .035). The

yield of screen positive was higher in patients with preceding history of

hypertension than those without prior history (21.9% vs. 13.7%; p= .03).

The mean age, duration of T2DM and hypertension, past history of

coronary artery disease or stroke, family history of hypertension, creati-

nine, albuminuria, hypokalemia and number of antihypertensives were

equally distributed in both groups.

Among the patients with positive result on seated SST (Table 2),

the duration of hypertension (84 [42–153] vs. 36 [15–81] months;

p = .038) and duration of T2DM (108 [60–162] vs. 42 [24–87] months;

p = .012) were greater as compared to those with negative results. In

addition, patients with positive confirmatory test had higher serum

creatinine (1.16 [1.02–1.42] vs. 0.95 [0.84–1.12] mg/dl; p = .021), and

lower eGFR (56.8 ± 14.27 vs. 68.81 ± 20.84ml/min/1.73m2; p = .048).

Patients with a confirmed diagnosis of PA had a frequent past

history of hypertensive crises (25% vs. 8.2%; p = .025) and a trend

towards higher systolic blood pressure as compared to patients in

whom PA was ruled out (those with negative screening test and those

with positive screening but negative confirmatory test; Table 2).

Among the 20 patients with a positive confirmatory test, 11

underwent CT scan, 1 of whom showed unilateral adenoma and the

rest had either normal or hyperplastic adrenals. Three patients

eventually underwent AVS (including the patient with adenoma on

CT), and all three had bilateral pathology on AVS.

4 | DISCUSSION

This prospective single centre study in Asian Indian patients with

T2DM and hypertension showed a 15.6% (76/486) prevalence of a

positive screening test for PA based on ARR correlate of 20 ng/dl/

ng/ml/h and PAC ≥ 10 ng/dl, which is similar (15.7% and 13.7%) to

the existing literature (Table 3).13,19 This was in variance with other

F IGURE 1 Flow of patients in the study. *Confirmatory test—
seated saline suppression with a cutoff of PAC ≥ 6 ng/dl. ARR,
aldosterone renin ratio; DRC, direct renin concentration; eGFR,
estimated glomerular filtration rate by CKD‐EPI equation; HT,
hypertension; PA, primary aldosteronism; PAC, plasma aldosterone
concentration; T2DM, type 2 diabetes mellitus
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TABLE 1 Characteristics of patients
with positive and negative screening tests

Positive screening
test (n = 76)

Negative screening
test (n = 410) p Value

Age (years) 59.5 ± 9.1 57.7 ± 9.5 .131

Female sex 50 (65.8%) 205 (50%) .011*

Hypertension duration (months) 72 (36–144) 72 (24–120) .193

Diabetes duration (months) 78 (36–144) 84 (36–132) .888

Preceding history of DM
before HT

25 (32.9%) 134 (32.7%) .971

Preceding history of HT
before DM

25 (32.9%) 89 (21.7%) .035*

Diagnosis of HT and DM at
same time

26 (34.2%) 187 (45.6%) .066

Hypertensive crisisa 16 (21.1%) 33 (8%) .001*

Hypertension family history 16 (21.1%) 79 (19.3%) .719

CVA family history 3 (3.9%) 28 (6.8%) .450

Coronary artery disease 12 (15.8%) 63 (15.4%) .925

CVA 6 (7.9%) 37 (9%) .75

Systolic blood pressure (mmHg) 137.6 ± 16.9 131.2 ± 17.8 .004*

Diastolic blood pressure (mmHg) 85.3 ± 11.1 81.7 ± 10.7 .007*

Uncontrolled blood pressureb 39 (51.3%) 142 (34.6%) .006*

BMI (kg/m2) 26.3 ± 3.5; n = 76 27.4 ± 4.9; n = 408 .067

Fasting plasma glucose (mg/dl) 125.8
(107.3–142.6); n = 63

123
(103.5–153.3);
n = 369

.603

Postmeal plasma glucose (mg/dl) 173 (145–228); n = 43 177
(136.3–235.5);
n = 220

.695

HbA1c (%) 7.2 (6.4–8.5); n = 74 7.3 (6.7–8.5); n = 391 .246

Serum creatinine (mg/dl) 1.1 (0.99–1.44); n = 75 1.09 (0.92–1.26); n = 408 .121

eGFR > 90ml/min/1.73m2 3/75 (4%) 42/408 (10.3%) .277

eGFR: 60–89ml/min/1.73m2 34/75 (45.3%) 199/408 (48.8%)

eGFR: 45–59ml/min/1.73m2 21/75 (28%) 108/408 (26.5%)

eGFR: 30–44ml/min/1.73m2 14/75 (18.6%) 48/408 (11.8%)

eGFR: 15–29ml/min/1.73m2 3/75 (4%) 11/408 (2.7%)

eGFR < 60ml/min/1.73m2 38 (50.7%); n = 75 167 (40.9%); n = 391 .117

Serum sodium (mEq/L) 137.7

(136–139.4); n = 54

137

(135.3–138.7);
n = 300

.178

Serum potassium (mEq/L) 4 (3.6–4.4); n = 55 3.9 (3.6–4.3); n = 299 .471

Hypokalemia 4/55 (7.3%) 14/299 (4.7%) .499

Spot urine albumin–creatinine
ratio (mg/g)

25 (8.4–60.8); n = 74 23.8 (6.4–51.9); n = 388 .329

No albuminuria 42/74 (56.8%) 226/388 (58.2%) .418

Moderately increased

albuminuria

32/74 (43.2%) 154/388 (39.7%)
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studies; higher (39%) in China, which was attributed to younger age

and shorter duration of T2DM and lower in Sweden (6.9%) and the

United States (0%) due to more stringent cut‐offs of ARR (>30 ng/dl/

ng/ml/h).10–12

The estimates of the prevalence of PA in T2DM based on con-

firmatory testing are varied in literature, ranging from 0.93% to

19%.10,12,13,19 This variability is due to varying cut‐offs and tests,

further confounded by the proportion of screen‐positive patients

who underwent confirmatory testing. The proportion of patients who

were tested positive among those who could be confirmed was 55%

(20/36) in our cohort, which is comparable to the studies by Li et al.19

(50%, 49/99) and Hu et al.12 (59%, 25/42). Thus, the prevalence of

confirmed PA in our cohort was at least 4.1% whereas the estimated

prevalence was 8.7%.

Recently, there is a shift from ARR to absolute values of renin

and aldosterone for screening for PA. Many authors now suggest

that suppressed renin should be considered as requisite for further

confirmation with or without plasma aldosterone cutoff of 6 or

10 ng/dl.20–22 Even considering screen positive as suppressed renin

with aldosterone >10 ng/dl, the prevalence of screen positive in our

cohort is 14.4% (70/486). The variability of aldosterone con-

centrations and posture‐dependent changes have prompted the use

of 24‐h urinary aldosterone as a more comprehensive measure of

aldosterone secretion as a confirmatory test in all patients with

suppressed renin.23,24 However, we used seated SST as a con-

firmatory test for convenience only in those with elevated ARR. This

could have led to the missing of milder PA cases in our study.

Nonetheless, seated SST has been shown to have high sensitivity

among various confirmatory tests.25,26

The profile of severe hypertension in patients with positive

screening/confirmed PA is similar to previous studies.3,4 PA can lead

to sodium retention, volume expansion and increased vascular re-

activity; direct effects of aldosterone on increasing collagen deposi-

tion and fibroblast proliferation lead to worsening of blood

pressure.27 There was a female preponderance among the group with

a positive screening test. It is similar to that seen in another study,

where at age more than 62 years, the bilateral disease was more

frequent in women than men.28

Hypertension was diagnosed before T2DM in a greater propor-

tion of patients with a positive screening test. This is in line with the

Positive screening
test (n = 76)

Negative screening
test (n = 410) p Value

Severely increased albuminuria 0 8/388 (2.1%)

Number of antihypertensives

0 1/75 (1.3%) 13/409 (3.2%) .149

1 43/75 (57.3%) 200/409 (48.9%)

2 20/75 (26.7%) 154/409 (37.7%)

3 7/5 (9.3%) 34/409 (8.3%)

4 4/75 (5.3%) 8/409 (2.0%)

Resistant hypertension 5/75 (6.7%) 19/409 (4.6%) .398

ACEI 10/75 (13.3%) 98/409 (24%) .042

ARB 23/75 (30.7%) 175/409 (42.8%) .050

Beta blockers 20/75 (26.7%) 81/409 (19.8%) .179

Calcium channel blockers 57/75 (76%) 243/409 (59.4%) .007

Diuretics 7/75 (9.3%) 41/409 (10%) .849

Plasma aldosterone (ng/dl) 17.4 (13.2–21.1) 11.5 (7.9–17.8)

Direct renin concentration
(µIU/ml)

5.8 (3.3–9.9) 37 (17.4–96.2)

Aldosterone renin ratio (ng/dl/
µIU/ml)

2.8 (1.9–4.9) 0.3 (0.1–0.7)

Note: Data are expressed as n (%), median (interquartile range) or mean ± SD.

Abbreviations: ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; CVA, cerebrovascular accident, DM, diabetes mellitus; eGFR, estimated
glomerular filtration rate; HbA1c, glycosylated haemoglobin; HT, hypertension.
aHypertensive crises refer to past history of systolic blood pressure ≥ 180 and/or diastolic blood
pressure ≥ 120mmHg, requiring either visits to the emergency department or hospitalisation.
bUncontrolled blood pressure refers to blood pressure > 140/90 on existing medications.

*p < .05.
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pathophysiology where PA can lead to dysglycemia and T2DM due to

hypokalemia‐induced decreased insulin secretion, insulin resistance

or cortisol cosecretion.29,30 The prevalence of new‐onset T2DM in

patients with PA was 15.2% in a meta‐analysis.31 Whereas, in pa-

tients with hypertension secondary to diabetes‐related athero-

sclerosis or nephropathy, the detection of diabetes should antedate

hypertension. These findings have been reiterated in a study in 124

hospitalized Japanese T2DM patients.13 This could also explain the

high prevalence of PA detected in the study of 256 Chinese patients

with hypertension and newly diagnosed T2DM.12

The prevalence of hypokalemia was similar between the groups

with positive and negative screening tests. This could be due to mild

PA and possibly predominantly bilateral disease in the mild and

asymptomatic cohort. Among the patients who underwent con-

firmatory testing, serum creatinine was higher and eGFR was lower in

the patients who were confirmed to have PA. They also had a longer

duration of T2DM and hypertension, which could have contributed to

the worse renal function in addition to excessive aldosterone levels.

To the best of our knowledge, this is the first study fromWestern

India reporting the prevalence of PA in a cohort of patients with

T2DM and hypertension. Our diabetes clinic drains a large area of the

local population with uncomplicated diabetes needing routine care,

hence the study participants were representative of the general po-

pulation and included milder and unselected hypertensives. None-

theless, being a tertiary care centre, our diabetes clinic also caters to

patients with complications or those requiring specialized care, in-

troducing a possibility of selection bias. In addition, the screening test

was performed on existing antihypertensives that were optimized

before confirmatory testing, thus reflecting real‐world scenarios and

challenges in diagnosis. Further, the less stringent inclusion criteria

lead to a higher prevalence. Only 136 patients included in the study

would fall under the current ES recommendation for screening. This

would translate into missing 47 patients with screen positive and 10

confirmed positive cases.

The data on the prevalence of PA in the hypertensive cohort in India

is restricted to young hypertensive, hence cannot be compared with the

current cohort.14,15 The prevalence of PA in hypertension cohorts varies

from 3.9% to 22% depending upon the severity of hypertension, cut‐offs

and tests used.3–5 In our study, even if we assume that the presence of

T2DM may not confer additional risk of PA, the presence of T2DM

should not preclude screening for PA in hypertensive patients.

The implication of the study may suggest that the addition of al-

dosterone antagonists may help in better control of blood pressure,

which would further contribute to improving cardiovascular risk

status.32 Further control of PA may also improve glycemic status by

reducing aldosterone‐mediated components of insulin secretion and

resistance.33 Further studies assessing the cost‐effectiveness and fea-

sibility of screening all patients in resource‐constrained settings are

needed.

Strengths of our study include prospective nature, large sample

size, guideline‐based protocolized screening and use of sensitive

criteria. The main limitation of our study is that a smaller fraction of

patients completed the diagnostic evaluation (confirmatory testing,T
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CT abdomen and AVS). This was due to difficulty in changing anti-

hypertensives in patients on 3–4 antihypertensives, those with

heart failure and attrition of follow‐up. Further, as the cohort

comprised of mild hypertensives in the sixth decade of life and most

of the patients were not willing for surgery, AVS could not be

performed in all. This represents the real‐world situation in the

management of T2DM. Additionally, aldosterone levels were ana-

lysed using immunoassay instead of mass spectrometry, which could

have overestimated aldosterone levels and led to false positives.

Another limitation was the assessment of comorbidities and com-

plications at the time of inclusion based on history and testing for

microalbuminuria in only one urine sample. Echocardiographic

findings were not available for patients. Lastly, the estimated pre-

valence of PA in the study population might have been slightly

overestimated as it was based on the prevalence in patients who

successfully underwent the confirmatory SST.

To conclude, PA is prevalent (at least 4.1%) in Asian Indian pa-

tients with T2DM and hypertension. Further studies are needed to

assess the cost‐effectiveness of routine screening.
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LITERATURE REVIEW

Comparative efficacy of low-level laser therapy (LLLT) to TENS and therapeutic 
ultrasound in management of TMDs: a systematic review & meta-analysis
Sulem Ansari, BDS , Shivayogi Charantimath, MDS , Vasanti Lagali-Jirge, MDS, PGDHPE
and Vaishali Keluskar, MDS

Department of Oral Medicine and Radiology, KAHER's KLE VK Institute of Dental Sciences, Belagavi, India

ABSTRACT
Objective: To assess the reduction in pain, muscle tenderness, joint clicking, and improvement in 
mouth opening (MO) after low-level laser therapy (LLLT) compared to transcutaneous electrical 
nerve stimulation (TENS) and therapeutic ultrasound (US) among temporomandibular joint dis-
order (TMD) patients.
Methods: A systematic search of online sources of electronic databases was undertaken. The 
quality of the study was assessed using the Cochrane risk of bias assessment tool for randomized 
controlled trials (RCTs).
Results: Twelve RCTs were included in the systematic review, and 9 were included in the meta- 
analysis. For reduction in pain between LLLT and TENS, LLLT was found to be better than TENS, at 
95% CI. LLLT was also proven to be better in reducing pain than therapeutic US, at 81% CI.
Conclusion: This systematic review and meta-analysis compared the effectiveness of LLLT, TENS, 
and therapeutic US in TMD. LLLT provided relatively more effective pain relief and improvement in 
MO.

KEYWORDS 
Low-level light therapy; 
temporomandibular joint 
disorders; ultrasound; 
transcutaneous electrical 
nerve stimulation; 
photobiomodulation therapy

Introduction

Low-level laser therapy (LLLT) is a relatively new, non- 
invasive therapy for the management of signs and symp-
toms of temporomandibular disorders (TMDs). LLLT 
delivers analgesic, anti-inflammatory, and stimulative 
effects and is, therefore, a potential non-invasive treat-
ment for TMJ pain [1]. The exact mechanism behind the 
pain control is unidentified. Studies have suggested that 
this might occur because of increased release of endo-
genous negative ions, improved local microcirculation, 
or increased lymph flow, thereby reducing edema, 
increasing adenosine triphosphate (ATP) production, 
and decreasing the permeability of nerve cell mem-
branes [2].

TENS and therapeutic US are widely used in pain 
clinics for the management of TMD’s with effective 
results [3,4].

Several previous systematic reviews and meta- 
analyses have proven that LLLT is effective in the man-
agement of signs and symptoms of TMDs compared to 
placebo [5–7].

However, there were only limited data comparing 
their relative efficacy with each other, and the statistical 
power was insufficient. Until now, no systematic review 

on LLLT, therapeutic US, and TENS for TMD treat-
ments have been reported.

Thus, although these treatment options appear to be 
superior to placebo in alleviating pain, more effective 
treatment is still unknown. Therefore, reviewers con-
ducted this systematic review and meta-analyses to 
compare relative efficacy between these therapies in 
the treatment of pain caused by temporomandibular 
joint disorders.

The focused question for the study was, “Is low-level 
laser therapy (LLLT) in comparison with TENS and 
therapeutic US more effective in the management of 
temporomandibular disorder (TMD) patients?”

Objectives

(1) To assess the reduction in the pain level after 
LLLT in TMD patients as compared to TENS 
and therapeutic ultrasound.

(2) To assess improvement in mouth opening (MO) 
after LLLT in TMDs as compared to TENS and 
therapeutic ultrasound.

(3) To assess the reduction in clicking in TMD 
patients after LLLT therapy in comparison to 
TENS and therapeutic ultrasound.
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(4) To assess the reduction in muscle tenderness in 
TMD patients after LLLT therapy in comparison 
to TENS and therapeutic ultrasound.

Materials and methods

Eligibility criteria

Inclusion and exclusion criteria were fixed, and the 
studies were screened based on the criteria below.

Inclusion criteria

(1) Study designs: Randomized controlled trials, 
case-control studies.

(2) TMD patients in the age group of 18 to 65 years 
with a complaint of pain.

(3) RDC-TMD Axis I diagnostic criteria.
(4) Studies in which low-level laser therapy was 

compared with TENS and therapeutic 
ultrasound.

(5) Studies that have measured Outcome: Reduction 
in pain measured using visual analog scale 
(VAS)/Numeric pain rating scale (NPRS) and 
joint clicking, improvement in quality of life, 
improvement in mouth opening, and reduction 
in muscle tenderness.

(6) Articles published in English.
(7) Articles published from January 2000 to 

January 2021.

Exclusion criteria

(1) Studies that used laser therapy but not LLLT.
(2) Studies including patients over 65 years of 

age.
(3) Case reports.
(4) Studies of LLLT in TMD patients that included 

degenerative joint disorders.
(5) Studies conducted on animals.
(6) Patients diagnosed with RDC-TMD Axis 1 diag-

nostic criteria IIIa, IIIb, IIIc.

PICO details for the current study were as follows:
P (Population): Temporomandibular joint patients 

(TMD Patients)
I (Intervention): Low-level laser therapy (LLLT)
C (Comparison): TENS therapy, therapeutic 

ultrasound
O (Outcome): Reduction in pain, improvement in 

mouth opening, reduction in joint clicking, reduction 
in muscle tenderness.

Information sources

A literature search strategy was developed using key-
words related to temporomandibular joint disorders, 
LLLT, TENS, and therapeutic ultrasound. Data was 
searched through the database, PubMed, and Google 
scholar from January 1 2000 until January 31 2021. 
Cross-references were checked for relevant articles; 
grey literature was also searched on LLLT in TMDs. 
Hand searching of articles was done when the full 
texts of the relevant studies were not available through 
an electronic database.

Data sources searched included the following:

(1) ) PubMed
(2) ) Cochrane library/ CENTRAL
(3) ) ProQuest
(4) ) Google Scholar
(5) ) SCOPUS
(6) ) Open grey

Search

The comprehensive data search was performed in 
PubMed, Google Scholar, Scopus, ProQuest, and 
Cochrane library. While searching PubMed, the filters 
were input for the dates of publication as January 1 2000 
until January 31 2021. Articles published in the English 
language were included. The filter for study design was 
set to randomized controlled trial (RCT). The keywords 
for the search were decided by reviewing the literature. 
A similar strategy was employed for other search 
engines, and similar filters were applied for date and 
language of publication, as per inclusion criteria.

The search strategy used for PubMed and Google 
Scholar are given in Tables 1 and 2, respectively.

Study selection

One review author (SA) independently screened the 
titles and abstracts obtained by search strategy and 
included them if they met the inclusion criteria. 
Later, full texts of all the included studies were 
obtained. After obtaining the full texts of the arti-
cles, they were screened by reading the entire article 
and then deciding if they met the inclusion criteria. 
Whenever there was uncertainty regarding any 
study to be eligible for inclusion, the problem was 
resolved by discussing it with the second author 
(SC). For the inclusion of articles for meta- 
analysis, the quality assessment of each article was 
performed by one author (SA) independently, and 
later, it was cross-checked by two other authors (VJ, 

2 S. ANSARI ET AL.



VK). Finally, the search yielded 12 studies to be 
included in both the systematic review and meta- 
analysis. All the excluded studies were recorded 
with the reason for exclusion for each study. None 
of the authors were blinded to the journal titles, 
study authors, or the institutions where the studies 
were conducted. The PRISMA flow chart of study 
selection is shown in Figure 1.

Data collection process

A standardized data extraction form was prepared 
in Microsoft Excel with the help of an expert. 
Initially, 3–4 entries were made in Excel and 
reviewed by an expert. Any disagreement between 
the authors was resolved by discussion.

Data items

Data items included for extracting the data were as 
follows:

(1) Author’s name: Name of the author.
(2) Year of publication: Year in which the study was 

published.
(3) Study conducted in the year: Year in which the 

study was conducted.
(4) Aims and objectives of the study.
(5) Purpose of the Study: Aim and objectives of the 

study.
(6) Study design: RCT.
(7) Sample size.
(8) Age/ age group: Age or age group considered in 

the study.
(9) Age/ age group included: Age or age group 

included for the review.
(10) Duration of treatment.
(11) Frequency of treatment.
(12) Parameters used for giving TENS, US, and 

LLLT.
(13) Types of outcome measures.
(14) Setting of the study: Hospital-based /private 

clinic-based, etc.
(15) Inclusion and exclusion criteria.
(16) Tools for outcome measurement.
(17) Results (Some characteristics of studies are 

given in Figure 2).

Risk of bias in individual studies

Risk of bias assessment of the individual studies was per-
formed using the Cochrane risk of bias assessment tool in 
Review manager software version 5.4 by Cochrane.

The following points were taken into consideration 
for the risk of bias assessment:

(1) Random sequence generation (selection bias).
(2) Allocation concealment (selection bias).
(3) Blinding of participants and personnel (perfor-

mance bias).
(4) Blinding of outcome assessment (detection bias).
(5) Incomplete outcome data (attrition bias).
(6) Selective reporting (reporting bias).
(7) Other bias.

Allocation concealment was classified as an unclear 
risk in 7 studies because of no specific reporting of 
allocation concealment. The participants and 

Table 1. Search terms on PubMed.
Search term Hits Selected

((((Low -Level Light Therapy[MeSH Terms]) AND 
(Temporomandibular Joint Disorders[MeSH Terms])) 
AND (“english”[Language])) AND (“randomized 
controlled trial”[Publication Type])) AND ((“2000/01/ 
01”[Date – Publication]: “3000”[Date – Publication]))

39 1

(((((Temporomandibular Joint Disorders[MeSH Terms]) 
AND (Low -Level Light Therapy[MeSH Terms])) AND 
(Ultrasonic Therapy[MeSH Terms])) AND 
(“english”[Language])) AND (“randomized controlled 
trial”[Publication Type])) AND ((“2000/01/01”[Date – 
Publication]: “3000”[Date – Publication]))

0 0

((((Low -Level Light Therapy[MeSH Terms]) AND 
(Temporomandibular Joint Disorders[MeSH Terms])) 
AND (Transcutaneous Electric Nerve Stimulation[MeSH 
Terms])) AND ((“2000/01/01”[Date – Publication]: 
“3000”[Date – Publication]))) AND (“randomized 
controlled trial”[Publication Type])

1 1

((((temporomandibular disorders) AND (low level light 
therapy)) AND (TENS)) AND (“randomized controlled 
trial”[Publication Type])) AND ((“2000/01/01”[Date – 
Publication]: “3000”[Date – Publication]))

1 1

(((((Temporomandibular joint disorders) AND (low level 
light therapy)) AND (therapeutic ultrasound)) AND 
(“english”[Language])) AND (“randomized controlled 
trial”[Publication Type])) AND ((“2000/01/01”[Date – 
Publication]: “3000”[Date – Publication]))

0 0

Table 2. Search on Google Scholar.
Search term Hits Selected

low level laser therapy and TENS therapy in 
temporomandibular disorders

1280 11

low level laser therapy and ultrasound therapy in 
temporomandibular disorders

3990 10

low level laser therapy and ultrasound therapy AND 
TENS in temporomandibular disorders

1910 11

comparison of low level laser therapy, therapeutic 
ultrasound and TENS therapy in the management of 
temporomandibular joint disorders

626 9

comparison of low level laser therapy and TENS therapy 
in the management of temporomandibular joint 
disorders

1020 11
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personnel were successfully blinded in most studies 
(n = 11, 91.66%), and the risk of bias was judged to 
be “low.” Other studies without similar reports 
were rated as unclear risk of bias in this domain. 
As for blinding of outcome assessment, most stu-
dies were rated as having a low risk of bias. 
Reviewers argued that the outcome assessment was 
unlikely to be influenced as long as the participants 
were blind since the pain intensity was assessed by 
the participants. All studies were determined to 
have a low risk of bias for the incomplete outcome 
data element because the information stemmed 
from studies with a low risk of bias, and there 
were no missing data. Reviewers rated all studies 
as low risk of reporting bias and other bias because 
the pre-specified outcomes in the studies were 

reported and no other significant bias problems 
were found.

Data synthesis

To decide whether to use the random effect model 
or fixed-effect model, the heterogeneity of the stu-
dies was analyzed. Statistical heterogeneity was 
tested using I2 statistics (0%-40% not important; 
30%-60% representing moderate heterogeneity; 
50%-90% representing substantial heterogeneity; 
and 75%-100% as considerable heterogeneity), as 
described by the PRISMA protocol for writing 
a systematic review [8]. If the heterogeneity was 
above 50%, the random effect model was used for 
conducting meta-analysis. The weight for each 

Figure 1. PRISMA flow chart.
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study and standard deviation and mean were 
obtained. Statistical software Review manager 5.4 
was used to do a meta-analysis.

The authors used data from the last treatment session 
point for each trial, as all of the RCT follow-up was not 
done. Data were extracted and cross-checked indepen-
dently by SA and SC using a standard data extraction 
form that contains general information (authors, 

publication year, subject number, treatment-related 
information, and relevant clinical outcome data). 
Authors were contacted to clarify further information 
where necessary.

Data from the included studies were pooled for further 
meta-analysis, where appropriate. If available, means and 
standard deviations for outcome measures were extracted 
or calculated based on the published data with RevMan 5.4 

Study ID Gender  Intervention 
& 
Comparator 

No. Of 
participan
ts 

Mean (SD) 
For Pain 

Mean (SD) 
for MO 

Mean (SD) 
for  
Muscle 
tenderness 

Duration of 
treatment 

Follow -up 

Kato 2006(3) F-16 
M-2 

LLLT (9) 
& 
TENS (9) 

18 Not 
given. 

_ Not given. 3 times/week 
x 4 weeks 

_ 

Nunez 
2006(9) 

F-16 
M-4 

LLLT (10) 
& 
TENS (10) 

20 _ LLLT-
7.2(2.9) 
TENS-
3.3(1.2) 

- 1 
session/week 
x 2 weeks 

_ 

Ganvir 
2009(10) 

F-40 
M-2 

LLLT (21) 
& 
US (21) 

42 Not 
given. 

_ Not given. 10 sessions x 
30 days 

_ 

Khosla 
2015(11) 

F-11 
M-19 

LLLT (15) 
& 
TENS (15) 

30 TENS-
32.13(3.5
2) 
LLLT-
38.87(2) 

TENS-
3.87(1.41) 
LLLT-
1.80(0.56) 

TENS-
10(66.7) 
LLLT-
1(6.7) 

5 days x 1st

week 
1 session x 
30th day 
1 session x 
60th day 

_ 

Patil 
2016(12) 

F-10 
M-10 

LLLT (10) 
& 
TENS (10) 

20 Not 
given. 

Not given. Not given. 9 sessions x 
30 days 

_ 

Rezazadeh 
2017(13) 

F-25 
M-9 

LLLT (15) 
& 
TENS (19) 

34 Not 
given. 

Not given. Not given.   

Seifi 
2017(14) 

F-10 
M-10 

LLLT (10) 
& 
TENS (10) 

20  
TENS-
14.70(6.5
0) 
LLLT -
17.67(5.2
7) 

TENS- 
45.45(1.93) 
LLLT- 
45.15(2.34) 

TENS-
17.80(4.12) 

LLLT- 
20.57(3.31
0) 

Once/week x 
4 weeks  

1 month 

Khairnar 
2019(15) 

F-22 
M-20 

LLLT (21) 
US (21) 

42 US-
6.19(1.20) 
LLLT- 
4.82(2.01) 

US- 
3.65(0.41) 
LLLT- 
3.99(0.40) 

- 15 sessions x 
30 days 

- 

Budakoti 
2019(16) 

F-29 
M-16 

LLLT (15) 
& 
TENS (15) 
& 
US (15) 

45 LLLT-
8.60(0.74) 
US-
7.93(1.03) 
TENS- 
6.53(1.55) 

LLLT-  
8.20(4.14) 
US- 
6.67(3.94) 
TENS- 
4.67(2.25) 

LLLT-
3.07(1.44) 
US-
2.20(1.32) 
TENS-
1.27(1.22) 

2 
session/week 
x 4 weeks 

- 

Ekka 
2020(17) 

F-26 
M-34 

LLLT (30) 
& 
US (30) 

60 Not 
given. 

Not given. Not given. 15 sessions  - 

Kim 
2020(18) 

F-10 
M-14 

LLLT (12) 
& 
TENS (12) 

24 _ LLLT-
43.28(2.30) 
TENS-
37.17(7.87) 

_ 6 sessions x 2 
weeks 

2 weeks 

Chellappa 
2020(19) 

F-10 
M-14 

LLLT (30) 
& 
TENS (30) 

60  Calculated 
through 
Revman 5.4 

_ 2 sessions / 
week x 3 
weeks 

Figure 2. Study characteristics.
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software, as supplied by the Cochrane Collaboration. 
Means and standard deviations were used to calculate 
mean differences (MDs) and 95% confidence intervals 
(CIs) in the meta-analysis.

Statistical analysis

Continuous outcomes were expressed as the weighted 
mean differences (WMDs) and were presented with 95% 
CIs. Pooled effect sizes were based on the results of pain 
intensity (assessed by VAS) as well as MO values in milli-
meters. RevMan 5.4 software was used to summarize the 
effects and to construct the forest plots for all comparisons. 
Heterogeneity was examined according to the I2 statistics 
alongside the chi-squared test; if I2 was greater than 50%, 
the random-effects model was applied. Qualitative analysis 
was performed if studies failed to provide data to be pooled 
for analysis. Because interstudy heterogeneity precluded 
a meta-analysis in some outcomes, a narrative synthesis 
of related studies was employed.

Results

A total of 11,286 records were identified through all 
searches, of which 11,205 were excluded after 
reviewing titles. Three records were identified 
through a data search using search strategy in 
PubMed. Through Google Scholar, 54 articles were 
selected based on titles. At the Cochrane library, 3 
articles were selected; from ProQuest, 11 articles 
were selected; and a search on Scopus yielded 10 
articles, totalling 81 articles. The second step was 
screening through titles. After screening through 
titles, 1 article was excluded because it was not 
related to the objectives of the systematic review; 
TENS and therapeutic US were applied to the tra-
pezius muscle, not the TMJ. The 80 articles that 

remained were screened for duplicates through 
Mendeley desktop software (London, UK). Of 
these 80 articles, 64 were found to be duplicates; 
thus, the remaining 16 articles were screened 
through abstracts as the next step. Through abstract 
screening, 1 article was excluded, as it did not meet 
the eligibility criteria.

Finally, 15 articles were screened for full text. 
Out of the 15 studies, 3 were excluded because 
pharmacotherapies were used along with the treat-
ment modalities, which can lead to bias. In the end, 
12 studies remained, which underwent qualitative 
synthesis. After qualitative synthesis, 9 out of the 
12 studies were included in the meta-analysis. 
Three studies were excluded due to the use of 
other statistical parameters; mean and SD were 
not provided. Among these 9 studies, 7 studies 
compared TENS with LLLT, and 2 compared US 
with LLLT.

Meta-analysis was carried out depending upon 
the outcomes assessed by each study. Six studies 
assessed mouth opening, 4 studies assessed pain, 
and 3 studies assessed muscle tenderness. Out of 
7 studies, only 1 study assessed TMJ clicking, so 
meta-analysis was not performed for TMJ clicking.

Risk of bias within studies

The risk of bias within each study is given in the form of 
figures, and the studies are categorized into high, low, 
and unclear risk of bias using the Cochrane risk of bias 
assessment tool for RCTs (Figures 3 and 4).

Synthesis of results

Data obtained were tabulated in RevMan 5.4 in the 
form of mean and standard deviation. In a few 

Figure 3. Risk of bias assessment percentage.
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studies, mean and standard deviation values were 
not provided directly; in such studies, mean and 
standard deviation were calculated using 
a statistical calculator available in RevMan. The 
heterogeneity of the studies was found to be 95%, 
so a random model was selected at CI 95%. Data 
was entered for the reduction in pain for LLLT vs 
therapeutic US and LLLT vs TENS for the reduc-
tion in pain, improvement in mouth opening, and 
reduction in muscle tenderness. A forest plot was 
obtained for each outcome. For LLLT vs therapeu-
tic US improvement in mouth opening and LLLT 
vs TENS in muscle tenderness, meta-analysis was 
not performed, as the I2 value was insignificant. 
Only 1 RCT evaluated joint tenderness in LLLT vs 
TENS. Such results were represented descriptively.

Discussion

The present meta-analysis compared LLLT vs TENS for 
reduction of pain, improvement in mouth opening, and 
therapeutic US vs LLLT for reduction of pain among 
temporomandibular joint disorders. Both treatments, i.e., 
TENS and therapeutic ultrasound, were effective in the 
reduction of pain and improvement of mouth opening, 
but LLLT was more effective. For LLLT vs therapeutic US 
in reduction of pain, LLLT was more effective at I2 = 91% 
(Z = 0.31) (Figure 5). For LLLT vs TENS in reduction of 
pain, LLLT was slightly better than TENS at I2 = 95% 
(Z = 0.07) (Figure 6). For LLLT vs TENS in improvement 
in mouth opening, LLLT was more efficient at I2 = 82% 
(Z = 2.85) (Figure 7). These data suggest that LLLT can be 
accepted as a more appropriate treatment modality in the 

Figure 4. Risk of bias assessment summary.

Figure 5. LLLT vs therapeutic US in reduction of pain. LLLT: low-level-laser (light) therapy; US: ultrasound.

Figure 6. LLLT vs TENS in reduction of pain. LLLT: low-level-laser (light) therapy; TENS: transcutaneous electrical nerve stimulation.
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relief of short-term painful TMD when compared with 
TENS and therapeutic US.

The study conducted by Núñez et al. [9] reported that 
LLLT was more effective in the improvement of mouth 
opening as compared to TENS therapy. Ganvir et al. [10] 
compared the efficacy of US and laser therapy and reported 
that LLLT is better in reducing muscle tenderness, 
although both therapies were found equally effective in 
the reduction of pain. A study conducted by Khosla et al. 
[11] concluded that there was an increase in maximum 
mouth opening and a decrease in muscle tenderness for 
TENS and LLLT groups, although results were more evi-
dent for the low-level laser group.

The study conducted by Patil et al. [12] reported 
that both LLLT and TENS were effective in the 
reduction of pain and improvement of MO, 
although LLLT showed more statistically significant 
results than TENS therapy. Kato et al. [3] revealed 
that both LLLT and TENS caused a noticeable 
decrease in painful symptoms for the short term, 
which may account for the cumulative effect. The 
study conducted by Rezazadeh et al. [13] reported 
that LLLT and TENS were both effective in the 
reduction of pain, but there was no significant dif-
ference between the two methods. Seifi et al. [14] 
compared TENS and LLLT in TMD, concluding 
that both modalities were significant in reducing 
pain and improving MO. Khairnar et al. [15] com-
pared the efficacy of LLLT and therapeutic US and 
concluded that LLLT was better in the management 
of TMDs.

Budakoti et al. [16] compared TENS, therapeutic 
US, and LLLT for the management of TMD and 
reported there was a statistically significantly greater 
reduction in pain, a greater increase in mouth 
opening, and more reduction in tender points in 
the LLLT group.

The study conducted by Ekka et al. [17] con-
cluded that LLLT is an effective method for treating 
TMDs for attaining maximum MO and reducing 
pain compared to therapeutic US.

Kim et al. [18], who compared LLLT with TENS, 
reported LLLT was more effective than TENS in 
improving mouth opening. A study conducted by 
Chellappa et al. [19], which compared LLLT and 
TENS therapy in symptomatic patients, concluded that 
the efficacy of LLLT was significantly higher than TENS 
in the management of TMDs.

The study reported that laser is a kind of electromag-
netic radiation source with particular properties, includ-
ing monochromaticity, coherence, directivity, brightness, 
and polarization [20].

These properties allow specific doses of energy to be 
delivered to target tissues without the need for incisions 
in the skin [21]. LLLT is a photochemical effect, similar 
to photosynthesis in plants, in which light is absorbed 
and produces chemical changes, and is completely dif-
ferent from the ablative or thermal mechanisms of other 
medical laser procedures [22]. Meanwhile, LLLT can be 
applied to treating a variety of conditions, including 
damaged wounds, pain, and inflammation [9]. 
Although TENS is easier to use than LLLT because of 
its small size, low risk, and convenient portability, the 
current delivered to the skin through TENS may make 
some patients uncomfortable [15]. Some experts 
observed that patients more easily accepted LLLT dur-
ing the treatment process because LLLT does not emit 
heat, sound, vibration, or light in the infrared spectrum, 
making it indistinguishable from placebo therapy. So, 
the improvement of their pain symptoms might also 
have a psychological effect, which was reflected in the 
VAS values [23]. More and larger trials are needed to 
confirm this in the future.

Future implication

Further studies need to be conducted that directly com-
pare LLLT, TENS, and therapeutic US so that network 
meta-analysis can be performed and direct comparison 
between the RCTs can be done. Comparison of various 
wavelengths should be taken into consideration so that 
standardization of wavelength can be done to determine 

Figure 7. LLLT vs TENS in improvement of MO. LLLT: low-level-laser (light) therapy; TENS: transcutaneous electrical nerve stimulation; 
MO: mouth opening.
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the most effective wavelength among the LLLT wave-
length range. More RCTs should be conducted with 
long-term follow-up, which can determine the long- 
term efficacy of all three modalities in the management 
of TMDs. Separate systematic reviews and meta- 
analyses can be performed for different types of 
TMDs, such as myofascial pain dysfunction syndrome 
(MPDS), anterior disc displacement, and others.

Conclusion

The present systematic review and meta-analysis com-
pared the effectiveness of LLLT, TENS, and therapeutic 
US for treating TMD. Regarding the last treatment ses-
sion, LLLT provided relatively more effective pain relief 
compared with TENS and therapeutic US. LLLT was 
more effective compared to TENS and therapeutic US in 
the improvement of mouth opening in the short term. 
Therefore, more studies are needed to determine long- 
term efficacy in the future.
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Comparative efficacy of topical coconut 
cream and clobetasol propionate 
ointment for the management of 
oral lichen planus: A double‑blinded 
randomized control trial
Roshani Mamadapur, Zameera Naik, Lokesh Kumar S, Anjana Bagewadi

Abstract:
CONTEXT: Oral lichen planus (OLP) is a quite common chronic inflammatory mucocutaneous disorder 
affecting the oral cavity and skin. The current treatment relies on systemic or topical corticosteroids 
but is known to cause side effects thereby demanding a search for an alternative.
AIM: This study aims to assess and to compare the efficacy of topical Coconut (Cocos nucifera) 50% 
cream and Clobetasol propionate 0.05% ointment for the management of OLP.
SETTINGS AND DESIGN: An institution‑based double‑blinded randomized control trial.
MATERIALS AND METHODS: Sixty clinically diagnosed OLP patients were allotted to two groups (30 
in each): Group I (Coconut cream‑50%) and Group II (Clobetasol Propionate ointment‑0.05%). Patients 
were examined every 15 days until two months for a change in the lesion size and reduction in the 
burning sensation. The measurement of lesion size and burning sensation was done using Adobe 
Photoshop software (version CS3) and Numeric Pain Rating scale (NPS), respectively.
STATISTICAL ANALYSIS USED: The recordings were subjected to the statistical analysis using 
Wilcoxon matched‑pairs and Mann–Whitney U tests for intra‑group and inter‑group comparisons, 
respectively.
RESULTS: There was an 85% regression in the size of the lesion in Group I whereas Group II had 
it to be 95%, and a 100% reduction in the NPS score in Group I whereas Group II had it to be 95%.
CONCLUSION: The Coconut cream showed a significant decrease in the size of the lesion and the 
burning sensation with no side effects neither any signs of toxicity reported during the treatment or 
follow‑up, thereby proving to be a safe and promising medication for OLP.
Keywords:
Burning sensation, clobetasol propionate, coconut cream, oral lesion, oral lichen planus

Introduction

Lichen planus is a quite common chronic 
inflammatory potentially malignant 

disorder that occurs involving the skin and 
oral mucous membrane with a prevalence of 
1%–2%.[1] It usually occurs in the age group 

of 30–60 years and there is a high prevalence 
among the females.[2] Several factors have 
been predisposed to this condition but 
the exact etiology is unknown. However, 
evidence suggests that it is an autoimmune 
disorder in which the auto‑cytotoxic CD8+ T 
lymphocytes induce apoptosis causing 
damage to the basal layer of oral epithelium.[2,3]
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At the first place, the disease mechanism includes the 
keratinocyte antigen expression or antigen unmasking 
that may be a heat shock protein or a self‑peptide.[4] 
Ensuing this, CD8+ and CD4+ T cells migrate toward 
basal keratinocytes into the epithelium owing to 
chemokines. In addition, there is increased Langerhans 
cell count in oral lichen planus (OLP) along with the 
up‑regulation of MHC‑II expression and consequent 
antigen presentation to CD4+ cells, which are activated 
by interleukin (IL)‑12, that in turn activate CD8+ T cells 
via receptor interaction, interferon γ, and IL‑2. Finally, 
CD8+ T cells activate and kill the basal keratinocytes 
through tumor necrosis factor‑α. Andreason clinically 
classified OLP into six types namely the reticular, 
papular, plaque, ulcerative, erosive, and bullous of 
which papular and plaque types rarely present with any 
symptoms.[5] However, reticular, atrophic, erosive, and 
bullous types clinically present with pain and burning 
sensation. Malignant transformation rates of OLP range 
between 1% and 2%.[4,6]

Various treatment modalities have been employed 
such as corticosteroids, systemic or topical calcineurin 
inhibitors such as cyclosporine (0.1%), Tacrolimus 
ointment (0.1%), immunosuppressive drugs such as 
Mycophenolate‑mycophenolic acid (mycophenolate 
mofetil‑500 mg). Triamcinolone acetonide (0.1%) and 
clobetasol (ointment 0.05%) are the most widely used 
corticosteroids.

The rationale for their usage is their ability of inflammatory 
and immune modulation.[7] Even though these drugs are 
prescribed routinely, they do have adverse effects such 
as adrenal suppression on systemic use and atrophy of 
epithelium, immunosuppression, and candidiasis on 
topical use. Topical corticosteroids remain one of the 
most promising therapies for OLP, till date. Studies have 
also shown that the primary goal of the treatment of 
OLP is symptomatic, i.e., reduction in burning sensation 
associated with the lesions.[6,8,9]

Besides, there is a rise in the prevalence of recalcitrant 
cases of OLP. Currently, herbal medicines such as 
coconut oil, sunflower oil, olive oil, aloe vera, and Tulsi 
are gaining more attention due to their minimal or 
no side effects.[10] Coconut (Cocos nucifera) is tropical 
produce (tree of life or kalpavriksha) known for centuries 
for its medicinal, anti‑inflammatory, antioxidant, and 
immunomodulatory properties. Antioxidant and 
anti‑inflammatory effects are due to palmitic acid and 
lauric acid, respectively. The immunomodulatory effect 
is due to capric acid. Coconut oil has no adverse effects, 
is cost‑effective, easily available, and easily extracted. 
Hence, this study was proposed to use coconut oil in 
the form of topical coconut cream to treat OLP due to 
its various beneficial properties.

Objectives of the study
The objective is to assess and compare the efficacy of 
topical coconut cream in the regression of size of the 
lesion and reduction of burning sensation among the 
patients with OLP.

Materials and Methods

Preparation of coconut (Cocos nucifera) 50% w/v 
cream
The topical coconut cream was prepared in the constituent 
College of Pharmacy of the University after purchasing 
100% pure coconut oil (KLF Coconãd from KLF Nirmal 
Industries [P] Ltd., Kerala) from the market. Coconut 
oil was warmed to 600°C. Surfactant Span 60 of 2.5 ml 
was added and dissolved. The mixture was emulsified 
with surfactant tween 20 of 2.5 ml in a homogenizer for 
10 min. Carbopol 940 about 1 g solution was dissolved 
in warm distilled water (25 ml). This solution was added 
to Coconut oil. This mixture was kept in a homogenizer 
for 15 s. Vanillin and triethanolamine (0.2 g) were 
added and triturated. The cream was then dispensed in 
airtight sterile plastic containers and stored at 4°C in a 
refrigerator [Figure 1].

Finally, the composition per 100 g of 50% coconut cream 
contained coconut oil (50 ml), tween 20 (surfactant‑2.5 g), 
span 60 (surfactant‑2.5 g), Carbopol 940 (gelling agent‑1 g), 
triethanolamine (viscous organic compound‑0.2 g) and 
vanillin (0.001 g).

Methodology
A total of 60 patients reporting to the Department of 
Oral Medicine and Radiology with the age of 18 years 
and above, of either sex, were included in the study after 
clinical confirmation of OLP according to Andreason[5] 
criteria and with prior informed consent. However, 
patients with other potentially malignant disorders 

Figure 1: Prepared coconut cream
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and under treatment for the same, pregnant patients, 
lactating mothers, patients undergoing/who underwent 
some form of OLP treatment within 3 months, those with 
known allergy to any of the preparations, and patients 
with systemic diseases were excluded. The study was 
approved by the Institutional Research and Ethics 
Committee (Ref. no: 29/04/2017/1108) and spanned 
over 1.5 years from November 2016 to May 2018.

The sample size was calculated to be 30 in each group 
using the formula n = 2s2 (Zα + Zβ)

2 / d2 where Zα = 1.96 
at 5% level, Zβ = 1.682 at 95% confidence interval. The 
patients were allocated to two groups (30 in each): I and 
II to receive 50% coconut cream and 0.05% clobetasol 
propionate ointment respectively by randomization 
using the chit system (chits in concealed envelopes) by 
Examiner A. After recording the thorough case history, 
baseline recordings of lesion size and burning sensation 
were measured using Adobe Photoshop (version CS3) 
on clinical photographs and Numeric Pain Rating 
scale (NPS) respectively by Examiner B.

The patients were instructed to apply their respective 
medications twice a day with sterile cotton buds after 
breakfast and dinner for 1 month after the demonstration 
of the same by Examiner A. The patients were also given 
a treatment card on which he or she was asked to enter the 
daily application of the respective medication. The patients 
were asked to stop and report immediately in case of any 
adverse reactions. The clinical estimation of the size (total 
area) of the lesion was calculated by taking the two longest 
diameters measured over the software at baseline, 15th, 
30th, and 60th day by Examiner B. The NPS scores ranged 
from 0 (no burning sensation) to 10 (extreme burning 
sensation). Thereby, both the patient and Examiner B were 
blinded to the medication being received by the patient. 
All the recordings at baseline, 15th, 30th, and 60th day were 
compiled and subjected to statistical analysis using IBM 
Corp. Released 2017. IBM SPSS® Statistics for Windows, 
Version 25.0. Armonk, NY: IBM Corp.

Standardization of photographs
The clinical photographs were taken using Canon 
DSLR HD‑100 in intelligent mode by a single 
researcher (Examiner B). A graph sheet was photocopied 
on a transparent OHP sheet which was later cut 
according to the size of the lesion and transferred onto 
it. Before transferring the sheet to the lesion, the lesion 
was dried with gauze and compressed air. Photographs 
were then made of the lesion with the 100 mm macro lens 
on the camera along with a proper illumination from a 
ring flash attached to it. The central ray of the camera 
was held perpendicular to the sheet on which the grid 
was copied. All the photographs were made keeping the 
viewpoint, positioning, lighting, color, magnification, 
contrast, and background common.

Results

On age distribution analysis, the maximum number of 
patients in Group I were of the age 41–50 years (36.67%) 
and least were of the age ≤30 years (16.67%). Whereas, 
the maximum number of patients in Group II were in the 
age group of 31–40 years (33.33%) and least in the age 
group ≤30 years (13.33%). The mean age of the patients 
in Group I and II was 44.63 and 42.57 years, respectively.

There were both female and male patients as 
participants in both Group I (8 males and 22 females) 
and Group II (10 males, 20 females).

The mean size of lesion at baseline in Group I and Group II 
were 13.22 ± 3.33 cm2 and 4.64 ± 5.86 cm2 respectively.

Comparison of Group I and II concerning mean 
size of the lesion at different time intervals using 
the Mann–Whitney U test showed a significant decrease 
in the size of the lesion at the baseline, 15th, 30th, and 
60th day (P < 0.05) but no significant change in the size 
of the lesion among the two groups was seen from the 
baseline to 60th day (P = 0.1516) [Table 1].

Comparison of different time points with the mean size 
of the lesion in Group I and II by Wilcoxon matched‑pairs 
test showed a significant change in the lesion size at all 
time intervals with a mean difference between baseline 
and 60th day in Group I and II being 13.22 cm2 and 
4.44 cm2 [Figure 2].

The mean value of burning sensation at the baseline 
in Group I and II were 2.85 and 4.27, respectively. 
Comparison of Group I and II with NPS scores a 
different time intervals using the Mann–Whitney U test 
depicted a significant reduction in both the groups with a 
better‑controlled burning sensation in Group I compared 
to Group II on the 15th day [Table 2].

Comparison of different time points with NPS scores in 
Group I and II by Wilcoxon matched‑pairs test presented 

Figure 2: Comparison of different time points with mean size (cm2) of lesion in 
Group I and Group II
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a significant reduction of burning sensation in both the 
groups from baseline to 15th, 30th, and 60th day. But when 
compared between Group I and II, the former showed 
better results especially at baseline to 15th day proving 
it to be better in an immediate reduction of burning 
sensation compared to the latter [Figure 3].

There was an 85% regression in the size of the lesion in 
Group I as compared to 95% in Group II and was a 100% 
reduction in the NPS score in Group I as compared to 
95% in Group II [Figure 4].

Discussion

OLP is an oral potentially malignant chronic inflammatory 

disorder associated with pain and burning sensation. The 
mainstay for the treatment of OLP is the administration 
of systemic or topical corticosteroids. Clobetasol 
ointment (0.05%) is the most widely used corticosteroid 
for the management of OLP. The rationale for its usage 
is its ability to modulate the inflammation as well 
as immune response.[11] Even though standard drug 
Clobetasol is prescribed, it has adverse effects such as 
adrenal suppression on long‑term systemic use, atrophy 
of epithelium, and candidiasis on topical use. The adverse 
effects of Clobetasol propionate (0.05%) mouthwash 
include moon face and hirsutism between week 4 and 

Figure 3: Comparison of different time points with Numeric Pain Rating scale 
scores in Group I and Group II

Table 2: Comparison of Group I and Group II with Numeric Pain Rating Scale at different time points by  
Mann–Whitney U‑test (P<0.05)
Time point Group I Group II U Z P

Mean±SD Sum of ranks Mean±SD Sum of ranks
Pretreatment 2.85±2.91 805.50 4.27±3.47 1024.50 340.50 −1.6189 0.1055
15th day 1.00±1.95 713.00 2.97±2.98 1117.00 248.00 −2.9865 0.002*
30th day 0.33±1.27 811.00 1.30±2.26 1019.00 346.00 −1.5376 0.1242
60th day 0.00±0.00 870.00 0.33±1.06 960.00 405.00 −0.6653 0.5059
Pretreatment‑15th day 1.85±2.09 932.50 1.30±0.92 897.50 432.50 −0.2587 0.7958
Pretreatment‑30th day 2.52±2.62 847.50 2.97±2.27 982.50 382.50 −0.9979 0.3183
Pretreatment‑60th day 2.85±2.91 825.50 3.93±3.13 1004.50 360.50 −1.3232 0.1858
*P<0.05. SD=Standard deviation

Table 1: Comparison of Group I and Group II with mean size of lesion at different time points by Mann–Whitney 
U‑test (P<0.05)
Time point Group I (cm2) Group II (cm2) U Z P

Mean±SD Sum of 
ranks

Mean±SD Sum of ranks

Pretreatment 13.22±3.33 1010.50 4.64±5.86 819.50 354.50 −1.4119 0.1580
15th day 5.41±13.35 864.50 2.44±2.94 965.50 399.50 −0.7466 0.4553
30th day 1.22±4.17 800.50 1.03±1.64 1029.50 335.50 −1.6928 0.0905
60th day 0.00±0.00 855.00 0.19±0.75 975.00 390.00 −0.8871 0.3751
Pretreatment‑15th day 7.81±11.15 1085.00 2.19±4.57 745.00 280.00 −2.5134 0.0120*
Pretreatment‑30th day 12.01±19.82 1056.00 3.60±5.00 774.00 309.00 −2.0846 0.0371*
Pretreatment‑60th day 13.22±23.33 1012.00 4.44±5.36 818.00 353.00 −1.4341 0.1516
*P<0.05. SD=Standard deviation

Figure 4: Clinical presentation of oral lichen planus in- (a) Group I at the baseline 
(b) Group I after 60 days of coconut cream therapy (c) Group II at the baseline (d) 

Group II after 60 days of 0.05 % clobetasol propionate therapy

dc

ba
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week 6 of treatment.[12] Fluticasone propionate spray is 
known to cause minor adverse effects such as bad smell 
and taste, nausea, xerostomia, swollen mouth, sore throat, 
and candidiasis.[11,13] However, candidiasis due to fungal 
overgrowth was the only common side effect of topical 
triamcinolone acetonide application.[13] Concurrently, 
there is also a rise in prevalence of recalcitrant cases 
of OLP as seen by Thongprasom K and Dhanuthai K 
who presented that Topical tacrolimus (0.1%) ointment 
showed an improved therapeutic response initially 
than triamcinolone acetonide, but frequent relapses 
occurred within 3–9 weeks after the cessation of therapy 
and the most common side effect noted from both the 
drugs was temporary stinging or burning sensation at 
the application site of topical drug.[13] This demands a 
search for a safe, promising, and cost‑effective alternative 
medication. Herbal extracts have been gaining attention 
in the recent past because of their minimal or no side 
effects. Coconut is a tropical tree known for its medicinal, 
nutritional values along with potent anti‑inflammatory, 
antioxidant, and immunomodulatory properties. 
As per literature, coconut oil therapy is found to be 
effective for alleviating the symptoms in different oral 
conditions such as denture stomatitis, gingivitis, and 
mucositis.[14,15] It has been proved that coconut oil has 
various other potential benefits such as anticancer 
property,[16] hepatoprotective property,[17] reduction of 
body fat, fastening the metabolism,[18] and reducing the 
risk of cardiovascular diseases like hypertension and 
atherosclerosis.[19]

Hence, coconut cream was proposed to be used and 
compared with the gold standard clobetasol propionate 
in this study.

The mean age of occurrence of OLP in Group I was 
44.63 years and in Group II was 42.57 years which is 
consistent with the study by Malhotra et al. where the 
mean age of patients was 40–50 years among 49 patients.[20]

However, many studies have reported that the mean age 
of patients of OLP patients ranges from 55 to 65 years, 
but the recent trend has reported the age of occurrence 
of this disease to be as low as 28 years. This can be 
attributed to an increased level of stress at a younger 
age, as stress is one of the etiological factors for the 
causation of OLP.

The current study included patients of either gender 
as study participants. Among 60 patients with OLP, 
there were 70% females and 30% males indicating a 
female predominance which was in accordance with 
Varghese et al. who had 65% females and 35% males.[21]

In the current study, the mean size of the lesion in 
Group II at the baseline was 4.64 cm2 and on the 30th day 

was 1.03 cm2 which was in accordance to Radfar et al. 
where lesion size was reduced from a mean of 4.93 cm2 
to 0.906 cm2 on 6th week in 0.05% clobetasol propionate 
group.[22]

The mean burning sensation of the lesion in Group II 
at the baseline was 4.27 and 1.30 on the 30th day which 
was in accordance with Carbone M et al., where burning 
sensation was reduced from a mean of 2.38 to 1.13 on the 
30th day after 0.05% clobetasol propionate application.[23]

In the current study, the mean size of the lesion in 
Group I at the baseline was 13.22 cm2 and on the 
30th day was 1.22 cm2 which was in accordance to 
Amirchaghmaghi M  et al., where 250 mg of quercetin 
hydrate was administered to patients of Group A and 
lesion size was reduced from a mean of 9.40 cm2 to 4.73 
cm2 on 30th day.[24]

The mean burning sensation of the lesion in Group I at 
the baseline and 30th day was 2.85 and 0.33, respectively. 
Similar findings were found in the study conducted by 
Amirchaghmaghi M et al., where 250 mg of quercetin 
hydrate was administered to patients of Group A and 
burning sensation was reduced from a mean of 1.92 to 
0.53 on 30th day.[24]

Peedikayil et al. evaluated the effect of coconut oil pulling/
oil swishing on plaque formation and plaque‑induced 
gingivitis and revealed that the baseline mean gingival 
and plaque index were 0.91 and 1.19, respectively. The 
average gingival index score on the 30th day was reduced 
to 0.401 and the plaque index score to 0.385 respectively.[15] 
Verallo‑Rowell et al. compared the effect of virgin coconut 
oil and virgin olive oil in adult atopic dermatitis 
and concluded that there is a significant difference 
posttreatment for both oils but the effect was greater with 
virgin coconut oil for the treatment of skin infections.[25]

Singla et al. revealed that there was a significant decrease 
in the mean Streptococcus mutans count from 5.62 to 2.06, 
Lactobacillus count from 4.57 to 1.04, plaque scores from 
1.27 to 0.74, and gingival scores from 1.49 to 0.79 after 
10 min from coconut oil gum massage therapy. Thus, 
it was clear that coconut oil is promising as a valuable 
preventive agent for the maintenance and improvement 
of oral health.[26]

Coconut cream is a very safe, promising, and cost‑effective 
medication for the treatment of OLP as seen from the 
present study. The burning sensation had significantly 
reduced within 2 weeks of topical application of Coconut 
cream more effectively than the clobetasol propionate. 
Furthermore, there was a significant decrease in the size 
of the lesion as well.
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Limitations
The limitations of the coconut cream are the need for a 
refrigerator for storage and short shelf life of 6 months 
due to the risk of moisture contamination which can be 
overcome by adding preservatives without affecting the 
therapeutic property. The limitations of the study were a 
smaller sample size and short patient follow‑up period.

Conclusion

The study concluded that coconut cream showed 
significant regression in the size of the lesion as 
well as a reduction in the burning sensation in OLP 
patients without any side effects or adverse reactions. 
This could be because of the potent anti‑inflammatory, 
immunomodulatory, and wound healing properties of 
coconut cream which alleviated the signs and symptoms 
in OLP patients. Coconut cream appears to be a safe and 
promising cost‑effective medication for the treatment 
of OLP. However, further studies should be carried out 
with a larger sample size for a longer follow‑up period 
along with the evaluation of its mucosal substantivity 
and saliva factors influencing its stability quotient in 
topical form.
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ABSTRACT
The proportion of older adults is on the rise. Management of dental 
problems in this group is different from the general population, and 
hence requires special training. Gerodontology is yet to find its place in 
the Indian dental curriculum. A lack of training would result in inade-
quate care delivery. In this article, we share our views on the need for 
inclusion of the subject, potential challenges, and a guide for incor-
poration of gerodontology in undergraduate and postgraduate curri-
culum in the Indian dental institutes. We propose a framework based 
on the salient features of Kern’s 6-step approach for curriculum devel-
opment and Kotter’s 8-step change management model. Some fea-
tures are common to both the models. A combination of these models 
includes the following salient features: Problem identification and 
general needs assessment, beginning with a sense of urgency and 
targeted needs assessment, communication of the vision for change, 
working in guided coalitions and defining clear goals and objectives, 
adopting the relevant educational strategies, implementation strate-
gies to enable change and generating short-term wins, evaluating the 
effectiveness of the curricular reform and sustaining and anchoring the 
change. The proposed framework may also be useful for countries 
where gerodontology is yet to be implemented.
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Dental management of geriatric patients requires additional knowledge and skills. Absence 
of training in gerodontology among dental students leads to lack of knowledge and skills, 
which are necessary to impart optimal dental treatment to the older adults (Shah, 2005a; 
Shah, 2010; Shigli et al., 2020a; Singh & Purohit, 2014). The rapid rise in the number of older 
adults and the complexity of their treatment needs have created an urgency to include such 
training as a part of the curriculum in dentistry (Shetty, 2014). In this paper, we aim to 
explore a framework to guide the inclusion of gerodontology as a part of the dental 
curriculum in India.
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Older adults differ from other patients as issues like comorbid medical conditions, 
aging-related psychological changes and neurological problems may be encountered 
frequently (Fried & Rowe, 2020; Issrani, Ammanagi, & Keluskar, 2012; Jaul, Barron, & 
Harris, 2017). Nevertheless, there can be heterogeneity in these aspects in the older adult 
population with some of them having healthcare needs as that of the younger population 
owing to healthy aging (León & Giacaman, 2021; Lowsky, Olshansky, Bhattacharya, & 
Goldman, 2014). Handling problems related to comorbidity, psychological and neuro-
logical changes, which may influence dental treatment, requires special training (Shigli et 
al., 2020b). Evidence suggests a bidirectional link between systemic and oral diseases. 
Periodontal disease has been reported to be influencing as well as influenced by systemic 
diseases. It is a probable risk for rise in morbidity and mortality due to diabetes, 
rheumatoid arthritis, osteoporosis, obesity and pregnancy complications (Arigbede, 
Babatope, & Bamidele, 2012; Kim & Amar, 2006). The Longitudinal Aging Study in 
India, Wave-1, 2017–2019 reported increased burden of oral morbidity which was 
significantly associated with physical multimorbidity (Kanungo et al., 2021).

The complex needs of older adults can best be handled by a multidisciplinary team 
approach involving different professionals (medical, nursing, social workers, physiothera-
pists, occupational therapists) to provide a holistic approach toward health of older adults 
(Flaherty & Bartels, 2019; Lester, Dharmarajan, & Weinstein, 2019).

Accessibility, Availability, and Affordability (3 A’s) of dental care may deter patients 
from seeking oral care. Another major barrier to providing dental care to the older adults is 
unwillingness of the oral health care providers to do so (Hatami, Ahmady, Khoshnevisan, & 
Lando, 2014). The complexity of dental treatment, inadequate training, requirement of 
special communication skills, ageism, insufficient facilities in nursing homes and inade-
quate reimbursement for working in a care home may be some reasons for dental profes-
sionals’ unwillingness to treat the older adults (Bots-vantspijker et al., 2014; Hatami et al., 
2014; Prince et al., 2015). A lack of knowledge and training would result in improper 
diagnosis and suboptimal treatment of the older adults affecting their quality of life. 
Management of homebound older patients in residential care facilities is also inadequately 
addressed probably due to reasons mentioned above (Bharti, Chandra, Tikku, Arya, & 
Gupta, 2015; Panchbhai, 2012; Shigli & Nayak, 2020c).

According to data published by World Health Organization, by the year 2025 an increase 
of 300% is expected in the population of older adults in Asia. India is going through 
a ‘demographic transition’ too with an increase in proportion of older adult population, 
which was approximately 138 million in 2021 while the total population was 1380 million. 
A sharp rise is anticipated in a couple of years. This builds up the need for geriatric dentistry 
(“Special Oral Health Guide for Elders,” n.d.; “Elderly in India 2021”, 2021). Considering 
the above demographics, it has been suggested that the country requires approximately 
0.8 million geriatric care professionals (Sharma, 2015).

In view of this trend, this is the right time to initiate action in this direction. 
Starting today would ensure that we have enough trained manpower for tomorrow, 
when it becomes the need of the hour. This requires data on older adult patient oral 
health status. In addition, awareness about importance of treating oral health problems 
in older adult patients needs to be created among the caregivers and other concerned 
people.
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Status of older adults in India

Majority of the older adults (75–80%) live in rural India, 30% below the poverty line,73% 
illiterate,75% financially dependent, 45% experience chronic diseases, and 5.4% are immobile 
(Jiang et al., 2021; Shah, 2004). Though there are no definitive figures for the number of old 
age homes in India they are estimated to be more than 1000 (Menezes & Thomas, 2018). 
According to the 60th round of National Sample Survey approximately 8% of the older Indian 
adults were homebound (Verma & Khanna, 2013). A report by TATA trusts estimated the 
availability of approximately 97,000 beds to accommodate senior citizens (“Tata Trusts | 
Search,” n.d.). Studies on oral findings in older adults living in old age homes have reported 
poor periodontal health, variable incidence of oral mucosal lesions, untreated dental caries, 
and need for periodontal rehabilitation among the residents (Sha et al., 2019; Sen et al., 2021).

A higher prevalence (21.9%) of geriatric depression has been reported in India which 
may precede dementia (Barua, Ghosh, Kar, & Basilio, 2011; Muliyala & Varghese, 2010). 
Depression and physical disabilities may lead to adoption of cariogenic diet, neglect in oral 
hygiene procedures and avoidance of dental care in turn predisposing to an increased risk of 
dental caries and periodontal disease (Skośkiewicz-Malinowska, Malicka, Ziętek, & 
Kaczmarek, 2018). A meta-analysis revealed a link between depression and neuropathy in 
individuals with type 2 diabetes (Bartoli et al., 2016). This again adds up to the need for 
training of oral health professionals to cater to the oral health needs of the older adult 
population.

Status of gerodontology in the curriculum

The status of gerodontology varies worldwide. While gerodontology has been included in 
European and American curricula over a decade ago and is well-developed, it remains 
underdeveloped in countries like India (Ettinger, Goettsche, & Qian, 2017; Kossioni, et al., 
2017; Marchini et al., 2018; Shah, 2010). Although India houses the highest number of 
dental schools in the world, the dental care delivery system does not have a special approach 
to address the dental needs of the geriatric population both ambulatory and home bound 
(Shah, 2005a; Shah, 2005b; Gambhir & Gupta, 2016; Krishnan et al., 2020; Pendyala, Joshi, 
& Choudhary, 2014; Shah, 2010; Shigli et al., 2020a; Thomas, 2013). In all the subjects of 
undergraduate and postgraduate curricula, geriatric dentistry does not feature in the 
content, except for the brief mention of age-related changes in dental and oral tissues 
(Pendyala et al., 2014; Shigli et al., 2020a). Students are trained to provide oral health care at 
the community level to residents in remote areas, through dental camps using dental vans 
during clinical rotations. No training is imparted for oral care provision to patients in long- 
term care facilities or for the homebound older adult (Pendyala et al., 2014; Shigli & Nayak, 
2020c; Shigli et al., 2020a). Dental professionals rely on general treatment principles to 
manage the older adult patients despite important differences between older adults and 
other patients (León & Giacaman, 2021).

Authors’ observations revealed that although initial steps toward older adult dental care 
had been taken in a few institutes, they were not sustained. In one of the institutes, patients 
were not willing to be treated as a separate category; and they did not want to be considered 
as “old” hence the unit gradually closed. Such barriers could be overcome by targeting 
toward a major reform in the mindset of the patients.
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Training in gerodontology is seen as a futile effort because of lower financial returns. 
Majority of the older adults in India live below the poverty line or do not have health 
insurance and therefore are unable to pay for treatments (Thomas, 2013).

The United Nations, in an initiative to improve the lives of the older adults through 
collaborative effort of governments, professionals, international agencies and the private 
sector, has declared 2021–2030 as the Decade of Healthy Aging (“Decade of healthy ageing: 
baseline report,” 2022; “Decade of Healthy Ageing, 2022). India has also planned for 
initiatives in this direction. The Longitudinal Aging Study of India (LASI) -Wave 1 has 
provided evidence for national and state-level programs and policies for the older adult 
population (“LASI Publications | International Institute for Population Sciences (IIPS), 2022). 
Under the National Programme for the Health Care for the Elderly (NPHCE), nineteen 
Regional Geriatric Centers in medical colleges and two National Centers for Aging have been 
proposed to render care to older adults (“LASI Publications | International Institute for 
Population Sciences (IIPS), 2022). This opportunity could be used to catalyze initiatives in the 
direction of developing better oral care delivery system for older adults as well as for inclusion 
of gerodontology in the curriculum using a multipronged approach.

This change can be sustained through:

(1) Creation of opportunities for trained manpower for gerodontology in the form of 
vacancies in the governmental setup: where treatment for the older adults can be 
provided at nominal rates ensuring a two-fold advantage of job creation for graduates 
and provision of treatment to older adults at lower cost. This would also motivate the 
students to take up Gerodontology as a career, which in turn would increase the 
demand for the subject and thus further facilitate its inclusion in the curriculum.

(2) Introduction of subsidized treatment for older adults would increase the utilization 
of dental care in hospitals and thus act as a facilitating factor.

(3) Curriculum redesign

How can we design the curriculum and create a climate for change?
The objectives of introducing gerodontology include:

(i) achieving standard of care comparable to global standards;
(ii) promoting awareness and importance of older adults’ care among society and other 

stakeholders; and
(iii) promoting lifelong learning and foster a climate of empathy.

We propose the use of combination of two conceptual frameworks for robust planning and 
implementation of this curricular reform. One is the Kern’s six-step approach to curricular 
design (Thomas, Kern, Hughes, & Chen, 2015) and the second is the Kotter’s change 
management model (“Kotter, 1995). We combine these frameworks because along with 
knowing what to do, how to channel change management is important for successfully 
implementing the reform [Figure 1].

The initial step of Kern’s six-step approach suggests needs assessment by identifying the 
gap between the current and the ideal approach through focus group discussions. Reforms 
in health professions curriculum could also benefit from a change management approach of 
guided concerted efforts to increase the chances of success. The two conceptual frameworks 
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can create a robust guideline for change. The consolidated framework could act as a guide 
for incorporation of gerodontology in undergraduate and postgraduate curriculum in 
dental institutes of India. Below we use Kern’s six-step approach, while highlighting in 
each step how these changes can be implemented and sustained (Kotter’s model):

Step 1: Highlighting need and urgency of gerodontology training among 
stakeholders with substantial needs assessment data

Among 15 Indian universities (146 dental schools affiliated), only a few have gerodontol-
ogy-related topics embedded in the existing curriculum of prosthodontics and periodontics 
(diagnosis and treatment planning, age changes in the periodontium, and nutrition needs in 
the elderly) (Shigli et al., 2020a). The need for gerodontology training has also been voiced 
earlier by other authors (Pendyala et al., 2014; Shah, 2010; Thomas, 2013).

Low confidence in handling older adult patients and providing dental care to the 
homebound add up to this urgency (Bharti et al., 2015; Lewis, Wallace, Deutsch, & King, 
2015; Shigli & Nayak, 2020c). A study reported less student apprehension and improvement 
in provision of oral hygiene to patients with Alzheimer’s disease and dementia after 
students’ exposure to Residential Aged Care Facilities (RACF) (Lewis et al., 2015).

STEP 1:                                                     
Highlighting need and  urgency  of 
gerodontology training among 
stakeholders with substantial needs 
assessment data
•Review of literature
•Stake holders, Faculty, Alumini and 
Student Perception data (Qualitative 
and Quantitative)

STEP 2:   Forming the change sustaining 
team
•DCI members, IPE/Medical  
faculty/Care givers/NGO s 
etc./Governing bodies/Government, 
Dental college faculty

STEP 3:                                                     
Developing vision goals, objectives and 
educational strategy for inclusion of 
gerodontology training
⸱Developing curriculum (Delphi method 
with international experts and 
modifying it to suit locally.
• Curricular design
•Training of faculty
•Training of students 

STEP 4:                                                     
Implementation strategy
• Faculty development
•Pilot project : Involvement of multiple centres
• Sensitization & participation of  stakeholders 
• Policy changes

STEP 5:                                                     
Enabling and empowering stake holders
•Recognizing barriers and identifying 
ways to overcome them

•Providing incentives (financial gains, 
awards) to motivate & sustain the 
change

STEP 6   :                                                     
Evaluating the effectiveness  and 
Creating modifications if needed
•Formative and Summative 
assessments

•Feedback ( From patients, faculty, 
alumini and students)

•Reinforcing and anchoring the change 
in the curriculum to make it an 
integral part

Figure 1. A consolidated framework/ model for implementation of gerodontology in the dental 
curriculum.
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The presence of more than one chronic disease in older adults coupled with polyphar-
macy creates a need for better knowledge of geriatric medicine and geriatric pharmacy 
(Thomas, 2013).

All these concerns call for:

(i) Recognition of need for change by assessing faculty perception regarding the 
training being provided.

(ii) Identification of barriers to creating a sense of urgency
(iii) Needs assessment interviews and quantitative surveys among stakeholders, i.e., 

faculty involved in development and execution of curriculum, alumni, and student.
(iv) Organization of workshops and conferences to spread the word for urgency for 

implementation of gerodontology.
(v) Availing of media support to create awareness among the public and communicate 

the openings and recognition, that the training in geriatric dentistry would bring 
about.

(vi) Creation of awareness among the government authorities regarding the impor-
tance of geriatric dentistry.

(vii) Inclusion of geriatric dentistry in the national oral health policy (Singh & Purohit, 
2014).

(viii) Research organizations could ‘Call for grant proposals’ pertaining to geriatric 
dentistry, i.e.,, financial incentives can be used to motivate the faculty to work in 
this direction (Kang et al., 2020).

(ix) The non-governmental organizations dedicated to supporting education and aging 
like Help-Age India, the Agewell Foundation, the Dignity Foundation, etc., could 
be of valuable support/help in lobbying since they are already working in the 
direction of improvement of conditions for geriatric population.

(x) Former Principals/Professor Emeritus could provide strong support in favor of 
inclusion of gerodontology as they are the ones who would be very near to or 
almost in the geriatric phase and would have closely and practically experienced or 
felt the need for dental care by geriatric trained professional.

Step 2: Forming the change sustaining team

The change sustaining team must be an interprofessional team including policy makers, the 
health departments, college faculty, deans/principals, physicians, health professions educa-
tion experts, social workers, and key players in a position of power. The team should be 
motivated and demonstrate leadership, commitment, accountability, and readiness for 
change.

Involvement of the chief authorities of other health professional bodies like the National 
Medical Commission, Nursing council, etc., could be a supporting/favoring factor as 
Geriatric dentistry is more a part of Interprofessional Education.

A powerful coalition will require the stakeholders in the Dental Council of India, 
Government ranks, Medical faculty, Care givers, Policy advocating NGOs, etc., 
Governing bodies, Government, Dental college faculty to provide impetus to the cause. 
Involvement of faculty, department heads would ensure sustainability of change. Students’ 
representation could be included in the planning phase.
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Step 3. Developing vision goals, objectives, and educational strategy for inclusion of 
gerodontology training

i. Curricular design
ii. Training of faculty
iii. Training of students

Curricular design
A SWOC (Strengths, Weaknesses, Opportunities, Challenges) analysis would allow to 
critically evaluate the current training and understand the facilitating and hindering factors 
to incorporation of training in geriatric dentistry (Lemay & Moreau, 2020). The use of 
stories, metaphors, and symbolism in vision, planning and assessment would aid to make 
the change initiative logical (Crain, 2008). The vision for gerodontology in India is that 
every older adult patient should receive satisfactory dental care. By the end of the training 
period the student should be able to examine the older adult patient; diagnose dental and 
soft tissue problems in the older adults; prescribe necessary investigations, deliver (inter-
professional) dental care, and manage medically compromised older adult patients who 
report with dental problems. The geriatric dental care conceptual framework by Leon 
S (León & Giacaman, 2021) has divided patient care concerns into four major sections. 
We recommend using this framework as a foundation to design the clinical training 
program to enable students to provide care and handle challenges. To create such 
a curricular program, a Delphi approach in consultation with international experts from 
the countries where Gerodontology is already implemented, would be appropriate.

Educational strategy: learning content, instruction methods, assessment
Learning content will consist of curricular revisions (to include vertical integration of basic 
sciences like physiology, pathology, pharmacology, and biochemistry, etc., in the curricu-
lum), replacing traditional teaching with interactive session and training of all involved 
faculty. Introduction of gerodontology topics in the existing undergraduate curriculum is 
advantageous, since its inclusion as a subject in the existing crowded curriculum, to begin 
with may prove difficult. Topics under gerodontology training will have to be introduced in 
phases (Table 1). Whether we introduce it as a specialty subject and training program or 
integrate it into existing dental specialties, requires careful deliberation from the planning 
committee.

Learning content should include aging, medical conditions, polypharmacy, communica-
tion and psychological aspects in the 2nd and 3rd year, followed by dental clinical manage-
ment in the final year. ECG and ADEA guidelines can provide a framework to form effective 
training modules. Objective Structured Clinical Examination and workplace-based assess-
ments could be employed for assessing the skills.

Step 4. Implementation strategy

i. Faculty development
ii. Pilot project: Involvement of multiple centers
iii. Sensitization and participation of stakeholders
iv. Policy changes

GERONTOLOGY & GERIATRICS EDUCATION 7



The Implementation strategy and the process involved needs to be supported by the 
involvement of the Dean and vice-dean of the institute (Lemay & Moreau, 2020).

Faculty development
After a draft of the gerodontology curriculum is prepared, the next step would be to work 
toward faculty development by conducting training modules at multiple centers to ensure 
smooth conduct of the pilot phase. This can be done in the following stages: Realization of 
the need for change; Preparing faculty to teach and assess learning of the new curriculum 
and performing program evaluation (Licari, 2007). The institute should provide dedicated 
time and finances to encourage skill development in faculty (Licari, 2007).

Pilot project
Faculty development workshops can sensitize all the teachers about the content, teaching 
and assessment strategies. In addition, it will also serve to strengthen the vision for buy in 
and forming a guided coalition. Sensitization programs are required for all stakeholders to 

Table 1. Curriculum plan for undergraduate training in gerodontology.

Phase Activity Instruction methods

BDS 
learning 
period Lecture content Assessment

Phase 
1

Early clinical exposure -Lectures in Preclinical 
Prosthodontics. 
-Visits to Depts of 
Prosthodontics. 
-Visits to hospice, 
hospitals, old age 
homes. 
-Use of clinical case 
scenarios

Years 1 & 
2

-Humanization & Empathy 
(Year 1) 
-Basic Communication 
skills (with reference to 
older adults) 
-Physiology & Pathology of 
aging (Year 2)

Written & Oral 
Assessments

Phase 
2

Clinical training in 
dental schools

-Case history taking with 
senior students 
-Providing oral care 
instructions 
-Assisting seniors in 
providing basic 
treatment 
-Participating in 
extramural clinical 
activities with seniors 
(Year 3) 
-Providing oral health 
education to the older 
adults 
-Diagnosis & treatment 
planning for an older 
adult 
-Assisting seniors in the 
management of an older 
adult (Year 4)

Years 3 & 
4

-Age-related changes in the 
oral cavity 
-Epidemiology of oral 
health in the older adults 
-Case history recording of 
the older adults (Year 3) 
-Aspects of Geriatric 
Medicine 
-Psychological aspects of 
aging 
-Nutritional problems of 
older adults 
-Social factors & their 
influence in the older 
adults 
-Ethical aspects 
-Public health aspects 
(Year 4)

Written & Oral 
Assessments 
Workplace 
based 
assessments

Phase 
3

Training in the field – 
patient oral care in 
hospice, hospitals, 
domiciliary care

-Providing basic dental 
care to the older adults 
(in clinics & in outreach 
facilities)

Internship -Geriatric assessment scales 
-Management of 
Dependent patients 
-Management of 
Homebound patients

Written & Oral 
Assessments 
Workplace 
based 
assessments 
and 
Reflections
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increase engagement in the change process. A change in the attitude of stakeholders 
(students, faculty, decision makers) toward older adults needs to be spearheaded. 
Humanization for sensitizing the students should be initiated. Short-term courses in 
geriatric dentistry for the faculty will aid in communicating the new vision. This will be 
followed by gathering feedback about the pilot process and content from students, faculty, 
and staff.

Sensitization and participation of stakeholders
People providing any sort of help to the older adults (hygienists, nurses, caregivers, near and 
dear ones of patient) need to be actively involved in the treatment plan and educated 
regarding the importance and maintenance of dental health (Shigli et al., 2020d). Programs 
can be developed to provide basic older adult dental care by nurses with basic training in 
geriatrics (e.g., providing preventive care, analgesics, etc.) for homebound or institutiona-
lized patients (Shigli et al., 2021). Philanthropic organizations and non-governmental 
organizations could help reach out to a greater section of the older adults. Adoption of 
Old age homes by non-governmental organizations (NGOs) and dental colleges would 
enable accessibility of dental treatment to those who cannot reach the private set up or 
dental institutes (Shigli et al., 2021).

Policy changes
Geriatric dental care should be made a policy along with curricular changes and provision 
of interprofessional care. Projects related to older adult care in the country may be 
supported with funds in a manner similar to the Smile Train project which has successfully 
treated millions of children with cleft lip and palate (“Smile Train, 2022).

Step 5. Enabling and empowering stake holders (Empower broad-based change and 
removing obstacles)

i. Recognizing barriers and identifying ways to overcome them
ii. Providing incentives (financial gains, awards) to motivate and sustain the change
Change efforts can get overwhelming or there may be resistance to change. Creation of 

subcommittees comprising faculty from various disciplines within the institute or external 
expertise may enable the change. Managing the resistance to change could be achieved by 
utilizing Bolman and Deal’s framework (scrutinizing for change barriers, communication 
practices which include negotiation and conflict management; and correlating the change to 
values, competence, and commitment) (Crain, 2008). The resistance to change may also be 
overcome by constant motivation, active involvement of faculty and generating short-term 
wins in the form of incentives, recognition, and credits.

Providing incentives to professionals (either financially or by offering continuing educa-
tion credits, or recognition) working toward rendering treatment to the older adults will 
encourage more dentists to provide care to the older adults. When a predoctoral geriatric 
dentistry education was assessed in U.S. and Canadian dental schools it was found that fifty- 
eight percent of dental schools allocate finances to promote geriatric dentistry (Saunders, 
Yellowitz, Dolan, & Smith, 1998). Similarly, geriatric dentistry could be supported in India 
and other developing countries.
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(1) At the student level, awards for the best performing students can motivate them to 
provide good care to older adults.

(2) The introduction of rehabilitation of geriatric patients with different treatment 
options and presentation of such cases with awards attached to it can motivate 
care providers to deliver optimum care.

(3) Patients may be requested to rate the care received and students rated as best care 
givers can be awarded a prize.

(4) Incentives in form of conference registration fees for Gerodontology conferences/ 
workshops, books, instruments, etc., can be introduced.

(5) Recognition/accreditation to the institute providing training in Gerodontology.
(6) Research funding could be given to institutes providing training and delivering 

geriatric care etc.

Step 6. Evaluating the effectiveness and creating modifications if needed

Program evaluation is a dynamic and continuous process. Periodic program evaluations are 
needed to revisit and revise the curriculum. Information for this can be obtained from 
various sources such as:

(i) Formative and Summative assessments
(ii) Feedback (From patients, faculty, support staff, alumni, and students)

(iii) Reinforcing and anchoring the change in the curriculum to make it an integral part

Consolidating gains

Many change projects fail when success is declared too early. To ensure that efforts do not 
fail, testing knowledge, attitude and competencies of students and faculty through cross- 
sectional surveys before and after implementation to determine the impact of change will be 
necessary.

The strategy which could be employed:

(i) Inclusion of Gerodontology in the undergraduate curriculum
(ii) Gerodontology should be a part of student formative assessment and later summa-

tive assessment.
(iii) Encouraging the Dental Council of India to formulate guidelines pertaining to 

Gerodontology based on ADEA and ECG guidelines.
(iv) Encouraging universities to create a Gerodontology curriculum for undergraduate 

and postgraduate training.

Anchoring change in the culture

Once we have established guidelines and processes are in place, we need to ensure that it is 
permanent and becomes a part of the work culture. This must be congruent to core values of 
the organization. Periodic evaluations and feedback must be undertaken to address any 
issues in functioning and to maintain an oversight. Continued support is needed from 
leaders in the organization, such as apex bodies and management committees.
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The strategy which could be employed to anchor the change include but are not limited to:

(i) Creation of older adult-friendly treatment units in the dental college
(ii) Creating mandatory rural posting in geriatric units

(iii) Creating geriatric care centers in districts.
(iv) Research grants for geriatric research to eligible institutes
(v) Observership or faculty visits to places where Gerodontology subject is already well 

established.
(vi) Including geriatric dental care in the existing national geriatric health programmes

(vii) Introduction of certificate courses to train faculty.

We believe that the implementation of these strategies would ensure a sustainable change in 
the work culture of the institute and the community.

Conclusion

Introducing active gerodontology training into the Indian dental curriculum is the need of 
the hour and should be done without delay to provide quality care to the older adults. We 
have found two conceptual frameworks useful in guiding and implementing the change. The 
Kotter’s change management framework is a guiding force for creating a momentum for 
change and enabling and sustaining it. The Kern’s six step approach for curriculum design 
also has some elements of change management and therefore we will find some intersection 
with the Kotter’s framework in the implementation strategies. The framework for training in 
gerodontology by León and Giacaman provides a detailed outline for patient care. This is 
a useful foundation on which we can build a training program in the Indian contexts.
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Abstract 

Background: COVID-19 vaccine is the mighty weapon opted by all the countries across the 

globe in an attempt to eradicate the fatal COVID-19 pandemic.  The myths on the COVID-19 

vaccine are spreading widely, causing a hindrance to this noble preventive measure.  The 

prevalence of such myths among the healthcare professionals may be toxic and deadly. 

Aim & Objectives: To assess the knowledge, attitude, and practice of the healthcare 

professionals regarding the myths on COVID-19 vaccination and to demystify them. 

Materials and Methods: An 18-item questionnaire evaluating knowledge, attitude, and 

practice based on the existing myths on COVID-19 vaccination was circulated through 

Google Forms® among the 412 healthcare professionals of six disciplines belonging to a 

private University.  The responses obtained were subjected to statistical analysis using SPSS® 

20 software package. 

Results: A total of 385 health professionals participated in this study.  The majority of them 

had medium knowledge (165) and positive attitude (273) with the mean knowledge and 

attitude scores of 3.82 ± 1.55 out of 6 and 4.3 ± 1.58 out of 7 respectively.  Even though 312 

participants got vaccinated, 72 of them failed to receive it.  The knowledge scores showed a 

high statistically significant difference among the participants of different designations 

(p=0.001), but not with gender, field, and staff with different years of experience (p>0.05).  

The attitude scores were statistically different among participants of fields and designation 

(p<0.05) but not among genders (p=0.31) and staff with different years of experience 

(p=0.87).  Knowledge and attitude scores showed a positive linear correlation and a high 

statistically significant difference (p<0.001). 
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Conclusion: This study recommends more enhanced education programs on COVID-19 

vaccination for the health professionals and demands an improved knowledge, attitude, and 

practice among them to achieve the goal of 100% vaccination so as to completely eradicate 

the COVID-19 pandemic. 

Keywords (MeSH): COVID-19; COVID-19 Vaccines; Health Personnel; Knowledge; 

Attitude; Immunization programs; Cross-sectional Studies. 
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Introduction:  The World Health Organization (WHO) was intimated by the Health 

Authority of China way back on 31st December 2019 about the outbreak of 27 pneumonia 

cases of unknown etiology in its Wuhan city of Central China.[1]  Since then, the viral disease 

had spread to the whole world involving almost all countries at an exponential rate, making it 

a global health emergency.  WHO first termed the causative agent as 2019-novel-Corona 

Virus(2019-n-COV), which was later renamed by the Corona Virus Study Group to be Severe 

Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2) that causes the disease called 

Corona Virus Disease 2019 (COVID-19).[2] After thorough surveillance of the etiology, mode 

of spread, symptoms, severity, and fatality on a global scale, WHO declared the SARS-CoV-

2/ corona virus disease (COVID-19) outbreak as a Public Health Emergency of International 

Concern (PHEIC) or a pandemic on 30th January, 2020.[3]  Human life has been affected in 

all dimensions, such as in terms of physical, mental, social and behavioral well-being by 

putting the world to halt.[4-7]  WHO Global COVID-19 statistics reported a total of 

195,266,156 confirmed cases of COVID-19, including 4,180,161 deaths as of 28th July, 

2021.[8]  The Governments of all the countries are taking mammoth efforts and facing a 

gargantuan struggle to bring the situation under control by adopting measures like lockdown, 

restrictions, other important political decisions, and especially mass-scale vaccination drives 

which seem to be a promising resort.[9]  Various researchers around the world jumped into the 

research on vaccine development since the outbreak and few reaped successes despite the 

isolation of 30 different strains across the globe in just 6 months.[10]  As of 29th July 2021, a 

total of 22 COVID-19 vaccines across the globe have been added within the WHO 

Emergency Usage Listing (EUL)/ Prequalification (PQ) process, with a few finalized among 

them.[11]  The focus of the global Target Product Profile (TPP) for COVID-19 vaccine is on 

vaccination for people under a high-risk category like healthcare workers, to provide long-

term protection and rapid inception of immunity in outbreak settings.[12]  A total of 
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3,829,935,772 vaccine doses have been administered globally as of 27th July 2021.[8]  India 

launched its vaccination drive on 16th January 2021, starting with healthcare and frontline 

workers[13], and achieved 441,912,395 vaccine doses as of 26th July 2021 including the 

general population.[14]  CovishieldTM from Serum Institute of India Pvt Ltd and CovaxinTM 

from Bharat Biotech, India were the two vaccines administered in India’s vaccination drive, 

where healthcare workers being vaccinated with the former, mostly.  Despite the massive 

efforts taken by the Government to develop a safe and efficacious vaccine, hesitance to 

accept the vaccine among the people is still persistent.[15]  

 Myth is a folklore genre, that consists of stories/ narratives, playing an important role in 

people’s daily life.[16]  Despite the awareness campaigns among the public to get vaccinated 

through various platforms like social media, television, radio, newspapers, health talks by 

politicians, pamphlet distributions, and signboards, several myths and misconceptions are 

prevailing among the public regarding COVID-19 vaccines.  These myths are spread by word 

of mouth and social media that may convince the public the other way, reducing the needed 

health practices resulting in dangerous health hazards.  Such beliefs can be harmful to society 

since they cause clamor and disarray among the population.  They also hamper the 

Government’s goals and efforts to eradicate and control the COVID-19 pandemic.  

Healthcare professionals play a pivotal role in creating awareness and promoting vaccination 

drive among the general public that demands superior knowledge about the facts on the 

COVID-19 vaccine.  To the best of our knowledge, there are no studies in the literature that 

assess the prevalence of myths/misconceptions or knowledge about COVID-19 vaccination 

among healthcare professionals.  Hence, the current study aims to assess the knowledge, 

attitude, and practice among healthcare professionals regarding myths/misconceptions on 

COVID-19 vaccination and to demystify them with facts. 
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Materials and methods:  Before the execution of this questionnaire study, protocols/ 

strategies to be followed regarding the literature search on myths/ misconceptions on 

COVID-19 vaccine, questionnaire design, validation, pilot study, and enrolment of study 

participants were clearly established by discussion among the researchers. The sample size 

was estimated to be 376 using the formula n= (Z1-α/2 + Z1-β)
2 (SD1

2 + SD2
2)/ (��1 – ��2)

2, where 

z= 1.96, α= 5%, 1-β= 90%, SD1= 2.81, SD2= 4.92, ��1= 6.18, and ��2= 5.23 (derived from pilot 

study).  The study was conducted among the health professionals involving the post-

graduates, teaching staffs, and teaching staffs cum consultants between 20 to 65 years of age 

from the six constituent colleges of a private University in Belagavi District of North 

Karnataka, India who were included by simple random sampling, following the ethical 

clearance from the Institutional Research and Ethics Committee (Ref No: 1445).  The sample 

population involved the participants from the six disciplines of healthcare namely Medicine, 

Dentistry, Nursing, Physiotherapy, Ayurveda and Pharmacy.  A self-designed 18-item pre-

validated questionnaire, based on the myths/misconceptions regarding COVID-19 vaccine 

known to prevail among the general public obtained from the various internet sources like the 

official sites of Centres for Disease Control and Prevention (Department of Health and 

Human Services, USA), University of Missouri Healthcare, IndiaToday etc., was used.  The 

value of Cronbach’s alpha coefficient was 0.83.  A pilot study was conducted using the 

prefinal version of the questionnaire among the 30 health professionals to check for internal 

consistency.  The consistency of the questionnaire was evaluated studying the different 

parameters of internal consistency, test-retest reliability, and inter-rater reliability.   

After getting prior permission from the respective college authorities, the questionnaire was 

distributed to the healthcare professionals in the Google Forms® link format, which is 

available at https://forms.gle/CUx2pdqCuyesqFfb9, by visiting them in person and giving 

them enough time to fill, without any time limit.  On clicking the link, this form informed the 
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participants about the purpose, confidentiality, their voluntary involvement in the study, and 

also received the consent for participation (inclusion criteria) on selecting the mandatory 

“Yes” option to proceed with the submission. It consisted of a single page that received the 

participants’ demographic details of name, age, email id, gender, field, designation, years of 

experience if staff, informed consent, and the actual 18 questions of the study that were based 

on the myths and misconception on COVID-19 vaccination.  All the questions were set 

mandatory to answer.  The questionnaire comprised of 18 questions which involved 16 

closed-ended questions (1 evaluated the previous experience, 6 evaluated knowledge, 7 

evaluated attitude, and 2 evaluated the practice regarding COVID-19 vaccination) and 2 

open-ended questions demanding to reason. The questionnaire link was sent to a total of 412 

health professionals and this cross-sectional study spanned over 2 months from May 2021 to 

June 2021.  Knowledge score was calculated based on the participants’ responses to the 6 

knowledge-based questions, where the correct response was coded as “1” and the incorrect 

responses were coded as “0”.  Hence, the maximum knowledge score was set at 6 and was 

graded as follows: 0-2= low, 3-4= medium, and 5-6= high.  Similarly, the correct response in 

regards to 7 attitude-related questions were coded as “1” and the incorrect responses were 

coded as “0”.  Thus, the maximum attitude score was set at 7 and was graded as follows: 0-

3= negative and 4-7= positive.  The responses from the pilot study were excluded from the 

main analysis. 

Statistical Analysis:  The obtained data were subjected to statistical analysis using IBM-

SPSS® 20 software package, USA.  The normality distribution of the study data was assessed 

by the Shapiro-Wilk test to find it out to be not normally distributed (p<0.05).  

Consecutively, descriptive statistics for the frequency distribution and percentage of 

healthcare professionals, Chi-square test for the association between the variables of the 

study and knowledge & attitude questions, Mann-Whitney U test for the significance among 
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gender, and Kruskal-Wallis test for the significance among the other study variables were 

applied.  Additionally, the correlation between the knowledge and attitude scores was 

evaluated by Spearman’s rank correlation coefficient test whereas, their association with the 

demographic details of the healthcare professionals was analyzed by simple linear regression 

and multivariate linear regression analysis. The statistical significance was set at p≤0.05 for 

all the tests. 

Results: 

A total of 385 responses from the healthcare professionals (185 males and 200 females) were 

recorded out of the 412 health professionals with a response rate of 93.44%, of which 92, 

118, 44, 68, 32, and 31 participants were from fields of Medicine, Dentistry, Nursing, 

Physiotherapy, Pharmacy, and Ayurveda respectively. The maximum number of participants 

were post-graduates (304) and others being- teaching staff (23) and teaching staff cum 

consultants who were in clinical practice (58).  Among the staff, the majority of them had an 

experience of 0-4 years (21) and 4-8 years (20) whereas other had above 8 years (40).   The 

characteristics of the health professionals who participated in the study are given in Table 1. 

All the health professionals received the COVISHIELDTM vaccine manufactured by the 

Serum Institute of India Pvt Ltd.  Among the 385 health professionals, 312 got themselves 

vaccinated and 73 did not take the vaccination.  The reasons given for not getting vaccinated 

included the question on the safety of the vaccine, chances of testing positive even after 

vaccination, possible side effects & death, the emergence of different new strains of COVID-

19 virus, lactating mother, and incomplete clinical trials.    

Fifty-three of the 385 health professionals answered that they had been tested positive for 

COVID-19 infection before, out of which, 45 participants still took the vaccine and 8 of them 

did not take it. The majority of the health professionals (306) considered the COVID-19 
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vaccine to be safe, whereas 23 considered it to be unsafe and 56 did not know regarding the 

safety of the vaccine.  Interestingly, 43 of the 306 participants who considered the vaccine to 

be safe did not get vaccinated and 14 of the 23 participants who considered the vaccine to be 

unsafe got vaccinated.  On the other hand, 35 of the 56 participants who did not know 

whether the COVID-19 vaccine is safe got vaccinated.  The responses of the health 

professionals for the questions on COVID-19 vaccination and its myths/ misconceptions are 

presented in Table 1. 

Knowledge about COVID-19 vaccination and its misconceptions: 

The majority of the health professionals (165) had a medium knowledge score whereas, 139 

and 81 participants had high and low knowledge scores respectively (Chart 1).  Kruskal-

Wallis test depicted that there was no significant difference (p>0.05) in the knowledge scores 

between the health professionals of different fields, the staffs with different years of 

experience (0-4 years, 4-8 years, and >8years), however, showed a high statistically 

significant difference between the different designations (p=0.001). Mann-Whitney U test 

showed that there was no significant difference in the knowledge scores between the health 

professionals of different gender (p=0.84). (Table 3). The mean knowledge score among the 

health professionals was 3.82 ± 1.55 out of 6 with the highest in teaching staff cum consultant 

(4.64 ± 2) among designations and in staffs with the experience of 4-8 years (4.7 ± 1.34).  

The knowledge scores of post graduates, teaching staff, staff with experience of 0-4 years and 

above 8 years were 3.72 ± 1.53, 3.39 ± 1.61, 4.05 ± 1.85, and 3.95 ± 1.50 respectively. 

Attitude about COVID-19 vaccination and its misconceptions: 

The majority of the health professionals (273) had a positive attitude towards the COVID-19 

vaccination and on the other hand, 112 participants had a negative attitude (Chart 2).  There 

was a statistically significant difference in the attitude scores (p<0.05) between the health 
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professionals of different fields and different designations but was not significant between the 

staff with different years of experience (p=0.87) when tested by the Kruskal-Wallis test.  

Mann-Whitney U test for the attitude scores between the male and female health 

professionals depicted that they were not statistically significant with a p-value of 0.31. 

(Table 4) The mean attitude score among the participants was 4.3 ± 1.58 out of 7 with the 

highest in teaching staff cum consultant among designations and in staff with experience of 

4-8 years (4.80 ± 1.28). The attitude scores of post graduates, teaching staff, staff with 

experience of 0-4 years and above 8 years were 4.21 ± 1.61, 4.09 ± 1.47, 4.52 ± 1.40, and 4.6 

± 1.5 respectively. 

Practices regarding COVID-19 vaccination and its misconceptions: 

A greater number (312, 81.04%) of the health professionals got themselves vaccinated for 

COVID-19 infection, but 73 (18.96%) participants did not receive the vaccine that showed a 

high statistically significant difference among the different fields (p<0.001) using Chi-square 

test.  The majority of the participants (309) answered that we should still need to wear a mask 

and follow the social distancing guidelines after COVID-19 vaccination, on the other hand, 

64 of them answered that we need not follow and 12 health professionals did not know what 

to be done.  This was statistically significant, with a p-value of 0.019 among the health 

professionals of different fields.  

Association between demographic variables and knowledge/attitude scores: 

Simple linear regression analysis depicted a significant relationship between knowledge with 

designation (p=0.003, R=0.150) and years of experience among staff (p=0.026, R=0.113) but 

not with gender (p=0.981, R=0.001) and field (p=0.801, R=0.013).  It also showed a 

significant relationship between attitude with designation (p=0.009, R=0.132) but not with 
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gender (p=0.550, R=0.031), field (p=0.149, R=0.074), and years of experience among staff 

(p=0.067, R=0.094). 

Multiple linear regression analysis revealed that the better knowledge scores were 

significantly associated with designation (p=0.003) but not with gender (p=0.76) and fields 

(p=0.68) having a positive correlation (R=0.152), whereas better attitude scores were 

significantly associated with designation (p=0.01, R=0.132) but not with gender (p=0.21) and 

field (p=0.07) having a positive correlation (R=0.166). (Table 5) 

Relationship between the knowledge and attitude scores: 

A positive linear correlation (r= +0.431) and a high statistically significant difference 

(p<0.001) between the knowledge and attitude scores among the health professionals were 

found by the Spearman’s rank correlation coefficient test. The field-wise correlation data are 

presented in table 6. 

Discussion: 

COVID-19 vaccine is considered an efficient measure to achieve herd immunity against this 

fatal pandemic by various countries across the globe that have launched their vaccination 

drives.  Despite the efforts made by the governments to get all their citizens vaccinated for 

COVID-19 infection, certain hurdles influence the people’s acceptance of the COVID-19 

vaccine, the most important being the myths/ misconceptions that are prevalent and shared 

through the various social media platforms which were also faced by the previous vaccination 

drives of rubella, mumps, measles, and polio.[17,18]  In a survey conducted in 2020, almost 

one-third or more of the population globally answered that they might not receive the first 

COVID-19 vaccines questioning their efficacy, side effects, and rushing through the 

regulatory approval procedures.[19]   This study involved a questionnaire with questions, that 
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were framed based on a few important myths/ misconceptions that are known to be 

widespread among the public. It was conducted among the health professional population, as 

they are very crucial for creating awareness and promoting the COVID-19 vaccine owing to 

their direct interactions with the public.  The prevalence of these myths/ misconceptions on 

the COVID-19 vaccine among healthcare professionals may prove toxic as they are 

responsible for being the advocates and ambassadors for the vaccination drive.   

The majority of the participants (58%) felt that the vaccine trials are being rushed (171) or 

they did not know regarding it (56).  But the fact states that, like any other vaccine, the 

COVID-19 vaccine went through all the rigorous processes of safety reviews and clinical 

trials as prescribed by the Food and Drug Administration (FDA) agency, without skipping 

any of the steps although it had been developed in a short record timeframe and given a nod 

under EUA as biologics license approval (BLA) mandates a long time. The phase III trials 

were conducted on a large number of human volunteers same as any large vaccine trials in 

the United States and internationally.[20]  Vaccines generally entail a timeline of 10.7 years on 

an average[20], and hence the COVID-19 vaccine research was built on the previous decade’s 

research on the corona virus than mere start after the outbreak.[21]  This was made possible 

because of the unprecedented collaboration and investment of the researchers, government, 

and organizations worldwide.  In this current study, 267 health professionals (69.35%) 

answered correctly that the COVID-19 vaccine will not alter the host’s DNA.  The pioneer 

vaccines which were granted EUA contained messenger RNA (mRNA) that instructs the cells 

to produce the “spike protein” that is responsible for creating the antibodies.  The mRNA gets 

translated into polypeptides in the cytoplasm and never enters the cellular nucleus where the 

DNA is present. Moreover, the body disposes the mRNA after the generation of immunity 

and cellular DNA similar to COVID-19 virus sequences on in-vitro overexpression of LINE-

1 or HIV-1 reverse transcriptase in HEK cell lines[22] but, lacks evidence relevant to human 
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clinical medicine[21].  About 215 (55%) health professionals answered that the COVID-19 

vaccine causes severe allergic reactions such as anaphylactic reactions in the majority which 

is not true as it can only cause mild side effects such as fever, chills, and malaise that are 

known to be present with all vaccinations.  The anaphylactic reactions are extremely rare, and 

experts recommend not to receive the vaccine if there is known history of severe allergic 

reactions to the ingredients of the vaccine.  Around 62.07% of the participants (239) 

answered correctly that the COVID-19 vaccine does not cause infertility.  A myth/ false 

information on social media stated that the vaccine makes the immune system fight against 

syncytin-1, a mammalian placental protein present in women which causes infertility in 

women.[23]  But, despite the spike protein and placental protein sharing a homologous amino 

acid sequence, it cannot produce infertility as it is short to cause such an effect.  Also, there is 

a rumor that COVID-19 vaccines contain actual aborted fetal tissues but, such vaccines like 

AstraZeneca Oxford, CanSinoBio, and Johnson & Johnson have been propagated for many 

years, no longer contain the actual fetal tissue remnants. Even the Vatican has recommended 

that the health benefits of these vaccines overshadow the moral opposition of vaccines 

developed from these cell lines.[24] 

Even the people who had been diagnosed with COVID-19 infection before, still need to 

receive the vaccine as the natural immunity may vary from person to person and it is still 

unknown that how long the same may last.[25] The researchers are yet to understand the 

confounding factors completely like the longevity of the antibodies targeting the SARS-CoV-

2 spike protein, which is shorter than expected actually.[26]  It is noteworthy that the people 

who had been infected and still received the vaccine had a 140-fold boost in antibodies 

against the spike protein from peak pre-vaccine levels.[27]  This was answered right by a 

larger number of health professionals (276/ 71.68%), and it is a fact that we can still be 

benefited from the vaccine despite the previous infection history.  It’s a myth that one can get 
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COVID-19 infection from the COVID-19 vaccine which was contradicted by 70 (18.1%) 

health professionals whereas 57 (14.1%) of them did not know.  One cannot get COVID-19 

infection from the vaccine as it contains the attenuated form and not the live virus.[28]  129 

(33.5%) of the health professionals answered that one would test positive for COVID-19 after 

receiving the vaccine by itself which is again a misconception.  The tests for COVID-19 

infection require samples from the respiratory system to detect the presence of the virus 

however, there is no live form of the virus in the vaccines to affect the test results.  But it is 

possible to acquire COVID-19 infection after receiving the vaccine before the start of full 

protection.[29]   

It is a misconception that the people who are not at risk for severe complications of COVID-

19 infection need not get themselves vaccinated, as all need to get vaccinated regardless of 

the risk due to the chance of spreading to others on acquiring the disease, and this was 

answered right by 268 (69.6%) participants.  It is thought wrong that one will be at greater 

risk for other illnesses after receiving the vaccine due to reduced immunity.  Instead, the 

vaccine boosts immunity against COVID-19 infections and does not increase the risk for 

other diseases.  None of the authorized vaccines have the live form of the virus.[29]  Only 147 

(38.18%) of the 385 health professionals answered right that the vaccine trials being halted 

doesn’t mean that there are problems with the drug candidates. In a vaccine trial, all the 

effects including the adverse effects and even other effects that are not caused due to or 

related to the study to be noted and analyzed.  Halting a trial and resuming it are the safety 

mechanisms to protect the volunteers of the trial until the effect is thoroughly investigated 

and studied.[30]  Around 80% of the participants (309) believed rightly that the practices of 

handwashing, masking, and following the social distancing guidelines to be followed even 

after the vaccination as all these measures are mandated necessary by The Ministry of Health 

and Family Welfare (MoHFW) until a sufficient number of populations gets vaccinated and 
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the duration of protection of the vaccine is unknown.  This highlights the importance of 

following the appropriate COVID-19 protocols and guidelines until further recommendations 

from the healthcare agencies and public health experts.  Almost 23.63% of the healthcare 

professionals (91) answered that the COVID-19 vaccine would be an answer to the end of the 

corona virus which is not true.  Although vaccines in the past have played a pivotal role to 

eradicate the small pox and reduce the incidence rate of polio, it took many years to achieve 

such a success.  Vaccination to almost all citizens is a tedious and time-consuming process, 

especially with new vaccines and the virus is known to mutate.  These question the long-term 

efficacy of the vaccine and also, the method of natural immunity cannot be resorted, as the 

fatality rate of COVID-19 infection is very high.  Hence, believing that a vaccine would be an 

answer to the end of this pandemic is highly audacious at this point.  

One another myth/ misconception about COVID-19 vaccination is that the vaccine has a 

tracking or surveillance device which was false information that was circulated in a video 

form on social media.  A syringe maker in America, ApiJect Systems Corp® has an optional 

variant of its product with an embedded microchip that enables the administrator to find the 

origin of the vaccine and however, the microchip is not injected into the body.  Additionally, 

there is a spreading fear that vaccine trials might cause inadvertent consequences like the 

1950-60s tragedy of using thalidomide for the treatment of early pregnancy nausea.[21]   

In the current study, though 79% of the health professionals had medium to high knowledge 

scores, 21% of the health professionals still projected a low knowledge score level which 

requires additional enhancement of knowledge and awareness among the health 

professionals.  Although 70% had a positive attitude score, 29.1% had a negative attitude 

score demanding a change in attitude towards the COVID-19 vaccination as they have the 

responsibility to eliminate the vaccine hesitancy among general public.  It is also depicted 
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that the better knowledge levels led to a better attitude towards the COVID-19 vaccination 

among the health professionals.  It is a good sign that 81% of the health professionals had got 

vaccinated, in turn trusted and supported the vaccination drive.   

 

 

Limitations:   

This study was conducted in a smaller sample size of the health professionals of a single 

University.  Future studies could be done, involving a larger population of health 

professionals from multiple centers, with a uniform sample size among the fields. 

Conclusion: 

Even though the participants had a high standard of knowledge, attitude and practice, there 

were a considerable percentage of participants with low knowledge and negative attitude.  

Hence, the findings of the study demand a more enhanced, stronger, and accessible health 

education programs on COVID-19 vaccination for the health professionals to improve their 

knowledge, attitude and practices regarding COVID-19 vaccination drive to reduce the 

vaccination hesitancy among the general public and to motivate all the citizens to get 

vaccinated against this deadly pandemic, thereby achieving a complete eradication in the near 

future. 
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Chart 2: Attitude score among the health professionals. 
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Table 1: Characteristics of the study participants. 

Characteristics n (%) 
Gender 
Male 185 (48.1) 
Female 200 (51.9) 
Total 385 (100) 
Field 
Medicine 92 (23.9) 
Dentistry 118 (30.6) 
Nursing 44 (11.4) 
Physiotherapy 68 (17.7) 
Pharmacy 32 (8.3) 
Ayurveda 31 (8.1) 
Designation 
Post-graduates 304 (79) 
Teaching staffs 23 (6) 
Teaching staff and consultants 58 (15.1) 
Experience among the staffs 
0-4 years 21 (26) 
4-8 years 20 (24.6) 
>8 years 40 (49.4) 
Total 81 (100) 
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Table 2: Responses for the questions on COVID-19 vaccination and its myths/ misconceptions 
among the health professionals. 

Question Response Medicine Dentistry Nursing Physiotherapy Pharmacy Ayurveda  p- 
Value 

Number (% within group) 

Were you 
tested positive 
for COVID-19 
before? 

Yes 20 (37.7) 14 (26.4) 4 (7.5) 8 (15.1) 4 (7.5) 3 (5.7) 0.32 

No 72 (21.7) 104 
(31.3) 

40 (12) 60 (18.1) 28 (8.4) 28 (8.4) 

Have you got 
vaccinated for 
COVID-19? 

Yes 76 (24.4) 110 
(35.3) 

38 
(12.2) 

62 (19.9) 12 (3.8) 14 (4.5) 0.00* 

No 16 (21.9) 8 (11) 6 (8.2) 6 (8.2) 20 (27.4) 17 (23.3) 

Do you feel 
COVID-19 
Vaccine safe? 

Yes** 84 (27.5) 90 (29.4) 32 
(10.5) 

52 (17) 30 (9.8) 18 (5.9) 0.00* 

No 8 (34.8) 5 (21.7) 0 (0) 8 (34.8) 0 (0 2 (8.7) 

I don’t 
know 

0 (0) 23 (41.1) 12 
(21.4) 

8 (14.3) 2 (3.6) 11 (19.6) 

Do you feel 
COVID-19 
Vaccine trials 
are being 
rushed? 

Yes 46 (26) 69 (39) 10 (5.6) 26 (14.7) 14 (7.9) 12 (6.8) 0.001* 

No** 24 (17.9) 39 (29.1) 18 
(13.4) 

30 (22.4) 12 (9) 11 (8.2) 

I don’t 
know 

22 (29.7) 10 (13.5) 16 
(21.6) 

12 (16.2) 6 (8.1) 8 (10.8) 

COVID-19 
Vaccine will 
change your 
DNA 

True 6 (31.6) 3 (15.8) 2 (10.5) 6 (31.6) 2 (10.5) 0 (0) 0.34 

False** 66 (24.7) 83 (31.1) 32 (12) 44 (16.5) 24 (9) 18 (6.7) 

I don’t 
know 

20 (20.2) 32 (32.3) 10 
(10.1) 

18 (18.2) 6 (6.1) 13 (13.1) 

COVID-19 
vaccine has 
mild side 
effects like 
headache, 
nausea, chills, 
myalgia etc 

True** 88 (23.9) 115 
(31.3) 

44 (12) 68 (18.5) 30 (8.2) 23 (6.3) 0.00* 

False 4 (44.4) 2 (22.2) 0 (0) 0 (0) 2 (22.2) 1 (11.1) 

I don’t 
know 

0 (0) 1 (12.5) 0 (0) 0 (0) 0 (0) 7 (87.5) 

COVID-19 
vaccine has 
severe side 
effects such as 
allergic 
reactions in 
majority 

True 40 (33.6) 46 (38.7) 10 (8.4) 10 (8.4) 6 (5) 7 (5.9) 0.001* 

False** 32 (18.8) 49 (28.8) 22 
(12.9) 

36 (21.2) 20 (11.8) 11 (6.5) 

I don’t 
know 

20 (20.8) 23 (24) 12 
(12.5) 

22 (22.9) 6 (6.3) 13 (13.5) 

COVID-19 True 4 (28.6) 2 (14.3) 2 (14.3) 4 (28.6) 0 (0) 2 (14.3) 0.35 
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vaccine causes 
infertility 

False** 64 (26.8) 72 (30.1) 26 
(10.9) 

44 (18.4) 16 (6.7) 17 (7.1) 

I don’t 
know 

24 (18.2) 44 (33.3) 16 
(12.1) 

20 (15.2) 16 (12.1) 12 (9.1) 

Do you think 
people who had 
been diagnosed 
with COVID-
19 don’t need 
to receive the 
vaccine? 

Yes 14 (26.9) 16 (30.8)  12 
(23.1) 

2 (3.8) 2 (3.8) 6 (11.5) 0.00* 

No** 58 (21) 83 (30.1) 32 
(11.6) 

60 (21.7) 26 (9.4) 17 (6.2) 

I don’t 
know 

20 (35.1) 19 (33.3) 0 (0) 6 (10.5) 4 (7) 8 (14) 

One can get 
COVID-19 
infection from 
COVID-19 
vaccine 

True 26 (37.1) 17 (24.3) 10 
(14.3) 

8 (11.4) 4 (5.7) 5 (7.1) 0.001* 

False** 58 (22.5) 80 (31) 34 
(13.2) 

48 (18.6) 22 (8.5) 16 (6.2) 

I don’t 
know 

8 (14) 21 (36.8) 0 (0) 12 (21.1) 6 (10.5) 10 (17.5) 

Once we 
receive the 
vaccine, we 
would test 
positive for 
COVID- 19 
(from the 
vaccine itself) 

True 40 (31) 40 (31) 10 (7.8) 22 (17.1) 8 (6.2) 9 (7) 0.13 

False** 30 (17.9) 50 (29.8) 28 
(16.7) 

32 (19) 16 (9.5) 12 (7.1) 

I don’t 
know 

22 (25) 28 (31.8) 6 (6.8) 14 (15.9) 8 (9.1) 10 (11.4) 

Do you think if 
you are not at 
risk of severe 
complications 
of COVID-19, 
you need not 
get 
vaccinated? 

Yes 6 (10.5) 12 (21.1) 14 
(24.6) 

10 (17.5) 8 (14) 7 (12.3) 0.001* 

No** 66 (24.6) 94 (35.1) 26 (9.7) 48 (17.9) 18 (6.7) 16 (6) 

I don’t 
know 

20 (33.3) 12 (20) 4 (6.7) 10 (16.7) 6 (10) 8 (13.3) 

Do you feel 
that you will be 
at greater risk 
for other 
infections due 
to reduced 
immunity after 
getting 
vaccinated for 
COVID-19? 

Yes 8 (18.6) 11 (25.6) 6 (14) 6 (14) 6 (14) 6 (14) 0.005* 

No** 60 (22.1) 87 (32) 38 (14) 52 (19.1) 20 (7.4) 15 (5.5) 

I don’t 
know 

24 (34.3) 20 (28.6) 0 (0) 10 (14.3) 6 (8.6) 10 (14.3) 

Do you think 
vaccine trials 
being halted 
means there 
are problems 
with the drug 
candidates? 

Yes 28 (27.5) 37 (36.3) 12 
(11.8) 

10 (9.8) 8 (7.8) 7 (6.9) 0.022* 

No** 38 (25.9) 36 (24.5) 20 
(13.6) 

36 (24.5) 10 (6.8) 7 (4.8) 

I don’t 
know 

26 (19.1) 45 (33.1) 12 (8.8) 22 (16.2) 14 (10.3) 17 (12.5) 
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Do you think 
you need not 
wear a mask or 
follow social 
distancing 
guidelines 
after COVID-
19 
vaccination? 

Yes 12 (18.8) 17 (26.6) 8 (12.5) 14 (21.9) 6 (9.4) 7 (10.9) 0.019* 

No** 78 (25.2) 96 (31.1) 36 
(11.7) 

54 (17.5) 26 (8.4) 19 (6.1) 

I don’t 
know 

2 (16.7) 5 (41.7) 0 (0) 0 (0) 0 (0) 5 (41.7) 

Do you feel 
COVID-19 
vaccine is the 
answer to the 
end of corona 
virus 
infection? 

Yes 14 (15.4) 30 (33) 16 
(17.6) 

18 (19.8) 6 (6.6) 7 (7.7) 0.00* 

No** 74 (29.4) 66 (26.2) 28 
(11.1) 

44 (17.5) 24 (9.5) 16 (6.3) 

I don’t 
know 

4 (9.5) 22 (52.4) 0 (0) 6 (14.3) 2 (4.8) 8 (19) 

*Statistically significant p≤0.05, **correct response 
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Table 3: Knowledge scores among the health professionals. 

Knowledge 
score 

(n) mean ± SD 
Medicine Dentistry Nursing Physiotherapy Pharmacy Ayurveda Rank p-value 

Total** (92) 3.67 ± 
1.44 

(118) 3.89 ± 
1.94 

(44) 4.23 
± 1.49 

(68) 4.00 ± 
1.47 

(32) 4.00 ± 
1.30 

(32) 4.00 ± 
1.30 

- 0.09 

Based on gender*** 

Male (84) 3.69 ± 
1.50 

(44) 4.11 ± 
2.33 

(14) 4.86 
±1.41 

(16) 3.88 ± 
1.41 

(8) 4.50 ± 
0.53 

(19) 3.11 ± 
1.88 

194.18 0.84 

Female (8) 3.50 ± 
0.53 

(74) 3.76 ± 
1.67 

(30) 3.93 
± 1.46 

(52) 4.04 ± 
1.49 

(24) 3.83 ± 
1.43 

(12) 3.17 ± 
1.64 

191.91 

Based on designation** 

Post-
graduate 

(82) 3.71 ± 
1.36 

(92) 3.61 ± 
1.65 

(24) 4.42 
± 1.28 

(48) 3.92 ± 
1.51 

(30) 4.00 ± 
1.34 

(28) 2.96 ± 
1.77 

186.37 0.001* 

Teaching 
Staffs 

(2) 3.00 ± 
0.00 

(13) 3.69 ± 
1.49 

(2) 1.00 
± 0.00 

(6) 3.67 ± 1.86 (0) - (0) - 161.15 

Teaching 
staff and 
consultant 

(8) 3.50 ± 
2.33 

(13) 6.08 ± 
2.84 

(18) 4.33 
± 1.46 

(14) 4.43 ± 
1.09 

(2) 4.00 ± 
0.00 

(3) 4.67 ± 0.58 240.40 

Based on years of experience among staff** 
0-4 years (8) 3.25 ± 

2.31 
(2) 4.00 ± 

1.90 
(6) 5.00 
± 1.55 

(4) 4.00 ± 1.15 (0) - (1) 5.00 ± 0.00 40.19 0.16 

4-8 years (2) 4.00 ± 
0.00 

(6) 4.00 ± 
1.90 

(6) 4.67 
± 1.03 

(6) 5.67 ± 0.52 (0) - (0) - 49.25 

>8 years (0) - (18) 4.72 ± 
1.41 

(8) 2.75 
± 1.58 

(10) 3.40 ± 
1.07 

(2) 4.00 ± 
0.00 

(2) 4.50 ±0.71 37.30 

*Statistically significant p≤0.05, **Kruskal-Wallis Test, ***Mann-Whitney U Test. 
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Table 4: Attitude scores among the health professionals. 

Attitude 
score 

(n) mean ± SD 
Medicine Dentistry Nursing Physiotherapy Pharmacy Ayurveda Rank p-value 

Total** (92) 4.39 ± 
1.33 

(118) 4.19 ± 
1.55 

(44) 4.41 
± 1.45 

(68) 4.74 ± 
1.85 

(32) 4.38 ± 
1.13 

(31) 3.23 ± 
1.84 

- 0.002* 

Based on gender*** 
Male (84) 4.52 ± 

1.32 
(44) 4.11 ± 

1.42 
(14) 4.14 

± 1.51 
(16) 4.63 ± 

1.71 
(8) 4.25 ± 

0.46 
(19) 3.11 ± 

1.85 
187.12 0.31 

Female (8) 3.00 ± 
0.00 

(74) 4.24 ± 
1.64 

(30) 4.53 
± 1.43 

(52) 4.77 ± 
1.91 

(24) 4.42 ± 
1.28 

(12) 3.42 ± 
1.88 

198.44 

Based on designation** 
Post-
graduate 

(82) 4.29 ± 
1.32 

(92) 4.05 ± 
1.62 

(24) 4.50 
± 1.64 

(48) 4.71 ± 
1.86 

(30) 4.40 ± 
1.16 

(28) 3.18 ± 
1.89 

187.40 0.02* 

Teaching 
Staffs 

(2) 6.00 ± 
0.00 

(13) 4.15 ± 
1.14 

(2) 3.00 
± 0.00 

(6) 3.67 ± 2.07 (0) - (0) - 176.93 

Teaching 
staff and 
consultant 

(8) 5.00 ± 
1.31 

(13) 5.23 ± 
1.01 

(18) 4.44 
± 1.20 

(14) 5.29 ± 
1.64 

(2) 4.00 ± 
0.00 

(3) 3.67 ± 
1.53 

228.71 

Based on years of experience among staff** 
0-4 years (8) 5.25 ± 

1.39 
(2) 4.50 ± 

0.71 
(6) 4.00 
± 0.89 

(4) 4.50 ± 1.73 (0) - (1) 2.00 ± 
0.00 

56.78 0.87 

4-8 years (2) 5.00 ± 
0.00 

(6) 4.00 ± 
1.26 

(6) 5.00 
± 1.79 

(6) 5.33 ± 0.52 (0) - (0) - 60.73 

>8 years (0) - (18) 4.94 ± 
1.16 

(8) 4.00 
± 0.76 

(10) 4.60 ± 
2.46 

(2) 4.00 ± 
0.00 

(2) 4.50 ± 
0.71 

56.66 

*p-value≤0.05, **Kruskal-Wallis Test, ***Mann-Whitney U Test. 
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Table 5: Multivariate linear regression analysis for the association between 
demographic variables and knowledge & attitude scores of health professionals. 

Predictor Coefficient 
β 

SE t CI p-value 

Knowledge Constant 3.36 0.30 11.30 2.76 - 3.96 0.00* 
Gender 0.05 0.16 0.31 -0.27 - 0.37 0.76 
Field -0.02 0.05 -0.41 -0.12 - 0.08 0.68 
Designation 0.32 0.11 2.99 0.11 - 0.53 0.003* 

Attitude Constant 3.84 0.31 12.39 3.23 - 4.45 0.00* 
Gender 0.21 0.17 1.25 -0.12 - 0.54 0.21 
Field -0.10 0.05 -1.83 -0.20 - 0.01 0.07 
Designation 0.30 0.11 2.74 0.08 - 0.51 0.01* 

*Statistically significant p≤0.05 
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Table 6: Correlation between knowledge and attitude scores among the healthcare 
professionals of different fields**. 

Groups r p- value 
Medicine +0.289 0.005* 
Dentistry +0.451 <0.001* 
Nursing +0.379 0.011* 
Physiotherapy +0.436 <0.001* 
Pharmacy +0.340 0.057 
Ayurveda +0.640 <0.001* 
Total +0.431 <0.001* 
*p-value≤0.05, **Spearman’s rank correlation coefficient test 
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Abstract
Actinomycotic osteomyelitis is a rare chronic suppurative, granulomatous, fibrosing saprophytic infection. 
It  is an  endogenous infection caused by the Actinomyces species, which are part of  the normal oral 
microflora. There is a  male predilection for this type of  infection, with the male to female ratio of  4:1. 
Though the etiopathogenesis of  the infection is unclear, it is mostly attributed to the disruption of  the 
normal oral microflora and the invasion of  the microorganism into deeper tissues through a  break in 
the mucosal barrier due to damage from trauma, extraction or previous injury. The portal of  entry can 
be through the pulpal, periodontal or mucosal route, causing the purulent and necrotic infection of soft 
tissue, bone, or both. The diagnosis is usually considered when there is a persistent infection without the 
presence of regional lymphadenopathy and is usually confirmed through the histopathological depiction 
of the bacterial colonies – ‘ray fungus’ – as obtaining the positive culture of the causative microorganisms 
is difficult and is reported to be effective in less than 50%. Patients with such infections are managed with 
surgical debridement, followed by antibiotic therapy for a longer time period. Recent advances have been 
emphasized for an early diagnosis and a better prognosis of the therapy.

Therefore, this paper aimed to present a  rare case of  actinomycotic osteomyelitis of  the maxilla in 
a 45-year-old female patient, and also to review the literature on this rare infection.
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Introduction
Actinomycosis is a rare chronic suppurative, granulo

matous, fibrosing saprophytic infection caused by the 
commensal oral and pharyngeal Actinomycetaceae 
family of bacteria. It is a specific chronic inflammation 
of  soft tissue and rarely of  bone.1 The actinomycotic 
species are nonacid fast, slowgrowing, Grampositive, 
anaerobic or microaerophilic bacteria resembling fungi. 
The Actinomyces species resemble both bacteria and 
fungi, but most of the basic characteristics suggest that 
in fact, they are bacteria. Unlike fungi, they do not have 
sterols in their cell walls and are susceptible to antibacterial 
pharmacotherapeutic agents.2 The principal micro
organism involved in this infection is Actinomyces israelii 
(A.  israelii),3 although other species, like A.  viscosus, 
A. naeslundii, A. meyeri, and A. odontolyticus, are iden
tified occasionally. Actinomyces cause this infection par
ticularly when there is a  break in the normal mucosal 
barrier because of  any trauma, extraction, surgery, or 
a  preceding infection.4 The presence of  this break and 
the devitalized tissue pave the way for the deeper inva
sion of tissues causing infection.

Actinomycosis is a  polymicrobial infection involv
ing the association of  other companion bacteria, which 
are frequently Gramnegative fusiform bacilli, anaerobic 
streptococci or staphylococci, and facultative anaerobic 
bacilli that form a mutual/symbiotic anaerobic environ
ment in the body, enabling the growth of the Actinomyces 
species.5 Thereby, these copathogens increase the invasive 
power of the Actinomyces species by releasing enzymes or 
toxins, or by suppressing the host defensive mechanisms, 
resulting in the early manifestations of the infection and 
the failure of the therapy.5

Actinomycosis involving bone is rare but possible. 
Osteomyelitis occurs secondary to the primary infection 
and the infection spreads through direct invasion into the 
surrounding adjacent tissues. It burrows through the ana
tomical planes, unlike the other infections which follow it, 
creating a  lobular ‘pseudotumor’.6 Actinomycotic osteo
myelitis of  the jaws, especially of  the maxilla, is a  very 
rare occurrence because of  the abundant blood supply 
and cancellous architecture of bone as compared to the 
mandible. There are only very few cases reported in the 
literature involving the maxilla in a  female patient.3,7–9 
Thus, our article is another example of a report of a rare 
case of actinomycotic osteomyelitis involving the maxilla 
in a 45yearold female patient.

Case report
A 45yearold female patient, a farmer, reported to the 

Department of  Oral Medicine and Radiology with the 
chief complaint of pain, a bad breath and a growth in the 
left posterior region of the maxilla (Fig. 1A), along with 

headache for the past 2 months. Further, when record
ing a detailed history, the patient revealed that 2 months 
before she had a  continuous dull pain that aggravated 
during mastication and subsided at rest. The patient visit
ed a medical practitioner, who administered an intraoral 
injection on the palate, for which she had no record. 
After 15 days since the injection administration, the pa
tient started experiencing a continuous sharp pain that 
aggravated on mastication, followed by the occurrence 
of a growth in the injected area. After this, the patient 
visited an ENT specialist, who prescribed her analgesics 
and vitamin supplements, and advised her to perform 
blood tests; the results were reported to be within nor
mal limits. The patient was further referred to our 
Department, as there was not much improvement. The 
patient also had a history of fever, which occurred one and 
a half months before. There was no history of change in 
the size of the patch for the past one and a half months, 
as reported by the patient.

The patient had no relevant medical, dental and fami
ly history. She had also stopped brushing her teeth with 
a  toothbrush 2 months before and had been using her 
fingers to clean her teeth. The extraoral examination re
vealed a  single submandibular lymph node, palpable on 
both the right and left side, 1 cm × 1 cm in size, round in 
shape, mobile, and tender on palpation.

During the intraoral soft tissue examination, an irregular 
greenishwhite patch of size 6 cm × 3 cm on the upper left 
palatal mucosa was observed, extending from the mesial 
aspect of tooth 22 to the distal aspect of tooth 27 antero
posteriorly, and from the midline to the palatal marginal 
gingiva in the 2nd quadrant mediolaterally (Fig.  2A). 
A bony sequestrum was present on the buccal aspect in 
relation to the posterior teeth, involving the marginal gin
giva and a width of 1 cm of the attached gingiva in rela
tion to teeth 24 and 25 (Fig. 2B). The surrounding area 
appeared to be inflamed and erythematous. Severe hali
tosis was present. On palpation, the patchy growth was 
tender, firm, with a  rough surface. When retracting the 
patchy growth, it could be easily raised, revealing an ul
cerative denuded area underneath it. During the exami
nation of the gingiva, generalized gingival inflammation, 
generalized marginal gingival erythema and bleeding on 
probing were present.

Fig. 1. Facial view at day 1 (A), 2 days postoperatively (B) and 1 month 
postoperatively (C)
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Other hard tissue findings included deep caries in teeth 
25 and 26 with tenderness on percussion, dental caries in 
teeth 37, 47 and 48, Miller class III mobility of teeth 24, 
25 and 27, Miller class I mobility of teeth 23 and 26, the 
crowding of the mandibular anterior teeth, stains – +++, 
and calculus – ++.

The intraoral periapical radiographs of  the maxillary 
left posterior region, an orthopantomogram, plain com
puted tomography (CT) – the paranasal sinus (PNS) 
view, and the incisional biopsy of  the palatal mucosa 
were advised.

The intraoral periapical radiographs divulged deep 
dental caries in teeth 25 and 26, and apical periodon
titis in teeth 24, 25, 26, and 27. The orthopantomogram 
revealed deep dental caries in 25 and 26. The plain CT 
(PNS) exposed the erosion and destruction of the upper 
left alveolar ridge in the premolar and molar region, ex
tending to the pterygoid plates, and superiorly involving 
the floor of  the left maxillary sinus and the left lateral 
margin of the hard palate (Fig. 3). It also showed a few 
air pockets noted in the adjacent soft tissue, a deviation 
in the nasal septum toward the left side, the left osteo
meatal complex block, the left concha bullosa; hypodense 
mucosal thickening in the maxillary sinuses bilaterally, 
sphenoidal sinuses, and ethmoidal air cells suggestive 
of sinusitis.

The incisional biopsy was performed and the patient 
was prescribed a  broadspectrum antibiotic (ciprofloxacin 
500 mg b.i.d) as well as analgesics (paracetamol 325 mg 
+ aceclofenac 100 mg b.i.d.) for 7 days. The histopatho
logical examination under ×400 magnification revealed 
features suggestive of osteomyelitis with a bacterial and 
fungal infection, such as necrotic tissue at the periphery 
with the loss of architecture and the presence of abundant 
microbial colonization and loose edematous connective 
tissue in the center, Grampositive cocci in pairs and 
chains infiltrating deeper tissues, the nonviable necrotic 
interconnected trabeculae with the absence of osteocytes 
and osteoblasts in lacunae, bony trabeculae of  irregular 
ragged borders, necrotic marrow tissue, extravasated red 
blood cells (RBCs), and chronic inflammatory cell infiltra
tion. After 7 days since the incisional biopsy, an obvious 
bony sequestrum with the surrounding inflamed mucosa 
was noted in the same region (Fig. 4).

The patient was referred for necessary surgical the
rapy. Preoperatively, the patient was prescribed the 
intravenous (i.v.) injection of  cefixime 1 g b.i.d., the 
i.v. injection of metronidazole 100 mL in normal saline 
(NS) t.i.d. and the i.v. injection of  diclofenac 150  mg 
b.i.d. for 5 days. Sequestrectomy, thorough debride
ment, curettage, and the extraction of  teeth 21–28 
(Fig. 5), followed by wound closure with Vicryl® 30 su
tures (Ethicon, Inc., Somerville, USA) were performed 
under general anesthesia, and the excised tissue was 
sent for a  histopathological examination again. The 
patient was prescribed a  postoperative broadspectrum 
antibiotic (amoxicillin 500 mg t.i.d) for 2 months and 
analgesics (paracetamol 325 mg + aceclofenac 100 mg 
b.i.d.) for 10 days.

Fig. 2. Intraoral clinical presentation at day 1

A – maxillary occlusal view; B – cropped frontal view. 

Fig. 3. Axial sections of plain computed tomography (CT) – the paranasal 
sinus (PNS) view showing the destruction of bone involving both the 
lingual and buccal cortical plates (A, B), and a coronal section depicting 
extension to the floor of the left maxillary sinus (C)

Fig. 4. Intraoral clinical presentation after 7 days since the initial biopsy 
showing an obvious bony sequestrum with the surrounding inflamed 
erythematous mucosa

Fig. 5. Intraoperative photograph
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The second histopathological examination of the exci
sional biopsy tissue under ×400 magnification revealed 
features suggestive of  actinomycotic osteomyelitis, like 
necrotic trabeculae with ragged borders and the absence 
of osteocytes and osteoblasts in lacunae (Fig. 6A), numer
ous multinucleated osteoclasts in Howship’s lacunae at 
the periphery of  bony trabeculae, central necrotic mar
row tissue with extravasated RBCs and chronic inflam
matory cell infiltration, bacterial colonies in some areas, 
where individual colonies appeared round or lobulated, 
and were made up of  a  meshwork of  peripheral radiat
ing filaments that were hematoxyphilic, along with the 
eosinophilic peripheral clubshaped ends of the filaments 
(Fig. 6B). Figures 6C and 6D depict the filaments under 
×1,000 magnification and the periodic acid–Schiff (PAS) 
staining of the actinomycotic colonies under ×100 magni
fication, respectively.

Satisfactory healing was observed at the 2day, 1week 
and 1month postoperative followups of  the patient 
(Fig.  1B,1C,7,8) as well as the alleviation of  symptoms. 
The patient was referred for prosthetic rehabilitation after 
3 months of the healing period.

Discussion with the review 
of the literature

Primary actinomycotic osteomyelitis is a rare condition 
that accounts for only 12% of the cases.10 In the cervico
facial region, it commonly affects the chin and the angle 
of the mandible, but rarely the maxilla, as in the present 
case, as well as the temporomandibular joint (TMJ). The 
mandible to maxilla prevalence ratio is 4:1.11,12 The inci
dence of the Actinomyces infection is 53.6% in the man
dible, followed by 16.4% in cheeks, 5.7% in the maxilla, 
and 0.3% in TMJ.13

Actinomycotic osteomyelitis is attributed to the inva
sion of  the species, which are normally present in the 
gingival fluid, dentin cavities and palatine tonsils, on muco
sal surfaces, and at postextraction sites, into deeper mu
cosal tissues. Although the pathogenesis is unclear, the 
infection is manifested mainly when there is disruption 
in the composition of  the normal microflora, leading to 
a chronic primary infection, which results in the patho
logical changes of bone.11

This condition develops only in the presence of certain 
predisposing circumstances, like immunosuppression, 
diabetes, the prolonged use of corticosteroids, smoking, 
alcoholism, and most importantly a break in the epithelium 
from injury due to trauma or extraction. Also, sinusitis 
can evolve into such an infection after dental extraction, 
as reported in the literature.14 In the present case, the in
fection could be attributed to trauma to the palatal tissues 
during the administration of an intraoral injection or the 
preexisting sinusitis (chronic inflammation). Actinomyces 
lack the ability to produce the tissuedecomposing 
enzymes (hyaluronidases), and hence they rely on other 
copathogens, which are the possible source of hyaluroni
dases, to establish pathogenicity. It could be observed 
also in the present case, along with the actinomycotic 
colonies. The most common area of  involvement is the 
head and neck region, accounting for 55% of  the cases, 
although the ophthalmic, neurological, abdominal, respi
ratory, and urogenital involvement has been reported as 
well.6 The most commonly affected age group is between 

Fig. 6. Histopathological sections depicting necrotic bone with the 
actinomycotic colonies under ×40 magnification (A), the ‘ray fungus’ 
appearance under ×400 magnification (B), filaments under ×1,000 
magnification (C), and the periodic acid–Schiff (PAS) staining of the 
actinomycotic colonies under ×100 magnification

Fig. 7. Intraoral clinical presentation at 2 days postoperatively (A) 
and 1 month postoperatively (B)

Fig. 8. Orthopantomogram at 1 month postoperatively
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30 and 60 years, which is in accordance with the present 
case, and the male to female ratio is 4:1, substantiating the 
case to be an extremely rare one.10,15–17

The infection is clinically manifested as an  acute or 
chronic presentation, with the former being less common. 
An acute infection is characterized by floating swelling, 
which is painful, along with a  rise in temperature and 
a  tendency to rapidly spread into tissues, resembling 
an  odontogenic infection.14 A  chronic infection is cha
racterized by a progressive, slow increase in volume due 
to the burrowing of the microorganisms, with or without 
painful symptoms, and is associated with a slight rise in 
temperature; it may take weeks, months, or even years for 
it to develop, and the infection may be accompanied by 
normal hematological findings and the absence of  mal
aise, as reported in the present case.10,14,18

Only a limited number of cases of actinomycotic osteo
myelitis have been reported in the literature.2,19 Despite 
the patient’s history and the physical examination being 
essential in the diagnosis of any disease, the radiographic 
examination, the bacterial culture examination, and the 
histopathological examination of  tissues and secretions 
from the affected site are necessary for the diagnosis 
of actinomycotic osteomyelitis.8,11,16

The radiographic examination can be helpful in de
termining the extent of  invasion into bone, even in the 
presence of  the edema of  tissues.20 Computed tomo
graphy can help determine the extent of osteolysis and the 
formation of fibrous tissue in the infected area, and scinti
graphy with gallium can help differentiate the inflam
matory changes from neoplasms and assess the effective
ness of treatment. However, no imaging modality can be 
regarded as a sole method of investigation to confirm the 
diagnosis of actinomycotic osteomyelitis.10,11

The diagnosis depends not only on the clinical findings 
and the demonstration of  microorganisms in the tissue 
sections or smear, but also upon their culture, which is 
difficult to obtain in 50% of the cases for numerous rea
sons.21 The culturing of the bacteria should be preferably 
performed when the patient has not been on antimicro
bial therapy for at least 7–10 days before the procedure, 
as otherwise it may interfere with the diagnosis, making 
it obscure. The histopathological features include a granulo
matous appearance with the characteristic round or 
lobulate colonies of  microorganisms within the central 
abscess formation, which occur as floating in the sea 
of  poly morphonuclear leukocytes, often associated with 
multinucle ated giant cells and macrophages, especially 
around the periphery. This appearance is the basis of the 
term ‘ray fungus’, which is frequently used.22 All the above
mentioned findings are in accordance with the present case. 
In the current case, the culturing of the microorganisms 
was not done, and the diagnosis was based on the morbid 
anatomical, radiographic and histopathological examina
tions, especially hematoxylin and eosin (H&E) and PAS 
staining, rather than the identification of the microorganisms 

by culture. The need for the careful handling of  the 
specimens to obtain a  positive anaerobic culture is well 
emphasized. However, the histopathological examination 
is also strongly recommended.23 The Actinomyces species 
stain heavily with the H&E, PAS and Giemsa stains. Also, 
the Grocott–Gömöri methenamine silver (GMS) staining 
is helpful for the demonstration of filaments.24

Nucleic acid probes and the polymerase chain reaction 
(PCR) are advisable for the rapid and accurate detection 
of the microorganisms, as the diagnosis is difficult when 
it is based only on the clinical and direct identification 
and/or isolation of the responsible microorganism, which 
is a laborious process. Molecular testing is considered as 
the appropriate method for the diagnosis of actinomycotic 
osteomyelitis of  the jaws.25 It has been recommended 
for the PCR analysis of  A.  israelii to have a  higher sen
sitivity that the specimen undergoes mild decalcification 
with ethylenediaminetetraacetic acid (EDTA)25 rather 
than with trichloroacetic acid.26 The same diagnostic ap
proach has also been recommended for the bone bio psies 
done for the histological examination.25 On the other 
hand, although the PCR testing overweighs the conven
tional identification procedure in terms of  identification 
of slowgrowing and noncultivable microorganisms, the 
method is expensive and it requires an experienced hand 
to perform the analysis.

Actinomycotic osteomyelitis often demands vigorous 
treatment once a  sound diagnosis is set. The initial treat
ment consists of the administration of high doses of penicil
lin, either orally or intravenously, depending on the severity 
of the infection, although there may be a necessity of surgi
cal management if there is any tissue necrosis or involve
ment of bone.20 All abscesses should be surgically disrupted 
and penetrated with a  hemostat, regardless of  their size. 
Prolonged antibiotic therapy, preferably with penicillin, is 
recommended after the removal of the foci of infection by 
draining abscesses, sequestrectomy and/or the excochlea
tion, saucerization and excision of the fibrous/granulation 
tissue until the exposure of  healthy tissue,12,25 which was 
done in the present case. Other effective antibiotics include 
erythromycin, clindamycin, tetracycline, minocycline, 
cephaloridine, and imipenem.10,27,28 Penicillin can be ad
ministered by i.v. infusion in doses ranging from 3 million to 
12 million units daily or as an oral dose of 2–4 g per day for 
a period of 3–12 months, depending on the host response 
to the infection. Administering antibiotics for an addition
al period is recommended, as the lysis of the Actinomyces 
species takes place at a slower rate than in the case of most 
other bacteria.28 The prognosis for a satisfactory resolution 
is excellent and the recurrence is rare,3,29,30 as demonstrated 
in the present case. Sometimes maxillofacial reconstruction 
may be necessary when there is a substantial soft and hard 
tissue loss, which was not necessary in the present case. The 
secondary surgical repair or the reconstruction and replace
ment of the teeth can be attempted once we are confident 
with the complete resolution and healing of the infection.



S.L. Kumar, V. Keluskar, Z. Naik. Maxillary actinomycotic osteomyelitis6

Conclusions
Despite a  diagnostic dilemma with regard to mucor

mycosis in presentation, after following a meticulous dia
gnostic protocol, the current case turned out to be a case 
of actinomycotic osteomyelitis. The treatment of actino
mycotic osteomyelitis, which is a  rare and unusual oc
currence, is a challenging task. However, it can be over
come with surgical and prolonged antibiotic therapy, and 
a complete resolution can be achieved, as demonstrated 
in the present case. The diagnosis of actinomycotic osteo
myelitis should be considered in relation to persistent 
oral infections, as progressive actinomycosis, especially 
in the maxilla, is likely to lead to serious consequences 
in the skull base and intracranial involvement. The early 
diagnosis of actinomycotic osteomyelitis can improve the 
prognosis and the outcomes of the therapy, thus prevent
ing serious consequences in patients.
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Systematic Review and Meta-Analysis

IntRoductIon

In today’s world, dental implants form the most accepted and 
promising treatment modality for missing teeth. Owing to their 

popularity and versatility, many manufacturers have entered 
the industry and produce a variety of implants that vary in 

make and shape. This makes implant identification difficult 
when necessity arises.

Implant maintenance and repair require information about 

the implant system[1] as the implant components are unique 

to the manufacturer and need specific tools or components.[2] 

When patients do not have implant records or have traveled 
from other region or country, clinicians face difficulty in 
identifying the system.[3] Clinicians either rely on radiographic 

interpretation or contact the company or colleagues to seek 

assistance in identifying the system, making it an assumptive 
process and not a definite approach.

Several attempts have been made to document basic 

design and features of implant systems on radiographs.[4-7] 

However, none of them are easy or quick, and they require 

significant amount of human effort, knowledge, experience, 
and time.

Considering these challenges, recently, artificial intelligence (AI) 
has been experimented in implant identification and found to 
be a promising technique.[1,3,8-12] Machine learning, a subset 
of AI, offers an array of algorithms that classify the implant 
systems based on similarity in the pattern they exhibit; thus, the 
trained model predicts the type of implant system, making the 
process quick and effortless.[13,14] This review was undertaken 

to assess the accuracy of machine learning in dental implant 
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identification from radiographs and to gauge if it can be 
advocated as a technique of implant identification.

MateRIals and Methods

Population, intervention, comparison, and outcome (PICO) 
framework was formulated. The population included dental 

implants, the intervention included machine learning as a 
method to identify dental implants, the comparison was for 
human participants (dental professionals), and the outcome 
was accuracy of machine learning in identification of dental 
implant systems.

Searches were conducted in four electronic databases: PubMed, 
SCOPUS, Cochrane library, and Google Scholar. Additional 
searches were made in gray literature, trial registries, and 
thesis repository, and manual searches were performed in the 
references of the included studies. For PubMed, a literature 
search was made with MeSH terms and for other databases 

same search terms were used. The search terms used were 

machine learning, artificial intelligence, dental implants, 
radiography, and classification (MeSH terms). These search 
terms were used in combination to search the database. Filters 
included the articles published during the period June 2015–
June 2021, accounting for 6 years, and in English language. 
Filters also included the exclusion of patents and books.

The systematic review was conducted adhering to 

Preferred Reporting Items for Systematic reviews and 

Meta-Analysis (PRISMA) guidelines.[15] Figure 1 depicts 

the flowchart showing the process of study selection in 

accordance with PRISMA guidelines. The titles and abstracts 

were screened for the inclusion criteria, that is, machine 
learning models for implant system identification. The full 
text of articles was screened adhering to the inclusion criteria. 
Studies that used methods other than machine learning to 

identify dental implant systems, review articles, studies that 
used means other than intraoral periapical radiographs (IOPA) 

and orthopantomogram (OPG) images, and studies that 
used machine learning for purposes other than identification 
of dental implant systems were excluded. Two reviewers 
screened each record (title/abstract) and retrieved the 

report independently, and disagreements were resolved by 
discussion with the third examiner. This study was registered 
in PROSPERO (CRD42021252085).

Results

The search strategy yielded eight articles that applied machine 

learning for implant identification. After screening the full text 
and eliminating duplicates, articles were exported in Zotero 
software. The data from selected articles were extracted in 
Microsoft Excel sheet, which included author, title, journal, 
year, country, and language of publication, population, 
keywords, type of manuscript, study design, location of study, 
statistical analysis, intervention, sample size, publication and 
other biases, and type and accuracy of the machine learning 
model used. The included studies had been published between 

June 2015 and June 2021 in the USA, Switzerland, and 
Germany.

Study characteristics

Imaging
Of the eight included studies, three studies used OPG, two 
studies used IOPAs, and three studies used both OPG and 
IOPAs to train AI models. Lee et al.[9,10] compared the accuracy 

of AI model based on OPG and periapical radiographs; 

both studies concluded that accuracy was marginally high 

for periapical radiographs (0.956, 0.979 and 0.929, 0.961, 
respectively). The reason for this could be that IOPAs generally 

have better image quality in comparison to OPGs.[16]

Dental implant systems used and their characteristics
Studies included in the review used different dental implant 
systems for training AI model: Zimmer Biomet, Dentsply, 
Nobel Biocare, Implantium, Straumann, Brånemark System, 
Swiss plus, Osstem, Dentium, and Kyocera. Straumann and 
Nobel Biocare were the most commonly used dental implant 

systems. Lee et al.[10] used Osstem TSIII SA, Superline 
Dentium, and Straumann BLT and found the highest accuracy 
for Straumann BLT systems. The authors proposed that this 
could be due to the largest taper of the Straumann BLT implant 
system. Lee et al.[9] used Dentsply Astra Osseospeed, Dentium 
Implantium, Dentium Superline, Osstem TSIII, Straumann 
SLA active BL, and Straumann SLA active BLT and found the 
highest accuracy for Straumann SLA active BLT. However, 
Osstem TSIII and Dentium Superline implant systems that 

do not have prominent characteristic elements showed lesser 

accuracy. In a study conducted by Sukegawa et al.,[8] the 

accuracy was similar for all implant systems used in the 

study, but it was marginally higher for the Straumann tissue 
4.1 implant system. In a study by Said et al.,[11] the AI model 

achieved high accuracy for Zimmer Biomet Dental Tapered 
Screw-Vent, which had an apex hole, and for Nobel Biocare 
and Branemark system with external hexagon platform. Kim 
et al.[3] found that neural networks searched for distinctive parts 

of each implant for recognition of the system, and this proves 
that deep learning can identify the discriminative features of 

the implant type well. Outcomes of these studies suggest that 

87189 records identified

Pub med -121

Scopus- 46

Cochrane library -2

Google scholar- 87020

87181 records excluded

after screening title

and abstract

8 records included

Exclusion Criteria

1. Studies that used methods other

than machine learning for dental

implant identification

2. Studies that used machine learning

for purpose other than dental implant

identification

3. Studies that used means other than

IOPA and OPG for dental implant

identification

4. Review articles

5. Removal of duplicates

Figure 1: Flowchart showing the process of study selection by PRISMA 
guidelines.[15] PRISMA = Preferred Reporting Items for Systematic reviews 
and Meta-Analysis
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the AI model could easily identify implants that have sharp and 

discriminative features. However, parts, features, and ranges 
of implants that are focused on for implant identification differ 
from one AI model to another.

Machine learning models
In a study conducted by Sukegawa et al.,[8] finely tuned VGG16 
achieved the best performance, followed by finely tuned VGG19, 
VGG16 with transfer learning, VGG19 with transfer learning, 
and basic convolutional neural networks (CNNs). The authors 

found that basic CNN with lesser convolutional layers has limited 

capacity for image classification. With appropriate transfer 
learning and fine-tuning, pretrained CNN networks were capable 
of performing better in image classification, even with smaller 
dataset.[8] In a study conducted by Kim et al.,[3] SqueezeNet, 
ResNet 18, and ResNet 50 showed the highest accuracy among 
the models tested. Sukegawa et al.[12] found that the larger the 

number of parameters and deeper the network, the better was 
the accuracy. Algorithm performances cannot be compared as 

studies exhibit heterogenicity in terms of sample size, method 
and type of data acquisition, training, and the algorithm itself.

Performance comparison between machine learning and 

dental professionals
Two studies compared the accuracy of AI models with that of 

dental professionals. A study by Lee et al.[10] demonstrated the 

superiority of deep CNN architecture with an area under curve 

(AUC) of 0.971 over board-certified periodontists with an AUC 
of 0.925. In a study by Lee et al.,[9] the performance accuracy 

of 25 dental professionals was compared to trained automated 
deep CNN (DCNN), and automated DCNN surpassed most of 
the dental professionals.

Risk of bias
Systematic reviews of AI in diagnosis are sparse in dentistry. 

We could not find a suitable tool to perform a risk of bias 
assessment, although the possible risk of bias has been 
discussed in the discussion section.

Table 1 describes the study characteristics of the included 

studies. Excluding one study that used supervised machine 
learning (k nearest neighbor [KNN]), the rest of the studies 
used different CNN architectures that varied from basic CNN 
to visual geometry group (VGG), ResNet, and GoogLeNet 
Inception. Six studies applied transfer learning to CNNs; 
transfer learning improves efficiency, saves training time, and 
reduces data needs. Data augmentation was considered in three 

studies. Data augmentation either creates slightly modified 
copies of existing data or artificially creates new training data 
from the existing data to overcome overfitting. The limitation of 
data augmentation is data bias; augmented data is quite different 
from the original that can lead to suboptimal performance.

Meta-analysis
Meta-analysis was conducted on three eligible studies. Other 

studies were not eligible as the outcomes of interest were not 

measured or were not reported. The random-effects model was 
used. Figure 2 shows the forest plot for accuracy of machine 

learning in identification of dental implant systems based on 
three studies. The forest plot denotes a highest accuracy of 

97.10% (95% confidence interval [CI]: 96.32, 97.88) and a 
lowest accuracy of 93.80% (95% CI: 87.20, 99.40). The overall 
pooled estimate of accuracy when all individual studies were 

combined was 95.43% (93.37, 97.48), with heterogenicity 
among three studies being very high (92.44% and P < 0.001). 

We observed a clear heterogenicity among studies in terms of 
sample size, method of data acquisition, training AI model, 
presentation of data, data analysis, and validation of the model. 
Figure 3 shows the evidence of publication bias as it is apparent 

that the funnel plot does not exhibit expected normality in the 
estimates of accuracy.

dIscussIon

Science and technology have made life easier by providing 

solutions to many challenges. Implant identification, being 
an unsolved problem in implant dentistry, needs an immediate 
solution and AI can be the answer. A total of eight studies were 

found that used machine learning in implant identification 
and found machine learning algorithms to be proficient in 
performing the task.

In comparison to the existing literature, this review addresses 
the key elements of the research, that is, elaboration on 
different AI algorithms used, their outcomes based on different 
implant systems used, performance comparison with dental 
professionals, and meta-analysis of the eligible studies.

Morais et al.[17] tested the supervised machine learning model 

KNN in implant identification in 2015. Thereafter, there was a 
substantial increase in studies using deep learning for implant 

identification during 2020. A KNN classifier compares the 
unknown input data with all the labeled data present in the 

reference database and puts it into a category that is most 

similar to input data. The aim of this study was to introduce 

the concept of identifying an unknown dental implant using a 

framework based on image processing concepts. The remaining 

studies tested deep learning techniques that use multiple layers 

known as CNNs to extract higher-level features from the 
input data. The information of the image passes from the first 
layer (input) to the last layer (output) by being filtered through 
each layer according to its features. The first layer identifies 
the general shape of the image, the next layer its edges, and 
then angles, points, and so on, until a prediction is made at 

Figure 2: Forest plot for accuracy of machine learning in dental implant 
identification
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the exit of the last layer on the identity of the image.[11] Six 
out of eight studies reported an accuracy of over 90%, which 
supports the use of machine learning in implant recognition; 

the other two studies were pilot in nature.

A clear heterogenicity was noticed among studies in terms of 

data acquisition, sample size, data presentation, and analysis. 
A formal sample size calculation was not mentioned in the 

studies included. Many times, the historical data is collected 
from clinical care repositories or open-source databases to 

meet the data demands. These repositories are not always 

quality controlled and may lead to mistakes and unrecognized 

biases.[18] Thus, insufficient sample size and poor data quality 
subject the studies to high risk of bias.

Considering the reporting of relevant model performance 

measures, different range of metrics were used to report the 
performance of the machine learning algorithms, such as 
accuracy, precision, recall, F1 score, sensitivity, specificity, 
positive predictive value, and negative predictive value. As 
these were the only measures of performance reported, it 
leads to difficulty in comparison and summarizing the data 
during meta-analysis. Studies conducted using AI in implant 

identification are few and the research is in the initial stage. 
In the future, there is a need for comprehensive and structured 
reporting and standardization of the methodologies. Problems 

like overfitting and model validation need to be addressed and 
a standardized guideline for reporting these has to be followed. 

External validation of the models will help to set standards to 
ensure the applicability of machine learning-based prediction 

model studies.[18]

The final estimate of the accuracy performance of machine 
learning is based on relatively few studies. Studies were 

excluded from meta-analysis due to lack of standardized 
reporting and inadequate data. Consequently, there could 
be considerable uncertainty around the estimates of 

meta-analysis.

Table 1: Study characteristics of the included studies

Author Radiograph 

used

Number of 

images for 
training

Algorithm 

architecture

Algorithm architecture 

name

Transfer 

learning 
applied

Accuracy Data 

augmentation

Comparison 

with dental 
professionals

Sukegawa 

et al.[8]
Panoramic 

radiographs

8859 CNN Basic CNN Yes 0.860 No Not reported

VGG16 transfer 0.899
VGG16 fine-tuning 0.935
VGG19 transfer 0.880
VGG19 fine-tuning 0.927

Said et al.[11] Periapical and 

panoramic 

radiographs

1206 CNN Pretrained GoogLeNet 
Inception 

Yes 93.8% Yes Not reported

Lee et al.[9] Periapical and 

panoramic 

radiographs

11,980 CNN Automated deep CNN Yes AUC of 

0.954
No AUC less than 

0.954

Lee et al.[10] Periapical and 

panoramic 

radiographs

10,770 CNN Fine-tuned and pretrained 
deep CNN architecture 

(GoogLeNet Inception-v3)

Yes AUC of 

0.971
Yes AUC of 0.925

Kim et al.[3] Periapical 

radiographs

801 CNN SqueezeNet Yes 0.96 Yes Not reported

GoogLeNet 0.93
ResNet 18 0.98
MobileNet-v2 0.97
ResNet 50 0.98

Sukegaw 

et al.[12]

Panoramic 

radiographs

9767 CNN ResNet 18 Yes 0.9787 No Not reported

ResNet 34 0.9800
ResNet 50 0.9800
ResNet 101 0.9841
ResNet 152 0.9851

CNN=convolutional neural network

Figure 3: Funnel plot for accuracy of machine learning in dental implant 
identification
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The outcome of this systematic review and meta-analysis 

suggests that machine learning is practically efficient in 

implant recognition. Additional studies are required to develop 

algorithms for other implant systems across the world.

Clinical implications
AI has revolutionized the health-care industry. The 

development of machine learning has created an unprecedented 

transformation in medical diagnosis.[19] The use of AI to 

identify the implant system in a patient will increase efficiency 
and reduce the effort and time spent in identification using 
conventional methods or by human intelligence.

Recommendations for future research
1. Training of algorithms needs to be done with more implant 

systems across the world and more sample sizes to achieve 

maximum accuracy to be useful for the dental community.
2. A wide array of algorithms is available to solve 

classification problems. More algorithms can be tested 
to achieve the highest accuracy for implant recognition.

3. Standardized guidelines need to be formulated for 

conducting and reporting of studies that investigate AI in 

implant identification. Standardization of radiographic 
images plays an important role in the accuracy of the 

algorithm. AI has demonstrated better performance 

with 3D imaging. Studies using cone-beam computed 

tomography images would yield higher accuracy and 

better performance of the models.[20]
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During COVID-19 pandemic, fulminant deep fungal infection 
started emerging in India, known as Mucormycosis. This 
type of mucormycosis was termed as COVID-19 associated 
mucormycosis (CAM). These patients had previous history 
of COVID-19 infection. Such cases were mainly reported 
in immunocompromised patients such as patients with 
poorly controlled diabetes and chronic renal diseases etc. 
Rhinomaxillary mucormycosis is an aggressive, fulminant, 
fatal deep fungal infection of head and neck region. Early 
diagnosis and prompt treatment can reduce the mortality and 
morbidity associated with the disease; hence we present case 
series of rhinomaxillary mucormycosis to create awareness 
amongst dental surgeons. 
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Introduction

Mucormycosis is a rare, rapidly spreading, fulminant, opportunistic infection that is 
caused by a group of filamentous molds1. The mortality rate in overall cases of mucor-
mycosis is 54%2. This infection is most commonly seen with immunocompromised 
patients such as human immunodeficiency virus infection, nonhematologic malig-
nancy, diabetes mellitus, and chronic lung disease3. Based on anatomic localization, 
mucormycosis can be classified as one of six forms: 1) rhino-orbital-cerebral mucor-
mycosis (ROCM), 2) pulmonary, 3) cutaneous, 4) gastrointestinal (GI), 5) disseminated, 
and 6) mucormycosis of uncommon sites1. Diagnosis of rhinomaxillary mucormycosis 
is diagnosed mainly depending upon the clinical features and investigations such as 
pus/tissue culture and radiology reports4. Since mucormycosis is a rare fungal infec-
tion, it may cause a diagnostic dilemma for dental clinicians who may not be familiar 
with clinical presentation even though they may have encountered cases with osteomy-
elitis of the jaw. As immunocompromised patients are more susceptible to the disease 
it is important to take a careful case history, meticulous clinical examination, radiologic 
investigations, hematological investigations can lead to early diagnosis and prompt 
management with specific fungal therapy, which reduces morbidity and mortality.

Case Report 1
A 58-year-old male patient reported to the Department of Oral Medicine and Radiology 
with the chief complaint of swelling and pain in the right side of the face for the past 
20 days. The patient also gave a history of headache, eye pain, and stuffiness in the 
nose. Medical history revealed the patient is diabetic for 2 years and he is on insulin 
injections twice daily. The patient also gave the history of COVID-19 infection 1 month 
ago and chest HRCT(High resolution computed tomography) with a severity score 
of 14/40. On clinical examination:  periorbital swelling on the right side of the face. 
[Figure-1] On palpation swelling was soft, tender and a local rise in temperature was 
felt. On intra-oral examination denuded area of bone was observed extending from 
14-18 region. [Figure-2] White coated tongue was noted, which was non-scrapable. 

Figure 1. Periorbital swelling on right side.
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Figure 2. Exposed bone is seen involving right side of maxilla.

Depending upon the clinical findings the provisional diagnosis was given as  
non-suppurative chronic osteomyelitis and the differential diagnosis was given  
as mucormycosis.

Further investigations advised were KOH (potassium hydroxide) staining, Computed 
tomography of paranasal sinus (PNS CT), complete blood count (CBC), random blood 
sugar (RBS), and glycated haemoglobin test (HbA1c). A swab was taken from the 
tongue for fungal staining.

Hematologic reports revealed elevated erythrocyte sedimentation rate (ESR) and ele-
vated blood sugar levels.

Axial section of paranasal sinuses (PNS) CT scan revealed hetero-dense soft tis-
sue mass in the right maxillary sinus with thickening of the right nasal mucosa with 
osteolytic changes in the floor of the maxillary sinus. [Figure -3] The coronal section 
of CT revealed an ill-defined asymmetric hyperdense mass causing perforation of 
the medial wall of the sinus [Figure-4]. KOH staining was positive for fungal hyphae. 
Swab taken from tongue was positive for fungal hyphae. The patient was prescribed 
clotrimazole 1% w/v mouth paint for topical application 3-4 times daily.

Depending upon the clinical, radiological, and histopathological findings a final diag-
nosis of rhinomaxillary mucormycosis was made. The patient underwent surgical 
debridement for necrotic tissue with glycaemic control. Liposomal Amphotericin B 
5mg/kg/day was administered for 3 weeks followed by 200 mg t.i.d for 3 weeks.
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Figure 3. Axial section of CT showing hyperdense mass filling the right maxillary antrum (red arrow) with 
perforation of nasal cavity with erosion of medial wall of antrum (orange arrow).

Figure 4. Coronal CT showing a hetero-dense soft tissue mass in the right maxillary antrum (red arrow) 
perforating and infiltrating into the nasal cavity (blue arrow).

Case Report 2
A 70-year-old, male patient reported to the department of oral medicine and radiology 
with the chief complaint of swelling on the left side of the face for 10 days.
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Medical history revealed the patient is diabetic for 2 years and was currently on insulin 
for 8 days due to uncontrolled diabetes. The patient also gave a history of fever and 
malaise 7 days ago. Extra-oral examination revealed lacrimation and proptosis of the 
left eye [Figure -5]. Multiple coalesced vesicles were noted on the left perioral region and 
left side of the lower lip with crusting [Figure 6]. Necrosed denuded area of bone with 
pus discharge was present on the left side of the maxilla i.r.t 26,27 region [Figure-7].

Figure 5. Lacrimation and proptosis of left eye

Figure 6. Extra-oral vesicles on the left side of the face with crusting of lips seen.

Figure 7. denuded area of bone i.r.t 26,27 (Red arrow), ulcer seen on the midline of hard palate (Black 
arrow), aphthous ulcer on upper lip (Blue arrow).
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Putrid halitosis was noted. Pus discharge from the nose was evident. Coated and 
swollen tongue was present.

The extra-oral features were suggestive of Herpes zoster infection and for intra-oral 
lesion provisional diagnosis was considered suppurative osteomyelitis and differential 
diagnosis of rhinomaxillary mucormycosis was given. Since the patient gave a history 
of fever 7 days ago RT-PCR was advised to investigate COVID-19. The patient’s RT-PCR 
report was positive, so the patient was sent for treatment of COVID-19. The patient recov-
ered from COVID-19 and reported to the department for a follow-up visit. All the extra-oral 
vesicles were healed but the intra-oral lesion progressed extensively. [Figure-8]. Intraoral 
pus swab was sent for culture and sensitivity reports. Further investigations of KOH stain-
ing of bone, a biopsy of soft tissue, bone, and computed tomography of paranasal sinus 
(PNS CT) were advised. Potassium hydroxide staining (KOH Staining) was positive for 
fungal hyphae. Culture of pus demonstrated growth of Proteus Mirabilis. Intra-oral peri-
apical radiograph (IOPAR) revealed bone with enlarged marrow spaces. Axial section of 
computed tomography of paranasal sinuses (PNS CT) shows proptosis of the left eye 
[Figure-9], osteolytic lesion involving left maxilla with perforation of the hard palate in the 
midline [Figure-10], the left zygoma and sphenoid bone was noted [Figure-11]. 

Figure 8. Progression of intra-oral lesion anteriorly pus discharge in the vestibule can be seen.

Figure 9. Axial section of CT scan showing proptosis of left eye
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Figure 10. Axial CT showing osteolytic lesion of left maxilla (orange arrow) and perforation of hard palate 
(red arrow)

Figure 11. Osteolytic changes involving left zygoma (red arrow), left sphenoid bone seen (blue arrows).

The histopathological report revealed features of osteomyelitis with few bacterial 
colonies and PAS-positive fungal hyphae. The features were suggestive of a combi-
nation of fungal & bacterial osteomyelitis. So, the final diagnosis was a combination 
of bacterial osteomyelitis with Rhinomaxillary mucormycosis. Micro-debridement 
through functional endoscopic sinus surgery was done along with liposomal Ampho-
tericin B(5mg/kg/day) injection intravenously with glycaemic control. The patient 
was planned for surgical debridement and admitted for the same, unfortunately, the 
patient suffered cardiac arrest and passed away.
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Case Report 3
50 years old male patient reported to the department of oral medicine and radiology 
with the chief complaint of mobile teeth in the upper jaw. Medical history revealed the 
patient suffered from a COVID-19 infection 1 month ago.

On intra-oral examination multiple intra-oral sinuses with pus discharge were noted 
in Maxillary anterior and premolar region i.r.t 21,22,24,25[Figure 12]. Grade I mobility 
noted with 21,22. Depending upon past medical history and clinical features provi-
sional diagnosis of mucormycosis was given. Investigations advised were potassium 
hydroxide (KOH) staining of pus, contrast magnetic resonance imaging of parana-
sal sinus (PNS MRI), and haematological investigations such as CBC and RBS were 
advised. MRI revealed [Figure 13 and 14] marked mucosal thickening of the left 
maxillary sinus with left periorbital oedema suggestive of invasive fungal sinusitis. 
KOH staining was positive for fungal hyphae and a final diagnosis of rhinomaxillary 
mucormycosis was made.

Figure 12. Multiple intra-oral draining sinuses.

Figure 13. Axial section of PNS MRI showing mucosal thickening of Left maxillary sinus (Blue arrow).
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Figure 14. Coronal section of PNS MRI showing mucosal thickening of left maxillary sinus (red arrow) 
indicative of left maxillary sinusitis.

Micro-debridement was done through functional endoscopic sinus surgery (FESS). 
The patient was treated with Liposomal Amphotericin B 5mg/kg/day injection intra-
venously followed by Tab Posaconazole 100 mg 2 tablets twice a day for 20 days.

Discussion
Mucormycosis was first described in 1876 by Furbringer in humans1. Mucormycosis 
is a sudden, rapidly spreading fatal fungal infection caused by a fungus of the class 
of Zygomycetes and the order of Mucorales. The species most frequently isolated 
from patients are Apophysomyces (A. variabilis), Cunninghamella (C. bertholletiae), 
Lichtheimia [Absidia] (L. corymbifera L. raosa), Mucor (M. circinelloides), Rhizopus 
(R. arrhizus (oryzae) R. microsporus), Rhizomucor (R. pusillus), and Saksenaea 
(S. vasiformis). These are common environmental organisms that are not harmful to 
immunocompetent humans2. The fungi under Mucorales are ubiquitous, and morpho-
logically appear as broad, aseptate, or sparsely septate ribbon-like hyphae3. There are 
six clinical types of mucormycosis i.e pulmonary, rhinomaxillary (Rhinocerebral), gas-
trointestinal, cutaneous, disseminated, and mucormycosis of unusual sites4. Mucor-
mycosis is most commonly seen in immunocompromised individuals with diabetes, 
neutropenia and other haematological disorders3. The most common clinical type 
is Rhinomaxillary (Rhino-cerebral) mucormycosis5. Recently COVID-related mucor-
mycosis was reported in the literature. During the second wave of COVID-19 India 
reported most of the cases of mucormycosis, In India, the prevalence of mucormy-
cosis is estimated as 140 per million population, which is about 80 times higher than 
the prevalence in developed countries6. Clinical and experimental data validate those 
individuals who lack phagocytes or have impaired phagocytic function are at higher 
risk of mucormycosis. For example, severely neutropenic patients are at increased 
risk for developing mucormycosis. Surprisingly individuals with HIV are less likely 
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to develop mucormycosis7. In the presence of hyperglycaemia and low pH, which 
is found in patients with diabetic ketoacidosis (DKA), phagocytes are dysfunctional 
and have impaired chemotaxis and defective intracellular killing by both oxidative and 
nonoxidative mechanisms8. Patients on Corticosteroids or immunosuppressed indi-
viduals or patients with diabetic ketoacidosis (DKA) has high mortality rate due to 
progressive pulmonary and hematogenously disseminated infection9,10.

The skin barrier signifies a host defense against cutaneous mucormycosis, 
as demonstrated by the increased risk for developing mucormycosis in individuals 
with interruption of this barrier. The agents of mucormycosis are characteristically 
incompetent of penetrating intact skin. However, burns, traumatic disruption of the 
skin, and persistent maceration of skin enables the organism to penetrate deeper 
tissues. These organisms could originate from traumatic implantation of contam-
inated soil or water (e.g., the outbreaks after natural disasters, as was seen after 
the tsunami in Indonesia in 2004 and after the destructive tornadoes that occurred 
in Joplin, Missouri, in June 2011). Contaminated surgical dressings and nonsterile 
adhesive tape are the sources of primary cutaneous mucormycosis11,12. Patients with 
rhino-cerebral mucormycosis usually present as acute sinusitis with fever, nasal con-
gestion, purulent nasal discharge, headache, and facial pain. All sinuses can become 
involved and spread to adjacent structures such as the palate, orbit and brain usually 
progress rapidly. The hallmarks of the spread of disease beyond the sinuses are tis-
sue necrosis of the palate resulting in palatal eschars, destruction of turbinates, peri-
nasal swelling, and cyanosis of the facial skin overlying the involved sinuses. Black 
necrotic intranasal or palatal eschar is highly suggestive of the disease but it occurs in 
only 40–50 % of those affected13. Symptoms of Pulmonary mucormycosis are fever, 
cough, chest pain, dyspnoea and haemoptysis14. Some medications used to treat 
severe COVID-19, including high-dose corticosteroids and tocilizumab, might predis-
pose patients with COVID-19 to mucormycosis. Mucormycosis has been reported in 
patients with severe COVID-19 infection who lacked other classical mucormycosis 
risk factors, such as diabetes, conditions or medications that weaken the immune 
system, and cancer15,16.  

Patients hospitalized for COVID-19 are at risk for nosocomial infections due to long 
duration of hospitalization and reduced immunity to fight infections17-20. Fungal 
infections resistant to antifungal treatment have also been described in patients 
with severe COVID-1921. Early diagnosis and monitoring for mucormycosis in 
COVID-19 patients can reduce the morbidity. Healthcare providers should con-
sider medical history, symptoms, physical examinations, and laboratory tests when 
diagnosing mucormycosis. Biopsy, fungal culture and diagnostic imaging such as 
a CT scan of head and neck region sinuses plays a vital role in early diagnosis of 
Rhinomaxillary mucormycosis22. 

Antifungal antibiotics such as amphotericin B, posaconazole, or isavuconazole are 
most commonly employed in the management of mucormycosis. Amphotericin B, 
posaconazole, isavuconazole are given intravenously although posaconazole, isavu-
conazole can also be given by parenteral route23. Surgical debridement is the key to 
controlling and eliminating mucormycosis, but anti-fungal treatment is also typically 
used in combination. Studies confirm amphotericin-B liposomal 3.0 mg/kg accom-
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panied by aggressive surgical debridement, up to and including amputation, is rea-
sonably effective23,24. 

Rhinomaxillary mucormycosis is a fatal, life-threatening opportunistic infection in 
COVID -19 patients having comorbidities. Most of the patients reported with necrotic 
bone and multiple intra-oral draining sinus with pus discharge. Tooth mobility was most 
common complaint in these patients. Early signs and symptoms can play a pivotal role 
in diagnosis in these patients so that prompt treatment can be provided. Dental clini-
cians should have adequate knowledge about the disease to provide early diagnosis.
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Introduction

Oral submucous fibrosis (OSMF) is a 
chronic, potentially malignant disorder 

of the oral cavity characterized by 

inflammation, progressive fibrosis of 
connective tissue and lamina propria 

involving the oral mucosa, the oropharynx 

and the larynx.[1] The disease is 

characterized by blanching and stiffness of 
oral mucosa, trismus, burning sensation, 

restricted tongue movement and loss of 

gustatory sensation. The majority of the 

cases are reported in the Indian population 

where the prevalence differs from 0.20% to 
0.5%.[2]

Literature reveals areca‑nut as the main 

etiological factor in OSMF, although 

other factors like hypersensitivity, chillies, 

genetic predisposition, malnutrition, 

deficiency of iron, zinc and essential 
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Abstract

Context: Oral submucous fibrosis (OSMF) is a chronic insidious oral potentially malignant disorder 
characterized by increased collagen deposition and reduced collagen degradation causing burning 

sensation and difficulty in mouth opening. Aim: To assess the efficacy of topical Tulsi (Ocimum 

sanctum) paste for the management of OSMF. Settings and Design: Institution‑based clinical trial. 

Materials and Methods: The study included a total of 60 OSMF patients categorized into three 

Groups A, B and C (20 in each) depending on the severity according to Lai DR et al. classification. 
The patients were advised for topical Tulsi paste application and were evaluated for the reduction in 

the burning sensation and improvement in mouth opening every month for 3 subsequent months using 

the numeric pain rating scale (NRS) and a Vernier calliper, respectively. Statistical Analysis: The 

baseline and 3‑month recordings were subjected to inter‑ and intra‑group statistical analysis using 

Kruskal–Wallis analysis of variance (ANOVA), Mann–Whitney U, one‑way ANOVA, Tukey’s 

multiple post‑hoc and Wilcoxon matched‑pairs tests. Results: There was a reduction in the 

burning sensation and improvement in the mouth opening in all three groups. The reduction in the 

burning sensation was statistically significant among all the groups (P < 0.05) and the NRS scores 

after 3 months among the three groups were not statistically significant (P > 0.05). There was a 

statistically significant difference (P < 0.05) in the improvement of mouth opening between Group A 

and B; A and C; but not between B and C. Conclusion: Tulsi paste showed a significant reduction 
in the burning sensation and improvement of the mouth opening thereby proving to be a safe and 

promising medicament for OSMF.

Keywords: Burning sensation, mouth opening, Ocimum sanctum, oral submucous fibrosis, Tulsi
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vitamins are attributed. Studies have shown 

that the alkaloids and flavonoids of areca 
nut like arecoline, arecaidine, guvacine 

and guvacoline are the principal etiologic 

factors with arecoline being the most 

potent.[3] The etiopathogenesis involves 

the proliferation of the fibroblasts and 
increased formation of collagen which is 

related to the connective tissue growth 

factor (CTGF). Arecoline stimulates CTGF 

through the pathways of reactive oxygen 

species (ROS), NF‑kappa B, JNK and p38 

MAPK pathways.[4]

The chief complaints of the majority of the 

patients are burning sensation, due to blister 

formation/ulceration and difficulty in mouth 
opening.[5] Clinically, there are palpable 

bands in the buccal mucosa, around the 

mouth, and in the soft palate associated 

with blanching of overlying mucosa.[6] 

There may be fibrosis of the nasopharynx 
and difficulty in hearing due to the fibrosis 
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of the eustachian tube in advanced stages. Though not 

definite, there are various treatment modalities like 
corticosteroid injections, turmeric, lycopene, hyaluronidase, 

pentoxifylline, levamisole, immune milk, ultrasound, 

diathermy, chylomicrons, aqueous extracts of healthy 

human placenta and surgical excision of fibrous bands by 
surgery for OSMF. However, corticosteroids remain the 

most promising therapeutic modality.

Literature reveals that even the topical corticosteroids get 

absorbed systemically and leads to side effects.[7] Various 

studies have concluded that herbal medicines are naturally 

effective with fewer side effects and low‑cost availability.[2]

Tulsi (Ocimum sanctum) is a holy plant popularly known 

as the ‘Queen of herbs’ with a wide range of medicinal 

properties like antioxidant, anti‑inflammatory, analgesic, 
immunomodulator, antiulcer, anticancer, antipyretic, 

antidiabetic and anticoagulant property. The chemical 

constituents present in Tulsi are eugenol, methyl chavicol, 

linalool, saponins, tannins, ascorbic acid and carotene.[8] It 

is also known to inhibit acute and chronic inflammation, by 
blocking the cyclooxygenase and lipoxygenase pathways, 

as well as the chemical mediators.[9] Hence, it was proposed 

to study the efficacy of Tulsi extract in the form of topical 
paste for OSMF.

Objectives of the study

To assess and compare the efficacy of topical Tulsi paste 
in the reduction of burning sensation and improvement in 

mouth opening among the patients with Groups A, B and C 

OSMF (Lai DR classification).[10]

Materials and Methods

Preparation of the Tulsi paste

The topical Tulsi paste was prepared in small 

quantities (750 g), once in every 3 months, at the 

constituent College of Pharmacy after obtaining Tulsi 

leaves from the herbal garden of constituent Ayurvedic 

College with prior authentication by the Indian Council of 

Medical Research (ICMR). The leaves were dried under 

the shade until they became crispy on touching. They were 

then crushed and converted into a fine powder by passing 
through 80 meshes.

Sodium carboxymethyl cellulose was weighed and 

dissolved in 80 ml of water. The solution was stirred for 

1 hour and kept for 24 hours soaking. In 20 ml of water, 

sodium methylparaben, sodium propylparaben and sodium 

benzoate were weighed, then mixed and dissolved. Sodium 

carboxymethyl cellulose gel was added to the above 

solution and it was stirred well to convert into a paste 

form. Further, Tulsi leaf powder was added slowly with 

constant stirring. Then glycerine was added and mixed 

well. Vanillin and xylitol were added to enhance the paste 

acceptability. The paste was then homogenized using a 

homogenizer for 15 minutes and stored in airtight sterile 

plastic containers at room temperature [Figure 1a]. The 

homogeneity and stability of the preparation was checked 

by visual/organoleptic examination of the colour, texture, 

odour and consistency by a single pharmacist once a month 

for 3 months duration.

Finally, the composition per 100 g of paste contained 

25 g of Tulsi leaf powder‑main ingredient, 5 g of glycerine‑

moistening agent, 0.05 g of sodium benzoate‑antifungal agent, 

0.05 g of sodium methylparaben‑antibacterial agent, 0.05 g 

of sodium propylparaben‑antibacterial agent, 2 g of sodium 

carboxymethylcellulose‑base paste, xylitol‑sweetening agent, 

0.010 g of vanillin flavour and water.

Methodology

A total of 60 patients reporting to the Department of Oral 

Medicine and Radiology with the age of 18 years and 

above, of either sex, were included in the study after clinical 

confirmation of OSMF and with prior informed consent. 
However, Group D OSMF patients (Lai DR et al.,)[10] 

pregnant patients, lactating mothers, patients undergoing 

some form of OSMF treatment, and patients with systemic 

diseases were excluded. The study was approved by 

the Institutional Research and Ethics Committee (Ref. 

no: 09/06/2016/1071). All the procedures were done in 

accordance with the ethical standards of the responsible 

committee on human experimentation and with the Helsinki 

Declaration of 1964 and later versions. The sample size (n) 

was estimated to be 17.3 per group with 10% attrition 

using the formula n = (Z1‑α/2 + Z1‑β)
 2 + (SD

1

2 + SD
2

2)/ 

(x̄
1
– x̄

2
)2, where z = 1.96, α = 5%, 1‑β = 95%, SD

1
 = 5.43, 

SD
2
 = 2.60, x̄

1 
= 3.02, and x̄

2
 = 0.76 in G* Power statistical 

software (version 3.1.9.2).

Patients were categorized into three groups: A, B and C 

according to Lai DR et al.,[10] classification‑1995, based 

Figure 1: (a) Prepared Tulsi paste, (b) baseline and (c) 3 months post‑Tulsi 
therapy mouth opening measurements

cb

a
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on the mouth opening. Each of the three groups had 

20 patients. A thorough case history was recorded and 

the patients were counselled to quit the habit of tobacco/

pan/areca nut chewing strictly. The patients were also 

subjected to scaling along with oral hygiene instructions 

and advised for mouth opening exercises thrice a day for 

2 months. During the first visit, baseline measures for the 
mouth opening and burning sensation were recorded using 

a Vernier calliper [Figure 1b and 1c] and numeric pain 

rating scale (NRS), respectively. The NRS scores ranged 

from 0 (no burning sensation) to 10 (extreme burning 

sensation).

Mouth opening was recorded by measuring the maximum 

inter‑incisal distance from the mesioincisal edge of the 

maxillary central incisor to that of the mandibular central 

incisor.

Each patient was dispensed with 60 g of Tulsi paste in 

a sterile airtight container during every visit. Patients 

were demonstrated and instructed to apply the paste 

intraorally using sterile earbuds after drying the oral 

mucosa with cotton, twice daily in the morning and the 

night after food. On each application, 250 mg of Tulsi 

extract in Tulsi paste (1 g) was delivered. The patients 

were asked not to drink or eat for the next 15 minutes 

post‑application. The therapy was instituted for 1 month 

and patients were followed up for another 2 months. The 

patient compliance for topical Tulsi paste therapy was 

ensured by checking the used empty container brought 

during the follow‑up. In case of any untoward reaction to 

the medication or any discomfort, the patients were asked 

to report immediately.

Statistical analysis

The tabulated pre‑ and post‑treatment values were subjected 

to statistical analysis using SPSS® 17 software package. 

Statistical tests of age distribution analysis, Kruskal–

Wallis ANOVA test, Mann–Whitney U‑test, Wilcoxon 

matched‑pairs test and one‑way ANOVA test were done.

Results

On age distribution analysis, the maximum number 

of subjects in Group A were in the age group 

of 30–49 years (35%). Similarly, the maximum 

number of subjects in Group B were in the age 

group 30–39 years (45%) and in Group C were 

20–29 years (70%). Overall maximum number of subjects 

was in the age group of 20–29 years (38%). All the 

subjects included were males except for two females in 

Group A who had the habit of chewing betel nut/pan, 

tobacco or gutkha. The duration and frequency of the 

habit ranged from 1.5 to 35 years and 3 to 8 times/day, 

respectively.

NRS score comparison at baseline and after 3 months 

post‑treatment using the Kruskal–Wallis ANOVA test 

showed that the mean difference among Groups A, B and C 
was statistically significant with P = 0.0001.

Inter‑group comparison of Groups (A, B and C) for NRS 

scores at baseline and after 3 months by Mann–Whitney 

U‑test presented that the difference among Groups A, B and 
C was statistically significant (P < 0.05). The difference of 
NRS scores after 3 months among Groups A, B and C was 

not significant (P > 0.05) [Table 1].

Intra‑group comparison of the NRS scores at baseline 

and after 3 months (post‑treatment) using the Wilcoxon 

matched‑pairs test in each Group A, B and C was 

significant (P = 0.0001 < 0.05) [Figure 2a].

Mouth opening comparison among Groups A, B and C at 

baseline and after 3 months (post‑treatment) using one‑way 

ANOVA test depicted significant results at baseline and 
post‑treatment (P < 0.05) [Table 2].

Inter‑group comparisons of Groups A, B and C to mouth 

opening at baseline and after 3 months by Tukey’s multiple 

post‑hoc test showed that the difference in the mouth 
opening was significant between Groups A and B, A and C 
but not significant between B and C (P > 0.05) [Table 3].

Intra‑group comparison of Groups A, B and C at baseline 

and post‑treatment with respect to mouth opening scores 

by Wilcoxon matched‑pairs test [Group A (P = 0.0002), 

Group B (P = 0.0028) and Group C (P = 0.0001)] showed 

a significant increase in mouth opening [Figure 2b].

The prepared topical Tulsi paste showed a good stability 

during the visual/organoleptic evaluation. All the involved 

subjects quit the habit completely which was ensured by 

the clinical examination for stains and deposits on the teeth 

during follow‑up.

Figure 2: Intra‑group comparisons of (a) burning sensation (NRS) scores 
and (b) mouth opening scores (in millimetres) in three study Groups (A, B 
and C) at baseline and after 3 months

b

a

[Downloaded free from http://www.ijdr.in on Thursday, October 13, 2022, IP: 183.82.25.77]



Biswas, et al.: Efficacy of tulsi in oral submucous fibrosis

Indian Journal of Dental Research | Volume 33 | Issue 2 | April-June 2022  149

Discussion

Literature reveals various treatment modalities for the 

management of OSMF.[9] Tulsi extract is a promising 

medicament possessing anti‑inflammatory, analgesic, 
anti‑oxidant and immunomodulatory properties. It is an 

effective medicament with low toxicity, low cost and 
high availability.[11] Natural therapies can provide safer 

and long‑term treatment in reducing the symptoms of the 

disease without any notable side effects.

In the current study, the mean age in Groups A, B and 

C was 40.60 ± 10.65, 32.70 ± 8.01 and 28.40 ± 7.16, 

respectively. The maximum number of patients was in the 

age group 20–29 years and the least number of subjects 

were above 50 years which was in accordance with Gupta 

et al.[12] who reported the mean age to be 31.93 years. 

A similar age group was observed in the study by Shwetha 

et al.[13] who reported the maximum subjects aged between 

21 and 30 years. However, Nigam et al.[14] reported the 

maximum number of patients in age of 36–40 years which 

was in contrast to our study, possibly due to our smaller 

sample size and the changing trends of gutkha chewing 

habits prevailing more in the younger age group.

The mean burning sensation after the treatment in Groups A, 

B and C was 2.75, 2.60 and 2.75, respectively (P < 0.05). 

Table 1: Pair‑wise comparison of Groups (A, B and C) with respect to NRS scores at baseline and after 3 months
Time Group Mean±SD Median Mean rank Statistics

U Z P

Baseline A 5.20±1.06 5.00 24.50 120.0 −2.164 0.030*

B 4.35±1.23 4.00 16.50

A 5.20±1.06 5.00 27.78 54.5 −3.936 0.0001†

C 3.55±1.00 3.00 13.23

B 4.35±1.23 4.00 24.40 122.0 −2.110 0.035*

C 3.55±1.00 3.00 16.60

3 months A 2.75±1.16 2.50 21.23 185.5 −0.392 0.695

B 2.60±1.10 2.00 19.78

A 2.75±1.16 2.50 20.33 196.5 −0.095 0.925

C 2.75±0.91 2.50 20.68

B 2.60±1.10 2.00 19.48 179.5 −0.554 0.579

C 2.75±0.91 2.50 21.53

Difference A 2.45±0.89 2.00 24.95 111.0 −2.407 0.016*

B 1.75±0.79 2.00 6.05

A 2.45±0.89 2.00 29.70 16.0 −4.977 0.0001†

C 0.80±0.41 1.00 11.30

B 1.75±0.79 2.00 27.30 64.0 −3.679 0.0002†

C 0.80±0.41 1.00 13.70

*P≤0.05‑ Statistically significant; †P≤0.001‑ Highly statistically significant; statistical analysis used: Mann–Whitney U‑test, 

95% CI: Confidence Interval

Table 2: Comparison of study Groups (A, B and C) with respect to mouth opening scores at baseline and after 3 months
Group Baseline 3 months Difference

Mean±SD Mean±SD Mean±SD

A 41.55±5.22 42.51±5.41 0.95±0.94

B 33.12±1.47 33.55±1.52 0.43±0.56

C 26.03±2.27 26.05±2.27 0.02±0.02

Time Source of variation Sum of squares Mean sum of squares df F P

Baseline Between groups 2414.79 1207.394 2 104.734 0.0001†

Within groups 657.11 11.528 57

Total 3071.89 59

3 months Between groups 2714.36 1357.182 2 110.700 0.0001†

Within groups 698.82 12.260 57

Total 3413.18 59

Difference Between groups 8.76 4.380 2 10.992 0.0003†

Within groups 22.71 0.398 57

Total 31.47 59

Mouth opening scores in millimetres (mm) are presented as mean±standard deviation (SD). *P≤0.05‑ Statistically significant; 
†P≤0.001‑ Highly statistically significant; statistical analysis used: one‑way ANOVA test, 95% CI: Confidence Interval
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This was similar to the study by Srivastava et al.,[2] where 

an overall reduction in the burning sensation after the 

treatment was 2.22 ± 1.413.

Similar results were observed by Virani D et al.,[15] Rizvi D 

et al.,[16] Khabiya P et al.[17] and Madhulatha G et al.[18] 

who reported a reduction in the burning sensation. The 

previously mentioned studies excluded the OSMF patients 

who is already under treatment or with other ailments, but 

did not consider the exclusion of Lai DR et al.,[10] Group D 

OSMF patients, who require surgical management, 

as followed in this study. Also, the studies used the 

application of Tulsi powder in combination with turmeric 

powder or triamcinolone/antioxidants along with glycerine, 

or Tulsi gel, 2 or 4–5 times a day, for a duration ranging 

from 1.5 to 3 months. However, the aforementioned 

studies had no segregation in terms of severity, except 

for Virani D et al.[15] There was no significant difference 
in burning sensation among the intergroup comparisons 

of Groups A, B and C after the follow‑up which was in 

accordance with Rizvi D et al.[16] However, this result was 

not in accordance with Agarwal et al.[19] who observed 

significant burning reduction among Groups A, B, C and 
D (Lai DR classification). Tulsi has potent analgesic, 
anti‑inflammatory and negligible anaesthetic properties 
justifying the lack of observing a significant difference 
among the three groups. Also, the burning sensation is a 

subjective entity which vary for different subjects.

The current study showed statistically significant 
improvement of mouth opening in Groups A (P = 0.0002), 

B (P = 0.0028) and C (P = 0.0001) which is in 

accordance to Srivastava et al.,[2] Virani D et al.,[15] 

Rizvi D et al.,[16] Khabiya P et al.,[17] and Madhulatha G 

et al.[18] When intergroup comparisons were done, the 

pre‑ and post‑treatment difference in the mouth opening 

between Group A and B was significant. The pre‑ and 
post‑treatment difference between Groups A and C was also 
significant but Group B and C revealed no difference in 
improvement in the mouth opening. As OSMF progresses, 

there is a gradual increase in the fibrosis of the oral mucosa. 
Tulsi lacks fibro‑lytic action which could substantiate for 
lack of improvement in mouth opening. Reduced mouth 

opening and inaccessibility to posterior buccal mucosa in 

patients with OSMF might lead to difficulty in applying the 
Tulsi paste effectively.

Tulsi has potent analgesic and anti‑inflammatory properties. 
According to literature, eugenol is the major constituent in 

Tulsi extracts. The volatile oil contains about 71% eugenol 

and 20% methyl eugenol. The potent analgesic effect of 
Tulsi is due to the inhibition of COX‑2 inflammatory 
mediators.[20] These actions are due to the presence of fixed 
oils and linolenic acid present in Tulsi leaves. Thus, a 

reduction in burning sensation in OSMF patients is due to the 

potent analgesic and anti‑inflammatory properties of Tulsi.

Local continuous irritation by gutkha, pan masala and 

areca nut leads to cytokine production and oxidative stress 

following which there is increased production of ROS 

that plays an important role in pathogenesis causing cell 

apoptosis and induce cell proliferation. Tulsi was the choice 

due to its potent anti‑oxidant and immunomodulatory 

activities. It contains urosolic acid which suppresses 

various carcinogens and inhibits the proliferation of the 

cells.[21] Many herbal antioxidants such as lycopene, 

turmeric, aloe vera have been used for the management 

of OSMF as adjuvant therapy or along with intralesional 

injections.[11] Burning sensation and erosions are the initial 

symptoms and signs reported in early cases of OSMF. This 

affirms the use of Tulsi paste as a potent anti‑inflammatory, 
analgesic, immuno‑modulatory and non‑invasive modality 

for the management of the early stages of OSMF. Almost 

all the patients responded to Tulsi paste and there were no 

dropouts, side effects or any signs of toxicity.

Limitations

The limitations of the study were smaller sample size, short 

patient follow‑up and lack of control group receiving the 

standard treatment of corticosteroids.

Conclusion

The study concluded that Tulsi paste showed a significant 
increase in the mouth opening as well as a reduction in 

the burning sensation in all the three groups of OSMF 

attributing to the analgesic, anti‑inflammatory and 
immunomodulatory properties of Tulsi paste thus making 

it a very safe and promising cost‑effective medication for 
the treatment of OSMF. Thus, Tulsi paste can be used as a 

primary mode of treatment in Group A patients with OSMF 

and as adjuvant therapy for other groups of OSMF in the 

future.

Table 3: Pair‑wise comparisons of study Groups (A, B 
and C) with respect to mouth opening scores at baseline 

and after 3 months

Time Group A B C

Baseline Mean±SD 41.55±5.22 33.12±1.47 26.03±2.27

A ‑ P=0.0001† P=0.0001†

B P=0.0001† ‑ P=0.0001†

C P=0.0001† P=0.0001† ‑

3 months Mean±SD 42.51±5.41 33.55±1.52 26.05±2.27

A ‑ P=0.0001† P=0.0001†

B P=0.0001† ‑ P=0.0001†

C P=0.0001† P=0.0001† ‑

Difference Mean±SD 0.95±0.94 0.43±0.56 0.02±0.02

A ‑ P=0.0002†

B P=0.029* ‑ P=0.111

C P=0.0002† P=0.111 ‑

The mouth opening scores in millimetres (mm) are presented as 

Mean±Standard deviation (SD); *P≤0.05‑ Statistically significant; 
†P≤0.001‑ Highly statistically significant; statistical analysis used: 
Tukey’s multiple post‑hoc test, 95% CI: Confidence Interval
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Original Article

IntRoductIon

The temporomandibular joint (TMJ) is an area of interest for over 
a century; however, despite a considerable number of studies in 
this area, it is still a mystery.[1] “Temporomandibular disorder 

(TMD) is a collective terminology that defines a subgroup of 
painful orofacial disorders involving the TMJ, craniofacial 
muscle fatigue, especially of the masticatory muscles, movement 
limitation of the jaws, muscle tenderness, and presence of articular 
clicking sound.”[2] The etiology of such disorders is multifactorial, 
often attributed to occlusal interferences, emotional stress, 
malocclusion, masticatory muscle dysfunctions, intrinsic and 
extrinsic changes of the TMJ structure, parafunctional habits, 
and a combination of these factors.[3,4] The role of psychological 

factors in the development of TMD has been highlighted[5,6] and 

is thought to predispose the patient to chronicity.[7] The prevalence 

rate has been broadly reported to be from 26% to 50%, depicting 

the differences in population, criteria, and data collection method. 
TMDs are 1.5 to 2 times more prevalent in females than males, 
and 80% of the patients treated for the same are females.[8] The 

gender difference is most evident in the 20−40 age group and 
least in children, adolescents, and the elderly.[9]

Due to the high prevalence and variations in the symptoms, 
the diagnosis of TMD is frequently based on the signs and 

symptoms. Some features may be prevalent even in an unaffected 
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population.[10] Questionnaires have been designed for widely 

applicable simpler assessment procedures and standardizing the 

research samples by recording the main symptoms of TMD and 

the degree of severity.[11] A simple self-administered questionnaire 

will be useful for easy and faster application at a lower cost.[12] 

It also has the advantage of providing a severity index with less 
investigator influence on the subjects and their answers. The 
level of severity of the TMD is referred to as “TMD degree.”

Despite the high prevalence of TMD and its association with 

psychological factors, there are no studies that evaluate TMD 
as well as psychological factors among the Indian dental 

student population. Hence, this study aimed to determine 
the prevalence of TMD in Indian dental students and its 

association/correlation with gender, anxiety, and depression.

MateRIals and Methods

Design, setting, and sample size
This study was conducted among the undergraduate and 

postgraduate students of a private dental college in North Karnataka 

who were aged between 18 and 28 years, of either gender, after 
obtaining written informed consent. Ethical clearance was obtained 

from the Institutional Research and Ethics Committee with the 

reference number 09/01/2020/1349. The study was conducted in 
accordance to the “ethical standards of the responsible committee 

on human experimentation and with the Helsinki Declaration of 
1964 and later versions.” The sample size (N) was estimated to 
be 512 with 15% attrition using the formula N = (Z1–α/2)

2 (pq)/d2, 
where z = 1.96, α = 5%, d = 10, p = 0.53, q = 0.47).[13]

A universal sample of 518 dental students was included after 
eliciting a detailed case history for the presence of any excluding 
factor. Dental students undergoing orthodontic treatment or any 

treatment for TMD and those with systemic, neurological, or 
musculoskeletal disorders and missing teeth were excluded from 
this study. The printed questionnaires in the English language 

were distributed to the included students, and enough time was 
given to fill the same without any time limit. Finally, 448 students 
were included based on the inclusion and exclusion criteria, 
out of which 384 students successfully submitted the filled 
questionnaires with a response rate of 85.7% (Attrition <15%).

Evaluation of TMD
The presence and severity of the TMD was assessed using 

a self-administered anamnestic questionnaire[14] that had 10 

closed-ended questions related to the common symptoms of 

TMD. This questionnaire was designed by Fonseca et al.[15] in 

1994 by modifying Helkimo’s anamnestic index. It checks for 
the presence of symptoms related to TMD like pain in the TMJ, 
head, and back while mastication; limitation of movements; 
clicking; perception of malocclusion; etc. The students were 

asked to answer the multiple-choice questions with the options 

of “Yes and severe,” “Yes, Sometimes,” and “No” and were 
also limited to giving one response per question.

The scores were given based on the criteria laid down by 

Conti et al.,[16] which were as follows: A score of ‘0’ for no 

symptoms (No), ‘1’ for occasional symptoms (Sometimes), ‘2’ 
for the presence of dysfunction (Yes), and ‘3’ for severe/bilateral 
symptoms (Yes and severe). A score of ‘3’ could be given only 
to questions 4, 6, and 7. The sum of the scores of all the 10 
questions was calculated, and the inference was as follows: 
0-3 = TMD-free; 4-8 = Mild TMD; 9-14 = Moderate TMD, 
and 15-23 = Severe TMD, which indicate the “TMD degree.”

Evaluation of psychological factors (anxiety and 
depression)
The Hospital Anxiety and Depression Scale (HADS) was used for 
self-rating anxiety and depression levels by the dental students. 
Zigmond and Snaith[17] were the first to use this scale in their 
study. HADS is a 14-item closed-ended questionnaire in which 7 
items relate to anxiety (HADSa) and 7 items related to depression 
(HADSd). The most salient feature of HADS is that it eliminates 

the somatic symptoms of anxiety and depression. The sum of the 
scores of anxiety-related items (HADSa) and depression-related 
items (HADSd), which indicate mental disorders, were 
calculated. They were inferred as follows: 0-7 = Normal; 
8-10 = Mild; 11-14 = Moderate, and 15-21 = Severe.

Statistical analysis
Computerized data entry was done using Microsoft® Excel 
2019 and was subjected to statistical analysis using “IBM 
Corp. Released 2012. IBM SPSS® Statistics for Windows, 
Version 21.0. Armonk, NY: IBM Corp.” The percentages of the 
dental students with different grades of TMD severity, anxiety, 
and depression in both genders were calculated. Shapiro-Wilk’s 
test was done to test the normality, and the data distribution 
was skewed. The association and correlation between the TMD 

degree, gender, anxiety, and depression were evaluated by the 
Chi-square test and Spearman’s rank correlation coefficient 
test, respectively, by setting the significance level as P ≤ 0.05.

Results

Overall, 47.1% of the subjects were TMD-free, 45.6% had 
mild TMD, 7% had moderate TMD, and 0.3% had severe 
TMD. In females, 46.9% were TMD-free, 46.2% had mild 
TMD, 6.9% had moderate TMD, and none had severe TMD. 
In males, 47.9% were TMD-free, 43.8% had mild TMD, 7.3% 
had moderate TMD, and 1% had severe TMD [Figure 1]. The 

results of the HADS for anxiety and depression assessment 
revealed 54.5% females and 40.6% males with some degree of 
anxiety and 24.4% females and 24% males with some degree of 
depression [Table 1]. The difference between the genders was 
statistically significant, with a P value of 0.046 for depression.

Overall, 49% of the subjects were anxiety-free, 27% had mild 
anxiety, 19% had moderate anxiety, and 5% had severe anxiety; 
76% were depression-free, 18% had mild depression, 5.7% 
had moderate depression, and 0.3% had severe depression. In 
females, 45.5% were anxiety-free, 26.7% had mild anxiety, 
22.2% had moderate anxiety, and 5.6% had severe anxiety; 75.7% 
were depression-free, 18.1% had mild depression, 6.3% had 
moderate depression, and none of them had severe depression. 
In males, 59.4% were anxiety-free, 26% had mild anxiety, 11.5% 
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had moderate anxiety, and 3.1% had severe anxiety; 76% were 
depression-free, 18.8% had mild depression, 4.2% had moderate 
depression, and only 1% had severe depression [Figures 2 and 3]. 

Chi-square test presented a highly significant association of TMD 
with anxiety (P < 0.001) but not with gender (P = 0.303) and 

depression (P = 0.101) [Table 2]. In Spearman’s rank correlation 

coefficient test to determine the correlation between TMD degree 
and gender and anxiety/depression, the correlation coefficient 
values from 0.71 to 1.0, from 0.31 to 0.70, and 0.0 to 0.30 were 
considered as high, medium, and low correlations, respectively. 
There was a significant positive correlation between TMD degree 
and anxiety (r = +0.261, P < 0.001). However, there was a weak 
correlation of TMD degree with gender (r = +0.026, P = 0.606) 
and depression (r = +0.096, P = 0.06), which was insignificant.

dIscussIon

In the present study, we evaluated the prevalence of TMD 
in dental students and its association/correlation with gender 

and psychological factors (anxiety and depression). Fonseca 
determined a 95% reliability of the anamnestic questionnaire and 
a good correlation with the TMJ disorders (r = 0.62, P < 0.05).[15] 

It was used by Fonseca et al.,[15] Conti et al.,[16] Nomura et al.,[18] 

Modi et al.,[13] Chandak et al.,[19] and Bonjardim et al.,[14] previously. 

It demonstrated high diagnostic efficiency and the advantages 
of multi-dimensional characteristics, easy administration, and 
low cost. The anamnestic questionnaire provided a considerable 

amount of information in a short period and was useful and 

sensitive for finding the degree of TMD in the study population. 
The point prevalence (determined by a clinical evaluation) can 

be less than the period prevalence which has been determined 

by using this questionnaire. In the present study, only the period 
prevalence was taken into consideration. Several studies validate 

the use of this anamnestic questionnaire for epidemiological 

studies. In the current study, it is evident that 52.9% of the 
students had some degree of TMD. Similar results were found 

by Shiau and Chang (41%),[20] Conti et al. (42%),[16] Bonjardim 

et al. (50%),[4] and Modi et al. (45.16%).[13] However, Grosfeld 

Table 1: Number and percentage of students with various TMD degree, level of anxiety, and level of depression

Parameter Total (n=384) 
n (%)

Male (n=96) 
n (%)†

Female (n=288) 
n (%)†

Statistics

χ2 df P

TMD degree

Free 181 (47.1) 46 (47.9) 135 (46.9) 3.122 3 0.373
Mild 175 (45.6) 42 (43.8) 133 (46.2)
Moderate 27 (7.0) 7 (7.3) 20 (6.9)
Severe 1 (0.3) 1 (1) 0 (0)

Level of anxiety (HADSa)
Normal 188 (49.0) 57 (59.4) 131 (45.5) 7.981 3 0.046*
Mild 102 (26.6) 25 (26.0) 77 (26.6)
Moderate 75 (19.5) 11 (11.5) 64 (22.2)
Severe 19 (4.9) 3 (3.1) 16 (5.6)

Level of depression (HADSd)
Normal 291 (75.8) 73 (76.0) 218 (75.7) 3.566 3 0.312

Mild 70 (18.2) 18 (18.8) 52 (18.1)
Moderate 22 (5.7) 4 (4.2) 18 (6.3)
Severe 1 (0.3) 1 (1.0) 0 (0)

TMD − Temporomandibular joint disorder, HADSa − Hospital anxiety and depression scale-anxiety, HADSd − Hospital anxiety and depression 
scale-depression. All values are expressed as numbers and percentage (in parentheses). Statistical test used: Chi-square test; Level of significance: 
*P≤0.05 − statistically significant; CI − 95%; †percentage within gender
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et al. (72%),[21] Schiffman (75%),[22] Pedroni et al., (68%),[10] and 

Chandak et al. (69%),[19] depicted a higher number of subjects 
with TMD. The ethical, racial, and social background could be 
attributed to this difference in prevalence. Mild TMD (45.6%) 
was the most prevalent TMD found among the Indian dental 

students which was consistent with the studies by Dekon et al.,[23] 

Pedroni et al.,[10] Oliveira et al.,[12] Nomura et al.,[18] Bonjardim 
et al.,[14] Modi et al.,[13] and Chandak et al.,[19] who also got 

similar results. Nassif et al.,[24] found that the TMD prevalence 

was higher in the younger participants but with less severity as 

only 7.3% of the subjects had moderate and severe TMD, which 
is in line with the findings of Bonjardim et al., (9.18%)[14] and 

Modi et al., (10.34%).[13] Fonseca advocated that the subjects with 
moderate to severe TMD should be referred to a TMJ specialist; 

Hence, 7.3% of the dental students with moderate to severe 
TMD in our study had to undergo further clinical evaluation 

and treatment for TMD. Though TMD prevalence among 

females (53.9%) is 1% higher than that among males (52.9%), 
the difference was statistically insignificant (P = 0.373), which 
was in agreement with the findings of Oliveira et al.,[12] Bonjardim 
et al.,[14] and Modi et al.[13] However, Conti et al.,[16] Pedroni 

et al.,[10] Nomura et al.,[18] Ryalat et al.,[25] Vojdani et al.,[1] and 

Chandak et al.[19] found a higher prevalence of TMD in females 

than in males and attributed this difference to the fluctuation in 
the levels of female sex hormones, especially estrogen, which 
is crucial for the regular functioning of the brain. Females have 
high baseline plasma corticosterone levels[26] and increased 

hypothalamic-pituitary axis markers[27] both when at rest and 

under stress than males. The HADS scale used to evaluate 

the psychological factors in this study has well-established 

psychometric properties and has been well tested.[28] A mild 

level of anxiety (27%) and depression (18%) were the most 
prevalent. There was a statistically significant difference in 
the anxiety levels (HADSa) between females (54.5%) and 
males (40.6%) but no statistically significant difference in the 
depression levels (HADSd) between females (24.4%) and 
males (24%). The correlation between the TMD degree and 
anxiety levels (HADSa) was statistically significant but not 
between TMD degree and depression levels (HADSd) which 

are in agreement with the studies by Bonjardim et al.,[4] and 

Bonjardim et al.,[14] who declared that anxiety has a vital role 
in TMD, being a predisposing or aggravating factor. Wahlund 
et al.,[29] confirmed this possibility, indicating that anxiety is 
linked to the increased pain cases in clinics.

TMDs are often related to physical and psychological 

factors, including sleep disturbances, fatigue, anxiety, and 
depression.[4,30] Hence, considering the association of stress 
with the psychological disturbances of anxiety and depression, 
we can conclude that there is a positive relationship between 

stress and TMD degree in the present study.

Limitations
This is a cross-sectional study involving a limited sample size 

of 384 dental students from a single institution. The assessment 
of TMD was done using an anamnestic questionnaire rather 

than the clinical examination or imaging.

Future prospects
This finding being a cross-sectional observation, should be 
further evaluated with a longitudinal study involving a larger 

sample size of dental students from multiple institutions.

Table 2: Association between TMD degree and level of anxiety and level of depression

Parameter TMD degree Statistics

Free (181) 

n (%)†

Mild (175) 

n (%)†

Moderate (27) 

n (%)†

Severe (1) 

n (%)†

Total (384) 

n (%)†

χ2 df P

Level of anxiety (HADSa)
Normal 107 (59.1) 75 (42.9) 6 (22.2) 0 (0) 188 (49) 49.14 9 <0.001*

Mild 48 (26.5) 46 (26.3) 7 (25.9) 1 (100) 102 (26.6)
Moderate 21 (11.6) 47 (26.9) 7 (25.9) 0 (0) 75 (19.5)
Severe 5 (2.8) 7 (4.0) 7 (25.9) 0 (0) 19 (4.9)

Level of depression (HADSd)
Normal 136 (75.1) 135 (77.1) 19 (70.4) 1 (100) 291 (75.8) 14.64 9 0.101

Mild 36 (19.9) 29 (16.6) 5 (18.5) 0 (0) 70 (18.2)
Moderate 9 (5.0) 11 (6.3) 2 (7.4) 0 (0) 22 (5.7)
Severe 0 (0) 0 (0) 1 (3.7) 0 (0) 1 (0.3)

TMD − Temporomandibular disorder, HADSa − Hospital anxiety and depression scale-anxiety, HADSd − Hospital anxiety and depression 
scale-depression. All values are expressed as numbers and percentage (in parentheses). Statistical test used: Chi-square test; Level of significance: 
*P≤0.05 − statistically significant; CI − 95%; †percentage within TMD degree
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conclusIon

In conclusion, this study depicted a higher TMD prevalence 
among the Indian dental student population, with a majority 
of mild severity. There was no significant difference in the 
TMD prevalence between males and females. There was a 

statistically significant increase in anxiety levels among females 
than males, and there was a positive correlation between TMD 
symptoms and anxiety. There was no significant correlation 
with depression. These outcomes advocate the evaluation of 

psychological factors among young adults with a confirmed 
diagnosis of TMD and appropriate management, if deemed 
necessary. Also, the inclusion of psychological counseling 
sessions and recreational activities in their curriculum/routine 
is recommended to increase the productivity and efficiency of 
the dental students to be successful professionals in the future.
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ABSTRACT

“Myiasis” is a term used to represent invasion caused by fly larvae that affect organs and tissues of human beings 
and feeds on the host tissue. It is a rare and non-specific pathology that varies according to the species of fly larvae 
and the area of the body involved. Various factors like extraction wounds, uncontrolled diabetes, necrotic tissues, 
alcohol addiction, poor oral hygiene, immunocompromised conditions and people with special care needs like 
debilitated or mentally challenged individuals predispose to develop myiasis. We hereby report a case of oral myiasis 
of the maxillary anterior region of the palate and labial mucosa, in a 16-year-old female patient with special care 
needs who for her daily activities is dependent. The diagnosis was confirmed by the presence of pulsating larvae 
in the lesion and was managed by conservative suffocation therapy involving the turpentine oil topical application 
followed by the mechanical removal of larvae along with surgical debridement and post-operative antibiotics.

Key words: antibiotic therapy, larva, maxilla, myiasis, palate, parasitic diseases, turpentine
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INTRODUCTION

The Reverend Frederick William Hope coined the name 
myiasis in 1840, assuming it was derived from the Latin 
words ‘muia,’ meaning fly, and ‘iasis,’ meaning disease. 
Laurence was the first to describe oral myiasis in 1909. 
It was later explained as a dipterous larvae infestation 
on live human animals and vertebral animals that 
nourishes the animal host’s dead or alive tissue, liquid 
body contents, or swallows the food in ill people for at 
least a specific period.1

Myiasis has been reported in warm, humid environments 
such as the tropical or subtropical regions of Southeast 
Asia, America, and Africa. Since the oral cavity rarely 
supplies the essential habitat for the larval lifecycle, 
oral myiasis is a rare condition. As a result, the 
incidence of cutaneous myiasis is higher in sites other 
than the oral cavity, such as the nose, eyes, ear, vagina, 
skin, and nasopharynx.2

Incompetent lips, poor oral hygiene, anterior open 
bite, nocturnal mouth breathing, extraction wounds, 

facial trauma, and ulcer-like lesions are all risk factors 
for the development of oral myiasis.3 Due to its ease 
of access, the anterior part of the maxilla is the most 
commonly affected site, where substantial tissue loss 
can be detected, beginning with tiny ulcers holding 
living larvae. The presence of live larvae is a defining 
factor in the diagnosis of myiasis.4

Oral myiasis is a rare but dreadful and debilitating 
infection that affects patients with special care 
requirements due to their inability to express their 
concerns to their parents or physicians. Therefore, 
understanding the nature of this disease, its origin, 
treatment, and preventative measures are critical for 
oral health care practitioners. Therefore, the current 
paper presents a case of primary oral myiasis of the 
maxillary anterior region of the palate and labial 
mucosa in a 16-year-old female patient with special 
healthcare needs.
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CASE REPORT

A 16-year-old female patient, accompanied by her 
parents, presented to the outpatient department of Oral 
Medicine and Radiology at a private institute with a 
primary complaint of swelling, pain, and discomfort in 
the upper front teeth region of the jaw for 2-3 days. The 
patient’s caregiver noted gingival swelling and growth 
with live larvae in the maxillary anterior region, as 
well as bleeding that caused pain in the patient with no 
history of associated malodor. The patient had a habit 
of mouth breathing, and further history revealed that 
the patient had an intellectual disability; therefore she 
was dependent on her caregiver for daily activities. Due 
to weak or poor motor control, the patient had altered 
salivary flow that resulted in the drooling of saliva and 
involuntary hand and arm control was the root cause 
for her inability to brush her teeth. These conditions 
predisposed her to have a poor oral hygiene that lead to 
periodontal diseases and other dental problems.

Extraoral examination revealed diffuse swelling of 
size 2.5 x 2 cm that was soft and non-fluctuant near 
the left anterior cheek region with no involvement of 
lymph nodes. Palpation of the swelling revealed no 
tenderness. In addition, the patient had incompetent lips 
with increased labial fullness (Figure 1). Intra orally, 
erythematous, and edematous gingiva were noted 
from the 12-26 region both labially and palatally, along 
with bleeding on probing. Friable gingiva was noted to 
result in exposure of the underlying bone periosteum, 
forming a dome-shaped “warble” seen solely on the 
palatal aspect. Fistulas of the labial vestibule on either 
side of the frenum were noted, along with many live 
pulsating larvae that tried to ooze out of the fistula 
which were several, white in color, had a conical shape 
morphology with a pointed anterior end and a black 
posterior end.

Based on the presence of live maggots (Figure 2) and 
the patient’s principal complaint, history, and clinical 
examination, the present case was tentatively classified 
as primary oral myiasis of the maxillary anterior region 
of the palate and labial mucosa. Informed consent was 
obtained from the patients’ parents to continue with 
further care and management.

Radiological examination was performed to determine 
the extent of the underlying bone injury. Intra-oral 
periapical radiographs (IOPAR) of teeth 11-13 and 
21-23 teeth revealed radiolucency in the periapical 
regions of 11, 12, 21, and 22; horizontal bone loss 
of 2-3 mm apical to the CEJ; and altered trabecular 
pattern (hazy radiolucency) suggestive of localised 
periodontitis in teeth 11-13 and 21-23 teeth. Figure 3 
shows a maxillary anterior occlusal radiograph with 
characteristics similar to those reported by IOPAR. 
An orthopantomogram was not considered because of 
the poor motor control.

Given the high morbidity, conservative care with 
suffocating therapy with turpentine oil followed by 
surgical debridement was planned. The aff licted 
spots were thoroughly investigated under aseptic 
conditions. Cotton pellets soaked in turpentine oil 
were kept in cavitations for 5 - 10 min before the 
maggots were harvested using cotton tweezers in an 
exploratory technique after the cotton was removed. 
The treatment was performed several times in a single 
visit, combined with intermittent, profuse normal saline 
irrigation for three consecutive days separated by 48 
hours. Exploration of the wound revealed a plethora of 
burrows and tunnels, several of which were inhabited 
by live larvae. When feeding on surrounding tissues, 
the larvae had tunneled into the deep soft tissues, 
detaching the gingiva and mucoperiosteum from the 
bone (Figure 4).

During the first visit, approximately 24 live maggots 
were removed (Figure 4). After debridement, the 
wound was irrigated with 3 percent hydrogen peroxide 
diluted in normal saline. Susp. Amoxicillin 250mg + 
clavulanic acid 125mg, Susp. Metronidazole 200mg, 
and Ibuprofen 100mg + paracetamol 162.5 mg were 
prescribed as 10 ml b.i.d. for 7 days. 

The same process was performed at the second visit, 
resulting in the removal of approximately 22 live 
maggots, followed by surgical curettage, debridement, 
irrigation, and post-operative instructions (Figure 
5). The method resulted in a lack of maggots on 
the third visit; therefore, only surgical debridement 
with povidone-iodine mixed in saline irrigation was 
performed (Figure 6). Three sessions of suffocation 
therapy resulted in a total of 46 live maggots. Hence 
turpentine oil was enough to remove the live maggots, 
and further management was supplemented by the use 
of antibiotics.The patients’ caretakers were instructed 
to continue the drugs for three days and to return for 
review after three, seven, and fifteen days. During 
the follow-up appointments, healing was deemed 
satisfactory. 

Caretakers play a crucial role in maintaining the 
oral hygiene of patients with intellectual disability 
and hence they should be trained adequately in both 
prophylactic measures (adaptation of food according 
to masticatory ability of the patient, prevention of 
aspiration of food and other objects, prevention of 
localized source of infection i.e. calculus deposits, 
proper brushing and oral hygiene maintenance) as 
well as therapeutic measures ( identifying cause of 
localized pain or discomfort to the patient, bringing 
patient to dentist for regular follow ups). They should 
be well equipped in coping strategies as these patients 
are generally not well cooperative. So strategies such 
as supervision of the brushing, performing oral hygiene 
during the bath, seeking the help of the qualified dentist, 
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utilizing physical restraints e.t.c are employed to deliver 
oral hygiene care to patients with special health care 
needs. Caretakers must identify the obstacles to dental 
health, overcome informational obstacles, control the 
infection, overcome physical and behavioral obstacles 
and provide unique oral health care meeting the specific 
need of the patient. 

DISCUSSION

Parasitosis is a parasitic infection or infestation in 
which a person is infected or infested with parasites. 
Infestations were first documented in 1840, with open 
wounds and dead tissue serving as the principal sites 
of infection as well as the involvement of body cavities 

such as the ear, nose, and oral cavity.2 Oral myiasis is 
a secondary, unpredictable condition caused by the 
invasion of such parasites by live fly larvae. Shira 
documented the first instance of oral myiasis in 1943, 
and Lim conducted a literature analysis of this illness 

Figure 1. Facial profile at Day 1

Figure 2. Day 1 – Pre-operative intraoral view

Figure 3. Intraoral periapical radiographs of 11-13 and 21-23 
and maxillary anterior occlusal radiograph reveals horizontal 
bone loss and ill defined radiolucency at the periapical region 
of 11, 12, 21 and 22.

Figure 4. Day 1 postoperative with removed maggots.

Figure 5. Day 2 postoperative with removed maggots

Figure 6. One week post operative

Figure 7. Lifecycle of lava causing oral myiasis
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in 1974.5 The most prevalent causative species of oral 
myiasis are divided into four families: Calliphoridae, 
Sacrophagide, Oestridae, and Muscoidea.6 The most 
prevalent larval species that cause myiasis in India 
belong to the Muscidae family, particularly M. 
domesticus, also known as the housefly. The life cycle 
of the larvae from its initial stage of contact with the 
host tissue until its complete development is depicted 
in the Figure 7.7

As larvae have a strong preference for warm and 
humid temperatures, tropical conditions promote 
their growth; therefore, these conditions are restricted 
to tropical and subtropical locales.8 People who are 
unwell, mentally challenged, or elderly are more likely 
to develop myiasis because they rely on their families 
for everyday duties. As a result, the caregivers must be 
aware of how to detect, avoid, and manage sickness. 
Poor oral hygiene, as well as other predisposing 
conditions such as poor nutrition, decreased body 
resistance, alcoholism, neurological disorders, oral and 
maxillofacial trauma, mouth breathing, incompetent 
lips, or inability to close the lips due to malocclusion, 
are just a few of the factors that attract flies for larval 
deposition.9-11 Maggots are conical in appearance, with 
a pointed anterior end that resembles a hook, and a blunt 
black posterior end that is sometimes misidentified as 
the eyes of the larvae. However, the black posterior end 
is the part through which the larvae breathe as they feed 
on the deep tissues, and is known as the spiracle, the 
larvae‘s respiratory apparatus.

Due to her neurological state, the patient was fully 
dependent on her caregiver in this case, and this 
dependence, combined with poor dental hygiene, mouth 
breathing, and lip incompetence contributing to a lack 
of lip seal, resulted in infestation of larvae in the oral 
cavity. Because she was unable to speak or articulate the 
symptoms of infestation due to aphasia, the caregiver 
observed the indication of abnormality in this case, 
which was pulsating live larvae in the oral cavity, a 
hallmark clinical sign of myiasis.12,13 The inability of the 
patient to and comply limits the professional‘s ability 
to intervene.14 Therefore, regular examination and 
evaluation of the oral cavity are needed as preventive 
measures to avoid the occurrence of such conditions 
or other oral pathologies in the future.

Oral myiasis is classified into two categories based 
on the sequence in which it occurs: primary, in which 
the infection is confined to the initial site, such as in 
cases of palatal or maxillary sinus involvement; and 
secondary, in which the infection infiltrates from the 
primary site and lodges elsewhere. Primary myiasis 
occurs when larvae feed on living tissues, whereas 
secondary myiasis occurs when larvae feed on dead 
tissues.15 A classification system was developed 
based on the presence of larvae and their long-term 
survivability, with two basic categories: anatomical and 
ecological. The larvae are anatomically classified as 

migratory, furuncular, bloodsucking, sanguinivorous, 
cutaneous myiasis, cavitary myiasis, and wound 
myiasis. There are three types of myiasis: 1) pseudo or 
accidental (ingestion of larvae with food), 2) obligatory 
or specific (affecting intact skin), and 3) facultative or 
semi-specific.16

Current literature reveals that oral myiasis is broadly 
classified into17,18 
1. Larvae were found to be active outside the body.
2. Larvae develop below the uninterrupted skin 

where they hide.
3. Larvae live in cavities in the urinary and 

gastrointestinal tracts.
4. Young larvae or eggs are deposited within wounds 

or normal cavities inside the body.
From the above-mentioned classification, it is clear that 
the present case is related to the fourth variant of the 
classification system.

Oral myiasis can be treated using several methods. 
The most common method is mechanical removal 
or surgical debridement of the larvae under local 
anesthesia supplemented with appropriate antiseptics, 
antibiotics, or anthelmintic therapy. To eject maggots, 
chemicals such as turpentine oil, negasunt, ethyl 
chloride, ether, mercuric chloride, creosote, saline, 
iodoform, chloroform, clove oil, calomel, phenol mix, 
petroleum jelly, olive oil, gentian violet, camphor, and 
sodium hypochlorite were initially utilized.19,20 Aerobic 
larvae asphyxiate and migrate to the shallow region 
of the cavitations, which assists in the evacuation of 
these larvae with minimal injury to the tissues and 
larvae.21 Surgical debridement was performed under 
local anesthesia, with access to the afflicted location 
acquired through a sulcular incision and flap reflection. 
After exposure, larvae were removed using hemostatic 
or clinical forceps and sutured.

In this case, turpentine oil was used to remove larvae 
from the affected location. It causes reversible tissue 
necrosis, which leads to epithelial hyperplasia, 
hyperkeratosis, and ulceration, all of which regress 
once the stimulus is removed.17 Turpentine oil is 
one such asphyxiating agent that acts as a topical 
irritant, blocking the larvae’s respiratory sinuses, 
thereby making the larvae forcibly to come out in 
search of oxygen. This helps in the removal of the 
larvaes with the help of forceps or tweezers. Usage of 
chemicals in suffocating or asphyxiating the larvae 
and removing them is also known as suffocation 
therapy. Also care should be taken to prevent the 
laceration or disruption of larvae as any remnants 
of larvae can lead to undesirable inflammation and 
further infection which inturn is difficult to manage. 
Ivermectin is a semi-synthetic macrolide antibiotic that 
produces gamma-aminobutyric acid, which attaches 
to larvas‘ receptor and causes the organism to die.22 
It is an anti-parasitic drug isolated from Streptomyces 
avermitillis that can be administered in 6 mg doses 
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once a day or routinely for 3-5 days.23 Ampicillin, 
augmentin,24 polymyxin B,8 and cefazolin are examples 
of broad-spectrum antibiotics that can be administered 
alone or in conjunction with metronidazole.10 Ivermectin 
use can cause dizziness, fever, migraines, muscular and 
joint pain, and cutaneous eruptions.16

Oral hygiene is an important aspect for individuals 
with intellectual and developmental disabilities, as 
they depend on their caregivers to provide it. Hence, 
knowledge of various normal and abnormal common 
oral conditions is necessary for caregivers to improve 
the quality of life of such patients. Proper training of 
caregivers can help them identify the oral conditions 
that require interventions at an early stage, which can 
help them to reduce or prevent common oral diseases 
such as gingival or periodontal conditions, thereby 
improving the overall health care of a vulnerable 
population. In addition, patient behavior can also be a 
concern, as it creates an additional barrier for assessing 
dental care because it either makes parents hesitant 
to bring their child to the dentist or makes it difficult 
for the dentist to manage them to carry out any dental 
treatment accordingly. Therefore, a collaborative 
approach between dentists and caregivers is required 
to benefit patients with intellectual or developmental 
disabilities.

CONCLUSION

As the cliché goes, “prevention is better than cure,” and 
this is especially true in the case of oral myiasis, where 
greater personal care and quality of life combined with 
an early and accurate diagnosis can block the growth of 
the disease. The general population should be aware of 
the importance of oral health through health campaigns. 
Patients who are physically or intellectually challenged 
require special attention when it comes to oral hygiene, 
and it is our moral obligation as dentists to ensure that 
these patients have access to all available therapies for 
successful management of this pathological condition. 
In order to prevent re-infestation after treatment, 
patient caregivers should be counseled regarding the 
maintenance of proper oral hygiene.
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INTRODUCTION 

Humanities is derived from Latin word humans, meaning 

refined culture or education befitting a cultivated man. 

Humanity is also indistinct discipline that studies various 

aspects of human society and culture. Humanity 

encompasses our ancient and modern languages, 

geography, history, religion, visual art, anthropology, 

literature, philosophy, psychology and musicology, law 

and politics.
[1]  

 

Learning of soft skills via literature (e.g. prose and 

poetry), history, painting, sculpture, performing arts 

(theatre, cinema, music and dance) etc. is part of Medical 

humanities. The rationale is to use various forms of 

creativity and self-expression to develop qualities of 

compassion and empathy as a Medical professional.
 

 

Medicine, Dentistry or any profession related to health 

sciences can be made pliable by exposing practitioners to 

Medical Humanities which helps them understand a 

patient better accomplish their goals.
[2]

 Clinician’s 

scientific expertise alone is not enough to solve a 

patient’s problem in Medicine and Dentistry, a personal 

touch is a must.   

 

The concept of Medical humanities was started in the 

Pennsylvania State University College of Medicine by 

Hershey who introduced literature in Medical schools.
[3]

 

The basis for introducing literature in Medical school 

was for better understanding of doctors about their 

patients. Experiences written by patients were read by 

doctors which helped them relate to their patients in a 

better way and make them more empathetic towards 

them.  

 

The concept of Medical humanities was to offer an 

insight regarding illness and suffering of the patient and 

thus change the perception of Medical practitioners and 

make them more accountable. Integration of 

humanities/arts into medical education has helped to 

develop essential qualities like professionalism, self-

awareness, communication skills and reflective practice 

among learners.  

 

In this era of technology, the humane touch seems to be 

lost. There are no emotional strings attached while 

treating patients. Doctors most of the time work as robots 

with emphasis laid only on the physical cure of the 

patient without taking into consideration the emotional 

and mental wellbeing. The humane aspects of health 

sciences like empathy, care and compassion is lacking 

SJIF Impact Factor 6.044 Review Article ejbps, 2022, Volume 9, Issue 8, 210-212. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 

 
 

ISSN 2349-8870 

Volume: 9 

Issue: 8 

210-212 

Year: 2022 

*Corresponding Author: Dr. Vaishali Keluskar 

MDS., Professor and Head, Department of Oral Medicine and Radiology, KAHER's KLE Vishwanath Katti Institute of Dental Sciences, 

JNMC Campus, Nehru Nagar, Belagavi, Karnataka- 590010, India.  

ABSTRACT 

Dentistry is a skill-based profession where emphasis is laid on refining and mastering the clinical skills. Focus 

should be on training our students to be competent enough to deal with the complex situations during their clinical 

practice. There is a need to focus on decision making, communication skills to improve clinical reasoning and 

interpretive skills. This is where the role of humanities sets in as humanities help in developing professional and 

humanistic skills. Integrating humanities in our curriculum improves student learning, develops their professional 

skills and better understanding of patients by creating empathy and compassion towards patients thus improving 

patient care. The prevailing COVID pandemic has taught us the significance of being humane, wherein doctors 

across the world are working selflessly to serve mankind. 

 

KEYWORDS: Humanities, Curriculum, Skills, Dentistry, Health Science. 

 



Keluskar et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com        │        Vol 9, Issue 8, 2022.         │          ISO 9001:2015 Certified Journal        │ 

 

211 

among doctors today as the progress in science and 

technology has created a rift between patients and 

doctors. It is of prime importance for doctors to realize 

that physical pain can be alleviated by treating the 

ailment with modern equipment’s, but comfort and 

solace can be provided by doctors only. It is crucial to 

focus on the entire well-being of the patient rather than 

focussing on the illness which will enable us to handle 

this sensitive issue effectively. Need of the hour is to 

provide humane care to the patients, thus enhancing the 

patient’s ability to cope up with the illness and 

alleviating pain, fear and anguish. Palliative care is 

widely being used as it has shown to improvise patient’s 

condition drastically.  

 

Introducing Medical humanities in the curriculum at an 

undergraduate level can broaden the perspective of a 

student and strengthen his/her interpretive, interpersonal 

skill and observational skills. It can also enhance 

empathy and compassion and develop ethical and 

professional attitudes among students. To a certain extent 

it also helps in stress management by improving 

understanding of human experiences and culture. This 

facilitates in addressing complex issues in clinical 

practice.
[4]

 

 

As Health Science Professionals we need to cater to the 

health needs of all sectors of society in various settings. 

The current training does not equip the students to handle 

this, wherein the role of humanities sets in. Thus, 

teaching humanities is of utmost importance in 

undergraduate education. The COVID pandemic has 

been an eye opener made us aware about the importance 

of human life and the prerequisite of handling such 

calamities. 

 

Humanities in Medical education 

Humanities in health sciences can be studied in the form 

of narratives, role play, music, philosophy, sociology, 

movies, photography and visual art. All these develop 

soft skills, help in understanding empathy and practicing 

communication skills. 

 

Role of Narratives in Medicine 

Technology has cut off the art of healing, where doctors 

go beyond prescribing medication. Narrative Medicine 

uses tales on real life scenarios depicting the doctor 

patient relationship to teach humanity. This helps to 

better understand the patient’s state of mind. Review of 

these experiences acts as a guide for reacting to our 

patients in future. They also help us comprehend the 

patient’s anxieties, worries and behave empathetically 

and compassionately towards our patients. The least a 

patient expects from a doctor is to give a listening ear to 

share their agony. Thus, narratives define the key 

principles of humanity to the learners. Gauging 

narratives in our routine practice makes us more 

considerate with our patients. It improves clinical skills 

and with self-reflection makes us aware of our individual 

professional responsibilities and also towards society at 

large. 

 

Poetry 

Poetry is a way of reviving the artist in you where your 

creativity plays an important role. Poetry expresses 

emotions and response of the patients along with the 

symptoms. This allows free flow of thoughts with clarity, 

improves imaginative power, sharper observational and 

analytical skills. This enhances our interpersonal skills 

and improves spontaneous understanding and explains 

the patient’s behaviour. It encourages continuous 

reflection thus enhancing empathy and introspection and 

improves communication between doctors and patients. 

Literature study enhances empathy and skills for 

handling ambiguity. 

 

Role play 

Role play is a particular type of simulation, wherein a 

case scenario can be enacted by all the participants by 

playing a specific role. Enacting the situation helps you 

understand the patient’s emotions, feelings. This creates 

a huge impact on the doctors, revealing the mental frame 

of mind and the emotional trauma of the patient and the 

people around. Role play emphasises upon doctors/ 

students to completely blend in the characters which 

simplifies to comprehend the emotions, feelings, mental 

frame of the patient and the social stigma attached to it 

especially in cases of HIV AIDS and other 

communicable diseases. COVID 19 can also be included 

here due to the social stigma attached to it. The impact it 

can have on the patient, the near and dear ones and the 

society can be experienced. This training tool helps 

acquire knowledge of the patient’s state of mind, develop 

skills to help patient overcome this problem and develop 

the right attitude while handling this issue.  

 

Philosophy 

Philosophy is critical evaluation of assumptions and 

arguments. There is always a room for critical thinking 

in health sciences. Philosophy teaches us to organize our 

thoughts to reach a logical conclusion. These are 

essential in diagnosis, as doctors gather information and 

go through logical steps to arrive at a conclusion. 

Philosophy in medical education thus broadens our 

perspectives and improves our ability to make a sound 

judgement, developing tolerance and empathy. It enables 

better clinical judgement and critical thinking. 

 

Sociology 

Social influences play a major role in a patient’s life. The 

doctor should have knowledge of these various social 

factors like beliefs and practices, food habits, myths 

which have a psychological effect on the patients. It 

makes our job easy by taking into consideration all these 

factors during treatment. 

 

Photography and Visual Art 

Art, literature are expressions of human creativity and 

give doctors clarity about their purpose or goal and 
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improves understanding. Photography gives us visual 

clues to understand facial expressions. These along with 

body language give important clues to diagnosis and 

better understanding of their emotions. This enhances 

students/doctors observational and communication skills 

and empathy. Viewing paintings activates multiple 

regions in the brain. By visualizing images, we tend to 

experience subjective reactions like underlying emotions 

along with object recognition. Visual images such as 

artwork improve thinking and communication skills 

increases empathy, awareness and sensitivity. Study of 

visual arts helps to improve the ability of the clinician to 

recognise clinical signs of disease in the patient. 

 

Movies 

Have a great influence on the emotions, thinking and 

attitudes of human beings. Cine education is the best 

medium of education to depict clinical situations which 

promote critical thinking. This can broaden the 

perspective of our students and assists them to 

comprehend the different responses generated by 

different people in the same situation.
[5]

 

 

CONCLUSION 

Today the entire world is facing the brunt of COVID 

pandemic. The health care professionals have dedicated 

themselves to combat this infection. This has posed a lot 

of challenges which can be taken as opportunities for our 

self-reflection and better ways of treating our patients. 

Introduction of Medical Humanities in curricula will help 

our students become better doctors and treat their 

patients more effectively. This helps us   understand 

what it means to be sick from the patient’s point of view. 

The nature of illness may vary and the patients are 

devastated due their emotional trauma, social stigma, 

financial burden, depression, fear, anguish. A human 

touch is required at this stage. Treating patients taking 

into consideration their state of mind is of prime 

importance. Palliative care is also one branch that is 

gaining importance in this aspect which focuses on 

improving the quality of life of patients with life 

threatening diseases and also their families in despair. 

The physical, psychological, social and spiritual aspect 

improves with palliative care. This is where Medical 

humanities play a key role. Our teaching contributes 

significantly to the development of doctoring skills but 

fails to instil human values. It is a well-known fact that 

our students learn from what they observe and consider 

teachers are their role models. We can set the best 

example for our students by practicing humanity and 

serving our patients with humility and gratitude. There is 

a need to conduct workshops to create an awareness 

about humanities among health care professionals and 

students which can bring about changes in the health care 

system. To conclude Medical humanities helps us 

understand what it is to be “fully human”. 
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INTRODUCTION 

Humanities is derived from Latin word humans, meaning 

refined culture or education befitting a cultivated man. 

Humanity is also indistinct discipline that studies various 

aspects of human society and culture. Humanity 

encompasses our ancient and modern languages, 

geography, history, religion, visual art, anthropology, 

literature, philosophy, psychology and musicology, law 

and politics.
[1]  

 

Learning of soft skills via literature (e.g. prose and 

poetry), history, painting, sculpture, performing arts 

(theatre, cinema, music and dance) etc. is part of Medical 

humanities. The rationale is to use various forms of 

creativity and self-expression to develop qualities of 

compassion and empathy as a Medical professional.
 

 

Medicine, Dentistry or any profession related to health 

sciences can be made pliable by exposing practitioners to 

Medical Humanities which helps them understand a 

patient better accomplish their goals.
[2]

 Clinician’s 
scientific expertise alone is not enough to solve a 

patient’s problem in Medicine and Dentistry, a personal 
touch is a must.   

 

The concept of Medical humanities was started in the 

Pennsylvania State University College of Medicine by 

Hershey who introduced literature in Medical schools.
[3]

 

The basis for introducing literature in Medical school 

was for better understanding of doctors about their 

patients. Experiences written by patients were read by 

doctors which helped them relate to their patients in a 

better way and make them more empathetic towards 

them.  

 

The concept of Medical humanities was to offer an 

insight regarding illness and suffering of the patient and 

thus change the perception of Medical practitioners and 

make them more accountable. Integration of 

humanities/arts into medical education has helped to 

develop essential qualities like professionalism, self-

awareness, communication skills and reflective practice 

among learners.  

 

In this era of technology, the humane touch seems to be 

lost. There are no emotional strings attached while 

treating patients. Doctors most of the time work as robots 

with emphasis laid only on the physical cure of the 

patient without taking into consideration the emotional 

and mental wellbeing. The humane aspects of health 

sciences like empathy, care and compassion is lacking 
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among doctors today as the progress in science and 

technology has created a rift between patients and 

doctors. It is of prime importance for doctors to realize 

that physical pain can be alleviated by treating the 

ailment with modern equipment’s, but comfort and 
solace can be provided by doctors only. It is crucial to 

focus on the entire well-being of the patient rather than 

focussing on the illness which will enable us to handle 

this sensitive issue effectively. Need of the hour is to 

provide humane care to the patients, thus enhancing the 

patient’s ability to cope up with the illness and 
alleviating pain, fear and anguish. Palliative care is 

widely being used as it has shown to improvise patient’s 
condition drastically.  

 

Introducing Medical humanities in the curriculum at an 

undergraduate level can broaden the perspective of a 

student and strengthen his/her interpretive, interpersonal 

skill and observational skills. It can also enhance 

empathy and compassion and develop ethical and 

professional attitudes among students. To a certain extent 

it also helps in stress management by improving 

understanding of human experiences and culture. This 

facilitates in addressing complex issues in clinical 

practice.
[4]

 

 

As Health Science Professionals we need to cater to the 

health needs of all sectors of society in various settings. 

The current training does not equip the students to handle 

this, wherein the role of humanities sets in. Thus, 

teaching humanities is of utmost importance in 

undergraduate education. The COVID pandemic has 

been an eye opener made us aware about the importance 

of human life and the prerequisite of handling such 

calamities. 

 

Humanities in Medical education 

Humanities in health sciences can be studied in the form 

of narratives, role play, music, philosophy, sociology, 

movies, photography and visual art. All these develop 

soft skills, help in understanding empathy and practicing 

communication skills. 

 

Role of Narratives in Medicine 

Technology has cut off the art of healing, where doctors 

go beyond prescribing medication. Narrative Medicine 

uses tales on real life scenarios depicting the doctor 

patient relationship to teach humanity. This helps to 

better understand the patient’s state of mind. Review of 
these experiences acts as a guide for reacting to our 

patients in future. They also help us comprehend the 

patient’s anxieties, worries and behave empathetically 
and compassionately towards our patients. The least a 

patient expects from a doctor is to give a listening ear to 

share their agony. Thus, narratives define the key 

principles of humanity to the learners. Gauging 

narratives in our routine practice makes us more 

considerate with our patients. It improves clinical skills 

and with self-reflection makes us aware of our individual 

professional responsibilities and also towards society at 

large. 

 

Poetry 

Poetry is a way of reviving the artist in you where your 

creativity plays an important role. Poetry expresses 

emotions and response of the patients along with the 

symptoms. This allows free flow of thoughts with clarity, 

improves imaginative power, sharper observational and 

analytical skills. This enhances our interpersonal skills 

and improves spontaneous understanding and explains 

the patient’s behaviour. It encourages continuous 

reflection thus enhancing empathy and introspection and 

improves communication between doctors and patients. 

Literature study enhances empathy and skills for 

handling ambiguity. 

 

Role play 

Role play is a particular type of simulation, wherein a 

case scenario can be enacted by all the participants by 

playing a specific role. Enacting the situation helps you 

understand the patient’s emotions, feelings. This creates 
a huge impact on the doctors, revealing the mental frame 

of mind and the emotional trauma of the patient and the 

people around. Role play emphasises upon doctors/ 

students to completely blend in the characters which 

simplifies to comprehend the emotions, feelings, mental 

frame of the patient and the social stigma attached to it 

especially in cases of HIV AIDS and other 

communicable diseases. COVID 19 can also be included 

here due to the social stigma attached to it. The impact it 

can have on the patient, the near and dear ones and the 

society can be experienced. This training tool helps 

acquire knowledge of the patient’s state of mind, develop 
skills to help patient overcome this problem and develop 

the right attitude while handling this issue.  

 

Philosophy 
Philosophy is critical evaluation of assumptions and 

arguments. There is always a room for critical thinking 

in health sciences. Philosophy teaches us to organize our 

thoughts to reach a logical conclusion. These are 

essential in diagnosis, as doctors gather information and 

go through logical steps to arrive at a conclusion. 

Philosophy in medical education thus broadens our 

perspectives and improves our ability to make a sound 

judgement, developing tolerance and empathy. It enables 

better clinical judgement and critical thinking. 

 

Sociology 

Social influences play a major role in a patient’s life. The 
doctor should have knowledge of these various social 

factors like beliefs and practices, food habits, myths 

which have a psychological effect on the patients. It 

makes our job easy by taking into consideration all these 

factors during treatment. 

 

Photography and Visual Art 

Art, literature are expressions of human creativity and 

give doctors clarity about their purpose or goal and 



Keluskar et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 9, Issue 8, 2022.         │          ISO 9001:2015 Certified Journal        │ 

 

212 

improves understanding. Photography gives us visual 

clues to understand facial expressions. These along with 

body language give important clues to diagnosis and 

better understanding of their emotions. This enhances 

students/doctors observational and communication skills 

and empathy. Viewing paintings activates multiple 

regions in the brain. By visualizing images, we tend to 

experience subjective reactions like underlying emotions 

along with object recognition. Visual images such as 

artwork improve thinking and communication skills 

increases empathy, awareness and sensitivity. Study of 

visual arts helps to improve the ability of the clinician to 

recognise clinical signs of disease in the patient. 

 

Movies 
Have a great influence on the emotions, thinking and 

attitudes of human beings. Cine education is the best 

medium of education to depict clinical situations which 

promote critical thinking. This can broaden the 

perspective of our students and assists them to 

comprehend the different responses generated by 

different people in the same situation.
[5]

 

 

CONCLUSION 

Today the entire world is facing the brunt of COVID 

pandemic. The health care professionals have dedicated 

themselves to combat this infection. This has posed a lot 

of challenges which can be taken as opportunities for our 

self-reflection and better ways of treating our patients. 

Introduction of Medical Humanities in curricula will help 

our students become better doctors and treat their 

patients more effectively. This helps us   understand 

what it means to be sick from the patient’s point of view. 
The nature of illness may vary and the patients are 

devastated due their emotional trauma, social stigma, 

financial burden, depression, fear, anguish. A human 

touch is required at this stage. Treating patients taking 

into consideration their state of mind is of prime 

importance. Palliative care is also one branch that is 

gaining importance in this aspect which focuses on 

improving the quality of life of patients with life 

threatening diseases and also their families in despair. 

The physical, psychological, social and spiritual aspect 

improves with palliative care. This is where Medical 

humanities play a key role. Our teaching contributes 

significantly to the development of doctoring skills but 

fails to instil human values. It is a well-known fact that 

our students learn from what they observe and consider 

teachers are their role models. We can set the best 

example for our students by practicing humanity and 

serving our patients with humility and gratitude. There is 

a need to conduct workshops to create an awareness 

about humanities among health care professionals and 

students which can bring about changes in the health care 

system. To conclude Medical humanities helps us 

understand what it is to be “fully human”. 
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ABSTRACT
Eagle’s syndrome refers to unilateral or bilateral elongation of the styloid process or calcified
stylohyoid ligament, along with other symptoms, such as dysphagia, otalgia, tinnitus, and globus
pharyngeus. A styloid process is considered elongated or abnormal when it exceeds a normal
length of 25-27mm. However, elongation of the ossified styloid ligament is insufficient for diag-
nosing Eagle’s syndrome. Instead, a constellation of symptoms in history, as mentioned above,
and physical and radiographic examinations contribute to diagnosis. This disorder has long
been a diagnostic challenge for clinicians. Hence, it is essential for dentists to have a superior
knowledge of this relatively rare entity and its anatomic base. This report presents a case of
classical Eagle’s syndrome in a 47-year-old woman with symptomatic bilateral elongation of the
styloid process. The lengths of the right and left styloid processes were 60.5mm and 70.74mm,
respectively, which is one of the longest ever reported.
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Introduction

The styloid process (SP) is a slender bone projecting
immediately below the ear. It extends downward and
forward from the inferior aspect of the temporal bone
posterior to the mastoid apex. The tip of the SP is
attached to the ipsilateral lesser cornu of the hyoid
bone via stylohyoid ligament. All of the aforemen-
tioned features constitute the stylohyoid chain. The
entire chain is embryologically derived from four car-
tilages: hypohyale, tympanohyale, stylohyale, and cera-
tohyale. The SP originates from the second branchial
arch (1). The SP can sometimes elongate enough to
cause symptoms owing to compression of surround-
ing the vital anatomical structures. In 1949, Eagle
described homonymous syndrome, which is charac-
terized by an ossified stylohyoid ligament or elon-
gated SP (2).

The first case of elongated SP and ossification of
the styloid ligament was described by Marchetti in
1652 (3). In early 1872, Wein Lechner reported the
first surgically treated case of a symptomatic elon-
gated SP (4). Later, in 1937, Eagle, an otorhinolaryn-
gologist first described a syndrome characterized by

the simultaneous occurrence of elongated SP and oro-
facial pain. He described two cases of pharyngeal irri-
tation associated with SP (5).

The prevalence of elongated SP is approximately
4% of the total population (6,7), and most cases are
asymptomatic. Women around 40-years of age experi-
ence more symptoms of styalgia than men and
women in other age groups (8). It presents a diagnos-
tic challenge to the clinicians and often eludes for a
long time. Hence, superior knowledge of this rela-
tively rare entity is essential for all dentists.

This case report presents a case of classical Eagle’s
syndrome in a 47-year-old female patient with symp-
tomatic bilateral elongation of the styloid process
where the length of the right and left styloid processes
were 60.5mm and 70.74mm, respectively, which is
one of the longest ever reported.

Case report

A 47-year-old female patient reported to the out-
patient department of oral medicine and radiology
with chief complaints of pain in the throat region and
below both ears for six months. History revealed that
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the pain is spontaneous in onset, continuous, dull
aching type that radiates to the neck, aggravates on
turning her neck to either side and swallowing, and
does not relieve on taking medications. In addition,
the patient had difficulty in swallowing, sensation of a
foreign body stuck in her throat, ringing in the ears
and noise on turning the neck to either side. The
patient had previously consulted a physician and oto-
laryngologist for the same complaint in the past three
months, who advised her medications that gave no
relief; hence, she was referred for further evaluation.
Patients’ medical and dental histories were not
significant.

A previous bilateral ear examination, pure tone,
and impedance audiometry performed by an oto-
laryngologist revealed no abnormalities. There was no
facial asymmetry or abnormality in the temporoman-
dibular joint or in the muscles of mastication on
extraoral examination. Examinations of the nose,
nasal cavity, and neck were normal, except that the
patient had pain in the postauricular and subman-
dibular regions and side of the neck on turning the
neck to either side with tinnitus and popping sound.
The oropharynx was normal with no other significant
mucosal changes on intraoral examination. However,
tenderness was observed bilaterally on palpation of
the tonsillar fossa. Intraoral hard-tissue examination
revealed no contributory findings. The present case
was provisionally diagnosed to be a case of styalgia
on correlating the patients’ chief complaint, history
and clinical examination. Atypical facial pain was
considered in the differential diagnosis. An orthopan-
tomogram followed by cone beam computed tomog-
raphy (CBCT) of the right and left styloid processes

was advised. An Orthopantomogram showed general-
ized horizontal bone loss, a partially edentulous area
in relation to 36, a radiopaque restoration in 46, and
an abnormally elongated styloid process, bilaterally
measuring approximately 53mm on the right side
and 72.1mm on the left side (Figure 1). Whereas, it
measured about 60.50mm on the right side and
70.74mm on the left side in the CBCT (Figure 2 and
3). The length of the calcified styloid complex was
measured from the cleft between the inferior margin
of the tympanic plate (temporal bone) in the skull
and the tip of the styloid process, as described by
Jung et al. (9). Langlais et al. (10) type III calcification
pattern (segmented type) was noted on either side
with five and three segments present on the right and
left side, respectively. The styloid processes had a
knobby or scalloped outline, partial or complete calci-
fication seen in some areas, with varying degrees of
central radiolucency suggestive of a nodular complex
pattern of calcification bilaterally. No other radio-
graphic differential diagnosis was considered, owing
to the confirmatory finding of an abnormally elon-
gated styloid process. Routine blood investigations
such as complete hemogram, serum calcium, total
serum cholesterol and liver and kidney function tests,
were within normal limits. Transoral styloidectomy
was planned under general anaesthesia, and the same
procedure was performed. The transoral approach
was chosen because it avoids external incision and the
resulting neck scarring. The styloid was palpated and
an incision was made along the ascending border of
the ramus, cutting through the mucosa and sub
mucosa. Blunt dissection was performed using a
curved hemostat down to the styloid, dissecting

Figure 1. Panoramic radiograph revealing the length of the styloid processes measuring 53 mm on the right side and 72.1mm on
the left side.

34 A. PANWAR ET AL.



posteriorly, medially, and laterally to the medial pter-
ygoid and the superior constrictor muscles. The styl-
oid apparatus was exposed and the styloid process
was resected with a bone rongeur. The muscles and

mucosa were irrigated and closed with absorbable
sutures. The advantages of this approach include
shorter operating time and no cervical incision. The
disadvantage of this procedure is poor surgical

Figure 2. (a) 3-D reconstructed view of the right styloid process, (b) Right styloid process measuring 60.50 mm.

Figure 3. (a) 3-D reconstructed view of the left styloid process, (b) Left styloid process measuring 70.74 mm.
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exposure. The patient was prescribed antibiotics and
analgesics for one week post-surgery. The patient was
symptom free with a better quality of life during the
3-month follow-up and was advised to report back if
any of the previous symptoms recurred.

Discussion

Eagles’ syndrome is a combination of symptoms
caused by an elongated ossified SP. An SP longer
than 25mm is considered elongated, but the elon-
gated SP is not only diagnostic for Eagle’s syndrome,
because most patients with incidental findings of an
elongated SP are asymptomatic (6,7). Eagle observed
that mesial deviation of the SP leads to more severe
symptoms. In addition, Eagle’s syndrome has a female
predilection and is mostly diagnosed during the 3rd

and 4th decade of life. Eagle’s syndrome has rarely
been observed in young individuals. Eagle’s Syndrome
has been found to be associated with both unilateral
and bilateral elongated SP. Symptoms may include
globus pharyngeus, sensation of a foreign body in the
throat, hoarseness of voice, pain radiating to the ear,
throat pain on swallowing or side movements of the
neck and hypersalivation (11).

The etiopathogenesis of Eagle’s Syndrome is still
believed to be uncertain. Various theories have been
proposed, including (a) congenitally elongated SP due
to perseverance of the stylohyoid cartilage, (b) idio-
pathic calcification of the stylohyoid ligament, and (c)
ossification at the origin of the stylohyoid liga-
ment (11).

At the prenatal stage, the stylohyoid complex has
four segments (superior portion of the hyoid corpus,
SP, lesser cornua of the hyoid, and stylohyoid liga-
ment). These are all derivatives of Reichert’s cartilage
(2nd branchial arch), which can be further divided
into four parts based on the consequent development
of the stylohyoid complex. Tympanohyal, being the
first and most proximal segment, gives origin to
the tympanic (proximal) segment of the SP, as well as
the stapes. The second segment is called the stylohyal
segment and gives rise to the distal portion of the SP.
The third segment is ceratohyal and degenerates in
utero, forming the stylohyoid ligament. The fourth
and most distal segment is called the hypohyal seg-
ment and forms the lesser cornua of the hyoid. The
stylohyoid process arises from the temporal bone
immediately medial and anterior to the stylomastoid
foramen, extends anteromedially, rarely shows any
anatomical variations in its course, and is encircled
on both sides by the internal carotid artery (ICA) and

external carotid artery (ECA). The stylopharyngeus,
styloglossus, and stylohyoid along with the two liga-
ments being stylohyoid ligament and stylomandibular
ligament originate from the SP (6,7).

Stylocarotid artery syndrome is a rare condition
caused by the compression of the internal or external
carotid arteries by the styloid process. This vascular
variation of Eagle syndrome can cause neurological
symptoms, such as transient ischemic attack (TIA),
syncope, and even stroke. Other rare symptoms
include aphasia, visual abnormalities caused by the
mechanical compression of the carotid artery, and irri-
tation of the sympathetic plexus adjacent to the carotid
artery. Symptoms may be triggered or aggravated by
head and neck motion or rotation, respectively (12).

It was suggested that trauma due to surgery,
chronic irritations at a localized site, endocrine disor-
ders and trauma during development of the SP could
lead to ossified hyperplasia of the SP. Okabe et al. (7)
established a significant correlation between serum
calcium concentration and SP length in 80-year-
old subjects.

Various pathophysiological mechanisms proposed
to explain the symptoms of Eagle’s syndrome are:
Due to (a) Proliferation of granulation tissue second-
ary to traumatic fracture of the SP creating pressure
on the surrounding structures (13); (b) compressing
adjacent lying glossopharyngeal nerve or chorda tym-
pani nerve; (c) Degeneration and inflammation in the
tendonous segment of the SP, called insertion tendon-
itis or ‘pseudostylohyoid syndrome’; (d) irritation to
the pharyngeal mucosa either through compression or
by post-tonsill surgery scarring and (e) irritation of
the sympathetic nerve plexus in the arterial sheath
due to impingement of the arterial vessels (11).

Various types of SP mineralization result in symp-
tomatic pathological conditions; in the literature,
there are different classification systems used to
describe SP mineralization (14). Langlais et al. classi-
fied SP into three types based on radiographic ossifi-
cation patterns (I) elongated – uninterrupted
mineralization of the SP; (II) pseudoarticulated – SP
joined to the mineralized stylomandibular or stylo-
hyoid ligament; and (III) segmented – segmented SP
has multiple pseudo-articulations as a segmented min-
eralized stylohyoid complex. This pathological condi-
tion is described according to these authors by a SP
length more than 32mm (15).

O’Carroll and Jackson classified SP ossification into
four types on the basis of the location of the ossified
SP: (a) both sides higher than the mandibular for-
amen; (b) both sides on the same level as the
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mandibular foramen; (c) both sides lower than the
mandibular foramen; (d) unilateral or different lengths
on the two different sides (16). In addition, Hardy
et al. (14) found an unusual unilateral complete ossifi-
cation of the stylohyoid apparatus that was always
associated with laryngeal and vertebral calcifications.

Chuang et al. (14) published a rare case report of a
patient who developed left hemispheric ischemia
within 15 s of turning his head to the left, which com-
pletely vanished upon returning the head to the cen-
tral position, with no long-term sequelae evident
clinically or radiographically.

Camrada et al. (17) found that symptoms similar
to stylohyoid syndrome can occur in non-elongated
SP due to tendinosis at the junction of the lesser cor-
nua of the hyoid bone and stylohyoid ligament; they
termed this condition as ‘pseudostylohyoid syndrome’
(18). Bareiss et al. (19) reported a case of Eagle’s syn-
drome resulting from osteoradionecrosis of the SP
following head and neck radiation therapy.

Usually, the initial diagnosis of an elongated SP is
made radiographically and confirmed by palpation of
the tonsillar fossa because non-elongated SP is not
palpable (4). Moreover, palpation of the tip of the
elongated SP exacerbates associated orofacial symptoms
(5). After diagnostic imaging of Eagle’s syndrome and
palpation of the tonsillar fossa, infiltration of a local
anaesthetic agent allows for a final diagnosis.

Different radiological diagnostic criteria have been
described in literature. The majority of authors describe
a stylohyoid length of more than 25mm as abnormal
(8), whereas a few suggest a length of 40mm (20). It is
important to remember that the syndrome is not only
dependent on the elongation of the SP, but may also be
due to SP of normal length with a deviation of the tip
(6,8). Only a combination of symptoms and abnormal
elongation of the SP confirmed the syndrome. As
Eagle’s syndrome is rarely suspected in clinical practice,
the visualization of an elongated SP is often an inciden-
tal finding. Radiographic studies are usually advised to
visualize other more frequent diseases.

Various imaging modalities are used for the diag-
nosis of Eagle’s syndrome, including Towne’s view or
panoramic radiography, lateral head and neck or
anteroposterior view, and lateral-oblique view. These
conventional extraoral radiographs have various pos-
sible disadvantages, such as superimposition of osse-
ous structures and inaccuracy in measuring the
definitive length of the SP. These drawbacks are elim-
inated in CBCT imaging

Clinically diagnosed cases of Eagle’s Syndrome
should be directly advised with CBCT scans, without

conventional radiographs as to decrease the time to
confirm the diagnosis. CBCT should be performed
using axial, coronal, and sagittal reconstruction
images and volume-rendering reconstruction. CBCT
allows the measurement and evaluation of SP length
and angulation, as well as its relationship with nearby
vital anatomical structures. Detailed information
obtained from CBCT also helps in planning extra-oral
or intraoral surgery for elongated SP.

The differential diagnoses which can be considered
for Eagle’s syndrome are atypical cervicofacial pain,
TMD’s, trigeminal or glossopharyngeal neuralgias,
pharyngotonsillitis, otitis media, true pharyngeal for-
eign bodies, external otitis, mastoiditis, temporal
arteritis, submandibular sialadenitis or sialolithiasis,
and tumours of the floor of the mouth or pharynx
(18,21). In the differential diagnosis, we can also con-
sider histamine cephalgia, oesophageal diverticula,
Sluder’s syndrome, cervical vertebral arthritis, hyoid
bursitis, and cluster and migraine type headache (22).

Conclusion

Early diagnosis of both symptomatic and asymptomatic
Eagle’s syndrome is very important, as any pressure due
to a sharp elongated SP may be fatal due to its close
proximity to the carotid artery. Eagle’s syndrome is a
diagnostic dilemma for dentists in patients with com-
plaint of atypical facial pain, therefore, adequate know-
ledge of eagle syndrome’s clinical signs and symptoms
will help to diagnose such oro-facial pain in eld-
erly patients.
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ABSTRACT
Aim: To assess the preferences of professionals regarding subject, time, cost, etc. as well to assess the awareness and
encouragement to attend CPD among dentists of Latur city.
Materials and Methods: A Google form of self-administered questions were inquired regarding awareness, 5 questions on
personal interests, 2 questions on personal preferences and on speakers reputation as well.
Results: 63% females and 37% males constituted the study. Only 87% participants were aware of CPD activities. Most
preferred CPD activity was hands on and courses with 53 and 52% respectively. Endodontic was preferred at 66%. Time
preferences were studied with 66% participants wanting to attend at weekends with 49% preferring morning sessions.
51.1% attended CPD irrespective for wanting of CDE points. For 95.7% participants speakers reputation mattered to attend
CPD.
Conclusion: Most of the participants are aware of CPD courses. Endodontic was most preferred. More than half of
participants preferred to attend CPD courses at weekends and in morning.
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INTRODUCTION

Continuing Professional Development is autodriven with
the thirst to upgrade ones profession to emerging trends.
It is an ongoing process in one’s life, adding accrediation to
an individual. This knowledge helps build academic and
community sectors. The institute is directly benefitted by
professional development of its teachers. CPD helps build
ones confidence and personality. CPD ranges from Post-
graduation to conferences to webinars. It encompasses a
wide range of knowlegde through various platforms.
Professionals benefit from Continuing Professional
Development:
• It helps broaden professional knowledge.
• It encompasses academic and professional activities.
• It helps to understand new emerging technologies.
• It helps build and maintain professional relationships.
• It boosts with advanced clinical skills and improve

treatment aspects.
• It helps build confidence in clinical skills.

• Helps in professional accrediation.
• Professional knowledge, clinical skills and treatment

splan are more competent and ethical based.
An effective CPD scheme should have three quality
components1:
• Professional improvement that ensures personal

learning related to the populations’ changing needs
and developing healthcare service.

• Effective learning interventions should be designed
upon clear, attainable, and measurable learning
outcomes and offer relevant and evidence-based
content to the physician's clinical practice

• It must be accountable, transparent, amenable to
regulation, and useful for assuring quality in the
process of relicensure.

MATERIAL AND METHOD

A survey of dental practitioners was conducted in Latur
city of Maharashtra. A total of 90 dentists participated in
this survey conducted online through Google forms.
Ethical clearance was obtained from the Institutional
Review Board. Self-administered questionnaire were
prepared after going through review of literature. Personal
and Professional data were obtained from individuals who
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participated in this survey. Personal data included name, 
age, gender, qualification and professional data included 
awareness of CPD activity, 5 questions on personal 
interests, 2 questions on personal preferences and on 
speakers reputation as well. First question was the 
preferred mode of learning, second question was the 
topic of interest for learning. The additional questions 
were regarding time to attend CPD activities like 
weekdays or weekends and morning/afternoon/evening. 
Did the cost factor or topic affected their attendance was 
studied. Questions about what encouraged to attend CPD 
like speakers reputation, topic were a few addition.

Statistical analysis

Percentage contribution of each of the variable was 
obtained. Association between frequencies of 
information obtained was assessed with Pearson’s Chi 
square test.

RESULTS

A total of 90 Dentists participated in this study. The mean 
age group for the whole study population was 33.88. 
Majority of the participants (58.89%) were in the age 
group of 31-40 years, followed by 22-30 yrs. (26.67%) 
and 41-45 yrs. (14.44%). The study comprised 56 
females (62.22%) and 34 males (37.78%). As per the 
qualifications, 47 MDS (52.22%) and 43 BDS (47.78%) 
comprised the study group.
The awareness of Professional Development was seen 
among 86.67% (91.49% MDS and 81.40% BDS) with 
majority (52.22%) preferring Conferences, followed by 
Hands on live patients (48.89%) and simulated clinical 
situation (47.78%), least being On- Demand-Webinars 
(8.89%).
Majority (71.11%) of participants preferred Endodontics, 
88.37% BDS qualified participants and 55.32% MDS. The 
order of preference of topics later was Surgical (38.89%), 
Crown and Bridge (34.44%), Implants (30%), 
Periodontics and Radiology (21.11%), Preventive 
Dentistry (16.67%) and Orthodontics (15.56%).
Factors which encouraged Dentists to attend CPD were 
studied, 89 (98.89%) participants out of 90 and 86 
(95.56%) were encouraged by the topic and speakers 
reputation respectively to attend CPD. 
46 (51.11%) participants attendance was independent 
of CDE points. On the contrary, 49 (54.44%) attended 
for Certificate or Degree provided.
The participants preferences in relation to time to 
conduct CPD’S were studied, 67.78% preferred weekends 
as compared to 32.22% preferred weekdays and 47.78%
preferred morning sessions with least (24.44%) 
preferring evenings. The cost of CPD activity bothered 
61.11% participants.
It was found that, there was significant correlation 
between academic degree and preferences of CPD

activity with E-learning, on demand webinars and
symposiums (0.0280, 0.0001 and 0.0001 respectively).
Significant correlation was also found between topic of
interest and academic degree with Endodontics and
Surgical activities (0.001 and 0.009) and topic of interest
and gender with Implants, 0.0230 respectively (Figures 1
and 2).

Figure 1: % of respondents.

Figure 2: Preferred CPD activity.

DISCUSSION

Continuing Professional Development is self-driven with 
a sense of fulfilment and a desire to prosper one self. CPD 
reflects adult learning principles of autonomy, self-
direction, goal orientation, and practice-based learning 
[1]. Discussion with colleagues was a form to gain 
knowledge in 38.89%. Lectures and Hands-on were 
preferred choice after conferences showing lectures 
being effective and cost efficient. 
Lectures were acknowledged as a useful method and also 
an opportunity with meet up with colleagues in a study 
done by Barnes t al [2]. Hands-on helps to deliver hand 
skills along with knowledge. 
Study conducted by Chan et al [3] found participants 
requested for CPD in Oral Implantology, Cosmetic 
Dentistry and root canal therapy in contrast to our study 
where Endodontics (88.37% BDS & 71.11% MDS) 
followed by Surgical (53.49% BDS and 38.89% MDS) 
were preferred by participants holding undergraduate 
and postgraduate degree. Study conducted by Hopcraft et 
al. [4] had implantology (39%), endodontics (39%) and 
esthetic/cosmetic dentistry (37%) as preferred choice.

Vijayalaxmi, et al. J Res Med Dent Sci, 2022, 10 (1):441-444
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Which CPD activity preference BDS MDS p-value

Conferences 22 24 0.524

Lectures 19 18 0.97

Courses 27 24 0.691

PG 10 19 0.0300*

Hand on simulated 20 21 0.686

Hands on live 24 28 0.271

Reading journal 9 13 0.271

Reading book 13 14 0.713

E learning 9 18 0.0220*

Discussion with colleagues 17 21 0.301

Live videos 20 14 0.254

Seminars 10 14 0.308

Webinars 14 21 0.093

On demand webinar 0 10 0.0010*

Symposiums 0 11 0.0001*

Table 2: Topic interests.

 Topic interests the most BDS MDS p-value

Endo 40 24 0.0010*

Implants 18 21 0.411

Ortho 8 10 0.527

Perio 11 8 0.505

Crown and bridge 24 14 0.051

Preventive dentistry 12 10 0.711

Surgical 23 11 0.0140*

Radiology 13 8 0.258

Our study showed endodontics as the first preferred 
topic as per academic degree and gender wise. Academic 
degree wise, the second preferred topic is crown and 
bridge for BDS graduates and implants for MDS 
participants. According to gender wise, females preferred 
surgical and male participants preferred implants as 

second choice. This showcases that CPD activities are 
preferred as per practical aspects to improve hand skills 
and knowledge. Study done by Nayak et al. [5] concluded 
that the preferred topics were aesthetic dentistry 
followed by endodontics and implantology.

 Topic interests the most BDS MDS p-value

Endo 40 24 0.0010*

Implants 18 21 0.411

Ortho 8 10 0.527

Perio 11 8 0.505

Crown and bridge 24 14 0.051

Preventive dentistry 12 10 0.711

Surgical 23 11 0.0140*

Vijayalaxmi, et al. J Res Med Dent Sci, 2022, 10 (1):441-444

Journal of Research in Medical and Dental Science | Vol. 10 | Issue 1 | January-2022 443

Table 1. Topics which interests the most.

Table 3. According to gender wise.

Radiology 13 8 0.258



Nayak et al. [5] also concluded that the preferred method 
of CPD were hands-on treatment on live patients and 
hands-on in the clinically simulated situation and our 
study saw hands-on live patients and hands-on clinical 
simulation as second preferred choice to conference.
Lack of time is well known barrier and thus in our study, 
the participants preferences to attend CPD were 
considered in our study. 67.78% preferred weekends and 
47.78% preferred mornings to attend CPD. 
The topic played a key role to attend CPD in 98.89% 
with 95.56%encouraged by speaker’s reputation. On 
the contrary, 48.89% attendance was based on CDE 
points granted and 54.44% attended for certificate or 
degree provided.
The cost was definitely a barrier for 61.11% participants 
to attend CPD in our study. 

Majority of practitioners were neutral on the cost of 
CDE courses, whereas study conducted by Gabani et 
al. [6-8] the most common barrier was cost (82.1%) 
and time (53.6%).

CONCLUSIONS

CPD assessment should provide information on whether: 
Target audience needs were addressed, Learning 
objectives were met, Participants were engaged and 
Behaviour changes were achieved.
Assessment closes the CPD cycle and involves two 
components: Reinforcement or finding opportunities in 
clinical practice to apply new knowledge and skills. 
Dissemination of new learning to colleagues at practice 
settings (e.g., rounds, clinical meetings, and unplanned 
moments during clinical practice)
Accreditation: CPD must be amenable to external 
evaluation to become transparent, demonstrable, and 
accountable. If consistently planned, undertaken, and 
recorded; CPD can be assessed. Ideally always as a self-
assessment including regular discussions with peers or a 
formal examination. More than a process to meet 
accreditation requirements or to be credit awarded, 
assessment should be envisioned as a higher value to 
bring effectiveness to learning.

In the present study, conventional methods such as 
discussion with colleagues, lectures, courses, hands–on 
are still given more importance as well as growing 
interest in modern information technologies with 
internet usage as a mode of learning. Our study is 
consistent with the findings from previous studies.
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Abstract 
Aim: Prevalence of obesity hypoventilation syndrome in patients undergoing polysomnography for 
suspected OSA. 
Methods: This observational study was done in the Department of Pulmonary and Sleep Medicine, 
Bhagwan Mahaveer Jain Hospital, Bangalore from June 1st 2017 to May 31st 2018. 120 patients 
with age>18years, Patients undergoing Polysomnography for suspected OSA and Body mass 
index(BMI) ≥30kg/m2 were included in this study. 
Results: In our study group, among the pure OSA population 60(60%) are male and 40(40%) are 
female whereas in OHS population 10(50%) are male and 10(50%) are female. The p-value was not 
statistically significant. In our study group, the mean of FEV1 in litres was 1.74, minimum FEV1 
was0.46L and maximum FEV1was 4.39L in Pure OSA population. The mean FEV1in litres was 1.6, 
minimum FEV1 was 0.86L and maximum FEV1 was 2.46L in OHS population. The mean of FVC in litres 
was 2.29, minimum FVCwas0.56L and maximum FVC was 7.20Lin Pure OSA population. The mean 
FVC in litres was 2.08, minimum FVC was 1.12L and maximum FVC was 3.41L in OHS population. The 
p value was not statistically significant. In our study group, the mean of %FEV1 among the Pure OSA 
and OHS population are 67.2 and 69.8 respectivelyandthemeanof%FVCare67.8and 
67.3respectively.Thepvaluewasnotstatisticallysignificant.In our study group, the mean of Apnea 
hypopnea index (AHI) was 54.11 in Pure OSA population and was 60.41 in OHS population. The p 
value is not statistically significant. The minimum AHI in pure OSA was 8.6 and maximum AHI was 
150.1. The minimum AHI in OHS was 23.4 and maximum AHI was113.6. In our study group, the mean 
of Epworth Sleepiness Scale (ESS) Score among the Pure OSA population was 9.99 and was 12.25 
among the OHS population. 
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Conclusion: The prevalence of OHS in OSA increases with obesity and particularly prevalence is more 
in obese individuals with BMI≥40 we concluded that the co morbidities Diabetes Mellitus, Ischemic 
Heart disease, Bronchial asthma were more prevalent in OHS group whereas Hypertension was more 
in OSA in our study. The bicarbonate levels in blood were more in OHS group compared to pure OSA. 
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Introduction 
 

Sleep-related breathing disorders, often 
known as sleep-disordered breathing (SDB), 
are a group of disorders defined by an 
abnormalities in the frequency, pattern, 
upper airway resistance, and/or depth of 
breathing during sleeping. Every illness has its 
own set of diagnostic criteria. Obstructive 
sleep apnea is the most frequent SDB 
problem (OSA).1 Obesity hypoventilation 
syndrome is also part of the SDB syndrome 
spectrum (OHS).2 Pickwickian syndrome, or 
obesity hypoventilation syndrome, was 
originally identified in 1955. 3 Because the 
majority of patients with OHS had many bouts 
of obstructive respiratory events during sleep 
and considerable desaturation, OHS was 
mistakenly thought to be a severe type of OSA 
by some.2 The International Classification of 
Sleep Disorders, Third Edition (ICSD-3) defines 
OHS as the presence of obesity (BMI>30 
kg/m2) in addition to awake arterial 
hypercapnia (PaCO2>45 mmHg) and SDB in 
the absence of other causes of alveolar 
hypoventilation.4 The OHS is 
underappreciated, with only around 30% of 
hospitalized patients with acute-on-chronic 
hypercapnia respiratory failure obtaining a 
proper diagnosis.5,6 Because OHS patients 
have more progressive disease courses, 
higher health-care utilization, poorer 
prognoses, and higher risks of hospitalization 
and death when compared to pure OSA 
patients,7,8OHS is associated with increased 
cardiovascular morbidity and mortality but is 
an often overlooked diagnosis. Early 
identification and treatment are critical for 
reducing the negative impacts of this illness. 
Obesity hypoventilation syndrome is the most 
severe of the obesity-related respiratory 
problems, resulting in increased healthcare 
expenses, excess cardio-respiratory co- 
morbidity, and death. It is critical to 

investigate the clinical features of this group 
of individuals in order to assist general 
practitioners in identifying and detecting the 
disease. 

 

Material and methods 
 

This observational study was done in the 
Department of Pulmonary and Sleep 
Medicine, Bhagwan Mahaveer Jain Hospital, 
Bangalore from June 1st 2017 to May 31st 
2018.          120  Patients undergoing 
Polysomnography for suspected OSA were 
included in this study. The sample size for the 
present study has been calculated by 
considering 8.5% prevalence of OHS among 
OSA patients after refereeing a study from 
literature by Ahmed S. Bahammam et al year 
2014.9The sample size has been calculated to 
be 120 cases assuming 5% level of significance 
and 5% absolute precision. Patients with 
aged>18years, Patients undergoing 
Polysomnography for suspected OSA and 
Body mass index(BMI) ≥30kg/m2were 
included in this study. Patients who are not 
willing to give consent for participation in the 
study and pregnant women were excluded 
from the study. 

 

Methodology 
 

Hospital scientific and ethical committee 
clearance was obtained before enrolement of 
patients to the study. Patients fulfilling the 
inclusion and exclusion criteria were 
explained about the study and informed 
consent was taken. Each patient recruited was 
subjected to a questionnaire of a thorough 
relevant history and clinical examination. 
Patients underwent chest radiograph, 
pulmonary function test using computerized 
spirometer using JAEGER Lab ManagerV530.0 
software according to the American Thoracic 
Society/European Respiratory Society task 
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force guidelines. Arterial blood gases (ABGs) 
were drawn after 15 minutes of rest while the 
subjects were awake, seated and breathing 
room air and they were analyzed using 
Siemens. Rapid point 500 Blood gas analyser. 
Comorbidities data were obtained by history 
from the patient and from the medical chart 
of the patient. Fasting Blood sugar (FBS), 
Electrocardiogram (ECG),Thyroid function 
tests were done to look for co morbidities. 
Daytime sleepiness was evaluated using the 
Epworth Sleepiness Scale (ESS) a validated, 
specialized sleep questionnaire containing 
8items that assess the likelihood of dozing in a 
variety of daily living situations. 

 

The study involved, 120 patients referred to 
the sleep disorders center with clinical 
suspicion of OSA. Standard in-lab type I 
polysomnography (PSG) was performed to 
monitor brain activity(electroencephalogram 
with electrodes placed at C3A2, C4A1, O1A2, 
and O2A1), muscle tone (electromyogram of 
both the legs and chin), eye movements 
(electrooculogram),  electrocardiogram, 
oxygen saturation (finger pulse oximeter), 
chest and abdominal wall 
movements(thoracic and abdominal belts), 
airflow (thermistor and nasal prong pressure 
transducer), sleep position(body position 
sensor), and snoring (microphone).The PSG 
recording was performed using Alice® 5 and 
Alice® 6 diagnostic equipment (Respironics 
Inc., Murrysville, PA, USA). Manual scoring of 
the electronic raw data was performed 
manually by experienced sleep technologists 
in accordance with established criteria. Apnea 
was defined as a drop in the peak thermal 
sensor excursion greater than or equal to 90% 
of baseline for at least 10seconds. The event 
was scored as obstructive apnea in the 
presence of continued respiratory effort and 
central apnea if associated with absent 
inspiratory effort throughout the entire 
period of absent airflow. Hypopnea was 
defined as a reduction in airflow of ≥30% of 
baseline that lasted for at least 10 seconds 
and resulted in either a ≥3% decrease in 
oxygen saturation from the pre-event base 

line or an arousal. The apnea-hypopnea index 
(AHI) score was defined as the number of 
apneas and hypopneas per hour of sleep and 
was calculated for the entire sleep duration. 
The OSA was defined according to the 
International Classification of Sleep Disorders 
(ICSD2014) :1)AHI≥ 5 obstructive events/hour 
associated with one of the following: 
excessive daytime sleepiness or unrefreshing 
sleep, gasping, or choking during sleep, 
observed apnea or loud snoring or the patient 
has been diagnosed with hypertension, 
coronary artery disease, atrial fibrillation, or 
type 2 diabetes mellitus; or 2) AHI ≥15 
obstructive events/hr. The OHS was 
diagnosed if the following criteria were met: 
the presence of hypercapnia during 
wakefulness (PaCO2 >45 mm Hg), as 
measured by arterial PCO2; the presence of 
obesity (BMI≥30kg/m2); and hypoventilation 
not primarily due to a lung parenchymal or 
airway disease, pulmonary vascular 
pathology, a chest wall disorder, medication 
uses, a neurological disorder, muscle 
weakness, or a known congenital or idiopathic 
central alveolar hypoventilation syndrome. 
The OHS patients were divided into2 groups: 
OHS with OSA if OHS criteria were met and 
the AHI score was ≥5events/hour and pure 
OHS if the OHS criteria were met and the AHI 
score was<5events/hour. 

 

Statistical Methods: 
 

Statistical p-value less than 5% i.e. p≥0.05 will 
be considered as statistically significant. The 
data will be analyzed using SPSS-20 statistical 
package. 

 

Results 
 

The study consisted as ample size of 120. 
Among these 100 were pure OSA about 
83.3%and the other 20 were OHS with OSA 
amounting to16.7%. In our study among 70 
males, 60 were pure OSA and 10 were OHS 
and among 50 females 40 were pure OSA and 
10 were OHS. So the prevalence in males is 
14.2% and 20% in females. 
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TABLE1: Distribution of Pure OSA and OHS in the study group 
 Frequency Percent 

Pure OSA 100 83.3 

OHS 20 16.7 

Total 120 100.0 

9355 

TABLE 2: Distribution of Pure OSA and OHS according to BMI 
 

BMI 
Groups  

Total 
 

Chi-square 
value 

 

P-value 
Pure OSA OHS 

 

30-40 
75 11 86  

 

3.283 

 
 

0.070 87.2% 12.8% 100.0% 

 

>40 
25 9 34 

73.5% 26.5% 100.0% 

 

Total 
100 20 120 

83.3% 16.7% 100.0% 

 
In our study group, patients with BMI between and 30 and 40 were 86, of which 75(87.2%) were 
Pure OSA and 11(12.8%) were OHS. Patients with BMI more than 40 were 34, of which 25(73.5%) 
were Pure OSA and 9(26.5%) were OHS. The p-value was 0.070 which was not statistically significant. 

 
TABLE 3: Gender distribution in the study group 
 Gender  

Total 
 
Chi-square 
value 

 
P-value 

Male Female 

Pure OSA 60 40 100  
 
 

0.686 

 
 
 

0.408 

60.0% 40.0% 100.0% 

OHS 10 10 20 

50.0% 50.0% 100.0% 

Total 70 50 120 

58.3% 41.7% 100.0% 

 

In our study group, among the pure OSA population 60(60%) are male and 40(40%) are female 
whereas in OHS population 10(50%) are male and 10(50%) are female. The p-value was not 
statistically significant. 
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TABLE4: Comparison of Demographics in the study group 
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In the study group, the mean age among the Pure OSA group is 54.4 years and mean age among the 
OHS group is 60.The p-value was not significant. The minimum age in the Pure OSA group is 28 years 
and maximum age is 87 years. The minimum age in the OHS group was 41years and maximum age 
was 79 years. 
In our study group, the mean BMI among the Pure OSA population was 36.5kg/m2 and was 40.1 
kg/m2 among the OHS population. The p-value is < 0.05 which is statistically significant. The 
minimum BMI in pure OSA group was 30kg/m2 and maximum BMI was 64.1 kg/m2. The minimum BMI 
in OHS group was 30.8kg/m2 and maximum BMI was 73.4kg/m2.In our study group, the mean neck 
circumference, waist circumference, hip circumference among Pure OSA and OHS population were 
42.95 cms/43.3cms; 119.22cms/122.75cms; 119.89cms/121.58 cms respectively. The p value was 
not statistically significant. In our study group, the ratio of waist/hip was 0.991 among the pure OSA 
population and was 1.009 among the OHS population. The p value was not statistically significant. 

  N Mean SD Median Min. Max. t-value P-value 

 
 

Age 

Pure OSA 100 54.4 12.916 54.0 28 87  
 

3.150 

 
 

0.078 OHS 20 60.0 11.325 59.0 41 79 

Total 120 55.4 12.788 55.0 28 87 

 
 

BMI 

Pure OSA 100 36.5 6.443 34.9 30.0 64.1  
 

4.321 

 
 

0.040 OHS 20 40.1 8.929 39.1 30.8 73.4 

Total 120 37.1 7.000 35.1 30.0 73.4 

 
 

Neck circumference 

Pure OSA 100 42.95 4.196 43.0 35 59  
 

0.131 

 
 

0.718 OHS 20 43.30 2.830 43.0 36 48 

Total 120 43.00 3.993 43.0 35 59 

 
 

Waist circumference 

Pure OSA 72 119.22 16.596 116.50 90 166  
 

0.492 

 
 

0.485 OHS 12 122.75 12.693 124.00 104 140 

Total 84 119.73 16.078 118.00 90 166 

 
 

Hip circumference 

Pure OSA 72 119.89 15.936 118.50 90 160  
 

0.124 

 
 

0.726 OHS 12 121.58 11.797 120.00 101 138 

Total 84 120.13 15.364 119.50 90 160 

 
 

Waist/Hip Ratio 

Pure OSA 72 0.991 0.051 1.000 .9 1.1  
 

1.047 

 
 

0.309 OHS 12 1.009 0.094 1.005 .8 1.1 

Total 84 0.993 0.058 1.000 .8 1.1 
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TABLE 5: Comparison of PFT values in the study group 
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FEV1=Forced Expiratory Volume in 1second, FVC=Forced Vital Capacity 
 

In our study group, the mean of FEV1 in liters was 1.74, minimum FEV1 was 0.46L and maximum 
FEV1was 4.39L in Pure OSA population. The mean FEV1in liters was 1.6, minimum FEV1 was 0.86L and 
maximum FEV1 was 2.46L in OHS population. The mean of FVC in liters was 2.29, minimum 
FVCwas0.56L and maximum FVC was 7.20Lin Pure OSA population. The mean FVC in litres was 2.08, 
minimum FVC was 1.12L and maximum FVC was 3.41L in OHS population. The p value was not 
statistically significant. In our study group, the mean of% FEV1 among the Pure OSA and OHS 
population are 67.2 and 69.8 respectively and the mean of% FV Care 67.8and 67.3respectively.The p 
value was not statistically significant. 

 
TABLE 6: Comparison of Comorbities according to gender 

 

 Male(N=70) Female(N=50)  

 

 
P-value 

0.39 

 

 
Diabetes 
Mellitus 

Pure OSA 
(N=60) 

 
OHS(N=10) 

Pure OSA 
(N=40) 

 
OHS(N=10) 

 
38.3% 

 
60.0% 

 
55.0% 

 
70.0% 

Hypertension 55.0% 40.0% 72.5% 70.0% 0.875 

Ischemic Heart 
Disease 

16.7% 10.0% 12.5% 40.0% 0.043* 

Bronchial asthma 8.3% 30.0% 47.5% 40.0% 0.67 

*Statistically significant 
 

In pure OSA population, about 38.3% of males had Diabetes Mellitus, 55% had Hypertension, 16.7% 
had Ischemic heart disease, 8.3% had Bronchial asthma. About 55% of females in pure OSA had 
Diabetes Mellitus, 72.5% had Hypertension, 12.5% had Ischemic heart disease, 47.5% had Bronchial 
asthma. Among the OHS population 60% of males had Diabetes Mellitus, 40% had Hypertension, 
10% had Ischemic heart disease, 30% had Bronchial asthma. Among female, OHS population, 70% 
had Diabetes Mellitus,70% had Hypertension, 40% had Ischemic heart disease,40% had Bronchial 
asthma. The p-value was <0.05 and is statistically significant. 

  N Mean SD Median Min. Max. t-value P-value 

 
 

FEV1 

Pure OSA 100 1.74 0.871 1.62 0.46 4.39  
 

0.455 

 
 

0.501 OHS 20 1.60 0.530 1.58 0.86 2.46 

Total 120 1.71 0.823 1.62 0.46 4.39 

 
 

FVC 

Pure OSA 100 2.29 1.162 2.18 0.56 7.20  
 

0.635 

 
 

0.427 OHS 20 2.08 0.675 2.00 1.12 3.41 

Total 120 2.26 1.097 2.08 0.56 7.20 
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TABLE 7:Arterial Blood gases analysis of the study group 
  N Mean SD Median Min. Max. t-value p-value 

 
 

Ph 

Pure 
OSA(N=100) 

100 7.39 0.044 7.4 7.21 7.45  
 

0.953 

 
 

0.331 OHS(N=20) 20 7.38 0.048 7.38 7.3 7.48 

 
 

PaCO2 
(mmHg) 

Pure 
OSA(N=100) 

100 42.02 7.831 40.2 28.8 65.2  
 
 
35.276 

 
 
 
<0.001* 

OHS(N=20) 20 53.53 8.317 50.05 45.6 71.9 

 
 

PaO2 
(mmHg) 

Pure 
OSA(N=100) 

100 69.52 13.294 70 37.9 92.8  
 

1.34 

 
 

0.249 OHS(N=20) 20 64.75 13.35 67.15 32 85 

 
 
HCO3 
(mmol/L) 

Pure 
OSA(N=100) 

100 24.47 3.339 24 16.7 35.5  
 
41.092 

 
 
<0.001* OHS(N=20) 20 29.92 4.082 28.8 23.9 37.8 

*Statistically significant 
 

In our study population, the mean pH among the Pure OSA population was 7.39 and among the OHS 
population was 7.38. The p value was not statistically significant. The minimum pH in pure OSA 
was7.21and maximum pH was 7.45.The minimum pH in OHS was 7.3 and maximum pH was 7.48. In 
our study group, the mean PaCO2 on arterial blood gas analysis among the Pure OSA population was 
42.02 mm/hg and was 53.33 mm/hg among the OHS population. The p value was < 0.05 and is 
statistically significant. The minimum PaCO2 in pure OSA was 28.8 mm/hg and maximum PaCO2 was 
65.2 mm/hg. The minimum PaCO2 in OHS was 45.6 mm/hg and maximum PaCO2 was 71.9mm/hg. 
In our study group, the mean PaO2 on arterial blood gas analysis was 69.52mm/hg in Pure OSA 
population and was 64.75mm/hg among the OHS population. The p-value is not statistically 
significant. The minimum PaO2 in pure OSA was 37.9mm/hg and maximum PaO2was92.8mm/hg. The 
minimum PaO2 in OHS was 32 mm/hg and maximum PaO2 was 85 mm/hg. 
In our study group, the mean HCO3 on arterial blood gas analysis was 24.47 in Pure OSA population 
and was 29.92mmol/liter in case of OHS population. The p value is< 0.05and is statistically 
significant. The minimum HCO3inpure OSA was 16.7 mmol/liter and maximum HCO3 was 35.5 
mmol/liter. The minimum HCO3 in OHS was 23.9 mmol/liter and maximum HCO3 was 
37.8mmol/liter. 

 
TABLE8: Sleep characteristics in the study group 
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  N Mean SD Median Min. Max. t-value P 
value 

 

Apnea hypopnea 
index 

Pure OSA 100 54.11 31.675 45.15 8.6 150.1  

 
0.676 

 

 
0.413 OHS 20 60.41 29.392 51.70 23.4 113.6 

Total 120 55.16 31.276 45.70 8.6 150.1 

 

Epworth 
sleepiness scale 

Pure OSA 100 9.99 5.417 9.00 0 23  

2.989 
 

0.086 
OHS 20 12.25 4.898 11.50 3 21 

Total 120 10.37 5.381 10.00 0 23 
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In our study group, the mean of Apnea 
hypopnea index (AHI) was 54.11 in Pure OSA 
population and was 60.41 in OHS population. 
The p value is not statistically significant. The 
minimum AHI in pure OSA was 8.6 and 
maximum AHI was 150.1. The minimum AHI in 
OHS was 23.4 and maximum AHI was113.6.In 
our study group, the mean of Epworth 
Sleepiness Scale (ESS) Score among the Pure 
OSA population was 9.99 and was 12.25 
among the OHS population. The p value is not 
statistically significant. The minimum ESS 
score in pure OSA was 0 and maximum ESS 
score was 23. The minimum ESS score in OHS 
was 3 and maximum ESS score was 21. 

 
Discussion 
The precise prevalence of OHS in the general 
population is unclear, but is estimated to be 
between 0.15% and 0.3%. The prevalence of 
OHS in obese individuals was found to be 
much higher. Approximately 90% of Sleep 
disordered breathing in obesity 
hypoventilation syndrome is Obstructive sleep 
apnea (OSA), with the remaining 10% of 
patients manifesting sleep related 
hypoventilation which is unrelated with 
obstructive events of OSA. 
In healthy individuals, the arterial pH is 
maintained within an arrow range that is 
affected by changes in alveolar ventilation in 
relation to the metabolic rate and renal acid- 
base status. In patients with OHS, a complex 
interaction between abnormal respiratory 
mechanics, central respiratory drive, sleep- 
disordered breathing and Leptin resistance 
takes place and leads to centrally 
(“respiratory controller”)facilitated alveolar 
hypoventilation. During sleep, alveolar 
hypoventilation leads to nocturnal 
hypercapnia and hypoxia, which over time 
leads to resetting of the chemostat of the 
respiratory controller and consequent day 
time hypercapnia and hypoxemia. The 
hypercapnia of OHS may be augmented by 
Leptin resistance. However, the application of 
PAP over a short period of time can correct 
day time hypercapnia.10 
OHS is a diagnosis of exclusion that requires 
evaluation for other potential causes of 
hypoventilation and hypercapnia such as 
obstructive or restrictive lung diseases, 

neuromuscular disease, severe restrictive 
chest wall disorders, metabolic causes like 
hypothyroidism and congenital 
hypoventilation syndromes. Patients with OHS 
are diagnosed either with a presentation of 
acute on chronic respiratory failure to the 
hospital or on routine outpatient evaluation 
by a pulmonologist or sleep physician. 
Patients with OHS are frequently 
misdiagnosed during hospitalization and 
treated as chronic obstructive pulmonary 
disease (COPD) or congestive heart failure 
(CHF) or as a combination of both. The 
treatment for OHS is directed at the 
underlying pathophysiological factors 
contributing to hypoventilation.10 

 
Gender 
In our study, 60 (60%) were male and 40 
(40%) were female in Pure OSA population. In 
OHS population 10(50%) were males and 
10(50%)were females. In study by Ashraf 
Alzaabi et al11 61 % were males in OHS 
population and in study by Ahmed 
S.Bahammametal933.3% were males in study 
population. 

 
Prevalence 
Our study group consisted of 120 patients of 
OSA out of which 80 were pure OSA and 20 
were OHS. The prevalence of OHS in patients 
of OSA in our studyis 16.7%. In our study the 
prevalence of OHS in OSA patients with BMI 
more than 40 it is 26.5%. 
Prevalence of OHS in OSA according to study 
by Ashraf Alzaabi et al11 was16.8%, in study by 
Ahmed S. Bahammam et al9 it was 8.5% and in 
a study by Tsuneto Akashiba et al12 it was 9%. 
The prevalence of OHS in OSA patients with 
BMI more than 40 was 21%.in study by 
Ahmed S. Bahammam et al2 and was 20% in a 
study by Mokhlesi et al.13The prevalence rates 
in our study are consistent with other studies. 

 
Prevalence according to gender 
In our study among 70 males, 60 were pure 
OSA and 10 were OHS and among 50 females, 
40 were pure OSA and 10 were OHS. The 
prevalence of OHS in women (20%) is higher 
compared to men (14.2%). In study by Ashraf 
Alzaabietal11 women were more frequently 
affected with OHS than men (31.8%vs. 12.9%) 
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respectively; and in study by Ahmed S. 
Bahammam et al9 the prevalence of OHS was 
significantly higher among women than 
among men (15.6% versus4.5%).The results in 
our study are similar to other studies. 

 
Age 
The mean age of Pure OSA in our study group 
is 54.4 ±12.9 years and that of OHS is 
60±11.32 years. The mean age of OHS 
patients according to study by Ashraf Alzaabi 
et al11 was 54.7±15.1 years and according to 
study by Ahmed S.Bahammam et al9 was 
57±13.4 years. The mean age of OHS 
population in our study is similar to that of 
other studies. 

 
Body Mass Index 
The mean BMI in Pure OSA population in our 
study group is 36.5±6.44 kg/m2and in the OHS 
population it is 40.1±8.9 kg/m2. The mean BMI 
according to Ashraf Alzaabietal11was45.4±13.1 
kg/m2,according to study by it was Ahmed S. 
Bahammam et al92 it was 44.6±10.8 kg/m2 and 
according to study by Tsuneto Akashiba et al12 
it was 37±6 kg/m2.The BMI of OHS population 
in our study is similar to other studies. 

 
Co-morbidities 
In our study, the prevalence of Diabetes 
Mellitus is 65%, Systemic Hypertension is 55%, 
Ischemic Heart Disease is 25 % and of 
Bronchial asthma is 35 % in OHS population. 
In pure OSA group, the prevalence of Diabetes 
Mellitus is 45%, Systemic Hypertension is 62%, 
Ischemic Heart Disease is15%and of Bronchial 
asthma is 24%. In study by Ashraf Alzaabiet 
al11, the prevalence of Diabetes Mellitus 
was44.4%, Systemic Hypertension was 
55.6%and Ischemic Heart Disease is 22.2% in 
OHS population. In study by, Ahmed S. 
Bahammam et al9, the prevalence of Diabetes 
Mellitus was 51%, Systemic Hypertension was 
70.8%, Ischemic Heart Disease was 13.2% and 
Bronchial asthma was 33.3% in OHS 
population. 
In our study the prevalence of Diabetes 
mellitus is more compared to other 
comorbities in OHS population whereas in 
other studies the prevalence of Systemic 
Hypertension was more compared to other 
diseases. And also the overall prevalence of 
comorbities is high in OHS group compared to 

pure OSA group in our study except for 
prevalence of Hypertension which is more in 
Pure OSA group. 

 
Arterial Blood Gases 
In our study, the mean pH in OHS population 
is 7.38±0.04, mean PaCO2 
is 53.53±8.31 mm/hg, mean PaO2 is 
64.75±13.35 mm/hg and mean HCO3 is 
29.92±4.08 mmol/L. The mean PaCO2 on 
arterial blood gas analysis among the Pure 
OSA population was 42.02 mm/hg. In study by 
Ashraf Alzaabi et al11 the mean PaCO2 was 
57.4 mm/hg in OHS population. In study by 
Ahmed S. Bahammam et al9, the mean pH in 
OHS population was 7.4, mean PaCO2 was 
56.5 mm/hg, mean PaO2 was 61 mm/hg and 
mean HCO3 was 33 mmol/L. In study by 
Tsuneto Akashiba et al12, the mean pH in OHS 
population was 7.38, mean PaCO2 is 48 
mm/hg, and mean Pao2 was74 mm/hg. The 
results of arterial blood gases in our study are 
similar to other studies. 

 
Apnea-hypopnea index 
In our study, the mean apnea-hypopnea index 
is 60.41±29.39 in OHS population and 54.11 in 
pure OSA population. The mean apnea- 
hypopnea index was 48.4 in OHS population 
in study by Ashraf Alzaabi et al11, it was 68.2 in 
a study by Ahmed S. Bahammam et al9 and 
was 72 in a study by Tsuneto Akashiba et 
al.12The mean apnea-hypopnea index is 
Similar to that found in other studies. 

 
Epworth Sleepiness Scale 
The mean ESS in OHS population in our study 
is 12.25±4.89 and 9.99±5.41inpure OSA. In 
study by Ahmed S. Bahammam et al9, the 
mean ESS in OHS population was 11.7 and 
was 12 in a study by Tsuneto Akashiba et 
al.12The results in our study are similar to 
other studies. 

 
Neck circumference 
The mean neck circumference in the Pure OSA 
population is 42.95±4.19cms and in the OHS 
population it is 43.30±2.83cms.The mean neck 
circumference in study by Ahmed S. 
Bahammam et al9 was 40.6±5 cms. 
The mean neck circumference in OHS 
population in our study is higher compared 
to above study. The reason for 
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higher neck circumference could be due to 
higher adipose tissue deposition or short neck 
or ethnic variability or morbid obesity. The 
exact reason for this variability needs 
confirmation by further studies. 

 
Spirometry 
In our study the mean FEV1 in Pure OSA 
population is 67.2±21.78% and it 
is69.8±14.45% in OHS population. The mean 
FVC in Pure OSA population is 67.8±22.09% 
and it is 67.3±13.55 % in OHS population. The 
meanFEV1 in OHS in study by Ahmed S. 
Bahammam et al9 was 56.8% and FVC was 
57.4%.And in study by Tsuneto Akashiba et 
al12the meanFEV1 was 76% and FVC was 
102%.The results in our study are similar to 
other studies. 

 
Conclusion 
Obesity hypoventilation syndrome is common 
among Saudi OSA patients referred to the 
Sleep Disorders Center. Serum bicarbonate 
and duration of nSaO2 <90% are independent 
predictors of OHS among patients with OSA. 
The prevalence of OHS in OSA who are 
morbidly obese with BMI more than 40 is 
26.5%. The prevalence of OHS in OSA 
increases with obesity and particularly 
prevalence is more in obese individuals with 
BMI≥40 we concluded that the comorbidities 
Diabetes Mellitus, Ischemic Heart disease, 
Bronchial asthma were more prevalent in OHS 
group whereas Hypertension was more in 
OSA in our study. The bicarbonate levels in 
blood were more in OHS group compared to 
pure OSA. 
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Original Article

INTRODUCTION

Oral submucous fibrosis (OSMF) constitutes an oral 
premalignant condition induced by areca nut ingestion 
and is considered an uncontrolled tissue healing response 

resulting in fibrosis.[1] Clinically, OSMF presents with a 
burning sensation in the mouth, stiffening of  the mucosa, 
and reduced mouth opening, among other changes that 
lead to difficulty in food consumption and generalized 

Background: Fibrosis is an uncontrolled healing process, led by persistent differentiation of fibroblast to alpha-
smooth muscle actin (αSMA) positive activated fibroblast or myofibroblast. Oral submucous fibrosis (OSMF) 
is one such condition that is associated with areca nut use. Recently, Programmed Cell Death 4 (PDCD4), a 
pro-apoptotic marker, has been shown to modulate fibroblast differentiation in various organ fibrosis. The 
present study aimed to evaluate the role of PDCD4 in the regulation of fibroblast differentiation in OSMF.
Materials and Methods: Paraffin-embedded tissue sections from 45 cases of the normal oral mucosa, 
early OSMF and advanced OSMF were examined for PDCD4 and αSMA expression by immunostaining. 
Co-expression of PDCD4 and αSMA in fibroblasts was examined using Spearman’s correlation test.
Results: The stromal fibroblasts showed minimal expression of αSMA in the normal mucosa and early 
OSMF, while advanced OSMF groups demonstrated a higher frequency of αSMA myofibroblasts. The PDCD4 
expression was noted in the normal stromal fibroblasts. However, this expression appeared to progressively 
reduce with an increasing grade of OSMF. Thus, a negative correlation was noted between stromal PDCD4 
and αSMA expression with progressive OSMF.
Conclusion: This study demonstrated a putative role for PDCD4 in oral fibrosis consistent with its role in 
other tissues. The lack of PDCD4 expression with increasing myofibroblast expression in OSMF suggests 
that targeting its dysregulation may be an attractive translational therapeutic target.
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debilitation. Histologically, it is associated with progressive 
changes in the connective tissue such as fibrosis and 
hyalinization, along with atrophy of  the epithelium 
in advanced cases. The connective tissue response to 
arecoline, a major alkaloid of  areca nut, is known to 
up‑regulate pro‑inflammatory and pro‑fibrotic cytokines, 
such as Transforming Growth Factor‑beta (TGF‑β). 
TGF‑β leads to the differentiation of  stromal fibroblasts to 
alpha smooth muscle actin positive (αSMA) myofibroblasts 
that are well known to promote matrix synthesis and tissue 
contraction.[2,3] Recently, alkaloids of  arecanut, namely 
arecaidine and guvacine, along with the polyphenols such 
as catechin and tannins, have also been shown to induce 
TGF‑β signaling in epithelial cells contributing to the 
complex pathogenesis of  OSMF.[4,5]

Programmed cell death 4 (PDCD4) is a well‑known 
pro‑apoptotic protein recognized for its roles in 
transcription and translation pathways in tumor growth 
and metastasis. PDCD4 has been observed to promote 
fibroblasts differentiation in renal and liver fibrosis 
through TGF‑β and other regulatory pathways.[6‑8] In a 
recent study, we observed reduced PDCD‑4 expression in 
oral dysplastic and oral carcinomas compared to normal 
epithelial mucosa.[9] The decrease in PDCD4 expression 
in transforming epithelia appeared to correlate well with 
reduced cell death observed in these lesions. A key reason 
for the persistence of  myofibroblast phenotypes has been 
their ability to evade apoptosis.[10] Thus, the premise for this 
study was to examine if  the changes in PDCD4 expression 
would correlate with increased differentiation of  oral 
stromal fibroblasts into αSMA positive myofibroblasts. We 
investigated αSMA and PDCD4 expression in the normal 
and progressive stage of  OSMF oral mucosa to assess its 
putative role in tissue fibrosis.

MATERIALS AND METHODS

Human tissue samples
Following ethical clearance from the Institute, archival 
formalin‑fixed, paraffin‑embedded tissues of  normal 
mucosa (n = 10), and OSMF (n = 30) were retrieved. 
Clinical data were used to evaluate the history with areca 
nut consumption and for the absence of  other local and 
systemic factors or illnesses.

Histological analyses
Three continuous sections of  4 um were cut, and 
one section was stained using hematoxylin and eosin. 
Histological grading from I through IV was based on 
criteria elaborated by Pindborg and Sirsat.[1] Cases were 
then categorized into two groups as either early OSMF for 

histological Grades I and II cases (Group 2) or advanced 
OSMF for histological Grade III and IV cases (Group 3) 
and compared to normal mucosa (Group 1).

Immunostaining
Two sections were used for immunohistochemistry 
with PDCD4 (Clone EPR3432, BioGenex Lab) and 
αSMA (clone EP188, PathnSitu). The primary antibody 
was detected using a one‑step polymer HRP kit (PEH2, 
PathnSitu) by the Avidin-Biotin complex and counterstained 
with Harris’s hematoxylin.[11]

Immunostaining analyses
Sections were analyzed for the staining intensity, 
localization and pattern by two independent examiners. 
The two examiners had similar levels of  experience 
with training in immunohistochemical and pathological 
evaluation of  oral lesions. The inter‑observer agreement 
using a training set was 0.89 (Kappa statistic). For study 
groups, any discrepancy in scoring was resolved by the 
consensus on a multi‑head microscope.

A modified scoring criterion was adopted due to the 
compression and amassing of  the cells noted in histological 
sections in OSMF. To compare the expression of  PDCD4 
and aSMA in fibroblasts, consecutive sections were stained 
and analyzed. Subjective errors on identifying cell types 
such as endothelial cells, inflammatory cells and fibroblast 
were reduced by confirmed at high magnification prior to 
scoring. For αSMA expression, the intensity of  positive 
cells was scored as 0 for no staining, 1 for cells visible 
at high power and 2 for cells visible at medium power. 
For the αSMA expression pattern, scoring criteria by 
Etemad‑Moghadam et al. were modified as follows: 
0‑absent to 1, 2 or 3 for low expression and 4, 5 or 6 for high 
expression of  αSMA+ cells.[12] The intensity for PDCD4 
expression was scored as 0 for no staining, 1 for mild to 
moderate brown, 2 for dark brown as per modified Reis and 
Tomenson criteria.[13] To assess percentage of  expression 
for both αSMA and PDCD4, percentage of  positively 
stained fibroblast were scored as 0 = 0%–10% positive cells, 
1 = 11%–30% positive cells, 2 = 31%–60% positive cells 
and 3 = 60%–100% positive cells per field. A cumulative 
total score representing the intensity and percentage was 
expressed as 0, 1 and 2 indicated low/normal expression 
pattern while 3, 4 and 5 indicated overexpression pattern.

Statistical analyses
Expression data for PDCD4 and αSMA were tabulated 
in Excel and analyzed in SPSS (version 16.0, IBM, Seattle, 
Washington, USA) for statistical significance. To test the 
association between the two, the Chi‑square and Fisher 
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exact tests were performed, and their correlation was 
determined using the Spearman’s correlation test.

RESULTS

αSMA expression and localization within connective tissue 
cells
All the cases of  normal mucosa and 10 of  15 (66.7%) 
of  early OSMF cases demonstrated a low frequency of  
fibroblasts expressing αSMA [Figure 1a]. Amongst these, 
eight cases of  normal mucosa presented with an absence 
of  staining for αSMA fibroblasts. Total expression of  
αSMA showed similar results in normal mucosa and 
early OSMF (P = 0.061) [Table 1]. In the advanced 
OSMF group, 13 out of  15 cases (86.7%) presented 
with a high frequency of  αSMA myofibroblasts. The 
frequency of  αSMA myofibroblast between normal 
mucosa and early OSMF versus advanced OSMF groups 
was statistically significant (P = 0.001 and P = 0.0008, 
respectively) [Table 1]. On examining their localization, 
αSMA+ myofibroblasts were present within superficial 
connective tissue and epithelial‑connective tissue junction 
in early OSMF cases [Figure 1b]. In advanced OSMF cases, 
the localization varied and could be appreciated even in the 

deeper stroma [Figure 1c]. Taken together, normal mucosa 
and early OSMF cases presented with a low frequency 
of  αSMA+ fibroblasts, while advanced OSMF exhibited 
high frequency (P = 0.001) [Table 2]. These results clearly 
established the preponderance of  αSMA+ myofibroblasts 
with progressive OSMF stages.

Programmed cell death 4 expression and localization within 
connective tissue cells
Next, we examined PDCD4 intensity and pattern in these 
tissues. PDCD4 expression is predominantly limited to 
the nucleus, with low cytoplasmic expression in normal 
cells. We observed positive staining for fibroblasts in all 
three groups [Figure 1d‑f]. Nuclear PDCD4 staining in the 
epithelium in normal and early OSMF was evident, while 
it appears to be predominantly cytoplasmic in advanced 
OSMF. A significant reduction in total PDCD4 expression 
in early OSMF (P = 0.05) and advanced OSMF (P = 0.001) 
was observed compared to normal mucosa [Table 3]. 
PDCD4 expression among the OSMF groups appeared 
to be similar. Next, we examined the pattern of  PDCD4 
expression in these tissues and noted lower percentage of  
positive cells with increasing grade of  fibrosis. Overall, the 

Figure 1: Consecutive histological sections of normal oral mucosa, early and advanced Oral submucous fibrosis stained with αSMA, and 
programmed cell death 4. (a) Photomicrograph of normal oral mucosa stained with aSMA with positive cytoplasmic staining of αSMA (arrows), 
predominantly in a perivascular location; (b) Photomicrograph of early Oral submucous fibrosis showing aSMA positive fibroblasts in the connective 
tissue stroma with a high-power magnification (black circle and inset image); (c) Photomicrograph of advanced Oral submucous fibrosis showing 
aSMA positive fibroblasts in the juxtaepithelial (black circle) and deeper connective tissue stroma (red circle), inset shows high-power image with 
prominent αSMA expression; (d) Photomicrograph of normal oral mucosa stained with Programmed Cell Death 4 showing epithelium, stromal 
fibroblasts (marked by arrow) and a nuclear and peri-vascular localization; (e) Photomicrograph of early oral submucous fibrosis showing mild 
programmed cell death 4 expression in stromal fibroblasts (black circle and inset image); (f) Photomicrograph of advanced oral submucous 
fibrosis showing few programmed cell death 4 positive fibroblasts throughout superficial (black circle) and deep connective tissue (red circle), 
inset shows high‑power image noting lack of prominent staining
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differences in PDCD4 staining among the three groups 
were strikingly significant (P = 0.001) [Table 4]. These 
observations established a reduced expression of  PDCD4 
were consistent with prior observations noting PDCD4 in 
tissue fibrosis.

Correlating αSMA and programmed cell death 4 expression 
in fibroblasts
Finally, to examine the αSMA and PDCD4 expression 
in fibroblasts, we compared immunostaining in the 
consequent section in each case. Normal oral mucosa and 
advanced OSMF demonstrated an inverse relationship 
between αSMA and PDCD4 staining using Spearman’s 
rank correlation (correlation coefficient = −0.71) [Table 5].

DISCUSSION

Oral tissues are well known to be minimally fibrotic, leading 

to comparisons with fetal‑like nonscarring wounds.[14‑16] The 
significant immune‑active surveillance, including the role of  
saliva in the oral cavity, has been correlated with a mitigated 
inflammatory response that appears to shift the tissue 
healing response to a nonscarring resolution. Several studies 
have examined the role of  matrix molecules (small leucine 
proteoglycans), adhesion molecules (integrins αVβ6, Connexin 
43, and CD 44), and growth factor isoforms (TGF‑β3 versus 
β1) in mediating this phenotype.[17‑22] It appears to be a critical 
teleological adaption that enables normal oral functions due to 
injury and rapid healing necessary for normal oral physiological 
functions. In this context, an oral disease with prominent 
clinical manifestation of  fibrosis, as evident in OSMF is a 
striking dichotomy from the normal oral pathophysiological 
responses. Normal oral healing has transient expression of  
myofibroblasts, analogous to cutaneous wounds but has 
been demonstrated to involve minimal matrix synthesis and 
contraction.[14] Myofibroblasts play key, permissive roles in 

Table 1: Comparison of the alpha‑smooth muscle actin expression of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups ɑSMA expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 10 (100) 0 10 (100) 1 versus 2
0.061 (NS)

‑ 1 versus 3
0.008*Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100) 2 versus 3

0.001*Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100) ‑

Fisher’s exact test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, ɑSMA: Alpha‑smooth actin, PDCD4: Programmed 
cell death 4, OSMF: Oral submucous fibrosis

Table 2: Comparison of the alpha‑smooth muscle actin expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups ɑSMA pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 10 (100) 0 10 (100) 0.001*
Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100)
Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100)

Chi‑square test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. ɑSMA: Alpha‑smooth actin, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 3: Comparison of Programmed Cell Death 4 expression of fibroblasts in normal oral mucosa, early oral submucous fibrosis, 
and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups PDCD4 expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 0 10 (100) 10 (100) 1 versus 2
0.050*

‑ 1 versus 3
0.001*Early OSMF (2) 6 (40) 9 (60) 15 (100) 2 versus 3

0.139 (NS)Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100) ‑

Fisher’s exact test, *P≤*stt, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 4: Comparison of Programmed Cell Death 4 expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups PDCD4 pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 0 (0) 10 (100) 10 (100) 0.001*
Early OSMF (2) 6 (40) 9 (60) 15 (100)
Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100)

*P≤0.05, Chi‑square test, PDCD4 expression scores: 0‑2 low, 3‑5 high. PDCD4: Programmed cell death 4, OSMF: Oral submucous fibrosis
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the progression of  malignant tissues.[23,24] Given the reported 
premalignant potential for OSMF, the role of  myofibroblasts 
in determining its biological behavior has important clinical 
implications.

Recent advances in matrix biology have unraveled a broad 
heterogeneity in fibroblasts within connective tissue.[25] 
While the precise origin of  the myofibroblasts remains 
unclear, phenotypic similarities have suggested that they 
arise from peri‑vascular (pericyte) and stromal fibroblasts.[26] 
A key signaling pathway, TGF‑β1, has been well established 
as a primary inducer of  the αSMA differentiated 
myofibroblast phenotype.[5] Further, several downstream 
signaling intermediates such as HiC5, miR21, and PDCD4 
have been implicated in the TGF‑β driven process leading 
to organ fibrosis and tumor stroma modulation.[6‑8,27‑29] 
Among them, PDCD4 is known to regulate cell apoptosis 
and has roles in the activated fibroblast phenotype. The 
presence of  nuclear (active) versus cytoplasmic localization 
of  PDCD4 reflects its functional state in various cell 
types.[30] Loss of  PDCD4 expression is associated with 
increased cell survival and changes in cellular functions. 
However, differences in apoptosis sensitivity and rate cell 
turnover of  oral versus cutaneous cells have been well 
reported.[31]

This study was aimed at examining the role of  PDCD4 
and myofibroblasts in OSMF. As anticipated, there was a 
distinct increase in the number of  αSMA myofibroblasts 
in progressive OSMF stages, as reported previously.[32‑34] 
Moreover, we noted PDCD4 expression in normal mucosa 
and early OSMF was predominantly nuclear in the stromal 
fibroblasts. Interestingly, the advanced cases of  OSMF 
showed either low or absence of  nuclear PDCD4 expression 

in the stromal fibroblasts. Further, consecutive sections 
stained with PDCD4 and αSMA demonstrated a high 
negative correlation in advanced OSMF cases. These results 
are consistent with recent reports by Zang et al. and Sun 
et al., who reported αSMA myofibroblasts lacked PDCD4 
expression in hepatic and renal fibrosis, respectively.[7,8] 
They implicate the lack of  PDCD4 expression to a TGF‑β 
driven miR‑21 and activation protein‑1 feedback loop 
during myofibroblast transformation. Thus, our findings 
are in congruence and support the hypothesis that PDCD4 
plays a central role in myofibroblast differentiation leading 
to tissue fibrosis.

OSMF represents both features of  a fibrotic stroma and 
an atrophic epithelial component with discrete histological 
and clinical courses in stark contrast to oral squamous cell 
carcinomas.[35,36] Recent reports have emphasized that the 
OSCC arising in preexisting OSMF has a more verrucous 
and ulcero‑hyperproliferative nature with an indolent 
clinical course.[36‑38] These together suggest that while 
OSMF is a degenerative (epithelial atrophy) and aberrant 
healing (stromal fibrosis) response, a secondary crucial 
transformative event is necessary for malignancy. The 
chronic, sustained exposures of  epithelial components to 
the injurious agent (areca nut, tobacco, or combinations) 
along with permissive changes in the underlying stroma 
such as fibrosis and hypoxia may contribute to the low but 
consistent, premalignant potential of  OSMF. While the key 
molecular event mediating this transformation remains 
to be fully investigated, a potential candidate could be 
PDCD4 with its low, cytoplasmic expression evident in the 
OMSF epithelium as well as other dysplastic, premalignant 
oral lesions.[9,13] These observations are supported by the 
well‑documented tumor suppressor role of  PDCD‑4 in 
carcinomas from multiple anatomical sites such as cervical, 
colorectal, endometrial, breast, pancreatic, prostate, 
gastric, brain, esophagus, lung and ovarian cancers, among 
others.[39‑47] Thus, PDCD4 expression in oral premalignant 
lesions, including OSMF in their epithelial compartment, 
could potentially useful for prognostication of  clinical risk, 
protracted surveillance, and monitoring.

CONCLUSION

This study noted a negative correlation of  PDCD4 
expression with increased myofibroblast differentiation in 
OSMF. Future investigations can focus on therapeutically 
targeting the TGF‑β regulated miR21‑PDCD4‑mediated 
stromal signaling for OSMF management.
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ABSTRACT

Background and Aim: Cancer-associated fibroblasts (CAFs) are among the key tumor 
microenvironment components that determine tumor invasion, progression, and resistance to cancer 
therapeutics. Histologically normal mucosa adjacent to oral squamous cell carcinoma (OSCC) has 
been shown to harbor CAFs which aid in the loco-regional recurrence of the lesion. Verrucous 
carcinoma (VC), a low-grade variant of squamous cell carcinoma, has a better clinical outcome. 
However, few VCs show an aggressive biological course and necessitate wide excision with strict 
follow-up. Scarce literature is available regarding the role of CAFs in VCs. Thus, our study aimed to 
evaluate the frequency of CAFs in OSCC, normal mucosa adjacent to OSCC, and VC.
Methods: Thirty cases of squamous cell carcinoma, normal mucosa adjacent to OSCC, and VC each 
were included in the study. The sections were stained with an antibody against alpha-smooth muscle 
actin protein and CAF frequency was evaluated.
Results: The CAF frequency was highest in squamous cell carcinoma, followed by VC, and least in 
normal mucosa adjacent to OSCC (P<0.001).
Conclusion: CAF frequency progressively increases with an increase in the grade or biological 
behavior of the lesion. Thus, screening CAF frequency in these benign and malignant oral lesions is 
necessary for better treatment outcomes.
Relevance for Patients: The immunohistochemical screening for CAFs in OSCC and VC can serve 
as an integrated approach for the development of a directed treatment plan that leads to a better 
patient prognosis. Routine assessment of CAF frequency in surgical margins can serve as an adjunct 
in determining clear margins and possible locoregional recurrence. Furthermore, target therapy for 
CAFs can be used to minimize possible recurrence and distant metastasis.

1. Introduction

Cancer and its microenvironment are a conglomerate of numerous factors that self-support 
the growth and progression of cancer cells. Cancer-associated fibroblasts (CAFs) form one such 
integral part of the microenvironment that drive tumorigenesis and metastasis [1,2]. CAFs can 
be derived from local fibroblasts, endothelial cells, hemopoietic stem cells, preadipocytes, and 
tumor epithelial cells by epithelial-mesenchymal transition [1-3]. These CAFs interact with 
epithelial cells and other connective tissue cells and regulate tumor invasion and angiogenesis 
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[4-12]. They modulate the stroma primarily by the production 
of factors such as metalloproteinase, growth factors, cytokines, 
and chemokines [10-14]. CAFs are a prominent feature of the 
tumor stroma of many, but not all oral squamous cell carcinomas 
(OSCCs) [4]. When present, CAFs are associated with resistance to 
immunotherapy and poor disease-free survival in OSCC [4,14-16]. 
In addition, the CAFs have also been found in potentially malignant 
conditions and histologically normal mucosa adjacent to oral 
squamous cell carcinoma (HNMOSCC) [17-21].

Benign tumors such as Verrucous Carcinomas (VCs) generally 
have a better clinical outcome; however, 1/5th of VCs co-exist 
with an OSCC. Such hybrid tumors may remain histologically 
unidentified and have a greater tendency to recur locally [21]. 
Hence, it is essential to differentiate these VCs from the 
conventional ones at the time of diagnosis for improved treatment 
outcomes. Understanding the molecular differences between VCs 
and OSCCs has been the focus of various studies [21-29]. However, 
most of these studies concentrate on the differences between the 
malignant epithelial components but the stromal component of 
VCs is relatively unexplored. Thus, the present study aimed to 
evaluate the role and difference in the CAF frequency in OSCCs, 
HNMOSCC, and VCs.

2. Methods

In the present retrospective study, histologically diagnosed tissue 
blocks of OSCCs, VCs, and HNMOSCC (30 each) were obtained 
from the department archives. The study was exempt from the 
institutional ethical committee review because of its retrospective 
nature. The patient-matched OSCC lesional tissue and HNMOSCC 
were obtained from the surgical excision and radical neck 
dissection specimens available in the archives. The HNMOSCC 
included were taken one centimeter beyond the surgical margin of 
OSCC; they were histologically tumor-free and the epithelium was 
devoid of dysplasia. The patient-matched OSCC and HNMOSCC 
tissues consisted of 26 male and four female patients. The age 
range was 35-90 years. The most common site involved was buccal 
mucosa (12 cases), followed by the tongue (seven cases), alveolar 
mucosa (three cases), retromolar area (three cases), gingivobuccal 
sulcus (three cases), and palate (two cases). VC had 16 male and 
14 female patients in the age range of 35-80 years. VCs were 
predominantly located on the buccal mucosa (18 cases) followed 
by labial mucosa (four cases), two cases of buccal vestibule and 
gingivobuccal sulcus; and one case each of retromolar area, tongue 
and alveolar mucosa and palate. Tissue sections of 4 µm thickness 
were taken on 3-aminopropyl triethoxy silane-coated slides. 
One section was stained using Harris hematoxylin-eosin and the 
other with αSMA (ready to use, Monoclonal Mouse Anti-Human 
αSMA, Clone 1A4; catalog no AM128-5M BioGenex Lab). 
The αSMA antibody is widely used as an immunohistochemical 
marker for the identification of differentiated fibroblasts/CAFs 
[12]. Immunohistochemically stained sections with αSMA 
were evaluated for the frequency of expression of CAFs. The 
blood vessels stained positively with αSMA acted as an internal 
positive control for each slide. The slides were evaluated by three 

independent oral pathologists with similar training and experience. 
The difference in scoring of CAFs was settled by consensus using 
a Penta-head microscope. Kellerman’s scoring criteria [14] was 
modified and utilized to evaluate the slides based on the percentage 
of stained cells. The cells were evaluated at ×10 and confirmed 
further at ×40. The score was considered as 0 for no expression of 
CAFs, 1 for 1-20% CAFs, 2 for 21-40% CAFs, 3 for 41-60% CAFs 
and 4 for >60% CAF expression. This criterion for scoring was 
used to reduce the manual errors caused by subjective evaluation 
of staining intensity.

2.1. Statistical analysis

The data were tabulated and analyzed in the SPSS software. The 
data were analyzed using Kruskal–Wallis tests and Mann–Whitney 
test (p≤0.05 was considered significant).

3. Results

The frequency scores of αSMA positive CAFs in OSCCs ranged 
from 1 to 4 (Figure 1A-D). About 40% OSCCs (12/30 cases) exhibited 
CAF score 3, that is, 41-60% CAFs in the stroma (Figure 1C). In case 
of HNMOSCC, 13.3% of cases showed no CAF expression (Figure 
2A) and remaining showed expression of score 1 (Figure 2B). About 
10% of VCs did not show αSMA positive CAF (Figure 3A). 50% 
VCs (15/30 cases) had the expression of Score 1 (Figure 3B), 20% 
VCs expressed Score 2 (Figure 3C), 16.7% VCs had Score 3 (Figure 
3D), and only 3.3% VCs expressed Score 4 CAF frequency (Figure 
3E). On comparing the CAF frequency between the study groups 
using Kruskal-Wallis and Mann-Whitney test, we found the results 
to be statistically significant (P<0.001) (Tables 1 and 2).

Histologically, OSCCs showed CAFs with the network-like 
(Figure 1C) and spindled (Figure 1D) arrangement pattern. These 
CAFs were primarily noted in the tumor-invasive front. Whereas 

Figure 1. Photomicrographs of OSCC stained with αSMA antibody 
depicting different scores of expression of CAFs (A) Score 1, that is, 
1–20% CAFs (×10), (B) Score 2, that is, 21–40% CAFs (×10), (C) Score 
3, that is, 41–60% CAFs (×10) and (D) Score 4 for >60% CAF expression 
(×10). (Red arrowheads show tumor islands and black arrows indicate 
CAFs). OSCC: Oral squamous cell carcinoma, CAFs: Cancer-associated 
fibroblasts.
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VCs showed the CAFs arrangement in spindled patterns adjacent 
to bulbous rete ridges (Figure 3F). The occurrence of CAFs in 
HNMOSCC was absent or scarce to patchy in distribution.

4. Discussion

Mortality rates of OSCC have remained high even with the 
advances in treatment modalities due to the high loco-regional 
recurrence and metastasis of tumors [13]. Tumor micro-environment 
is implicated in bringing about this progression and metastatic 
changes. The CAFs which are an integral part of the tumor micro-
environment play a central role in facilitating tumor invasion, 
progression, metastasis, and therapeutic resistance [3]. It has been 
observed that the epithelial component of OSCC shows intra-tumor 
and inter-tumor heterogeneity, but the stroma of the OSCC shows 
a consistent signature [1]. This is also reflected through our present 
study wherein αSMA positive CAFs were noted in all the cases of 
OSCC. These results are concurrent with those of Vered et al. [15] 
(100%), Angadi et al. (94%) [17], and Chaudhary et al. [18].

The frequency of CAFs in OSCCs ranged from Score 1 to Score 
4. In OSCCs, the CAFs were found surrounding the tumor islands 
and cords in the stroma, and often in the deep invasive front of 
OSCCs (Figure 1). The arrangement pattern in some cases was in the 
form of delicate rows surrounding and abutting the tumor islands, 
while others showed a marked syncytium-like arrangement of the 
CAF in the stroma. These arrangement patterns could reflect the 
biological dynamic interactions between the components of tumor 
tissues. Kellerman et al. [14] and Vered et al. [15] have put forth 
that increasing frequency of CAF expression is associated with 
poor prognosis. This could be attributed to the fact that the CAFs 
serve as “factories” producing a wide range of proteins, signaling 

Table 2. Comparison of αSMA expression scores/Cancer-associated 
fibroblast frequency among the study groups using Mann–Whitney test.
Groups (n) Z value P value

OSCC (30) 4.063 <0.001*
VC (30)
OSCC (30) 3.020 <0.001*
HNMOSCC (30)
VC (30) 6.497 <0.001*
HNMOSCC (30)

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous 
cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa 
adjacent to oral squamous cell carcinoma

Table 1. Comparison of αSMA expression scores/Cancer-associated fibroblast frequency in all the study groups using Kruskal–Wallis test.
Groups (n) Score 0 (Negative) Score 1 Score 2 Score 3 Score 4 Chi square (χ2) P value

OSCC (30) 0 3 (10%) 9 (30%)) 12 (40%) 6 (20%) χ2=51.840
P<0.001*VC (30) 3 (10%) 15 (50%) 6 (20%) 5 (16.7%) 1 (3.3%)

HNMOSCC (30) 4 (13.3%) 26 (86.7%) 0 0 0

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa adjacent to oral 
squamous cell carcinoma

Figure 2. Photomicrograph of HNMOSCC stained with αSMA antibody. 
(A) Score 0, that is, no CAFs (×10). (B) Score 1 of CAFs in HNMOSCC 
located juxtaepithelially (×40), (blue arrowheads show normal epithelium 
and black arrows show CAFs). HNMOSCC: Histologically normal 
mucosa adjacent to oral squamous cell carcinoma, CAFs: Cancer-
associated fibroblasts. 

A B

Figure 3. Photomicrograph of VCs stained with αSMA demonstrating 
varying score of CAFs (×10) (A) Score 0 with no expression of CAFs, 
(B) Score 1, that is, 1–20% CAFs (×10), (C) Score 2, that is, 21-40% 
CAFs (×10), (D) Score 3, that is, 41–60% CAFs (×10), (E) Score 4 
for >60% CAF expression (×10) and (F) CAFs abutting the tumor rete 
pegs stained with αSMA (×40) (Arrows point to CAFs; red arrowheads 
point tumor rete ridges). VCs: Verrucous carcinomas, CAFs: Cancer-
associated fibroblasts.

A

C

E

B

D

F



 Datar et al. | Journal of Clinical and Translational Research 2022; 8(1): 80-85 83

 DOI: http://dx.doi.org/10.18053/jctres.08.202201.007

molecules, cytokines, and growth factors. They boost tumor 
angiogenesis, drive tumor invasion, and thereby help in tumor 
progression and metastasis [8,11]. Hence, the carcinomas with 
higher expression of CAF may result in loco-regional recurrence.

Furthermore, in HNMOSCC, we found the presence of αSMA 
positive CAFs in 86.7% of cases. These CAFs were scanty and 
showed juxtaepithelial localization (Figure 2B). The expression of 
CAFs in HNMOSCC was significantly lower than that in OSCC 
(P<0.001). Since CAFs were not present in normal mucosa, as 
demonstrated by Chaudhary et al. [18] and Angadi et al., [22] their 
presence in HNMOSCC suggests that HNMOSCC harbors tumor-
induced changes. Clinically, even if the epithelial malignancy 
is removed with safe margins, yet histologically, CAFs can be 
left behind in the tumor-associated stroma undiagnosed. These 
CAFs can undergo a mesenchymal-epithelial transformation, 
or they may be instrumental in modifying the epithelium to 
produce second primary tumors [22]. Increased frequency of 
CAFs is significantly associated with disease recurrence and 
poor patient survival [15]. Analyzing the “molecular status” of 
the surgical margins to predict the outcome and plan adjuvant 
therapy for OSCC is a more pragmatic approach [30]. CAFs 
mediate microenvironment changes and possible mesenchymal-
epithelial interactions. Their evaluation can aid in understanding 
the biological behavior of OSCCs and surgical margins. Hence, 
αSMA alone or with other markers should be employed to screen 
the surgical margins to predict treatment outcomes.

In the case of VCs, we found that the CAFs were expressed in 
96.7% of cases localizing predominantly around the rete pegs or 
juxtaepithelially (Figure 3B-F). This result was in concordance 
with the findings of Chaudhary et al. [18], who observed 
86.67% of cases showing expression of the CAF in VC. In our 
study, the frequency of CAF in VCs was significantly lower 
than the frequency in OSCCs (P<0.001) and higher than that in 
HNMOSCC (P<0.001). The expression of CAFs in HNMOSCC, 
VCs, and OSCCs can be in a continuum, with HNMOSCC having 
the minimum frequency of CAFs while the cases of OSCCs 
having the maximum frequency.

In HNMOSCC and VCs, CAFs were localized 
juxtaepithelially with no breach in the continuity of the 
basement membrane. This could be because secreted factors 
such as TGF-β1 or microRNAs produced by tumor cells may 
pass through the basal lamina to reach the connective tissue 
thereby bringing about the differentiation of CAFs [3,6]. 
A previous study has found an increased expression of 
TGF-β1 in VCs and OSCCs [27]. CAFs through matrix 
metalloproteinases breakdown the basement and mediate 
digestion to generate tracts for carcinoma cells. Alternatively, 
they can increase permeability and remodel the matrix by 
applying contractile force, thus creating a breach in basement 
membrane fibers to allow the passage of carcinoma cells. 
Hence, VCs with CAFs may be hypothesized to harbor 
areas of basement membrane destruction like that of OSCC. 
This premise could potentially explain the fact reported by 
Johnson et al. [21] that 1/5th of VCs are hybrid tumors that 
demonstrate traditional OSCC like areas and show a tendency 

to recurrence. Immunohistochemical evaluation of CAFs in the 
stroma of VC can help predict molecular micro-environmental 
changes in these indolent lesions. This can enable the surgeons 
to maintain stern follow-up of VCs with a high frequency of 
CAFs. Chaudhary et al. [18] have reported CAFs in VC but, in 
the present study, we have proposed the possible hypothesis for 
transformation of CAFs even in lesions with intact basement 
membrane. Moreover, we also hypothesize that lesions with 
more CAFs may have poor prognosis.

Theoretically, we could associate the CAF frequency to the 
differentiation of epithelial cells. However, being a preliminary 
research, the present study is limited by the lack of follow-up 
data. Further inclusion of histological parameters such as tumor 
thickness, depth of invasion, and neurovascular invasion is needed 
to elaborate on the role and interactions of CAFs with the tumor 
microenvironment. Molecular studies for testing the association of 
high frequency of CAFs with extracellular matrix gene signature, 
immune profiles of inflammatory cells such as macrophages or 
tumor-infiltrating lymphocytes, role of reactive oxygen species, 
and their cross-talks can aid to elicit the dynamics that regulate 
progression and loco-regional recurrence of oral malignancies.

5. Conclusion

The presence of CAFs in VCs highlights the possibility that 
VCs could have an aggressive biological course with increased 
predilection toward post-surgical recurrence. Expression of 
CAF in HNMOSCC supports the theory of the role of CAF in 
field cancerization and development of second primary tumors. 
Hence, instead of a treatment plan solely dependent on clinical 
or histopathological features, screening the tumor and surgical 
margins for CAFs will be of prognostic significance. The present 
report distinctly discusses the role of CAF screening in OSCCs 
and VCs for predicting patient prognosis and highlights the need 
for the development of a CAF-based targeted therapy. Targeted 
therapy for CAFs can aid in minimizing immune response failure, 
recurrence, and distant metastasis.
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Publication of the paper in peer‑reviewed scientific 
journals has been tremendously increased over few 
years. A huge transformation has been observed in whole 
process of publication of the manuscript. The technical 
advancements have eased down the whole process to 
electronic submission, digital proofing, and publications. 
This in turn has exponentially increased the publishing 
of scientific manuscripts and thus a demand of expert 
peer reviewers also.[1,2]

What is Peer Review?

Peer review is the process of allowing an author’s 
scientific work, research, or ideas to the examined and 
evaluated by other experts in the similar field. Peer 
review is defined as process of scientific critique of 
the manuscript by two or more subject experts. Peer 
review is a significant aspect of scientific developments. 
It is usually unbiased, independent, critical assessment 
of the IMRAD structure of the scientific research. 
Peer‑review process is internationally accepted 
benchmark for ensuring quality, the integrity 
of the scholarly data, and excellence in scientific 
research.[3,4]

Who are Peer Reviewers?

Peer reviewers play a very imperative role in the 
process of reviewing a paper. The reviewers are selected 
on various criteria including their area of expertise, 
availability, prior timely submissions of reports, and 
quality feedback. The reviewers are usually given the 
time of 1 month to review a manuscript. Depending 
upon the feedback obtained from the peer reviewers, 
the editor will take decision on rejection or acceptance 
of the manuscript.

They ensure the scientific contents of the manuscript 
and their comments help strengthening the paper 
for publication. The reviewers put huge amount of 
efforts in terms of time and energy, but this job is 
voluntary, unpaid, and not recognized in any forum. 
The peer‑review process is actually a daunting task, but 
unfortunately, no formal training has been included 
in graduate or postgraduate curricula. Most of the 
time, this process is self‑learned by the researchers 
while publishing and correcting their own submitted 
papers.[2‑5]

Changing Trend in Peer‑Review Process

Traditionally, the peer‑review process has been closed 
in scientific publishing where the editor compiles the 
comments of all the reviewers and sends the manuscript 
to the author for revision without revealing the identity 
of the reviewers. The reviewers remain an unsung hero 
of the reviewed manuscript.

Recently, this practice has shown a changing trend as 
“Transparency in Review.” Transparent peer review 
shows the complete peer‑review process from initial 
review to final decision. This means that alongside the 
published article, readers can see a full peer‑review 
history, including reviewer reports, editor decision 
letters, and the authors’ responses. The authors are given 
an option to choose this model at the time of manuscript 
submission.[3‑5]

What is Transparency in Peer Review?

The transparency in peer review will give clarity 
regarding editorial decisions as to how, why, and what 
was done with regard to the manuscript submitted. How 
was the peer review done, how many reviewers looked 
at the work? What were the comments made and what 
was accepted by the reviewers for the betterment of the 
manuscript? Why was the decision to publish or not 
publish made?

Why is Transparency Needed in Peer Review?

• Trust has always been at the epicenter of scholarly 
publication, but with the numerous predatory 
publishers on the prowl who publish papers with no 
or cursory peer review and also cases of retraction of 
articles because of fake or inadequate peer review, 
the confidence in peer review as well as in scientific 
findings itself has somewhat dwindled. This reader’s 
confidence can be greatly restored if the process of 
peer review is opened up by allowing them to see the 
content and quality of peer reviews

• The peer‑review process may not be always efficient 
in all the journals. The reviewers are not recognized 
and are busy researchers themselves, so they may 
not give priority to the review. But, in a transparent 
review, since the names of the reviewers are 
mentioned, they may do a thorough job.[2,3]

Transparency in peer review – is this an emerging 
trend?
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What are the Advantages of Transparent 
Peer Review?

• The transparency in peer review may contribute 
to increase the quality of the reviews in a timely 
manner as it will be read by many, and could also 
aid teaching of best practice in peer review. By 
making the files open for everyone to see and cite, 
reviewers are encouraged to provide critical but fair 
and constructive comment

• Potential to advance research integrity and 
reproducibility: It would be a great and simple way 
to address the problem of “predatory” journals. If 
the peer‑review reports are published along with 
the articles, it would help researchers to discriminate 
between reputable journals and those that are 
predatory. Transparent peer review allows the reader 
to see how the science unraveled. This in turn can 
spark discussions and alliances that might not have 
otherwise occurred questionable or carrying out 
insufficient peer review

• An opportunity for training: An opportunity for 
training: By allowing the readers to gain insight 
into the peer review process may be of educational 
value, especially for new and early career researchers. 
This can be learnt through tangible illustrations 
of reviewer reports and author responses to those 
reports. Early‑career researchers who are new to 
reviewing papers can train themselves to review 
optimally by analyzing the editorial process on 
published papers in their area of research

• Transparent peer review provides professional 
context for scientific literature for the nonexpert 
reader, journalists, and policymakers. Those entities 
that assess research such as funders and institutions 
can use reviewer reports to assess the strength and 
significance of a study, rather than relying on the 
journal brand as a proxy for quality

• Greater visibility and recognition for peer reviewers: 
It would also permit credit for reviewers, which 
currently is a service that is performed without 
incentives or rewards – individual DOI given to the 
reviewer report that can be read and cited too

• Transparency in peer review can aid the editors in 
their endeavor to maintain impartiality and remove 
any possible bias in decision‑making. This process 
can increase the accountability of authors, reviewers, 
and editors in scientific publishing.[3‑5]

What could be the Concerns and will this 
Practice Catch on?

• There may be an inherent risk of reviewers feeling 
reserved from making critical comments for fear of 
retaliation. Whether the advantages overshadow the 

risks is a continuing concern?
• Further, this model by itself may not be a lasting 

solution for problems associated with peer‑review 
system

• Scientific and academic communities may not be open 
to adapt to this new method of peer review.

Who are Practicing this Model?

Transparent peer‑review model is extensively practiced 
by Nature Research Journals, Elsevier, Springer EMBO, 
etc.

Conclusion

By supporting transparent model of peer‑review process, 
we will be taking a step forward toward increased 
openness, accountability, and trust in whole of the 
publication process. The peer reviewers who invest 
good amount of time and their expertise to review an 
article, draft constructive comments for betterment of 
the manuscript without any personal interest will get 
recognized and credited for their shrouded contribution 
to the publication process. This model will also ease the 
decision‑making process. Considering these factors, this 
emerging trend seems here to stay.[4‑7]
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Natural, organic, and herbal mouth rinses do not contain alcohol, 
artificial preservatives, or colors and flavors, and have unique 
therapeutic properties. Hence, they are attaining popularity among 
today’s relatively more aware consumers. Research data supports their 
bactericidal action, antiplaque, and anti-gingivitis efficacy.8 Moreover, 
studies pertaining to herbal mouth rinses and their efficacy in the 
reduction of dental caries are lacking; hence, it is essential to produce 
required evidence. The present study was therefore conducted to 
evaluate and compare the effectiveness of Chlorhexidine and Herbal 
mouth rinse on salivary S. mutans in children with mixed dentition.

In t r o d u c t I o n
Dental caries is characterized by demineralization of calcified 
tissues of the teeth due to several factors.1 Approximately, 60–65% 
of children in India are affected by dental caries. Several organisms 
are involved in the development of carious lesions.2,3 However, the 
literature strongly reports Streptococcus mutans (S. mutans) as the 
potential organism involved in the initiation of dental caries. This 
is because S. mutans can attach to the enamel surface, produce 
acid metabolites, provide glycogen reserves, and has the ability 
to synthesize extracellular polysaccharides.1

Several antimicrobial agents with varying efficacy have 
been reported for the reduction of dental caries.4 Preventive 
programs such as the use of fluoride toothpaste, community 
water fluoridation, and mouth rinses, focusing primarily on the 
reduction of caries have also been carried out to reduce the 
prevalence of the disease.5 These substances inhibit the adhesion 
of bacteria, their colonization, and metabolic activity ultimately 
affecting their growth.4 Presently, bisbiguanide being the most 
efficacious chemotherapeutic agent against S. mutans has high 
bactericidal activity against both gram-positive and gram-negative 
bacteria. But it has a few side effects such as tooth discoloration, 
the altered sensation of taste, and erosion of oral mucosa.6,7 Also, 
due to the developing antimicrobial resistance to the currently 
available antibiotics and chemotherapeutics, the implementation 
of alternative treatment options for oral diseases that are safer, 
effective, and economical are needed.8
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Aim and objective: Streptococcus mutans (S. mutans) shows increased resistance to currently available antibiotics and chemotherapeutics. The 
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of 1 mL unstimulated whole saliva was done an hour after rinsing the 
mouth with the respective mouth rinse, and assessed for S. mutans 
growth as mentioned in baseline saliva evaluation.

A washout period of 21 days was given when neither of the two 
mouth rinses was used. The selected subjects were then assigned 
to Phase II in which the baseline saliva was collected with a similar 
protocol as followed in Phase I. The mouth rinse formulations were 
interchanged as per Latin square design and the subjects were told 
to use the assigned mouthrinse for the next 7 days. The post-test 
saliva was collected on Day 8 and subjected to microbiological 
assessment. During the entire duration of the study, the subjects 
were told to follow their routine oral hygiene habits.

Microbial Assessment
Dilution (1: 10,000) of the saliva samples in 0.05 M phosphate buffer 
(pH 7.0) was done using serial dilution method; 0.1 mL of which 
was inoculated on Mitis Salivarius Agar with potassium tellurite 
medium and bacitracin (MSBA). Incubation of the plates was done 
for 48 hours at 37°C in a 5–10% CO2 jar, under a light microscope.. 
The number of Colony Forming Units (CFU) of S. mutans were 
determined using a stereomicroscope. Further, the determination 
of CFU per mL was done using the following formula:

No. of colonies × Dilution factor/Volume inoculated in  
mL = CFU/mL

Where, Volume inoculated = 0.1 mL and Dilution factor = 104

Statistical Analysis
SPSS v20 was used to analyze the data. The collected data were 
tabulated using Microsoft Excel 2007 and subjected to analysis 
statistically. Determination of distribution of the data was done 
using the Kolmogorov Smirnov test. Intergroup comparison was 
done using Mann–Whitney U test and intragroup comparison 
using Wilcoxon signed-ranks test to compare the effectiveness of 
chlorhexidine and herbal mouth rinse. A p value < 0.05 has proven 
to be statistically significant.

re s u lts
Out of 60 children with a mean age of 8.97 + 1.91 years, 31 children 
(51.67 %) were male and 29 children (48.33 %) were female. The 
mean difference of S. mutans count, at baseline and 7 days was not 
significant (A group p value is 0.0880 and B group p value is 0.2590) 
and followed a normal distribution (Table 1).

The intragroup comparison showed that S. mutans count had 
significantly reduced in both the groups at baseline and after 7 days 
(p = 0.0001; Table 2 and Fig. 2).

A statistically significant difference in S. mutans count 
(p < 0.0036) was seen on the intergroup comparison at baseline; 
whereas a statistically insignificant difference (p < 0.1347) between 
both the groups was seen on the 7th day. However, a statistically 
significant overall mean difference of S. mutans count between 
both the groups was observed (p = 0.0209; Table 3).

dI s c u s s I o n
This study was performed with a crossover design known as Latin 
square design. This design has the advantage of subjects acting 
as their own controls and hence there is less variability within a 
subject. Also, the order in which the interventions are carried out in 
a crossover trial may cause errors which are named “order effects.” 
These errors are eliminated by Latin square design.6 However, the 
carryover effect is one of the biggest problems associated with Latin 

MAt e r I A l s A n d Me t h o d s

Study Design and Setting
The current randomized crossover study was conducted at an 
underprivileged Government-residential school in the Northern 
part of Karnataka. The study was briefed to the Principal along 
with the guardian of the school and consent was obtained. Written 
informed consent was also obtained from the children before 
participating in the study. Procurement of ethical clearance was 
done by the Institutional Ethics Committee. The following formula 
determined the sample size: n = 2S2 /d2 (Z1-α/2 + Z1-β),2 α = 5%  
(Zα = 1.96) and β = 80%, (Z1-β = 0.824) where α = Probability of type 
I error, 1-β = Power of the study, S = 794.57, d = 575.24, Z = Standard 
normal deviate. As per the calculation, the required sample size 
was 60. Children with mixed dentition, who were free of any 
systemic diseases, and residing in the same geographic area were 
included as part of the study. Children suffering from any disease 
affecting the flow of saliva, children having special healthcare 
needs, and those showing any adverse reactions to the products 
used in the study or under any antibiotic therapy (1 month before 
the study) were excluded from the study.

Data Collection
Demographic data and oral findings of all the patients were 
recorded in a predesigned proforma. Caries status was recorded 
using Nyvad’s criteria.9 Baseline unstimulated whole saliva10 of 
volume 1 mL was collected between 10 and 11 am11 by a suction 
method using a sterile disposable syringe (Unolok Hindustan 
Syringes & Medical Devices Ltd., Faridabad, India) and transported 
immediately in thioglycolate medium for microbial assessment on 
the same day of sample collection.

Intervention
The intervention was carried out according to Latin square design6 
(Fig. 1) in two phases– Phase I and Phase II. In Phase I, the subjects 
were randomly assigned into two groups: Chlorhexidine group 
(Hexidine mouthwash 0.2 %, ICPA Health Products Ltd., Ankleshwar, 
India) and herbal mouth rinse group (Hiora mouthwash, The 
Himalaya Drug Company, Bengaluru, India) by lottery method. 
The assigned mouth rinse (5 mL) was used to rinse the mouth for 
1 minute and then expectorated, twice daily, for 7 days under the 
supervision of the primary investigator. The subjects were told not 
to consume anything 30 minutes after rinsing. On day 8, collection 

Fig. 1: Latin square design used in the study
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ions thus reducing the bias due to the buffering action of saliva. The 
four most common approaches for the collection of unstimulated 
saliva are the draining method, suction method, spitting method, 
and absorbent (swab) method.10 Due to its ease of use, a suction 
method was used in this study. A significant circadian rhythm in 
the rate of flow and in concentration of sodium and chloride was 
seen in unstimulated whole saliva all throughout the day.11 With 
the increase in the flow rate, the pH of the saliva also increased, and 
thus, to standardize the procedure, saliva was collected between 
10 and 11 am of the day.11 Although there are several specific media 
available for isolation of S. mutans, MSBA is the most specific test  

square design. To eliminate this effect, a run-in period of 21 days 
had been used in this study, though it was more time-consuming.12

Children with mixed dentition with a mean age of 8.97 + 1.91 were 
included in the present study because of second window of 
infectivity. The infectivity window is mostly observed in children 
between 6 and 12 years, during which multiple permanent teeth 
erupt and tooth surfaces are exposed to caries risk until the second 
molars are fully developed.13

Stimulated and unstimulated saliva are the two different 
methods of saliva collection. Unstimulated saliva was used in the 
present study because of its lower concentration of bicarbonate 

Table 1: Distribution of S. mutans count among the test groups at baseline and 7 days

Time

No. of CFU (x108)

Group A
chlorhexidine

Group B
herbal

Mean ± SD p-value Mean ± SD p-value
Baseline 1.52 ± 1.11 0.0380* 2.23 ± 1.38 0.0360*
7 days 0.56 ± 0.40 0.0340* 0.72 ± 0.52 0.0680

Difference 0.96 ± 1.00 0.0880 1.50 ± 1.29 0.2590

Kolmogorov Smirnov test, *p < 0.05 indicates non-normal distribution

Table 2: Intragroup comparison of S. mutans count (number of CFUx108) At baseline and 7 days

Mouth rinse
Mean ± SD, CFU/mL

p-valueBaseline 7 days
Chlorhexidine
Group A

1.52 ± 1.11 0.56 ± 0.40 0.0001

Herbal
Group B

2.23 ± 1.38 0.72 ± 0.52 0.0001

Figs 2A to C: Photograph showing the growth and colonization of S. mutans at: (A) Baseline; (B) After administration of chlorhexidine mouthrinse;  
(C) After administration of herbal mouthrinse

Table 3: Intergroup comparison of S. mutans count (number of CFUx108) at baseline and 7 days

Time points

Chlorhexidine
Group A

(Mean ± SD)

Herbal
Group B

(Mean ± SD) p-value

Baseline 1.52 ± 1.11 2.23 ± 1.38 0.0036*
7 days 0.56 ± 0.40 0.72 ± 0.52 0.1347

Difference 0.96 ± 1.00 1.50 ± 1.29 0.0209*

Mann–Whitney U test, *p < 0.05
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that this ayurvedic mouth rinse can be promoted by dentists as 
they have equal efficacy against S. mutans as compared to 0.2 % 
Chlorhexidine mouth rinse with no side effects.

co n c lu s I o n
The present study demonstrated that both Chlorhexidine and 
herbal mouth rinses have greater antimicrobial efficacy against 
S. mutans. However, herbal mouth rinse proved to have better 
antimicrobial efficacy than Chlorhexidine mouth rinse. Further, 
long-term studies need to be done with a larger sample size to 
reinforce these findings.
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Along with its anticaries, antiplaque, and anti-gingival action, it has 
markedly shown remineralizing effects on initial carious lesions.4

Fluoridated toothpaste are commonly available in the market 
but its use is still debatable even after ample research on the subject. 
Dentists as well as the parents are in a dilemma for its use in children 

In t r o d u c t I o n

Dental caries is a major oral health threat in the Third World 
countries. The caries prevalence is reported to be 41% for children 
within the age of 2–11 years. The process of demineralization and 
remineralization is balanced and occurs concurrently in the oral 
cavity, but even a mild disturbance in the balance can lead to 
dental caries.1

The amalgamation of specific bacterial population that 
establishes in the oral cavity and the caries susceptible oral 
environment leads to demineralization of the enamel. This 
demineralization lesion is clinically demonstrated clearly when air 
dried as a white, opaque spot.2

A more biologically focused approach is used on demineralized 
lesion, diligent application of remineralization agents to early 
carious lesions has shown a good success rate in the literature. 
This creates a supersaturated environment around the early 
demineralized lesion, which further prevents the mineral loss and 
forces calcium and phosphate ions in the lesion leading to net 
mineral gain. Traditionally, these demineralizing agents consists 
of calcium phosphate along with or without fluoride 3

A newer generation of toothpaste containing Zinc 
hydroxyapatite nanoparticles has been developed. This paste has 
shown effective result in reducing caries, plaque, and gingivitis. 
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Electronic Microscopic Study
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Ab s t r Ac t
Aim: The aim of this in vitro study is to evaluate the remineralizing potential of commonly used fluoridated toothpaste, toothpaste with calcium 
sucrose phosphate, toothpaste with zinc hydroxyapatite, herbal toothpaste, and to compare them.
Background: The process of demineralization and remineralization is balanced and occurs concurrently in the oral cavity, but even a mild 
disruption in this mechanism could lead to dental caries. Dental caries is a threat in the Third World countries and more common entity in 
childhood. The caries prevalence is reported to be 41% for children within the age of 2–11 years.
Materials and method: According  to previous  studies  and standard sample size calculating formula the  sample size of 48 was calculated, the 
teeth were subjected to demineralization – remineralization process and were observed under scanning electron microscope.
Results: The outcomes of this study suggest that the remineralizing potential of toothpaste with zinc hydroxyapatite (p = 0.0001*) was highest as 
compared to toothpaste with fluoride ( p = 0.0087*), herbal toothpaste ( p = 0.9034), and toothpaste with calcium sucrose phosphate (p = 0.0002*).
Conclusion: All the four toothpastes showed an adequate amount of remineralization but the highest amount of remineralization potential 
was seen with toothpaste containing zinc hydroxyapatite.
Clinical significance: The clinical significance of our study is to give clear and evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. Treating demineralization at an initial stage would help to remineralize the tooth 
structure and thereby limit further destruction of the tooth structure which will preserve the beautiful smile of the child.
 Keywords: Children, Demineralization, Dental caries, Remineralization.
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Group 2: Herbal toothpaste
Group 3: Toothpaste containing zinc hydroxyapatite
Group 4: Toothpaste containing calcium sucrose phosphate

Recording Demineralization Rates
These 48 demineralized sections were then studied under the 
stereomicroscope to evaluate the lesion depth (Fig.  1). The 
evaluated values were noted and tabulated. The values noted by 
two examiners were taken and the average value of all two was 
noted. The cut inner part of the section was then painted with 
nail varnish except the artificial carious lesion surface for further 
exposure to remineralization toothpaste.

Recording the Remineralization Rates
After the application of remineralizing toothpaste, the sections were 
studied under stereomicroscope to evaluate the remineralizing 
potential at 2nd, 4th , and 6th day (Fig. 2). The evaluated values will 
be noted and tabulated. The values recorded by two examiners 
were taken and the average value of all two was noted. The 
evaluated values for the demineralized (control group) sections and 
remineralized sections were recorded in units by using “micrometer 
eyepiece.” The units value was then converted into micrometer 
using the following formulas:

Micrometer = 
No. of units 1,000

Eyepiece magni�cation zoom

�
�   

Scanning Electronic Microscope Examination
For the SEM examination, a sample specimen from baseline, 
demineralized tooth structure as well as from each group was 
randomly selected to observe surface change. To compare 
the morphological variations between the different treated 
samples scanning electron microscope was used. For better 
observation of the results, both sound and demineralized enamel 
surfaces were examined. The resultant images obtained were of 
×500 magnification.

re s u lts
The obtained results were recorded and the data was entered into 
MS excel sheet (Microsoft Corp.) and the data was analyzed using 

because of its deleterious effects. There has been an ever increasing 
quest to search for a newer and better alternative.5 There are herbal 
toothpaste and toothpaste with calcium sucrose phosphate, which 
have gained popularity in the recent times and their usage has 
increased tremendously.

Hence, an in vitro Scanning electron microscope study 
was conducted with a purpose to evaluate and compare the 
remineralizing potential of f luoridated toothpaste, herbal 
toothpaste, toothpaste with zinc hydroxyapatite, and toothpaste 
with calcium sucrose phosphate.

MAt e r I A l s A n d Me t h o d
The sample size of 48 was calculated using standard sample size 
calculating formula and previous research articles,5,12 the required 
data for the study was derived from noncarious extracted or 
exfoliated maxillary or mandibular premolar obtained from the 
Department of Pediatric and Preventive Dentistry. The inclusion 
criteria considered in our study were extracted caries-free premolar 
of maxillary or mandibular arch. The exclusion criteria were the teeth 
with white spot lesions, carious teeth, teeth with cracked areas, and 
hypoplastic discolored teeth.

Storage
Extracted caries-free premolar of maxillary or mandibular arch were 
stored in 10% formalin until further use.

Demineralization
The selected teeth were dried and coated with nail varnish (acid 
resistant), leaving a window of 4 cm × 3 mm for demineralization 
process, on the buccal or lingual surface. The rectangular window 
was then coated with 37% phosphoric acid for 3 mins to produce 
artificial carious lesions.5

Sectioning and Division into Groups
The teeth samples were vertically sectioned using a diamond 
disk in buccolingual direction, such that each section consists of 
a demineralized area and normal enamel. Total number of sound 
sections obtained were 48, which were then allocated into four 
groups, with 12 sections in each group.

The four groups were as follows:

Group 1: Toothpaste containing fluoride

Fig. 1: Demineralized sections: Viewed under the stereomicroscope Fig. 2: Remineralized sections: Viewed under the stereomicroscope



Comparative Evaluation of the Remineralizing Potential of Commonly Used Toothpastes in Children

International Journal of Clinical Pediatric Dentistry, Volume 15 Special Issue 2 (Cariology)S160

Herbal toothpaste (Group 2) and toothpaste containing calcium 
sucrose phosphate (Group 4) showed appreciable amount of 
remineralization at day 6, which was 1241.67 and 1033.33, respectively 
but no complete remineralization of the tooth structure was seen.

Figure 4 compared different time points with remineralization 
scores in four groups and it was pleasant to see that toothpaste 
containing zinc hydroxyapatite (Group 3) showed a linear graph 
from the point of demineralization at baseline to day 2 which stayed 
steady till day 6. It also showed a highest amount of remineralization 
than compared to all the other three groups.

dI s c u s s I o n
To survive, all higher forms of life are reliant on consumption of 
food that fuels one’s life. Teeth are the tool used to ensure survival 
of life. Nature has fashioned the hard enamel covering to serve this 
function. It is a paradox that though enamel is the hardest biological 
substance, its acellular and avascular nature make it incompetent 
of any natural defense.6

Dental caries is a multifactorial disease affected not only by oral 
cavity environment but also influenced by community, family, and 
individual but most essential of all is by time.7 Demineralization of 
teeth is mostly caused by exposure of tooth surface to the acids.

The tooth remineralization is a natural repair process in the 
oral cavity, supersaturation of ions such as calcium, phosphate, and 
fluoride around the tooth is important to restoring the strength 
and function of the tooth. These ions are deposited in the crystal 
voids of enamel making it more resistant to the carious process.8–10

Our study incorporated the use of human permanent premolar 
teeth. The primary reason for the same was that they are the most 

IBM SPSS software (version 20.0 Chicago IL, USA).The remineralized 
values were compared with the evaluated demineralized (control 
group) values of the same specimen. This was done for all the four 
groups. The results of comparison of the four test groups were 
done using one-way ANOVA test, Dependent “t“ test, and Tukey’s 
post hoc test.

The current study was designed to test the effects of four 
toothpaste on demineralized enamel lesion depth in vitro condition. 
Tooth sections obtained from extracted human premolar teeth 
were subjected to experimental application. The depths of the 
artificial carious produced in enamel were measured in millimeter 
using stereomicroscope and an intergroup comparison was done 
at the end of 2nd, 4th , and 6th day.

The difference in mean lesion depths was not statistically 
significant when comparison was done between four groups 
at baseline after demineralization (Table  1). When a pair-wise 
comparison was done between all the four groups at different 
time intervals, the results of the comparison showed a statistically 
significant difference in the remineralizing potential with all of the 
groups apart from when Herbal toothpaste (Group 2) was compared 
to Toothpaste containing calcium sucrose phosphate (Group 4), the 
results were not statistically significant (Table 1).

Figure 3 showed the remineralizing potential of all the four 
toothpastes at different time points, i.e., 2nd, 4th, and 6th day. 
Toothpastes containing zinc hydroxyapatite (Group 3) showed 
the maximum amount of remineralization at day 2 (1491.57) itself, 
which gradually continued up till day 6 (1508.33) where complete 
remineralization of the tooth structure was seen. Toothpaste 
containing fluoride (Group 1) also showed a complete remineralization 
of the tooth structure, which was gradual from day 1 to 6 (1491.67). 

Fig. 3: Comparison of different time points with remineralization score 
in four groups

Fig. 4: Graph showing comparison of different time points with 
remineralization scores in four groups

Table 1: Pair-wise comparison of four groups with remineralization at different time points by Tukey's multiple post hoc procedures

Time points

Group 1
vs
Group 2

Group 1
vs
Group 3

Group 1
vs
Group 4

Group 2
vs
Group 3

Group 2
vs
Group 4

Group 3
vs
Group 4

Baseline p = 0.9873 p = 0.9984 p = 0.7984 p = 0.9592 p = 0.6026 p = 0.8777

Day 2 p = 0.0013* p = 0.0018* p = 0.0087* p = 0.0002* p = 0.9034 p = 0.0002*
Day 4 p = 0.0002* p = 0.9954 p = 0.0002* p = 0.0002* p = 0.5729 p = 0.0002*

Day 6 p = 0.2773 p = 0.9994 p = 0.0091* p = 0.2256 p = 0.4359 p = 0.0065*

*statistically significant
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crystals to form fluorapatite crystals which are more resistant to 
future demineralization.13

In our study, toothpaste containing calcium sucrose phosphate 
and herbal toothpaste did show a fair amount of remineralization 
but could not remineralize the tooth completely even at day 6 after 
repeated applications.

Stereomicroscopic analysis was carried out in our study, 
samples were randomly selected at baseline, after demineralization 
and from all the four groups. The sample at baseline showed the 
normal tooth structure without any depressions in enamel rods 
(Fig. 5). Once the demineralization process took place, the enamel 
rods showed concavities on the surface (Fig. 6).

Toothpaste was then applied on the demineralized tooth 
surface to check their remineralizing potential. In the first group, 
they were treated with fluoridated toothpaste which showed calcific 
deposits surrounding the enamel rods (Fig. 7). In the second group, 
the demineralized surface was treated with herbal toothpaste which 
showed very less amount of remineralization; moreover the enamel 
rods still had the depressions present (Fig. 8). In Group 3, the samples 
were treated with toothpaste containing zinc hydroxyapatite, 
the SEM analysis showed some astonishing results, complete 
remineralization of tooth surface was observed, and the enamel rods 

common teeth to be extracted for orthodontic purpose. The 
physical and chemical composition of the teeth will vary between 
deciduous and permanent dentition and also between the types 
of teeth (incisors, canine, premolar, and molar). Hence, in order to 
avoid the microscopic variation, which may occur, in the present 
study, only permanent premolars have been selected.11

Cessation of dental caries has always been a forte of a dentist. 
In this study, 37% phosphoric acid was used for demineralization 
to mimic a white spot lesion. This study showed that toothpaste 
containing zinc hydroxyapatite had the highest amount of 
remineralization potential; this can be attributed to the fact that 
it contained zinc hydroxyapatite crystals in it. These crystals are 
thought to be deposited in the demineralized voids which on 
repeated deposition detailed in a sound tooth structure.12

An in vivo study was conducted where two pediatric 
dentifrices were compared to one regular dentifrice. This study 
hypothesized that the pediatric toothpaste containing sodium 
monofluorophosphate showed an appreciable amount to 
remineralization. Our study showed a similar results where 
toothpaste containing fluoride showed a meritorious result in terms 
of remineralization, which can be attributed to its content of sodium 
monofluorophosphate, which reacts with the hydroxyapatite 

Fig. 5: Normal tooth anatomy as seen under SEM with 500 magnification

Fig. 6: Tooth anatomy after demineralization as seen under SEM with 
500 magnification

Fig. 7: Toothpaste containing fluoride showing remineralization of 
demineralized area under SEM with 500 magnification

Fig. 8: Herbal toothpaste showing remineralization of demineralized 
area under SEM with 500 magnification
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cl I n I c A l sI g n I f I c A n c e
The clinical signif icance of our study is to give clear and 
evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. White 
spot lesion, which is an early sign of demineralization and an initial 
carious lesion, is very common among children. Treating them at 
the initial stage would help to remineralize the tooth structure and 
thereby limit further destruction of the tooth structure, which will 
preserve the beautiful smile of the child. It will also help the child 
and the parent to overcome physical, social, and economic barrier. 
A good oral health is a reflection of a overall good general health.
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showed their normal anatomy (Fig. 9). The last group of samples was 
treated with toothpaste containing calcium sucrose phosphate, this 
group showed minimal amount of remineralization further more 
enamel rods appeared to be demineralized with significant number 
of concavity present in them (Fig. 10).

The remineralization is a steady process in the oral cavity. In the 
entire process of dental caries, the tooth is subjected to repeated 
cycles of demineralization and remineralization. These cycles are 
of uncertain duration and intensities. Clinically, remineralization 
is substantial when the enamel destruction can be stopped or 
reversed without the use of restorative techniques or material.13

The finding of our study has dental health implications. 
The patient and the parent should be educated toward 
effective preventive approaches such as maintenance of good 
oral hygiene via brushing twice a day and diet modifications. 
The lesions produced in the study are initial and in its first 
progression phase, which often is not detected in clinical 
examination. Some of the agents tested in this study did show 
ability to resist early lesion development. Prevention of such 
early lesions is considered as primary level of prevention because 
these lesions are not visible clinically or radiographically, hence 
are undiagnosed and can be effectively dealt with by just use of 
right remineralizing agent.14,15

This study can be a road map for the dentist to choose the 
toothpaste wisely for the betterment of the children and also 
to progress toward the goal of caries-free society. Our study 
showed that toothpaste containing zinc hydroxyapatite had better 
remineralization potential compared to the other toothpaste used 
in our study. The limitation of our study that it is an in vitro study 
so an in vivo study for longer duration shall be carried out. Various 
measures have been taken to conduct a clinical trial among children 
in this regard.

co n c lu s I o n
The conclusions drawn from the present study are as follows:

• All the four toothpaste showed a remineralizing potential
• The toothpaste containing zinc hydroxyapatite showed a 

superior remineralizing prospect compared to the toothpaste 
containing fluoride, toothpaste containing calcium sucrose 
phosphate, and herbal toothpaste; it could be attributed to the 
zinc hydroxyapatite content in it.

Fig. 10: Toothpaste containing calcium sucrose phosphate showing 
remineralization of demineralized area under SEM with 500

Fig. 9:  Toothpaste containing zinc hydroxyapatite showing 
remineralization of demineralized area under SEM with 500 magnification
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A B S T R A C T   

Introduction: Sleep-disordered breathing (SDB) ranges from partial obstruction of the upper airway resulting in 
snoring to total upper airway obstruction leading to obstructive sleep apnea. The impairment in the dynamics of 
the stomatognathic system is termed as orofacial dysfunction. This study investigates the prevalence of orofacial 
dysfunction and sleep-disordered breathing in primary school children and identifies their correlation. 
Methods: A total of 560 forms were distributed to 8 primary schools in Belagavi city. Among them, 482 parents 
responded (86% response rate), which included 239 boys (49.58%) and 243 girls (50.41%). All the participants 
were screened for orofacial dysfunction using Nordic Orofacial Dysfunction Test-screening (NOT-S) and sleep- 
disordered breathing using the Pediatric Sleep Questionnaire (PSQ). 
Result: A positive direct correlation of sleep-disordered breathing with orofacial dysfunction (r = 0.47; p ≤ 0.001) 
was noted. A total of 41(8.58%) children were found to be at risk of sleep-disordered breathing with a score less 
than or equal to eight, based on (PSQ) Pediatric Sleep Questionnaire, and 156 (32.6%) children showed 
symptoms of orofacial dysfunction based on Nordic Orofacial Test–Screening (NOT-S). 
Conclusion: The study demonstrates that around 32.6% of children had orofacial dysfunction symptoms, and 
8.58% of children were at risk for sleep-disordered breathing, girls having a greater risk as compared to boys. 
There was a positive correlation between orofacial dysfunction and sleep-disordered breathing among children 
aged 6–12 years.   

1. Introduction 

Sleep-disordered breathing (SDB) ranges from partial obstruction of 
the upper airway resulting in snoring to total upper airway obstruction 
leading to obstructive sleep apnea.1 Three elements contribute to 
sleep-disordered breathing: anatomical structure, neuromotor tone, and 
inflammation.2 The critical consequence of pathophysiologies of these 
elements is upper airway obstruction. Upper airway obstruction during 
sleep is associated with loud snoring, arousal, sleep fragmentation, 
intermittent hypoxemia and hypercapnia, nocturnal hypertension, 
daytime sleepiness, deterioration in academic performance and cogni-
tive abilities.3 Sleep-disordered breathing showed a prevalence of 
11.4%–47.5% in North India and 4.8% to 5% in South India.4–6 

Literature suggests that snoring or upper airway obstruction during 
sleep is associated with craniofacial modification in children.7 

Craniofacial transformation and orofacial growth co-occur. The two 
centers for orofacial development are the intermaxillary synchondrosis 
and alveolodental ligament that are active at birth and remain so even 
after maximal orofacial growth.4 The most rapid orofacial growth occurs 
between birth and two years of age. However, the growth remains 
operational until the child is six years of age. Around 60% of children 
gain almost permanent craniofacial structure by the age of 6 years.5 The 
change in craniofacial structure sometimes causes impairment in oro-
facial function,8 resulting in nasal obstruction and parafunctional habits 
such as mouth breathing, bruxism, posturing the tongue forward, 
incompetence of lip, open mouth rest posture, finger, and thumb suck-
ing, and lips, tongue, fingers, and cheeks biting, etc.6 The orofacial 
function is a phenomenon in which the central nervous system, neuro-
muscular system, and stomatognathic system work simultaneously.7 The 
impairment in the dynamics of the stomatognathic system is termed as 
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orofacial dysfunction.9 

Sustained daytime hypertension, increased cardiovascular and ce-
rebrovascular morbidity, and mortality has been reported as long-term 
consequences of sleep-disordered breathing.8 Various studies have 
evaluated the association between sleep-disordered breathing and oro-
facial dysfunction symptoms, which reports that there is a significant 
relationship between them.1,10 However, the orofacial symptoms in the 
studies were evaluated either by using a questionnaire or using a tool 
that measures the physical characteristics of orofacial behavior. None of 
the studies have evaluated the primary motor and orofacial sensory 
function, including chewing, swallowing, and speech. Also, the tools 
used were developed to evaluate orofacial function in obstructive sleep 
apnea (OSA), which is the most severe form of sleep-disordered 
breathing. The mildest form of orofacial dysfunction, which has a high 
potential of progression later in life, is not yet evaluated. 

In the Indian scenario, Orofacial dysfunction in children is the almost 
untouched topic of research to date. No studies regarding the correlation 
between orofacial dysfunction and sleep-disordered breathing have 
been conducted in India to the best of our knowledge. Furthermore, 
studies report a lack of awareness about the child’s sleep health and 
breathing disorder among parents and health professionals in India.11 

This lack of awareness may lead to Indian children being undiagnosed 
and untreated. Therefore, this study investigates the prevalence of 
orofacial dysfunction and sleep-disordered breathing among primary 
school children in Belagavi and identifies the correlation between them 
during their craniofacial development. 

2. Methods 

A cross-sectional study among school children was conducted from 
December 2019 to March 2020 in Belagavi, Karnataka, India, after 
obtaining ethical approval from the Institutional Ethical Committee. 

The sample size of 426 was arrived at with a statistical power 
calculation of 90% and 5% level of significance. A stratified random 
sampling technique was performed to ensure that the sample is repre-
sentative of all primary schools of Belagavi. A number was allotted for 
all the primary schools from East, west, north, and south of Belagavi. 
Eight schools were selected using the randomization table method. 

The principal investigator approached the school principals for 
permission to conduct the study, and the rationale of the study was 
explained. After acquiring their approval, they were provided with the 
consent forms to be distributed to the students in the age group of 6–12 
years, i.e., children from first to the seventh standard. Ten students (5 
male and five female) assuming a 20% non-response rate; from each 
standard, students were randomly selected using the lottery method 
from all the schools. Class teachers distributed the forms and requested 
the students to get them filled by their parents. In total, 560 forms were 
distributed to 8 primary schools in Belagavi city. Among them 482 
parents responded (86% response rate); which included 239 boys 
(49.58%) and 243 girls (50.41%). The class teachers were then 
requested to fix an appointment with those parents who consented to 
their and their child’s participation in the study. On the day of the ex-
amination, the parents were first interviewed by the research assistant 
seeking information; like if their child is diagnosed with a known 
developmental disability and craniofacial anomalies and whether they 
have any cough and cold symptoms. If the answer was “yes,” the child 
was excluded from the study. Four children (one female and three male) 
were excluded from the study due to cold and cough symptoms on the 
day of examination. Thus, 478 children, 236 boys (49.4%), and 242 girls 
(50.6%) were included for further evaluation. NOT-S interview 
(Figure 1) and PSQ (Figure 2) were administered to the parents through 
an interview by the research assistant.5 The principal investigator per-
formed the evaluation of children for orofacial dysfunction using NOT-S 
examination subsequently on the same day. 

3. Outcome measure 

PSQ is a valid and reliable instrument with 0.88 and 0.86 validity 
and reliability, respectively. It is used to evaluate the symptoms of 
disordered sleep breathing. It has 22 items: snoring, breathing problems, 
mouth breathing, daytime sleepiness, and behavior problems. Each item 
has three response options; Yes, No, and don’t know. Yes, response 
scores one, and no or don’t know response scores zero. Children with 
eight or more scores were considered as high risk for SDB, whereas 
children with scores less than eight were considered as low-risk for 
SDB.12 

NOT-S is a screening tool to identify the area of orofacial dysfunc-
tion. It is a freely available screening tool in various languages. It has 
two parts composed of a structured interview and clinical examination. 
The structured interview consists of six domains with verbal ’Yes’ and 
‘No’ response format. If the response to one or more items within a 
domain is ‘yes,’ the dysfunction criterion is fulfilled; if the response is 
‘No,’ it means there is no dysfunction. The examination part also consists 
of six domains; each domain contains a variable number of items. ‘Yes’ 
in any item of the domain indicates dysfunction in the scored domain.5 

4. Data analysis 

The characteristics of participants and prevalence rates were 
described using descriptive statistics. A Chi-square cross-tabulation test 
was performed to assess the differences between Sleep-disordered 
breathing and or facial dysfunction in association with gender. 
Spearman correlation test was performed to evaluate the correlation 
between sleep-disordered breathing and orofacial dysfunction with age 
and correlation between (NOT-S) and (PSQ). The P-values of <0.05 were 
considered significant. 

5. Results 

Among 478 children recruited, 236 (49.4%) were boys, and 242 
(50.6%) were girls with a mean age of 8.92 ± 2.05 years and an age 
range of 6–12 years (Table 1). 

A total of 41(8.58%) children were found to be at risk of sleep- 
disordered breathing with a score less than or equal to eight, based on 
(PSQ) Pediatric Sleep Questionnaire, and 156 (32.6%) children showed 
symptoms of orofacial dysfunction based on Nordic Orofacial Test–-
Screening (NOT-S). Among them, the number of children with at least 
one domain affected was 44, followed by breathing and nose breathing 
and nose breathing under which 28 children were affected, followed by 
sensory function and drooling under which 27 children were affected, 
and the least affected domain was facial expression under which one 
child was affected. 

Chi-square cross-tabulation test on PSQ score and NOT-S scores with 
the gender revealed that there was a significant difference between PSQ 
score and gender (χ2 = 21.699: p = 0.027). NOT-S and gender did not 
show significant difference (χ2 = 0.545: p = 0.969) (Table 2). There is a 

Table 1 
Age and gender distribution.  

Characteristics n (%) 

Gender 
Female 236(49.4) 
Male 242(50.6) 
Age 
6 79(16.5) 
7 65(13.6) 
8 72(15.1) 
9 61(12.8) 
10 65(13.6) 
11 69(14.4) 
12 67(14.0)  
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negative indirect relationship between age and PSQ (r = − 0.136: p =
0.003) and between age and NOT-S (r = − 0.133: p = 0.004). There was a 
positive direct correlation of sleep-disordered breathing based on (PSQ) 
with orofacial dysfunction based on Nordic Orofacial Test–Screening (r 
= 0.47: p = 0.001) (Table 3). 

6. Discussion 

The present study used a valid and reliable PSQS with a 0.88 and 
0.86 validity and reliability to evaluate sleep-disordered breathing 
symptoms and NOT-S to evaluate orofacial dysfunction among 478 
children aged 6–12 years in Belagavi city. 

In the present study, 32.6% of children reported orofacial dysfunc-
tion symptoms, among which the number of children with at least one 
domain affected was 44. The highest affected domain was ‘habits,’ under 
which 9.2% of children were seen. The number of children with the least 
affected domain ranges from 0.2% to 1.5%. This result is in accordance 
with the previous reports that revealed that the most commonly affected 
NOT-S domain in normal children was ‘Habit.’13,14 

Sleep-disordered breathing has previously been reported to be 
(51.1%) among preschool and school-aged children in rural India.15 This 
rate is higher than reported in Dutch children (25%), Italian children 
(4.9%), Turkish children (7%), and urban Indian children 
(11.4%).13,14,16 In this study, the prevalence of sleep-disordered 
breathing reported is 8.58%, which is less than that reported in rural 
Indian children, as this study was also conducted in the urban area. A 
higher prevalence of sleep-disordered symptoms among children in 
rural areas than in urban areas has been reported previously.13 

The present study showed a higher risk of SDB among female chil-
dren, with 58% being affected as compared to 41% of male children, 

which is in agreement with a previous study that reported a higher risk 
of sleep disorders in females than males.17 The reason for this finding 
may be attributed to added descending mandibular growth, lower facial 
height, and anteriorly positioned hyoid bone in females than in males. 
Studies also show that these craniofacial features are more prevalent in 
severe sleep-disordered breathing.18 However, some of the other studies 
reported a lower risk of sleep-disordered breathing in females than 
males.19–21 This difference in the prevalence can also be attributed to 
gender bias that may influence the parents’ reporting regarding snoring 
in boys and girls.18 

The result also shows a positive direct association between sleep- 
disordered breathing and orofacial dysfunction among school chil-
dren. This result agrees with Baidas et al., which concludes that there is a 
strong relationship between orofacial symptoms and sleep-disordered 
breathing and found that the history of digit sucking habit is associ-
ated with sleep-disordered breathing.9 They have assessed orofacial 
dysfunction symptoms using a questionnaire that included questions like 
digit sucking habits, facial muscle pain, temporomandibular joint pain, 
and bruxism symptoms. In the present study, we have used a stan-
dardized tool for assessing orofacial dysfunction, which contains a wider 
orofacial function area. Our study result is also in agreement with the 
study by Huynh et al., which reported that the association between 
thumb/finger sucking histories is statistically significant with heavy 
breathing at night.19 

Mouth breathing during the early stage of life impairs the tempo-
romandibular joint,21,22 and the prevalence of SDB is high in individuals 
with temporomandibular dysfunction.23 The mild orofacial dysfunction 
symptoms can progress into severe obstructive sleep apnea.24,25 In 
addition, the findings of this study suggest that majority of mild orofa-
cial dysfunction symptoms remain unnoticed in the growing age of the 
children. This issue can be resolved by routine evaluation of orofacial 
functions in children and using various intervention strategies during 
the early life stages. Therefore, screening children for early identifica-
tion of orofacial dysfunction is necessary to recognize and intervene the 
orofacial dysfunction and prevent its adverse consequences in later life. 

The study did have some inherent limitations as the results for sleep- 
disordered breathing and orofacial dysfunction interviews were based 
on parents’ opinions, which may be subjective to a certain extent. The 
accuracy of the results could be enhanced by the use of comprehensive 
and objective sleep-disordered breathing tools like polysomnography 
and contact devices. Furthermore, clinical evaluation of the children 
along with questionnaire may yield more objective information and take 
imminent studies to an advanced level, which we plan to undertake 
subsequently. 

7. Conclusion 

We found that 32.6% of children have symptoms of orofacial 
dysfunction, and 8.58%, children are at risk of sleep-disordered 
breathing, with girls being at higher risk than boys. There is a positive 
correlation between sleep-disordered breathing and orofacial dysfunc-
tion in the age group of 6–12 years. This study underscores the impor-
tance of screening children in the early stage of life for orofacial 
dysfunction and SDB, which is vital to prevent various adverse conse-
quences during childhood and later in life. Further studies, including 
larger sample sizes with broader age groups and more comprehensive 
tools for sleep-disordered breathing, are required to generalize the result 
in a larger population.  

Annexure I 

Table 2 
Correlation between genders with sleep disordered breathing and orofacial 
dysfunction based on PSQS & NOTS Score.  

Score Gender Chi Square value p-value 

Male Female 

PSQS 0 47 45 21.699 0.027* 
1 17 36 
2 44 28 
3 31 32 
4 19 25 
5 29 18 
6 24 20 
7 8 14 
8 5 10 
9 6 8 
10 3 6 
11 3 0 

NOTS 0 160 162 0.545 0.969 
1 43 42 
2 20 21 
3 12 16 
4 1 1 

*Denotes statistically significant at p < 0.05. 

Table 3 
Association between Age and sleep disordered breathing, age and orofacial 
dysfunction and sleep disordered breathing & orofacial dysfunction based on 
PSQS & NOTS Score.  

variables r-value p-value 

Sleep disordered breathing and orofacial dysfunction 0.47a 0.001* 
Age and orofacial dysfunction − 0.133b 0.004* 
Age and sleep disordered breathing − 0.136c 0.003* 

*Denotes statistically significant at p < 0.05. 
a Spearman’s correlation test (rs = 0.47). 
b Spearman’s correlation test (rs = − 0.136). 
c Spearman’s correlation test (rs = − 0.133). 
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Fig. 1. NOT-S Screening and Examination tool   
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Fig. 2. Pediatric Sleep Questionaire tool  
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Ameloblastoma is a benign odontogenic tumour that shares clinico- 
radiographical features with other odontogenic pathologies, and is 
primarily diagnosed by tissue biopsy.1 The histological features that 
aid in identification of ameloblastoma includes basal ameloblast- like 
cells with reversal of polarity and central stellate reticulum- like cells 
arranged in different patterns. Though the histological subtypes do 
not essentially influence the treatment plan, the different cellular 
and stromal features can help surgeons take appropriate care while 
excising the lesion or taking a biopsy.

Fine needle aspiration cytology (FNAC) is a valuable tool for 
diagnosing cases where minimal manipulation of lesions is desired. 
The material aspirated represents cellular and stromal elements of 
the lesion— including degeneration, myxoid change, or hyalinisation, 
thus enabling comprehensive evaluation for an accurate diagnosis. 
However, in case of ameloblastoma, the intrabony localisation makes 
the use of aspiration cytology challenging.1– 3 In this regard, wide- 
bore needles help obtain representative content from these lesions.

FNAC of ameloblastomas has demonstrated small clusters or 
anastomosing patterns of odontogenic epithelial cells.4 Granular, 

acanthomatous, and other cellular changes in ameloblastomas have 
also been documented using FNAC.5,6 FNAC features that help rule 
out the diagnosis of ameloblastoma include the presence of choles-
terol crystals, keratin, and a background rich in inflammatory cells.2,3

We describe features from two cases of ameloblastomas diag-
nosed using FNAC. The first case (Figure 1A) showed a strand- like 
arrangement of tall columnar, ameloblast- like cells with a charac-
teristic pale myxoid background comprising fibroblast- like cells and 
their extensions. FNAC of the second case (Figure 1B) had scanty 
material but showed dispersed ameloblast- like cells that were larger 
than the surrounding red blood cells. Both cases had features sug-
gestive of an odontogenic tumour— ameloblastoma. Tissue biopsy 
of these cases showed features similar to those observed in FNAC 
(Figure 1C,D). The first case was plexiform ameloblastoma with ex-
tensive myxoid connective tissue, while the second was follicular 
ameloblastoma with follicles showing degeneration and dense col-
lagenous stroma.

Primary observations from both cases indicate that appropri-
ate handling of FNAC samples and comprehensive evaluation of 
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Abstract
Objective: Fine needle aspiration cytology (FNAC) is a valuable, noninvasive tech-
nique for head and neck pathology diagnosis. The objective of case images was to 
highlight the utility of FNAC for diagnosing suspected cases of ameloblastoma.
Method: FNAC smears of suspected cases of ameloblastoma were evaluated using 
their cellular and stromal features.
Results: Cellular features and background of smears exhibited characteristics of 
ameloblastoma. Predominant features included clusters of ameloblast- like cells and 
spindle cells in a myxoid background.
Conclusion: Careful evaluation of FNAC helps diagnose ameloblastomas and must be 
considered a vital diagnostic tool.
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cellular as well as stromal components can aid in accurately diag-
nosing odontogenic tumours like ameloblastomas. In addition, the 
preparation of cell blocks, whenever possible, can help in confirming 
the architectural patterns and subtypes.2,5,7

In conclusion, we present the key cellular and stromal features 
that enable quick diagnoses of ameloblastomas (Table 1). A stan-
dardised technique for the preparation of smears, along with cell 
blocks, and clinico- radiological correlation can foster diagnosis, 
prompt treatment, and better patient care.
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F I G U R E  1  Photomicrographs of fine needle aspiration cytology (FNAC) smears and tissue biopsies for two cases of ameloblastoma. 
(A) FNAC smear showing basal cells with palisaded arrangement of nuclei (black arrows) in a myxoid background comprising cells with 
cytoplasmic extensions (red arrows) and a few red blood cells. Inset shows nuclear morphology of ameloblast- like cells (H&E, 40×). (B) FNAC 
smear showing dispersed ameloblast- like cells with ovoid nuclei and eosinophilic cytoplasm (black arrows) (H&E, 40×). (C) Tissue biopsy 
showing plexiform ameloblastoma with epithelial strands and myxoid connective tissue stroma. Inset shows myxoid stroma with spindle- 
shaped fibroblasts (red arrow) surrounding anastomosing odontogenic epithelium with palisaded basal cells (black arrow) (H&E, 40×). (D) 
Tissue biopsy of follicular ameloblastoma. Inset shows follicle with palisaded ameloblast- like cells (black arrow) and stellate reticulum- like 
central cells (H&E, 40×)

TA B L E  1  Features for diagnosis of ameloblastoma using fine needle aspiration cytology

Cellular components Background

1. Basal ameloblast- like cells— Hyperchromatic cells with polarised 
nucleus.

Single cells— Larger than red blood cells and with eosinophilic 
cytoplasm, polarised nucleus, and columnar/ovoid cell outline.

Groups— Palisaded arrangement of ameloblast- like cells either as 
strands or clusters. Look for periphery of smear and for cell clusters 
with palisaded cells overlying fine basement membrane- like 
component.

2. Stellate reticulum- like cells— Appear as spindle shaped cells. Non- 
discernible as typical stellate cells. Can present with metaplastic 
changes— granular cell cytoplasm or large eosinophilic cytoplasm.

1. Scanty eosinophilic material is obtained if stroma consists of dense 
collagen or if superficial aspiration is done.

2. Myxoid stroma— Light to pale haematoxylin stained appearance 
in haematoxylin and eosin stained smear. In addition, cellular 
component of spindle shaped cells with elongated cytoplasmic 
processes.

3. Degeneration— Irregular, eosinophilic cells with or without nuclei, 
distinct from red blood cells.

4. Haemorrhagic— Background of red blood cells in tumours with high 
vascularity.
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Is the journal I am sending my research for 
publication indexed?

Background

In today’s times, publishing an article has become a 
mandatory norm for most health science professionals be 
it faculty, postgraduates as well as for research scholars 
for their academic advancement. Furthermore, the 
requirement spells out that, the article has to be published 
in an “indexed journal.”[1] This requisite is not only for the 
authors but also even the editors and publishers desire that 
their journal needs to be indexed. Indexing has come to the 
forefront especially due to the problems associated with 
the prevalence of predatory journals and the drawbacks 
of publishing in predatory journals. Thus, publishing in 
an “indexed journal” is what everyone aspires for and 
“indexing of a journal” has become an important criterion 
for choosing a journal for publication.[2]

What is Indexing?

Indexing is a list or a database of journals put forth by a 
Journal Indexing Agency (Scopus, Web of Science, Director of 
Open Access Journal [DOAJ]) or an Organization (National 
Library of Medicine‑Pub Med/MEDLINE University 
Grants Commission‑UGC CARE List).[2]

When is a Journal Indexed?

The journals are selected to be included in the list or the 
database on clearly defined parameters and stringent 
benchmarks. The most common criteria considered 
include:
• High editorial standards, committed to follow the 

COPE guidelines and the Editorial board comprises 
both National and International Members

• The journal should be considered a trusted source of 
research with consistent citation history

• Timely publication without any delays or interruption 
in the schedule.

If a journal is indexed, it suggests that the journal has a 
good track record with respect to publication ethics and 
boasts of quality publications.[3‑5]

What are the Benefits of Publishing in 
Indexed Journals?

• An indexed journal will have more visibility and 
thus is accessible to a wider audience. A researcher 

doing a review of the literature usually searches the 
databases thus allowing for easy access

• Indexed journals are known to follow all the 
publishing ethical guidelines and have a robust 
peer‑review process

• The enhanced visibility and high quality of the journal 
enable it to garner a good impact factor

• Professionals publishing in an indexed journal have 
more chances of validating their research which paves 
the way for getting better credit points and citations 
leading to academic promotions

• Publications in indexed journals are now considered 
for most rankings of the institution (NIRF, NAAC) 
and bolster the H‑index of the authors.[2,5,6]

Which are the Common Indexing 
Databases?

There are several indexing and abstracting databases, 
but the most common and reputed ones accepted by the 
Medical Council of India and National Assessment and 
Accreditation Council include Pub Med, SCOPUS, Web 
of Science, and UGC CARE list. An additional directory 
that can be looked into especially for open access journals 
is the DOAJ.[2,6,7]

How can an author identify if a journal is indexed in a 
particular database?
1. Journal Website: Every journal in its website usually 

displays a separate menu for “ Indexing and 
Abstracting” which an author can refer to.[7] However, 
in the current scenario, this strategy is questionable 
as most predatory journals with poor ethical models 
give fabricated information claiming that they are 
“indexed” mandating a more rigorous approach of 
checking the individual databases to identify the true 
status of indexing as follows:

2. PubMed/MEDLINE:
a. Open the website: https://www.ncbi.nlm.nih.

gov/pmc
b. A search box will appear where the title of the 

journal can be entered and Click “Search”
c. If the journal is indexed in PubMed, it will show 

the “Participation level” as “Full”
d. Alternatively, open https://www.ncbi.nlm.nih.

gov/nlmcatalog
e. Type the journal name or the ISSN no. in the search 

box
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f. The results will display if the journal is part of the 
“NLM catalog”

3. Scopus:
a. Open the website: www.scopus.com
b. Go to the “Sources” tab on the top of the Webpage
c. A search box will appear where the Title, ISSN 

No., Publisher name, or the subject area can be 
entered and Click “Find Sources”

d. If the journal is indexed in Scopus, then the result 
will be shown. If it is not, it will say that the source 
is not found.

4. Web of Science (WOS):
a. Open the website: www.mjl.clariviate.com
b. Go to the “Search Journals” tab on the top of the 

Webpage
c. A search box will appear where the Title or ISSN 

No can be entered and Click “Search”
d. If the journal is indexed in WOS, then the result 

will be displayed. If it is not, it will say that the 
journal is not found.

5. UGC‑CARE List:
a. Open the website: ugccare.unipune.ac.in
b. The UGC Care list has been categorized into 

two groups, i.e., UGC‑CARE List Group 1 
which includes journals that are to be found to 
be qualified through UGC‑CARE protocols and 
UGC‑CARE List Group 2 are journals indexed in 
globally recognized databases

c. To access the UGC‑CARE List Group 1, you have 
to register on the website and subsequently login 
to the website. A search box will appear where 
the title, ISSN No., publisher, subject area, and 
language of publication can be entered

d. If the journal is listed in the Group 1 category, it 
will be displayed.

6. For Open Access journals:
a. Open the website: www.doaj.org
b. Go to the “Search Journals” tab on the Webpage
c. If it is represented in the directory, the name will 

be shown.

Conclusion

Selection of an “indexed journal” is an important aspect 
of academic pursuit for any health science professional. 
This article aimed to enlighten the authors regarding 
searching for an “indexed journal” and also encourages 
the readers to publish in one, to sustain the integrity 
of the research, enhance its visibility and combat the 
menace of predatory journals.
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give fabricated information claiming that they are 
“indexed” mandating a more rigorous approach of 
checking the individual databases to identify the true 
status of indexing as follows:
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Abstract

Case Report

IntroductIon

Choristomas are rare lesions comprising normal tissues that 

form at ectopic locations.[1‑3] The underlying pathogenesis 

for choristoma formation is not well defined. Choristomas 
showing osseous proliferations were addressed as “soft‑tissue 

osteomas” and an equivalent of dermal “osteoma cutis.” 

However, Krolls et al. termed these “osseous choristoma,” 

a more accurate term as the lesions are not true neoplasms.[2] 

These heterotopic masses are classified based on their tissue 
composition and can form within the oral, dermal, and other 

body organs or sites.[1‑6] The present report describes a case of 
osseous choristoma affecting the mandibular gingiva.

case report

A 61‑year‑old female patient reported a chief complaint of 

hard growth in the gingiva region of 42–43. The mass was 

present for a year and had progressed gradually to the current 

size. Extraoral examination revealed no gross abnormality 
or swelling. On intraoral examination, the growth was 

0.8 cm × 1 cm in size and pinkish‑red in color. Palpation 

indicated that the mass was not tender, nonpedunculate, and 

firm in consistency. Radiographic examination showed an 

ill‑defined radiolucent to the radiopaque lesion. No erosion 
or invasion into the underlying bone was noted [Figure 1a].

Postexcision, the lesion was sent for histopathological 

evaluation. The excised mass was about 0.6 cm × 0.6 cm 
in size [Figure 1b]. The hematoxylin and eosin (H and E) 
stained section showed a single piece of tissue having stratified 
squamous epithelium overlying fibrous connective tissue with 
an eosinophilic mass in the center [Figure 1c and d]. The 

center of the lesion showed bone with osteocytes in lacunae 
and marrow cavity with delicate adipose tissue and red blood 
cells [Figure 1c and d]. Stroma surrounding the bony mass was 
fibrous and the focal area showed the presence of numerous 
plump stellate cells resembling osteoblasts [Figure 1e and f]. 
Based on excisional specimen histopathology, a diagnosis of 

osseous choristoma of the gingiva was made.

dIscussIon

Choristoma is a histologically normal tissue proliferation 

that forms at an anatomic location different from its regular 

Choristomas of the oral cavity are rare nonneoplastic lesions that show histologically normal development of tissues at abnormal sites. These 
oral lesions can remain unnoticed or can progress to sizes that interfere with routine function accompanied with or without pain and other clinical 

symptoms. Osseous choristomas have been documented in the oral cavity, commonly in the tongue. The present report describes the case of 
osseous choristoma in the mandibular gingiva of a 61‑year‑old female patient and highlights the associated etiopathogenesis of choristoma.
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development site.[1] The tongue is the most frequent site 

for the occurrence of osseous choristoma in the oral cavity. 

A broad age group can be involved; however, there is a slight 
predilection toward females.[1‑3] Choristomas can present 

as pedunculate or sessile, asymptomatic masses, or large 

lesions at sites that can lead to dysphagia, gagging, and other 

symptoms.[1‑3]

Histologically, osseous choristoma presents as a mass of viable 
lamellar bone surrounded by dense fibrous connective tissue 
and overlying normal oral epithelium. Standard physiological 

components observed include osteoblasts, osteoclasts, 
and a well‑developed Haversian system. The presence of 

hemopoietic or fatty marrow is also a common finding. 

Peripheral osteoblastic activity may be inconspicuous.[2‑5]

Although the etiology is unknown, theories predict the 

development as either embryological, due to trauma/chronic 
irritation, or due to a degenerating fibroma undergoing 
ossification.[2‑5] Researchers have probed into the role of bone 
morphogenetic proteins (BMP) concerning the ossification of 
osseous choristomas.[6] Hironaka et al. suggested the possible 
role of estrogen therapy in the development of osseous 

choristoma in a female patient with Turner syndrome.[7]

The function of estrogen and estrogen receptors in regulating 

periodontal health has been largely reviewed.[8] Research has 
also illustrated a key association between increased BMP‑6 
and estrogen receptors in bone formation.[8,9] Alongside this, 

the relationship of estrogen with osteoporosis and conditioned 

gingival enlargements is well understood.[8,10] On considering 

these, the osseous component and high prevalence in female 

patients, the role of hormones in particular estrogen, could 

be implicated as one of the factors triggering the responsive, 
trauma/injury‑based bone formation in osseous choristomas. 
However, exploring the molecular mechanisms and assessing 

the levels of estrogen, estrogen receptors, and pro‑inflammatory 
cytokines in cases of oral choristomas could help to ascertain 

this plausible link.

In conclusion, choristomas are rare lesions representing a 

process of normal tissue formation in an unusual location. 

This lesion can clinically mimic a range of neoplastic and 

nonneoplastic lesions of the oral cavity and need further 

molecular studies to understand the etiopathogenesis. 

Thus, documentation of these cases and examining their 

etiopathogenesis could enhance our understanding of tissue 

dynamics modulating the development of osseous choristomas.
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the use of Digital Technology in Dentistry 

among Postgraduate Students and Dental 
Practitioners in India:  A Cross-sectional Study

INTRODUCTION
Digital dentistry includes treatments performed by means of digital or 
computer-controlled components instead of utilising mechanical or 
electrical equipment [1]. The progress of digital technology and the 
introduction of Computer-Aided Design (CAD) and Computer-Aided 
Manufacturing (CAM) and 3D printing has brought large changes to 
the traditional manufacturing method, where manual work is carried 
out after oral impression taking [2].

The high demand for rapid but effective aesthetic dental treatment, 
as well as the ability to provide same day chair side restorations, 
is appealing to both patients and dentists [3]. The application of 
CAD/CAM technology has advanced greatly to serve patients and 
to simplify, as well as standardise the process of manufacturing 
dental restorations. As a result of this workflow change, clinical 
technicians, dentists as well as patients are influenced [4,5]. Due 
to increasing demand for cosmetic and metal-free restorations, 
a higher strength ceramic has been developed [6] that is only 
used in association with CAD/CAM technology [7-9]. CAD/CAM 
was utilised to produce implant abutments and frameworks after 
crown and bridgework fabrication had gained popularity in the 
1990s [10].

Three-dimensional (3D) intraoral imaging data can be used for 
superimposition with 3D radiographic and facial imaging data. 
The software assists orthognathic surgery planning, dental implant 
surgery planning, and orthodontic treatment planning. The use of 
digital technologies in implant and orthognathic surgery shown the 
capability to supplant conventional approaches [11,12].

Western countries have adopted Computer-Aided Design (CAD) 
and Computer-Aided Manufacturing (CAM) into their routine 
dental practises, while in India only a limited fraction of dentists 
use CAD/CAM in their regular workflow. The awareness of CAD/
CAM is minimal amongst the dentists in India, and even amongst 
the dentists who are aware, only a fraction of them use it in their 
practice [13].

Considering the above advantages and its vast applications in all 
fields of dentistry, it is of utmost importance to have a thorough 
knowledge regarding the use of CAD/CAM and to know its 
shortcomings and the slow adaption of digital technology.

The use of digital technology has become an essential part of 
modern dentistry. It is speculated that this will change the shape of 
future dental practice [14]. There have been surveys done to assess 
the knowledge and attitude of undergraduate students in India 
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ABSTRACT
Introduction: Currently, digital dentistry is an umbrella topic 
that predominantly includes the areas of intraoral scanning, 
3D printing and Computer Aided Designing/Computer Aided 
Manufacturing (CAD/CAM). It allows the transfer of information 
between physical and digital data, with the significant advantage 
of easing the transition process and increasing efficiency. Digital 
technology is a crucial component of modern dentistry which has 
a significant influence on our present and future dental practice.

Aim: To assess the knowledge, awareness and practices of the 
use of digital technology and its implications in dentistry among 
dental postgraduate students and dental practitioners.

Materials and Methods: A cross-sectional questionnaire based 
online survey was undertaken at KLE VK Institute of Dental 
Sciences, Belagavi, Karnataka, India between April 2021 and 
July 2021   amongst dental practitioners and dental postgraduate 
students of different regions across India. The questionnaire 
consisted of 21 questions which evaluated their awareness 
towards digital dentistry, its advantages and shortcomings, their 
knowledge and practices towards digital dentistry. Statistical 
analysis was done using Chi-square test in each group, using 
Statistical Package for the Social Sciences (SPSS) version 20.0. 
The p-value <0.05 was considered significant.

Results: Of total 270, 261 respondents (96.67%) were aware of 
CAD/CAM technology in dentistry.  A total of 237 respondents 
(87.78%) felt that the lack of knowledge was one of the 
shortcomings of CAD/CAM with a p-value=0.039 rather than its 
high cost (184 respondents 68.15%, p-value=0.009) and there was 
a need to increase the knowledge and understanding regarding 
the same. A total of 252 respondents (93.33%) were of the opinion 
that digital technology is the future of dentistry and it will have a 
positive impact on our profession and 83.59 % respondents felt 
that digital technology would have  a role to play in the current 
COVID-19 scenario. The teaching faculty (92.86%), showed better 
understanding about the digital technology compared to private 
practitioners (66.22%) and postgraduate students (62.59%).

Conclusion: In the given set of participants, most of the participants 
were aware about digital technology which shows a satisfactory 
outcome. The teaching faculty showed better understanding 
about the digital technology compared to private practitioners and 
postgraduate students. However, to make them acquainted with 
CAD/CAM, dental education programmes and workshops should 
be conducted which will create a future generation of dentists who 
will be well versed with digital dentistry. With so much room to 
grow, it will help dentists to work as one and deliver the absolute 
best care to their patients and create a better tomorrow.
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towards the use of CAD/CAM [13] and to know the infiltration of 
CAD/CAM technology in the workflow among United Kingdom and 
Saudi Arabian dentists [3,15]. However, the research to investigate 
the current place of digital dentistry among dental practitioners in 
India is scarce [3]. Hence, this study was undertaken with an intent 
to assess and understand the knowledge, awareness and practices 
regarding use of digital technology among postgraduate students 
and dental practitioners.

MATERIALS AND METHODS
A cross-sectional questionnaire-based study was conducted at KLE 
VK Institute of Dental Sciences, Belagavi, Karnataka, India, between 
April 2021 to July 2021 which focussed on dental practitioners and 
postgraduate students from across India. The Institutional Ethical 
Committee approval was obtained (Certificate no. 1437 dated 
29/04/2021).

Sample size calculation: Sample size was estimated using the 
formula N=4xPQ/D2 

Where, N is sample size, ‘P’ stands for highest prevalence which 
was 80 for pilot study, Q=100-P and ‘D’ stands for acceptable error 
or lowest prevalence - 5%). Therefore, the sample size calculated 
was 256.  The study included a total of 270 respondents.

inclusion and exclusion criteria: The study included postgraduate 
students, teaching faculties from different dental institutions and 
private practitioners. Along with the questionnaire, informed consent 
was obtained from these participants via google forms. Participants 
who refused consent to participate in the study were excluded. The 
undergraduate students and Interns were also excluded from the 
study.

The pilot testing of the questionnaire included 87 respondents 
which comprised of postgraduates, teaching faculty and private 
practitioners.The study results revealed 74 (80 %) of the total 
respondents were aware about the use of digital dentistry. But their 
understanding about the applications of digital dentistry in routine 
dental practice was found to be less (48%).

Questionnaire
The custom questionnaire was designed, comprising of 21 questions 
in which 19 were closed ended and 2 open ended questions. The 
questionnaire was divided into three parts which included the 
demographic details (Q no.1-5) , knowledge based questions  (Q 
no. 6-10), awareness (Q no. 11-14), practices (Q no. 15-21).

The questionnaire was validated for relevance of questions particular 
to the topic of the survey (Face validity) and for the reliability of the 
options provided (Content validity) with a Content Validity Index score 
(CVIs) of 0.60 by the faculty from the department of Prosthodontics, 
KAHER VK Institute of Dental Sciences, Belagavi, Karnataka along 
with subject expert. 

Based on the pilot study the reliability and internal consistency of 
the questionnaire revealed that the survey was reliable with the 
Cronbach’s alpha internal consistency score of 0.8. Each question 
had to be answered by the participants.

The data was gathered by sending the link of the online form via 
emails and WhatsApp to all the study participants. The study 
participants were sufficient time of two weeks to complete the online 
questionnaire. If any issue surfaced while filling out the questionnaire 
form, the investigator resolved it immediately during the study 
duration. The resultant data was tabulated and subjected to statistical 
analysis to draw the conclusion from the resultant study.

STATISTICAL ANALYSIS
The individual responses obtained from all participants were 
collated on MS Excel sheet. Statistical analysis was carried out 
using Statistical Package for the Social Sciences (SPSS) Software 
version 20.0 and Chi-square test was utilised to check if there was 

any significant association between the questionnaire items and 
the type of practitioner with a significance level of p-value <0.05.

RESULTS 
A total of 270 participants filled the questionnaire out of which 147 
respondents (54.44%) were postgraduate students, 74 (27.41%) 
were private practitioners, 28 (10.37%) were teaching faculty, 21 
(7.78%) were both; teaching faculty as well as private practitioners 
[Table/Fig-1].

Comparison of respondents by demographic profile

Profile
Private 

practitioner 
(n,%)

teaching 
faculty and private 
practitioner (n,%)

teaching 
faculty
(n,%)

Postgraduate 
Student

(n,%)

are you a 
74

(27.41 %)
21

(7.78 %)
28

(10.37 %)
147

(54.44 %)

gender 

Male
24

(32.43 %)
15

(71.43 %)
13

(46.43 %)
56

(38.10%)

Female 
50

(67.57 %)
6

(28.57 %)
15

(53.57 %)
91

(61.90%)

years of clinical experience 

Less than 
5 years 

46
(62.16 %)

2
(9.52 %)

4
(14.29 %)

134
(91.16 %)

5-10 years 
12

(16.22 %)
9

(42.86 %)
12

(42.86 %)
13

(8.84 %)

More than 
10 years

16
(21.62 %)

10
(47.62 %)

12
(42.86%)

0

location of your practice 

Metro city
26

(35.14 %)
2

(9.52 %)
6

(21.43 %)
32

(21.77 %)

Urban 
areas

27
(36.49 %)

14
(66.67 %)

21
(75%)

80
(54.42 %)

Suburban/
Rural 
Areas

21
(28.38 %)

5
(23.81 %)

1
(3.57 %)

35
(23.81 %)

are you a? 

General 
Dental 
Practitioner 

61
(82.43 %)

10
(47.62 %)

5
(17.86 %)

32
(21.77 %)

Specialised 
Practitioner

13
(17.57 %)

11
(52.38 %)

23
(82.14 %)

115
(78.23 %)

[Table/Fig-1]: Demographic details of the respondents.

When asked for which procedure is digital technology useful in 
dentistry most of the respondents (86.67%) said that it was crown 
and bridge fabrication and (85.56%) respondents said it was 
implant restorations. Some also gave suggestions that it is useful 
in cephalometrics, 3D model preparation and making provisional 
restorations for fixed partial dentures, Endodontics. One also opined 
that it is useful in incorporating prescription in brackets and indirect 
bonding in Orthodontics [Table/Fig-2].

[Table/Fig-3] shows the participants’ responses for use of CAD/CAM 
in dentistry. Coming to the advantages and shortcomings of CAD/
CAM, 230 respondents (85.19%) were of the opinion that CAD/CAM 
fabricated restorations were more precise as compared to those 
fabricated by conventional methods. Digital dataflow was also one of 
the major advantages which was agreed on by 68.15% respondents 
and the values were statistically highly significant   (p-value=0.006) 
[Table/Fig-4]. Respondents also mentioned that with the help of CAD/
CAM there would be better shade matching, data can be saved and 
used for further purpose and future prosthetic rehabilitation.

Immediate data transfer and retrievability of the scan data at any point 
of time was considered as a major advantage of CAD/CAM in the 
clinical scenario with a response rate of 87.78% with p-value=0.039 
while 78.89% felt that accurate and precise fit of restoration/
orthodontic appliance was major advantage [Table/Fig-5].
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[Table/Fig-3]: Shows the participants’ responses for use of CAD/CAM in dentistry
(p-value <0.05 to be considered significant)

use of CaD/Cam in dentistry

type of practitioner

total
(n,%)

Chi-
square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)

teaching 
faculty
(n,%)

Postgraduate 
Student

(n,%)

Intraoral scanning 36 (48.65%) 12 (57.14%) 20 (71.43%) 66 (44.90%) 134 (49.63%) 7.142 0.068

Digital Impressions 39 (52.70%) 14 (66.67%) 18 (64.29%) 69 (46.94%) 140 (51.85%) 5.023 0.170

Shade matching 24 (32.43%) 10 (47.62%) 12 (42.86%) 37 (25.17%) 83 (30.74%) 6.983  0.072

Computer aided designing (by laboratory or 
specialist milling center)

66 (89.19%) 19 (90.48%) 27 (96.43%) 135 (91.84%) 247 (91.48%) 1.429 0.699

Computer aided manufacturing (by 
laboratory or specialist milling center)

64 (86.49%) 19 (90.48%) 27 (96.43%) 133 (90.48%) 243 (90%) 2.343 0.504

[Table/Fig-4]: Shows the participants’ responses for advantages of CAD/CAM.
(p-value<0.05 to be considered significant)

advantages of CaD/Cam

type of practitioner

total
(n,%)

Chi-
square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)
teaching faculty

(n,%)

Postgraduate 
Student

(n,%)

Reduced number of 
appointments

43 (58.11 %) 14 (66.67 %) 20 (71.43%) 105 (71.43 %) 182 (67.41 %) 4.206 0.240

Less chair side time 44 (59.46%) 13 (61.90 %) 22 (78.57 %) 100 (68.03 %) 179 (66.30 %) 3.815 0.282

More precise as compared to 
conventional methods

69 (93.24%) 18 (85.71%) 22 (78.57 %) 121 (82.31 %) 230 (85.19 %) 5.744 0.125

Digital data flow 50 (67.57%) 15 (71.43 %) 27 (96.43 %) 92 (62.59 %) 184 (68.15 %) 12.528 0.006

Any other 2 (2.70 %) 0 (0.00) 0 (0.00) 1 (0.68 %) 3 (1.11 %) 2.505 0.474

knowledge regarding 
application of CaD/Cam

type of Practitioner (n%)

total
(n,%) Chi-square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)

teaching faculty
(n,%)

Postgraduate 
Student

(n,%)

Crown and bridge fabrication 67 (90.54%) 21 (100%) 26 (92.86%) 120 (81.63%) 234 (86.67%) 8.344 0.039

Implant restorations 63 (85.14%) 19 (90.48%) 28 (100%) 121 (82.31%) 231 (85.56%) 6.400 0.094

Impression making 41 (55.41%) 12 (57.14%) 19 (67.86%) 99 (67.35%) 171 (63.33%) 3.616 0.306

Maxillofacial prosthesis 41 (55.41%) 13 (61.90%) 19 (67.86%) 101 (68.71%) 174 (64.44%) 4.006 0.261

Surgical reconstruction 46 (62.16%) 11 (52.38%) 21 (75.00%) 94 (63.95%) 172 (63.70%) 2.789 0.425

Smile designing 63 (85.14%) 19 (90.48%) 24 (85.71%) 117 (79.59%) 223 (82.59%) 2.351 0.503

Invisible orthodontics 56 (75.68%) 12 (57.14%) 21 (75%) 93 (63.27%) 182 (67.41%) 5.192 0.158

Others (Please specify) 1 (1.35%) 1 (4.76%) 2 (7.14%) 4 (2.72%) 8 (2.96%) 2.636 0.451

[Table/Fig-2]: Shows the participants’ knowledge regarding the applications of CAD/CAM in dentistry.
(p-value<0.05 to be considered significant)

Lack of knowledge was considered as a major shortcoming of 
CAD/CAM when compared among two groups (p-value=0.039) 
[Table/Fig-6].

Among the study participants, 96.67% were aware of the use of 
CAD/CAM in dentistry while 3.33% were unaware of the same with 
a p-value=0.202 [Table/Fig-7]. Awareness regarding the use of 
digital technology in dentistry shown in [Table/Fig-8].

A 22.22% were unaware of any CAD/CAM system while majority of 
the respondents 67.41% had knowledge regarding CEREC system 
and were aware about it [Table/Fig-9].

Strengthened ceramics like E.Max was regularly used with CAD/
CAM according to 39.26% respondents while composite was rarely 
used. Some also suggested that prefabricated acrylic blocks could 
also be used with this technology [Table/Fig-10].

advantages of CaD/Cam in the clinical scenario

type of practitioner

total
(n,%)

Chi-
square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)

teaching 
faculty
(n,%)

Postgraduate 
Student

(n,%)

Eliminates the problems associated with impression 
making 

49 (66.22 %) 17 (80.95 %) 26 (92.86 %) 92 (62.59 %) 184 (68.15 %) 11.685 0.009

Can review your preparation and modify it at the same 
time 

55 (74.32 %) 17 (80.95 %) 24 (85.71 %) 100 (68.03 %) 196 (72.59 %) 4.812 0.186

Immediate data transfer and retrievability of scan data 
at any point

68 (91.89 %) 19 (90.48 %) 28 (100%) 122 (82.99 %) 237 (87.78 %) 8.345 0.039

Ease in laboratory authorisation and communication 65 (87.84 %) 17 (80.95 %) 28 (100%) 115 (78.23 %) 225 83.33 %) 9.522 0.023

Accurate and precise fit of the restoration/orthodontic 
appliances

63 (85.14 %) 20 (95.24 %) 26 (92.86 %) 104 (70.75 %) 213 78.89 %) 14.234 0.003

Accurate and precise orthodontic tooth movement 45 (60.81 %) 11 (52.38 %) 15 (53.57 %) 55 (37.41 %) 126 (46.67 %) 11.815 0.008

[Table/Fig-5]: Shows the participants’ responses towards advantages of CAD/CAM in the clinical scenario.
(p-value <0.05 to be considered significant)
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[Table/Fig-8]: Shows the participants’ awareness regarding the use of digital technology in dentistry.
(p-value<0.05 to be considered significant)

awareness 
regarding the use of 
digital technology in 
dentistry

type of practitioner

total
(n,%)

Chi-
square p-value

Private practitioner
(n,%)

teaching faculty and private 
practitioner

(n,%)
teaching faculty

(n,%)
Postgraduate student

(n,%)

No 6 (8.11%) 0 (0%) 0 (0%) 14 (9.52%) 20 (7.41%)
5.083 0.1770

Yes 68 (91.89%) 21 (100%) 28 (100%) 133 (90.48%) 250 (92.59 %)

[Table/Fig-10]: Shows the participants’ awareness towards different materials used with CAD/CAM.
(p-value<0.05 to be considered significant)

Strengthened ceramics

type of practitioner

total
(n,%) Chi-square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)
teaching faculty

(n,%)

Postgraduate 
Student

(n,%)

E.Max 25 (33.78%) 13 (61.90%) 12 (42.86%) 56 (38.10%) 106 (39.26%) 5.682 0.128

Zirconia 23 (31.08%) 9 (42.86%) 12 (42.86%) 31 (21.09%) 75 (27.78%) 9.235 0.026

Metals 18 (24.32%) 10 (47.62%) 13 (46.43%) 26 (17.69%) 67 (24.81%) 16.87 0.001

Composite 15 (20.27%) 8 (38.10%) 10 (35.71%) 17 (11.56%) 50 (18.52%) 15.68 0.001

Considering the current COVID-19 scenario, when we asked 
whether digital dentistry would have a role to play for which 83.59% 
replied positively while 13.70% were not sure [Table /Fig-11].

A 67.04% of the respondents did not attend any training programmes 
or workshops  on CAD/CAM  [Table/Fig-11] and a major portion 
was made up by postgraduate students.

DISCUSSION
Digital dentistry using intraoral scanners, CAD/CAM and 3D printing 
has gained popularity in the last few decades [5]. Hence, it is 
important for us as dentists to go along with the trend and have a 
better understanding and knowledge about the same.

A 70% of patients who received new digital complete dentures 
claimed their new dentures were “better” than their earlier set of 

complete dentures, according to a survey done by Saponaro PC 
et al., [16]. 

The main importance of knowing about digital technology is its 
significant advantages which are patient compliance, quick and 
aesthetic results. Information sharing is nearly effortless which makes 
it far easier for the dentist to show their work, share their learning 
experiences and ask for suggestions on cases [17]. According 
to present study, 87.78% (237 respondents) were of the opinion 
that immediate data transfer and retrievability of scan data at any 
point was one of the major advantages of CAD/CAM in the clinical 
scenario followed by ease in lab authorisation and communication. 
This was a contradicting to a survey carried out by Udhayaraja P et 
al., where time efficiency (48%) and precise fit (20%) was considered 
a major advantage [13].

awareness of CaD/
Cam technology in 
dentistry

type of practitioner

total
(n,%)

Chi-
square p-value

Private practitioner
(n,%)

teaching faculty and private 
practitioner

(n,%)
teaching faculty

(n,%)
Postgraduate student

(n,%)

No 1 (1.35%) 0 (0.00) 0 (0.00) 8 (5.44%) 9 (3.33%)
4.6210 0.2020

Yes 73 (98.65%) 21 (100.00%) 28 (100.00%) 139 (94.56%) 261 (96.67%)

[Table/Fig-7]: Shows the awareness of CAD/CAM technology in dentistry.
(p-value<0.05 to be considered significant)

awareness regarding the 
different CaD/Cam systems

type of practitioner

total
(n,%)

Chi-
square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)
teaching faculty

(n,%)

Postgraduate 
Student

(n,%)

Lava™ 25 (33.78 %) 14 (66.67 %) 20 (71.43 %) 44 (29.93 %) 103 (38.15 %) 25.185 <0.0001

DCS Precident 3 (4.05 %) 8 (38.10 %) 0 (0.00) 12 (8.16 %) 23 (8.52 %) 28.097 <0.0001

Chairside Economical Restoration 
of Esthetic Ceramic (CEREC)

40 (54.05%) 19 (90.48%) 25 (89.29 %) 98 (66.67 %) 182 (67.41 %) 17.230 <0.0001

Procera 24 (32.43 %) 14 (66.67 %) 17 (60.71 %) 86 (58.50 %) 141 (52.22 %) 16.505 <0.001

None 24 (32.43 %) 0 (0.00) 2 (7.14 %) 34 (23.13 %) 60 (22.22 %) 14.217 0.003

[Table/Fig-9]: Shows the participants’ awareness regarding the different CAD/CAM systems.
(p-value<0.05 to be considered significant)

[Table/Fig-6]: Shows the participants’ response towards the shortcomings of the use of CAD/CAM.
(p-value<0.05 to be considered significant)

Shortcomings of the use of 
CaD/Cam

type of practitioner

total
(n,%) Chi-square p-value

Private 
practitioner

(n,%)

teaching faculty and 
private practitioner

(n,%)
teaching  faculty

(n,%)

Postgraduate 
Student

(n,%)

High cost 49 (66.22%) 17 (80.95%) 26 (92.86%) 92 (62.59%) 184 (68.15%) 11.685 0.009

Lack of infrastructure 55 (74.32%) 17 (80.95%) 24 (85.71%) 100 (68.03%) 196 (72.59%) 4.812 0.186

Lack of knowledge 68 (91.89%) 19 (90.48%) 28 (100.00%) 122 (82.99%) 237 (87.78%) 8.345 0.039

Prefer conventional methods 65 (87.84%) 17 (80.95%) 28 (100.00%) 115 (78.23%) 225 (83.33%) 9.522 0.023
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Also, in the current COVID-19 scenario, we asked if digital technology 
would have a role to play where 223 (83.59%) respondents replied 
positively, it provides a benefit of infection control, reduced appointment 
duration and decreased chances of cross contamination.

Digital impressions with intraoral scanners present with an 
advantage of 3D previsualisation of the preparation and reducing 
the risk of distortion and material usage during impression making 
[18]. It also prevents the problems like gagging that are associated 
with conventional impression making. It is shown to provide superior 
accuracy as there are no errors associated with contraction or 
expansion of impression and model materials which was agreed on 
by the respondents [18].

The CAD/CAM generates visualisations during the course of design 
process which helps in decision making. Advances in diagnostic 
capabilities affect the quality of care thereby providing new solutions 
to conventional dental problems which was also highlighted in the 
current study [19].

Considering its significant advantages, there is a slow adaptation of 
digital technology among Indian dentists, [20] when asked about its 
shortcomings 87.78% (237 respondents) agreed that lack of knowledge 
was one of the main factors rather than high cost which was agreed 
on by 68.15% (184) respondents. These findings were contradictory 
to the survey performed by Udhayaraja P et al., where high cost was 
considered a major factor [13]. This study also revealed that some 
respondents preferred conventional methods over CAD/CAM which 
was similar to a survey done among UK dentists who felt the lack of 
perceived advantages over conventional production methods [15].

A survey conducted by Palanisamy S and Hegde C, on the knowledge of 
CAD/CAM among undergraduate students of an Institute in Karnataka 

showed that they have only shallow knowledge of the same as their 
study showed that  [21]. About 74% of students were not aware about 
the materials that can be used to fabricate prosthesis using CAD/
CAM technology  which was in  agreement with the survey done by 
Kavarthapu A and Suresh V [20]. Hence, it is important to increase the 
clinical knowledge of the same from the early years of dentistry.

When asked about awareness regarding various CAD/CAM systems 
some were unaware of any CAD/CAM systems and was highlighted 
more by private practitioners and postgraduate students.

A 67.04% of the respondents did not attend any training programmes 
or workshops  on CAD/CAM  and a major portion was made up by 
postgraduate students, thereby 98.89% of the respondents (267) 
felt there was a need to increase teaching in the undergraduate 
and postgraduate courses this was in accordance with a survey 
conducted by Tran D et al., which concluded that dental education 
and professional development (CPD) courses do not go hand in 
hand and to bridge this gap, universities should conduct evidence-
based teaching of CAD/CAM technology in these courses[15].

As it was observed in this study, the major study population were 
postgraduate students who are the future of dental practice. Hence, 
it is required to have elborative curricular reforms pertaining to the 
digital dentistry in the curriculum and encourage these students 
and practitioners to attend CDE, extensive hands on programmes 
in the field of digital dentistry which was also suggested through 
a survey conducted by Pandey S et al., in which he put forth that 
CDE programs should be conducted for dentists to increase their 
awareness and to gain more knowledge about the use of digital 
dentistry procedures [22].

Question and 
response

type of practitioner (n%)

total
(n,%) Chi-square p-value

Private practitioner 
(n,%)

teaching faculty and
private practitioner (n,%)

teaching faculty
(n,%)

Postgraduate 
students (n,%)

Highlights the participants opinion if Digital Dentistry would have a role to play in the current COVID-19 scenario

Yes 53 (71.62%) 20 (95.24 %) 27 (96.43%) 123 (83.67%) 223 (83.59%)

14.3970 0.0260No 3 (4.05%) 0   1 (3.57%) 6 (4.08%) 10 (3.70%)

Not sure 18 (24.32%) 1 (4.76 %) 0 18 (12.24%) 37 (13.70%)

Shows the responses towards attending any training programs on CAD/CAM.

Yes 17 (22.97%) 17 (80.95%) 19 (67.86%) 36 (24.49%) 89 (32.96%)
45.4330 <0.0001

No 57 (77.03%) 4 (19.05%)   9 (32.14%) 111 (75.51%) 181 (67.04%)

Shows the respondents opinion on the need to increase to knowledge regarding digital dentistry during undergraduate/postgraduate courses

Yes 74 (100%) 21 (100%) 27 (96.43 %) 145 (98.64 %) 267 (98.89 %)

4.6060 0.5950No 0 0 1 (3.57%) 1 (0.68 %) 2 (0.74%)

Not sure 0 0 0 1 (0.68 %) 1 (0.37 %)

Shows whether participants would be interested in incorporating CAD/CAM in their regular workflow

Yes 53 (71.62%) 17 (80.95%) 24 (85.71%) 107 (72.79%) 201 (74.44%)

4.7810 0.5720
No 5 (6.76%) 2 (9.52%)   1 (3.57%) 7 (4.76%) 15 (5.56%)

Not Sure 16 (21.62%) 2 (9.52 %)   3 (10.71%) 33 (22.45%) 54 (20.00%)

Highlights whether participants would prefer CAD/CAM over conventional methods

Yes 48 (64.86%) 18  (85.71 % 22 (78.57%) 100 (68.03%) 188 (69.63%)

5.4010 0.4940No 7 (9.46%) 0 1 (3.57%) 13 (8.84%) 21 (7.78%)

Not Sure 19 (25.68%) 3 14.29 % 5 (17.86%) 34 (23.13%) 61 (22.59%)

Shows the participants practices towards digital dentistry if it would affect their clinical decision making

yes 39 (52.70%) 16 (76.19 % 20 (71.43%) 79 (53.74%) 154 (57.04%)

9.1200 0.1670no 12 (16.22%) 3 (14.29%)   5 (17.86%) 30 (20.41%) 50 (18.52%)

Not sure 23 (31.08%) 2 (9.52 %)   3 (10.71%) 38 (25.85%) 66 (24.44%)

Highlights the participants response if digital dentistry would have a positive impact on our profession and would be the future of dental practice

Yes 69 (93.24%) 20 (95.24%) 27 (96.43%) 136 (92.52%) 252 (93.33%)

0.7120 0.8700No 0 0   0 0 0

Not sure 5 (6.76%) 1 (4.76 %)   1 (3.57%) 11 (7.48%) 18 (6.67%)

[Table/Fig-11]: Responses towards practice based questions.
(p-value<0.05 was considered as statistically significant)



Ramesh Nayakar et al., Digital Era: A Paradigm Shift in Dentistry www.jcdr.net

Journal of Clinical and Diagnostic Research. 2022 Feb, Vol-16(2): ZC07-ZC121212

Almost all respondents highlighted the fact that digital dentistry would 
have a positive impact on our profession which was in accordance 
with a survey conducted by Tran D et al., among United Kingdom 
dentists.Their survey showed that 89% respondents felt that CAD/
CAM will have a significant role to play in the future of dentistry 
[15]. Hence, we should work towards gaining more knowledge and 
create a future generation of dentists who will be well versed with 
digital dentistry.

Limitation(s)
The smaller sample size among the different type of practitioners was 
the main limitation of the present study and for better understanding 
about the perception of knowledge and awareness about digital 
dentistry and its implications on dental practice a large number of 
participants can be included from different part of the country.

CONCLUSION(S)
The current practice of dentistry should have specific focus towards 
application of digitisation in the work flow to meet high standard 
patient needs. The education on  CAD/CAM and their application is 
essential for postgraduate students and dental practioners. In order 
to create a shift in digital dentistry and to enhance knowledge and 
awareness among dentists, we should conduct dental education 
programs, workshops or hands on courses will be a new era in 
dentistry providing modern solutions to traditional problems which 
will be beneficial for both the patients along with the dentists.
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ABSTRACT 

Purpose: Cross infection is a critical issue in the field of dentistry as communicable 

diseases may spread among health professionals and patients. The use of effective 

sterilization methods may prevent or minimize the transmission of infectious diseases. 

Material and Methods: Standardized tooth preparation procedures were performed 

using round end tapered rotary diamond burs in 60 study subjects to receive porcelain 

fused to metal restorations. The resultant rotary diamond burs used were subdivided into 

3 subgroups based on three different sterilization methods used (n = 20), which include 

autoclave (Group 1), 2.4% Glutaraldehyde (Group 2) and Hot Air Oven (Group 3). Pre 

sterilization and post sterilization microbial analysis were assessed for each specimen. 

The resultant colony-forming units for all three test groups were compared using Kruskal 

– Wallis test and pair wise comparison between groups was done with Mann Whitney 

and Wilcoxson Sign test. 

Results: The results suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 
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Conclusions: The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization 

methods for decontamination significantly reduced the oral microbial contamination of 

the rotary diamond burs. Autoclave sterilization had resulted in effective decontamination 

of the rotary diamond burs when compared to 2.4% Glutaraldehyde and Hot Air Oven 

sterilization methods. 

Clinical Significance: Given the complexity of the microstructure of the dental burs, 

and the bur morphology does not allow the thorough cleaning of the dental bur and 

subsequently serves as a potential carrier of the infectious microorganism from the oral 

cavity of the infected dental patient to a healthy patient, and considering the cost factor, 

dental burs are often reused but seldom efficiently sterilized prior to its reuse. This study 

explains the different methods that showed the maximum sterilization and those that 

showed relatively lesser amount of decontamination and the pros and cons of the methods 

that have been used, which gives the general dental practitioners a clearer perspective as 

to which method to adopt in their daily clinical practice with the ethical concern of the 

health of the dental staff, patients as well as the dentist him/her self by preventing 

potential mode of transmission of infectious diseases. 

 

Keywords: Brain Heart Infusion (BHI), Colony-forming units (CFU), Decontamination, 

Streptococcus mutans (S Mutans), Staphylococcus aureus (S Aures) 

INTRODUCTION 

Rotary diamond abrasives also known as dental burs have a broad scope in the field of 

prosthodontics. Diamond burs are predominantly recommended in tooth preparation for a 

fixed dental prosthesis in the form of extra coronal restorations [1]. 

The rotary diamond burs are categorized according to the medical device directive 

(93/42/ECC). It is well-documented that dental burs can become highly contaminated with 

blood saliva and tooth debris during treatment, the pathogen may adhere to the different parts 

of the bur [2]. 

Cross infection is a critical issue in the field of dentistry as it concerns the transmission of 

communicable diseases which are a prevalent factor for both the dentist as well as to the 

patient. The risk of cross-contamination during treatment is that communicable diseases may 

spread between the patients and dentists or among the patients themselves. So, the use of 

effective infection control methods may prevent the transmission of cross-contamination [2, 

3]. 

The dental burs cannot be sterilized adequately or the procedures used for 

decontaminations may itself be deleterious to the burs, in turn, hampering the structure and 

the function of the dental bur. The current sterilization procedures of rotary diamond 

instruments present itself with its own set of shortcomings such as its deleterious effect on the 

rotary diamond abrasives, surface corrosion and steel oxidation which in turn affects the 

cutting efficiency of the burs [3, 4]. 

Decontamination is the process which removes or destroys contamination so that 

infectious agents or other contaminants cannot reach a susceptible site in sufficient quantities 

to initiate infection or any other harmful response’ [3]. 

The current guidelines classify the procedure of decontamination for rotary instruments 

into different stages like pre-sterilization, cleaning along with disinfection then inspection, 

followed by sterilization, finally the storage. Cleaning the reusable instruments is crucial in 
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the removal of contaminants which may hinder effective and complete decontamination 

procedures.  

The sterilization procedures of rotary diamond instruments present itself with its own set 

of shortcomings such as its deleterious effect on the rotary diamond abrasives which include 

geometric alteration of the bur such as blade fracture, blade dulling, surface corrosion and 

steel oxidation which in turn affects the cutting efficiency of the burs [3, 4]. 

While the decontamination of reusable dental instruments is carried out using poorly 

regulated processes and procedures, there is an increased dependence on the use of effective 

sterilization method to eliminate microbial cross-infection entirely. 

The latest research of decontamination of rotary instruments presented by private dental 

professionals and a dental hospital found that 76% of dental rotary instruments from the 

private practice and 14% of dental hospitals indicated to have a significant degree of 

decontaminants in the form of debris, on the surface of the rotary burs that were claimed to 

have been sterilized. The residue was discovered on all tools examined irrespective of the 

purification method [5]. 

Autoclave, hot air oven, and glass bead sterilizer are the predominant techniques of 

sterilization of dental burs, and the most commonly used technique in clinical set up is to 

disinfect burs using a chemical disinfectant. While most dental instruments are efficiently 

cleaned using different sterilization procedures, the diamond burs are only scrubbed and 

soaked in a disinfectant before and after usage [6]. 

Therefore, the effect of different sterilization of rotary burs needs to be investigated. 

Research studies have included the in vitro conditions to study the effectiveness of different 

sterilization methods. Hence, the objective of dental instrument sterilization is to safeguard 

patients as well as the health care provider from cross-contamination by means of dental 

instruments. So, the propose of this in vivo research with a research hypothesis that the 

decontamination of rotary burs is not affected by different techniques of sterilization methods.  

MATERIAL AND METHODS 

This is in-vivo study included 60 patients who were reported to the department  

of prosthodontics for replacement of missing teeth. Patients with an age group of 18-45 yrs 

with the permanent dentition were included in the study and patients with history systemic 

medical conditions, history of endodontic treatment, periodontal and pulpal or periapical 

pathologies were excluded. The Fixed Partial Denture treatment was planned for all the 

selected patients. The purpose and study objectives of the research were explained to all the 

study subjects and informed consent was obtained from all the study subjects. The research 

was certified by the institutional ethical committee and the certificate for ethical approval was 

obtained. 

Sixty rotary diamond burs-round end tapered-course cut ISO 198/018 TR-13C (MI 36 

Mani.Inc, Utsunomiya,Tochigi, Japan) (Figure 1) were divided randomly into three  

groups based on different sterilization method used, i.e., Group 1 (n = 20) these were the 

specimens subjected to autoclaving (Uniqueclave C-79 47/46/93, Confident, India). Group 2 

(n = 20) were the specimens subjected to 2.4% Glutaraldehyde (Cidex, St Louis, USA) and 

Group 3 (n = 20) these specimens were subjected to hot air oven (Tecnomedica, Italy) 

sterilization. 
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Figure 1. Sixty round end tapered coarse cut rotary diamond burs used in the study. 

 

Figure 2. Dispensing the used bur into microcentrifuge tube containing BHI broth. 
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The new burs were removed from the sterile package using sterile tweezers and mounted 

on airotor handpiece. Before the tooth preparation, the patients were asked to rinse their 

mouth with a chlorhexidine mouth rinse (Hexidine, ICPA Health Products, Andheri (East), 

Mumbai). The standardized tooth preparations were carried out for all the study subjects to 

receive Porcelain Fused to Metal restorations. All the margins of the prepared tooth were 0.5-

1 mm subgingivally placed without violating the biological width. The tooth preparation and 

collection of all specimens was carried out by a single operator to avoid inter operatory bias. 

After the tooth preparation was completed each time the bur was separated by sterile tweezer 

from the airotor and dispensed into the sterile microcentrifuge tube (Hi-Media, Mumbai) 

containing 1ml BHI broth (Hi-Media, Mumbai) (Figure 2) and the tube was transported to the 

microbiological laboratory within 2 hours, after the clinical procedure. The microcentrifuge 

tube containing contaminated bur and BHI broth was vortexed in vortex mixer at speed of 

2500rpm for 40-60seconds (Figure 3). BHI broth was inoculated on different culture media 

namely Mitis Salivaris Agar (Hi-Media, Mumbai) for Streptococcus mutans,Mannitol salt 

Agar (Hi-Media, Mumbai) for Staphylococcus aureus and Sabouraud dextrose agar( Hi-

Media, Mumbai) for Candida. 

The plates were incubated anaerobically at 37°C for 48 hours in bacteriological 

laboratory incubator (Remi Elektrotechnik Ltd, India) to evaluate the different microbial 

growth and resultant colonies were subsequently identified based on their morphology. 

Identification of Streptococcus mutans was done using Mitis Salivaris agar which was 

made on 5% (ranging from dark blue to light blue) colonies. Further confirmation of  

S. mutans was performed using gram staining and observed under light microscopy (Olympus 

Pvt Ltd, Haryana, India). The identification of S. aureus was done using Mannitol salt agar, 

produces yellow-coloured colonies. Candida was isolated using Sabouraud Dextrose agar. 

Candida differentiated as creamy to white colonies. 

 

 

Figure 3. Vortexing of the microcentrifuge tube containing  

BHI broth and contaminated bur. 
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Figure 4. Armamentarium used for decontamination of rotary diamond burs, (4A) 

Autoclaving, (4B) 2.4% Glutaraldehyde and (4C) Hot air oven. 

 

Figure 5. The microbial analysis of colony forming units pre and post, autoclave 

sterilization for (5A) Streptococcus Mutans, (5B) staphylococcus Aureus  

and (5C) Candida. 
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Figure 6. The microbial analysis of colony forming units pre and post, Glutaraldehyde 

(2.4%) Sterilization for (6A) Streptococcus Mutans, (6B) staphylococcus Aureus  

and (6C) Candida. 

The colony-forming units (CFU) for all specimens were counted using a semi-

quantitative colony counting method, using a compound microscope to determine the  

number of colonies for each specimen before sterilization of rotary diamond burs in all the 

groups. The resultant data was tabulated. The contaminated burs in Group 1, were procured 

from the Microbiology laboratory, washed under flowing tap water and were kept in a 

sterilized bur holder and autoclaved at 121°C below 16 psi for 16 minutes. For Group 2, the 

contaminated burs were washed as mentioned earlier and were placed in a sterile glass 

container containing 10ml of 2.4% Glutaraldehyde solution and kept for 10 hours, as 

recommended by the manufacturer. The specimens in Group 3 were also pre-washed and 

were placed inside a glass container with a plug and were kept in a hot air oven at 170 °C for 

1 hour (Figure 4).  

All decontaminated specimens in Group 1, Group 2 and Group 3 were placed in a sterile 

microcentrifuge tube containing 1ml of BHI broth and were transported back to the 

microbiological laboratory for microbial analysis. The microbial analysis for the specimens in 

Group 1, Group 2 and Group 3 were repeated with a similar methodology as performed 

before decontamination of the rotary diamond burs. 
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Figure 7. The microbial analysis of colony forming units pre and post, Hot air oven 

sterilization for (7A) Streptococcus Mutans, (7B) staphylococcus Aureus  

and (7C) Candida. 

The Colony-forming units (CFU) for streptococcus mutans, Staphylococcus aureus  

and Candida for the specimens in Group 1, Group 2 and Group 3, before and after 

decontamination values were counted using the semiquantitative colony count method and 

tabulated among the three test groups which formed the basic data for the study (Figure 5, 6, 

7). The resultant data was subjected to statistical analysis to draw the conclusion from the 

experimental data to determine the most efficient method for the decontamination of the 

rotary diamond burs. 

RESULTS 

The resultant Pre and Post sterilization values of Group 1, Group 2 and Group 3 were 

subjected to statistical analysis. Descriptive measures such as the mean and the standard 

deviations were compared for all the study groups selectively using the Kruskal-Wallis test, 

with p < 0.05. 
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Pair-wise comparison of the test groups was done using the Mann Whitney test and a 

comparison between Pre and Post sterilization values in the three groups was done using the 

Wilcoxson Sign test for Streptococcus mutans, Candida, and Staphylococcus aureus 

individually with p < 0.05. 

The Mean, Standard deviation and coefficient of variance were calculated for Group 1, 

Group 2 and Group 3 based on the number of Pre sterilization and Post sterilization colonies 

in Streptococcus mutans, Candida and Staphylococcus aureus for each of the three groups 

respectively (Table 1, 2 and 3). Kruskal Wallis test (one-way ANOVA on the ranks) was 

done for the non-parametric statistical difference comparison of the Pre and Post sterilization 

values for significance (p < 0.05) among three groups, it was observed that there was a 

statistically significant difference among the three groups for post sterilization values for all 

the three common microorganisms studied. 

 

Table 1. Comparison of the three groups using Kruskal-Wallis test  

for (Streptococcus Mutans-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 278200   429363 7.47 0.024* 

  Group 2 20 1000 1000000 396550   455681     

  Group 3 20 1000 1000000 89650   218868     

Post Group 1 20 3 180 58.2   52.94 42.74 0.00* 

  Group 2 20 100 750 515.05   204.79     

  Group 3 20 100 400 255   85.68     

* Statistically significant (p < 0.05). 

 

Table 2. Comparison of the three groups using Kruskal-Wallis test  

for (Candida-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 0 1000000 441000   469635 10.43 0.005* 

  Group 2 20 10000 1000000 406000   448006     

  Group 3 20 0 1000000 177650   356836     

Post Group 1 20 0 34 12.85   8.543 29.27 0.00* 

  Group 2 20 50 1000 327.5   351.117     

  Group 3 20 0 1000 212.5   291.491     

* Statistically significant (p < 0.05). 

 

Table 3. Comparison of the three groups using Kruskal-Wallis test  

for (Staphylococcus Aureus-CFU*103) 

 
    N Minimum Maximum Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 116650 303416 0.3 0.85 

Group 2 20 0 1000000 173650 358184 

Group 3 20 0 1000000 82850 220433 

Post Group 1 20 2 200 49.4 55.635 7.52 0.023* 

Group 2 20 0 1000 215.7 247.773 

Group 3 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Table 4. Comparison of three groups using Post-Hoc (Mann-Whitney test-CFU*103) 

 

    
Group 1 v/s Group 2 Group 1 v/s Group 3 Group 2 v/s Group 3 

Mean diff P value Mean diff P value Mean diff P value 

S. Mutants 
Pre -118350 0.1 188550 0.46 306900 0.004* 

Post -456.85 0.00* -196.8 0.00* 260.05 0.00* 

Candida 
Pre 35000 0.85 26350 0..015* 228350 0.002* 

Post -314.6 0.00* -199.65 0.001* 115 0.093 

S. Aureus 
Pre -57000 0.9 33800 0.54 90800 0.75 

Post -166.3 0.012* -98.1 0.035* 68.2 0.54 

* Statistically significant (p < 0.05). 

 

 

Graph 1. Comparison of the post sterilization mean values of Streptococcus Mutans 

among the three groups-CFU*103. 

 

Graph 2. Comparison of the post sterilization mean values of Candida  

among the three groups-CFU*103. 
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For Streptococcus mutans, (Table 1 and Graphs 1) the post sterilization CFU in  

Group 1 were less (58.20 ± 52.94) compared to Group 3 (255.00 ± 85.68) and Group 2 

(515.05 ± 204.79), however, for Candia, (Table 2 and Graphs 2) the post sterilizations CFU in 

Group 1 were less (12.85 ± 8.54) when compared to Group 3 (212.50 ± 291.49) and Group 2 

(327.50 ± 351.11). The Staphylococcus aureus (Table 2 and Graphs 3) the post sterilization 

CFU in Group 1 were the least (49.40±55.63) followed by Group 3 (147.50 ± 147.56) and 

maximum for Group 2 (215.70 ± 247.77). 

 

 

Graph 3. Comparison of the post sterilization mean values of Staphylococcus Aureus 

among the three groups-CFU*103. 

 

Graph 4. Comparision of post sterilization mean values of the three groups-CFU*103. 

Statistical comparison between the three sterilization techniques for each microorganism 

was done using a series of Mann Whitney Post hoc tests (Table 4) to evaluate which 

sterilization method resulted in a greater reduction in the viable microorganism count of the 

three microorganisms tested. 

The significance of the mean difference was assessed and it was observed that the post 

sterilization values for Streptococcus mutans were statistically significant for Group 1 v/s 

Group 2, Group 2 v/s Group 3 and Group 3 v/s Group 1, and for Staphylococcus aureus and 
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Candida the post sterilization values showed a statically significant difference for the  

Group 1 v/s Group 2 and Group 1 v/s Group 3,which indicates that there was a clinically 

significant amount of difference observed in the efficacy of sterilization between the Group 1 

and Group 2, and Group 1 and Group 3, for all the three microorganisms, the difference in the 

efficacy of sterilization between Group 2 and Group 3 was only significant for Streptococcus 

mutans. The overview of the Post Hoc intergroup comparison indicates that post sterilization 

values for specimens in Group 1 were the most statistically relevant. 

It was also observed that the difference in mean and standard deviation when tested using 

the Wilcoxon Sign test between the Pre and Post sterilization values in all the Groups, for all 

the three micro-organisms were statistically significant. (Table 5 Table 6, Table 7, Graph 4, 

Graph 5) which indicated that all the three methods i.e., Autoclave, Glutaraldehyde and Hot 

Air Oven showed an overall statistically significant reduction in the post sterilization colony 

count when compared to the pre sterilization colony count. 

 

Table 5. Comparison of the mean values (pre and post) of Streptococcus Mutans  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 278200 429363 0.00* 

Post 20 3 180 58.2 52.94 

Group 2 Pre 20 1000 1000000 396550 455681 0.00* 

Post 20 100 750 515.05 204.79 

Group 3 Pre 20 1000 1000000 89650 218868 0.00* 

Post 20 100 400 255 85.68 

* Statistically significant (p < 0.05). 

 

Table 6. Comparison of the mean values (pre and post) of Candida  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 0 1000000 441000 469635 0.00* 

Post 20 0 34 12.85 8.543 

Group 2 Pre 20 10000 1000000 406000 448006 0.00* 

Post 20 50 1000 327.5 351.117 

Group 3 Pre 20 0 1000000 177650 356836 0.00* 

Post 20 0 1000 212.5 291.491 

* Statistically significant (p < 0.05). 

 

Table 7. Comparison of the mean values (pre and post) of Staphylococcus Aureus  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 116650 303416 0.00* 

Post 20 2 200 49.4 55.635 

Group 2 Pre 20 0 1000000 173650 358184 0.00* 

Post 20 0 1000 215.7 247.773 

Group 3 Pre 20 0 1000000 82850 220433 0.00* 

Post 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Graph 5. Comparison of the pre and post sterilization mean values of 3 micro-organisms 

among the 3 groups-CFU*103. 

The findings of the study suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 

DISCUSSION 

The present study has selected the three most commonly used methods for the 

sterilization of rotary diamond burs under the rules for disinfection and sterilization in health 

care facilities of the Center for Disease Control and Disinfection Prevention Guidelines 

(CDC) i.e., Moist Heat, Dry heat and Chemical method [7, 8]. 

All the burs used in the study were subjected to teeth preparation procedures and were 

clinically contaminated with possibly pathogenic bacteria and fungi species in this research. 

All dental burs used are a prospective cause of cross-infection and should be decontaminated 

properly before reuse [9, 10]. 

The prevalent existence of Streptococcus mutans, the gram-positive facultative anaerobe, 

candida and staphylococcus aureus on the used dental burs influenced the choice of all these 

species as the test organism for the assay technique. Streptococcus mutans has been 

recognized as the causative organism of bacteremia and infective endocarditis. Oral infections 

caused by Staphylococcus aureus are angular cheilitis, parotitis, and staphylococcal 

mucositis. Some skin conditions include folliculitis, impetigo, abscesses, cellulitis, and toxic 
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epidermal necrolysis, and systemic conditions caused by Staphylococcus aureus include 

endocarditis, osteomyelitis, and pneumonia [5, 10]. One particular strain of staphylococcus 

MRSA (methicillin-resistant Staphylococcus aureus) is a highly infectious strain of 

staphylococcus that is resistant to all the beta-lactam antibiotics including methicillin which is 

also a type of penicillin which is often present in the oral cavity and can cause damaging 

levels of cross-contamination. Subgingival regions were potential reservoirs of pathogenic 

species of Candida that could be the etiology of chronic periodontitis and oral thrush [11]. In 

a study done by S M Petrovic et al. [12]. (2019) the results established that there are Candida 

carriers among subjects with clinically healthy oral mucosa. This study also showed that 

subgingival areas as potential areas that harbour these pathogenic candida species. All the 

selected organisms have particular proteins for linking to salivary, plasma and platelet 

proteins. They adhere to composite restorative materials and metals, including dental 

amalgam, gold, and non-precious alloys. They are the organisms predominantly found in the 

gingival sulcus [2, 8]. 

Numerous scientific publications currently deal with the spread of pathogens including 

prion proteins which may be transferred from one individual to another through blood or 

tissue [13]. 

C H Miller et al. [14] (1991) concluded in their study that autoclaving being an effective 

and safe method, yet results in corrosion of steel items which is in accordance with the 

current study that Autoclave is the better method of sterilization of burs in comparison to the 

dry heat or chemical sterilization. The study done by Abirami Mathivanan et al. [15] (2017) is 

similar to the previously mentioned study where the findings are in accordance with of the 

current study that hot air oven and the autoclave are a relatively better method for clinically 

effective decontamination of rotary diamond burs when compared to the other commonly 

used chemical disinfectant. 

Observations of Vinay Kumar et al. [1] (2015), suggested complete sterilization of 

endodontic files and diamond burs sterilized by autoclaving and glutaraldehyde. Burs and 

files submerged in Glutaraldehyde (2.4%) for 12 hours yielded full sterilization are in 

contradiction with the present research, which suggested that none of the three techniques 

yielded full sterilization however autoclave showed the relatively better decontamination 

compared to hot air oven and 2.4% Glutaraldehyde. 

Tate WH et al. [16] (1995) in their study showed that composite polishing instruments 

were decontaminated using chemical and physical means of sterilization, Glutaraldehyde was 

an efficient disinfectant, but other disinfectants (iodophor, phenol,) were not safe generally. 

Autoclaving, chemiclaving, and microwaving resulted in effective sterilization. The results of 

this study are contrary to the results of the current study, where all three methods i.e., 

autoclave, Glutaraldehyde, and hot air oven showed clinically significant levels of 

decontamination. 

The findings of the current study, where none of the sterilization methods used on 

contaminated rotary diamond burs showed 100% effectiveness, and that the sterilization using 

Autoclave was more effective compared to the Hot Air Oven and Gluteroldehyde. The 

findings are in accordance to the study conducted by Morrison et al. [17] (2009) were the 

contamination rates of the post sterilization cultures varied for each method incorporated to 

sterilize the rotary diamond burs and endodontic files.  

While sterilization and decontamination procedures are essential to ensure safe and 

effective dental treatment, these processes may result in changes in burs morphological 
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characteristics and efficiency. Therefore, to achieve a safe decontamination procedure with 

the least possible physical form changes in burs, the effects and limitations of each 

sterilization method must be known [18-20]. 

Given the complexity of the microstructure of the dental burs, and the bur morphology 

does not allow the thorough cleaning of the dental bur and subsequently serves as a potential 

carrier of the infectious microorganism from the oral cavity of the infected dental patient to a 

healthy patient. The constraints with the cost factor, dental burs are often reused but seldom 

efficiently sterilized prior to its reuse. The current study explains the different methods that 

showed the maximum sterilization which gives the general dental practitioners a clearer 

perspective as to which method to adopt in their daily clinical practice with the ethical 

concern of the health of the dental staff and the patients by preventing potential mode of 

transmission of infectious diseases. 

The most commonly used methods of decontamination have been included in the study 

while there is scope for future research with various other methods with a potential prospect 

for an effective method of decontamination for the complex microstructure of the rotary 

diamond burs with minimizing the alterations in the surface morphology of the rotary 

diamond bur and its relation to their cutting efficiency. 

Although effective decontamination was seen with all the three methods there were some 

limitations like mild surface corrosion which was observed on some of the burs which were 

subjected to glutaraldehyde immersion and autoclave sterilization and there was only one 

prototype of rotary diamond bur included in the study, however, burs with different forms and 

different manufacturing methods were not included.  

CONCLUSION 

The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization methods for 

decontamination significantly reduced the oral microbial contamination of the rotary  

diamond burs. Maximum reduction in Streptococcus mutans, Candida and Staphylococcus 

aureus was seen with the autoclave sterilization followed by Hot Air Oven and 2.4% 

Glutaraldehyde. 
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Systematic Review and Meta-Analysis

IntRoductIon

In today’s world, dental implants form the most accepted and 
promising treatment modality for missing teeth. Owing to their 

popularity and versatility, many manufacturers have entered 
the industry and produce a variety of implants that vary in 

make and shape. This makes implant identification difficult 
when necessity arises.

Implant maintenance and repair require information about 

the implant system[1] as the implant components are unique 

to the manufacturer and need specific tools or components.[2] 

When patients do not have implant records or have traveled 
from other region or country, clinicians face difficulty in 
identifying the system.[3] Clinicians either rely on radiographic 

interpretation or contact the company or colleagues to seek 

assistance in identifying the system, making it an assumptive 
process and not a definite approach.

Several attempts have been made to document basic 

design and features of implant systems on radiographs.[4-7] 

However, none of them are easy or quick, and they require 

significant amount of human effort, knowledge, experience, 
and time.

Considering these challenges, recently, artificial intelligence (AI) 
has been experimented in implant identification and found to 
be a promising technique.[1,3,8-12] Machine learning, a subset 
of AI, offers an array of algorithms that classify the implant 
systems based on similarity in the pattern they exhibit; thus, the 
trained model predicts the type of implant system, making the 
process quick and effortless.[13,14] This review was undertaken 

to assess the accuracy of machine learning in dental implant 
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identification from radiographs and to gauge if it can be 
advocated as a technique of implant identification.

MateRIals and Methods

Population, intervention, comparison, and outcome (PICO) 
framework was formulated. The population included dental 

implants, the intervention included machine learning as a 
method to identify dental implants, the comparison was for 
human participants (dental professionals), and the outcome 
was accuracy of machine learning in identification of dental 
implant systems.

Searches were conducted in four electronic databases: PubMed, 
SCOPUS, Cochrane library, and Google Scholar. Additional 
searches were made in gray literature, trial registries, and 
thesis repository, and manual searches were performed in the 
references of the included studies. For PubMed, a literature 
search was made with MeSH terms and for other databases 

same search terms were used. The search terms used were 

machine learning, artificial intelligence, dental implants, 
radiography, and classification (MeSH terms). These search 
terms were used in combination to search the database. Filters 
included the articles published during the period June 2015–
June 2021, accounting for 6 years, and in English language. 
Filters also included the exclusion of patents and books.

The systematic review was conducted adhering to 

Preferred Reporting Items for Systematic reviews and 

Meta-Analysis (PRISMA) guidelines.[15] Figure 1 depicts 

the flowchart showing the process of study selection in 

accordance with PRISMA guidelines. The titles and abstracts 

were screened for the inclusion criteria, that is, machine 
learning models for implant system identification. The full 
text of articles was screened adhering to the inclusion criteria. 
Studies that used methods other than machine learning to 

identify dental implant systems, review articles, studies that 
used means other than intraoral periapical radiographs (IOPA) 

and orthopantomogram (OPG) images, and studies that 
used machine learning for purposes other than identification 
of dental implant systems were excluded. Two reviewers 
screened each record (title/abstract) and retrieved the 

report independently, and disagreements were resolved by 
discussion with the third examiner. This study was registered 
in PROSPERO (CRD42021252085).

Results

The search strategy yielded eight articles that applied machine 

learning for implant identification. After screening the full text 
and eliminating duplicates, articles were exported in Zotero 
software. The data from selected articles were extracted in 
Microsoft Excel sheet, which included author, title, journal, 
year, country, and language of publication, population, 
keywords, type of manuscript, study design, location of study, 
statistical analysis, intervention, sample size, publication and 
other biases, and type and accuracy of the machine learning 
model used. The included studies had been published between 

June 2015 and June 2021 in the USA, Switzerland, and 
Germany.

Study characteristics

Imaging
Of the eight included studies, three studies used OPG, two 
studies used IOPAs, and three studies used both OPG and 
IOPAs to train AI models. Lee et al.[9,10] compared the accuracy 

of AI model based on OPG and periapical radiographs; 

both studies concluded that accuracy was marginally high 

for periapical radiographs (0.956, 0.979 and 0.929, 0.961, 
respectively). The reason for this could be that IOPAs generally 

have better image quality in comparison to OPGs.[16]

Dental implant systems used and their characteristics
Studies included in the review used different dental implant 
systems for training AI model: Zimmer Biomet, Dentsply, 
Nobel Biocare, Implantium, Straumann, Brånemark System, 
Swiss plus, Osstem, Dentium, and Kyocera. Straumann and 
Nobel Biocare were the most commonly used dental implant 

systems. Lee et al.[10] used Osstem TSIII SA, Superline 
Dentium, and Straumann BLT and found the highest accuracy 
for Straumann BLT systems. The authors proposed that this 
could be due to the largest taper of the Straumann BLT implant 
system. Lee et al.[9] used Dentsply Astra Osseospeed, Dentium 
Implantium, Dentium Superline, Osstem TSIII, Straumann 
SLA active BL, and Straumann SLA active BLT and found the 
highest accuracy for Straumann SLA active BLT. However, 
Osstem TSIII and Dentium Superline implant systems that 

do not have prominent characteristic elements showed lesser 

accuracy. In a study conducted by Sukegawa et al.,[8] the 

accuracy was similar for all implant systems used in the 

study, but it was marginally higher for the Straumann tissue 
4.1 implant system. In a study by Said et al.,[11] the AI model 

achieved high accuracy for Zimmer Biomet Dental Tapered 
Screw-Vent, which had an apex hole, and for Nobel Biocare 
and Branemark system with external hexagon platform. Kim 
et al.[3] found that neural networks searched for distinctive parts 

of each implant for recognition of the system, and this proves 
that deep learning can identify the discriminative features of 

the implant type well. Outcomes of these studies suggest that 

87189 records identified

Pub med -121

Scopus- 46

Cochrane library -2

Google scholar- 87020

87181 records excluded

after screening title

and abstract

8 records included

Exclusion Criteria

1. Studies that used methods other

than machine learning for dental

implant identification

2. Studies that used machine learning

for purpose other than dental implant

identification

3. Studies that used means other than

IOPA and OPG for dental implant

identification

4. Review articles

5. Removal of duplicates

Figure 1: Flowchart showing the process of study selection by PRISMA 
guidelines.[15] PRISMA = Preferred Reporting Items for Systematic reviews 
and Meta-Analysis
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the AI model could easily identify implants that have sharp and 

discriminative features. However, parts, features, and ranges 
of implants that are focused on for implant identification differ 
from one AI model to another.

Machine learning models
In a study conducted by Sukegawa et al.,[8] finely tuned VGG16 
achieved the best performance, followed by finely tuned VGG19, 
VGG16 with transfer learning, VGG19 with transfer learning, 
and basic convolutional neural networks (CNNs). The authors 

found that basic CNN with lesser convolutional layers has limited 

capacity for image classification. With appropriate transfer 
learning and fine-tuning, pretrained CNN networks were capable 
of performing better in image classification, even with smaller 
dataset.[8] In a study conducted by Kim et al.,[3] SqueezeNet, 
ResNet 18, and ResNet 50 showed the highest accuracy among 
the models tested. Sukegawa et al.[12] found that the larger the 

number of parameters and deeper the network, the better was 
the accuracy. Algorithm performances cannot be compared as 

studies exhibit heterogenicity in terms of sample size, method 
and type of data acquisition, training, and the algorithm itself.

Performance comparison between machine learning and 

dental professionals
Two studies compared the accuracy of AI models with that of 

dental professionals. A study by Lee et al.[10] demonstrated the 

superiority of deep CNN architecture with an area under curve 

(AUC) of 0.971 over board-certified periodontists with an AUC 
of 0.925. In a study by Lee et al.,[9] the performance accuracy 

of 25 dental professionals was compared to trained automated 
deep CNN (DCNN), and automated DCNN surpassed most of 
the dental professionals.

Risk of bias
Systematic reviews of AI in diagnosis are sparse in dentistry. 

We could not find a suitable tool to perform a risk of bias 
assessment, although the possible risk of bias has been 
discussed in the discussion section.

Table 1 describes the study characteristics of the included 

studies. Excluding one study that used supervised machine 
learning (k nearest neighbor [KNN]), the rest of the studies 
used different CNN architectures that varied from basic CNN 
to visual geometry group (VGG), ResNet, and GoogLeNet 
Inception. Six studies applied transfer learning to CNNs; 
transfer learning improves efficiency, saves training time, and 
reduces data needs. Data augmentation was considered in three 

studies. Data augmentation either creates slightly modified 
copies of existing data or artificially creates new training data 
from the existing data to overcome overfitting. The limitation of 
data augmentation is data bias; augmented data is quite different 
from the original that can lead to suboptimal performance.

Meta-analysis
Meta-analysis was conducted on three eligible studies. Other 

studies were not eligible as the outcomes of interest were not 

measured or were not reported. The random-effects model was 
used. Figure 2 shows the forest plot for accuracy of machine 

learning in identification of dental implant systems based on 
three studies. The forest plot denotes a highest accuracy of 

97.10% (95% confidence interval [CI]: 96.32, 97.88) and a 
lowest accuracy of 93.80% (95% CI: 87.20, 99.40). The overall 
pooled estimate of accuracy when all individual studies were 

combined was 95.43% (93.37, 97.48), with heterogenicity 
among three studies being very high (92.44% and P < 0.001). 

We observed a clear heterogenicity among studies in terms of 
sample size, method of data acquisition, training AI model, 
presentation of data, data analysis, and validation of the model. 
Figure 3 shows the evidence of publication bias as it is apparent 

that the funnel plot does not exhibit expected normality in the 
estimates of accuracy.

dIscussIon

Science and technology have made life easier by providing 

solutions to many challenges. Implant identification, being 
an unsolved problem in implant dentistry, needs an immediate 
solution and AI can be the answer. A total of eight studies were 

found that used machine learning in implant identification 
and found machine learning algorithms to be proficient in 
performing the task.

In comparison to the existing literature, this review addresses 
the key elements of the research, that is, elaboration on 
different AI algorithms used, their outcomes based on different 
implant systems used, performance comparison with dental 
professionals, and meta-analysis of the eligible studies.

Morais et al.[17] tested the supervised machine learning model 

KNN in implant identification in 2015. Thereafter, there was a 
substantial increase in studies using deep learning for implant 

identification during 2020. A KNN classifier compares the 
unknown input data with all the labeled data present in the 

reference database and puts it into a category that is most 

similar to input data. The aim of this study was to introduce 

the concept of identifying an unknown dental implant using a 

framework based on image processing concepts. The remaining 

studies tested deep learning techniques that use multiple layers 

known as CNNs to extract higher-level features from the 
input data. The information of the image passes from the first 
layer (input) to the last layer (output) by being filtered through 
each layer according to its features. The first layer identifies 
the general shape of the image, the next layer its edges, and 
then angles, points, and so on, until a prediction is made at 

Figure 2: Forest plot for accuracy of machine learning in dental implant 
identification
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the exit of the last layer on the identity of the image.[11] Six 
out of eight studies reported an accuracy of over 90%, which 
supports the use of machine learning in implant recognition; 

the other two studies were pilot in nature.

A clear heterogenicity was noticed among studies in terms of 

data acquisition, sample size, data presentation, and analysis. 
A formal sample size calculation was not mentioned in the 

studies included. Many times, the historical data is collected 
from clinical care repositories or open-source databases to 

meet the data demands. These repositories are not always 

quality controlled and may lead to mistakes and unrecognized 

biases.[18] Thus, insufficient sample size and poor data quality 
subject the studies to high risk of bias.

Considering the reporting of relevant model performance 

measures, different range of metrics were used to report the 
performance of the machine learning algorithms, such as 
accuracy, precision, recall, F1 score, sensitivity, specificity, 
positive predictive value, and negative predictive value. As 
these were the only measures of performance reported, it 
leads to difficulty in comparison and summarizing the data 
during meta-analysis. Studies conducted using AI in implant 

identification are few and the research is in the initial stage. 
In the future, there is a need for comprehensive and structured 
reporting and standardization of the methodologies. Problems 

like overfitting and model validation need to be addressed and 
a standardized guideline for reporting these has to be followed. 

External validation of the models will help to set standards to 
ensure the applicability of machine learning-based prediction 

model studies.[18]

The final estimate of the accuracy performance of machine 
learning is based on relatively few studies. Studies were 

excluded from meta-analysis due to lack of standardized 
reporting and inadequate data. Consequently, there could 
be considerable uncertainty around the estimates of 

meta-analysis.

Table 1: Study characteristics of the included studies

Author Radiograph 

used

Number of 

images for 
training

Algorithm 

architecture

Algorithm architecture 

name

Transfer 

learning 
applied

Accuracy Data 

augmentation

Comparison 

with dental 
professionals

Sukegawa 

et al.[8]
Panoramic 

radiographs

8859 CNN Basic CNN Yes 0.860 No Not reported

VGG16 transfer 0.899
VGG16 fine-tuning 0.935
VGG19 transfer 0.880
VGG19 fine-tuning 0.927

Said et al.[11] Periapical and 

panoramic 

radiographs

1206 CNN Pretrained GoogLeNet 
Inception 

Yes 93.8% Yes Not reported

Lee et al.[9] Periapical and 

panoramic 

radiographs

11,980 CNN Automated deep CNN Yes AUC of 

0.954
No AUC less than 

0.954

Lee et al.[10] Periapical and 

panoramic 

radiographs

10,770 CNN Fine-tuned and pretrained 
deep CNN architecture 

(GoogLeNet Inception-v3)

Yes AUC of 

0.971
Yes AUC of 0.925

Kim et al.[3] Periapical 

radiographs

801 CNN SqueezeNet Yes 0.96 Yes Not reported

GoogLeNet 0.93
ResNet 18 0.98
MobileNet-v2 0.97
ResNet 50 0.98

Sukegaw 

et al.[12]

Panoramic 

radiographs

9767 CNN ResNet 18 Yes 0.9787 No Not reported

ResNet 34 0.9800
ResNet 50 0.9800
ResNet 101 0.9841
ResNet 152 0.9851

CNN=convolutional neural network

Figure 3: Funnel plot for accuracy of machine learning in dental implant 
identification
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The outcome of this systematic review and meta-analysis 

suggests that machine learning is practically efficient in 

implant recognition. Additional studies are required to develop 

algorithms for other implant systems across the world.

Clinical implications
AI has revolutionized the health-care industry. The 

development of machine learning has created an unprecedented 

transformation in medical diagnosis.[19] The use of AI to 

identify the implant system in a patient will increase efficiency 
and reduce the effort and time spent in identification using 
conventional methods or by human intelligence.

Recommendations for future research
1. Training of algorithms needs to be done with more implant 

systems across the world and more sample sizes to achieve 

maximum accuracy to be useful for the dental community.
2. A wide array of algorithms is available to solve 

classification problems. More algorithms can be tested 
to achieve the highest accuracy for implant recognition.

3. Standardized guidelines need to be formulated for 

conducting and reporting of studies that investigate AI in 

implant identification. Standardization of radiographic 
images plays an important role in the accuracy of the 

algorithm. AI has demonstrated better performance 

with 3D imaging. Studies using cone-beam computed 

tomography images would yield higher accuracy and 

better performance of the models.[20]
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Abstract
Purpose The controlled responsive characteristics of iron nanoparticles (FeNp) in magnetic fields make them an attractive 
prospect in this field. In the presence of a magnetic field, FeNp can significantly impact cell behaviour, leading to break-
throughs in nanotechnology.
Aim/hypothesis The aim is to determine the possible applications of iron nano particles (FeNp), and induced magnetic 
exposure role in osteoconduction and antibacterial activity.
Materials and methods The custom-grade IV titanium (Ti)hollow chamber is fabricated, surface treated with FeNp. Each 
titanium chamber contained neodymium, iron, and boron magnet disc, and the effect of FeNp on osteoblast-like cells 
(MG63) was evaluated in terms of cell attachment and survivability, morphological characteristics, particle absorption, 
and antibacterial properties. The effects of cellular uptake of FeNp and their responses to subcellular thrust were studied 
using fluorescent microscopy. MTT was used to determine cell viability, and von Kossa histochemical staining was used to 
determine matrix mineralization.
Results In the magnetized Ti chambers group, osteogenic activity and mineralization were considerably greater than in the 
control groups (p 0.05). With a p value of 0.027, the S. aureus and E. coli were resistant to the antibacterial properties of the 
FeNp modified titanium custom Ti chamber (MIC: 0.03135 mg/mL and 0.02915 mg/mL, respectively).
Conclusion The one-of-a-kind, in vitro, conveniently modelled, limited sample study sheds light on the effect of surface-
functionalized titanium custom Ti chamber with FeNp on MG63. The use of magnetized FeNp-surfaced implants for long-
term strategic bone tissue engineering and bacteriostatic implants.

Keywords Iron nanoparticles · Implant surface treatment · Osseointegration · Antimicrobial nanoparticles · Dental 
Implantation

Abbreviations
FeNp  Iron nanoparticles
M.F.  Magnetic fields

Ti  Titanium chambers
S. aureus  Staphylococcus aureus
E. coli  Bacterium Escherichia
MIC  Minimum inhibitory concentration
ALP assay  Alkaline phosphatase activity
G + v  Gram-positive bacteria
G − v  Gram-negative bacteria

Introduction

Implants are a popular option for replacing missing teeth. 
Topographical features of the implant surface, such as 
sandblasting, etching, anodizing, plasma spraying, elec-
trophoretic deposition, sol–gel coating, and biomimetic 
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precipitation, promote faster bone-to-implant contact and 
reduce peri-implantitis [1–3].

Peri-implantitis, characterized by progressive destruction 
of the implants' soft tissue and bone, is significant in implant 
failure 30.7% percent of implants experience peri-implant 
mucositis, whereas 9.6% percent of implants experience 
peri-implantitis [4]. To reduce these failures, bioactive anti-
microbial molecules that directly control cellular behaviour 
are implanted [6]. In this case, the nanoparticle coating of 
the implant surface provides functional antimicrobial and 
osteoconductive elements to prevent implant failure. The 
biofunctionalization of implant surfaces with nanoparticles 
aids in the reduction of implant osseointegration time [5].

Iron nanoparticle (FeNp) cell interactions have attracted 
much interest in recent years because magnetic nanoparticles 
can promote cell proliferation [6]. FeNp can also interact 
with a magnetic field(M.F.), allowing them to be used in 
drug targeting and cell biology applications [7].

FeNp in the presence of an M.F. can considerably impact 
the biological behaviour [8]. An M.F. associated with FeNp 
can influence the microenvironment around the components 
and contribute to altered cellular behaviour [9–20].

As a result, surface treating titanium implants with FeNp 
would be intriguing. To the best of the authors' knowledge, 
this is the first study to investigate the effects of an external 
M.F. on surface-functionalized the implant with FeNp and 
their effects on osteogenic differentiation and antimicrobial 
properties of magnetic nanoparticle modified titanium sur-
faces using the (MG63) cell lineage.

Methods and materials

Preparation of experimental specimens

The Custom NovelTi hollow chamber is fabricated (Type 
IV Titanium) with measurements of 6 mm in diameter and 
8 mm in height. We divided the specimens into two sub-
groups of (n = 30) Group A (control): Titanium chambers 
without M.F., flux density values were no more significant 
than 0.05 mT, which is the earth's natural M.F. level.

Group B (Test)-Titanium chambers with  M.F. and 
FeNp-treated surface. An exterior magnet disc made of 
neodymium, iron, and boron is placed in the centre of each 
titanium chamber configuration based on a previous study 
[21]. An HT20 Teslameter (Hengtong Magnetic Technology 
Co) measured the M.F. intensity at a mean flux of 35 ± 5 
mT . Magnetic field was active for the entire length of the 
experiment.

Sampling

S1 = SD in first group, 6% S2 = SD in second group, 3%

d = diffrence in mean = x1 (X1–x2) = 4.5%

n = 29 30 in each group with 5% α error and 95% power

n =
2S2( Z1−�+Z1−�)

2

d2
= 30

Z1 − � = 1.96 at 5% � error

Z1 − � = 1.682 at 95% power

d = x1 − x2 = 4.5%

An independent statistician reviewed the entire 
methodology.

Procedure for surface roughness evaluation

We used a steam cleaner at 0.3 MPa pressure to sanitize 
each group's specimens before placing them in an ultrasonic 
cleaner (de-ionized water) for 180 s to remove any toxins 
from the substrate surface. After that, they were all dried 
with absorbent paper, and the roughness of their surfaces 
was ascertained quantitatively and qualitatively on all speci-
mens in each group.

The specimens were quantitatively analyzed using a 
contact stylus profilometer (Surtronic S-128–Taylor Hob-
son). An average roughness profile (R a) was calculated to 
characterize the material's cumulative roughness for each 
specimen.

We used a layer-by-layer coating method to surface treat 
(Group B) test group chambers with FeNp [22] and SEM to 
characterize test and control Ti  chambers.

Tissue culture

The MG63 cell line (CRL-1427-ATCC) (provided by NCCS 
Pune, India) was cultivated in Dulbecco's Modified Eagle 
Medium (DMEM) (Sigma-Aldrich Co.) containing 10% 
fetal bovine serum (FBS, Gibco), two mN glutamine, at a 
temperature of  370C in the presence of 5%  CO2 and 95% air 
atmosphere at 100% relative humidity.

MG63 cells were seeded on uncoated titanium chambers 
and surface-functionalized titanium chambers with FeNp at 
a 1 ×  105 cells/well concentration in 24-well culture plates 
(Falcon, Franklin Lakes, USA) and placed into Permanox 
Lab-Tek Chamber Slides (Nunc). We subjected the cells 
to 37ºC in 5%  CO2 and 95% air in the incubator, allowing 
them to adhere and proliferate for at least 72 h in DMEM; 
in each plate, we treated unfilled wells as control of culture 
conditions.
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MTT assay

We employed an MTT assay to measure the growth of MG63 
cells. In triplicate, MG63 were implanted onto Ti chambers 
at a concentration of 1 ×  105 cell/cm2 and incubated for 72 h. 
The optical density (O.D.) of dye was evaluated spectropho-
tometrically at a wavelength of 492 nm.

Assessment of MG63 cell growth

We assessed MG63 cell behaviour on titanium chambers 
using acridine orange (A.O.) staining. We subjected cells 
at an incubation time (24 and 48 h); the specimen was fixed 
and dyed with 2 × 104 mg/ml acridine orange (A.O.) for 
60 s and inspected with a FluoView Confocal Microscope 
(FV1000; Olympus, Tokyo, Japan).

Von kossa staining

The MG63 cells were cultured for 14  days, fixed with 
phosphate-buffered formalin for 10 min, and dehydrated 
serially at a concentration of 70%, 95%, and 100% etha-
nol. The culture plates were then rehydrated serially from a 
concentration of 100% to 95% to 80% ethanol in water. 2% 
silver nitrate compound and displayed in direct sunlight for 
20 min, to which 5% sodium thiosulfate was added. After 
5 min of acid fuchsine counterstaining, the culture plates 
were dried for image analysis.

ALP assay

At a level of 1 × 105 cells/cm2, MG63 cells were grown in 
triplicate. After 21 days of cultivation, the ALP activity was 
assayed by adding p-nitrophenyl phosphate. The density of 
p-nitrophenol was determined spectrophotometrically at a 
wavelength of 405 nm (Bio-Tek instruments N.C.).

Antimicrobial activity

The antimicrobial activity of magnetized iron nanoparti-
cles was checked by the minimum inhibitory concentra-
tion (MIC). To constrain the growth of each Gram-positive 
(G + v) and negative bacteria (G − v), S. aureus (MIC: 
0.3135 mg/ml) and E. coli (MIC: 0.2915 mg/ml), which was 
controlled at 105–106 CFU/ml and incubated at 35 °C. The 
spectrophotometer determined the MIC of the nanoparticle 
solution on S. aureus and E. coli at different concentrations 
of FeNp in the culture solution.

Biostatistical analysis

We asserted the obtained data, reviewed by an independent 
statistician, as the mean (M) ± standard deviation (S.D.). We 
executed the analyses using SPSS 22.0 software. We per-
formed an ANOVA to determine discrepancies within all 
perceptible indices. P < 0.001 is considered a statistically 
significant difference.

Results and discussions

The M.F. and FeNp outperformed control and synergisti-
cally enhanced the osteogenic development of the seeded 
MG63 cell line. In order to build a novel therapeutic strat-
egy, it seems totally reasonable to look for efficient dental 
implant techniques that encourage osteoblast activity while 
also being antibacterial. Magnetic fields may activate cal-
cium nanoparticle signalling pathway via changing calcium 
ion levels. This would also have an impact on nuclear fac-
tors such as cyclin, which is involved in osteoblast regula-
tion [23, 24]. Magnetic stimulation may activate the cyclic 
adenosine monophosphate system, which in turn activates 
various enzyme system that enables bone cell differentia-
tion specific metabolic changes, thereby encouraging bone 
growth [25]. The forces created by FeNp in the vicinity of a 
magnetic field may have a significant impact on cell activ-
ity [26]. Magnetic fields created by FeNP may change the 
surrounding microenvironment and so influence cellular 
activity.

On the basis of these characteristics, the osteoinduction 
was assessed in this research.

Figure 1 depicts SEM images of the uncoated titanium 
chambers' surface, which shows multiple circular ridges with 
smooth edges. Figure 2 depicts the perception of homogene-
ous powdered masses along the surfaces of the FeNp coated 

Fig. 1  SEM image of the uncoated commercially pure titanium cham-
ber
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titanium chambers. As can be seen in Fig. 2, an elemental 
analysis of titanium-coated chambers revealed the presence 
of implanted FeNp, and the masses were relatively smooth, 
with only a few tiny cracks (Tables 1, 2).

When compared to the control group as seen in Fig. 3, 
the magnetised FeNp sample stained with acridine 
orange using fluorescence microscopy, which revealed 
an increased level of cell attachment and proliferation. 
Increased cell density, improved spreading ability, and a 
relatively high cell-to-substrate interaction ratio are shown 
in Fig. 4. These results are confirmed by scanning elec-
tron microscopy (SEM) in Fig. 5. In addition, osteoblasts 
that had been cultured with FeNP and then treated with 
M.F. Figure 6 shows the discovery of the most signifi-
cant "osteogenic nodules." When compared to the control, 
which can be seen in Fig. 7, Von Kossa staining provided 
confirmation of quantification of a high content that was 
analogous to bone in osteoblast-like cells. The formation 
of extracellular mineralized matrix in FeNP was aided by 
the application of a magnetic field (ECM).    

In the current study, Magnetized FeNp inhibited 
the maturation of both gram-positive S. aureus and 

Fig. 2  SEM image of Fe Np coated titanium surfaces

Table 1  Percentages of proliferation rates in different time periods

24 h 48 h 72 h

Control 46% 54% 57%
FeNp 104.4% 109.7% 107.4%

Table 2  Comparison of groups 
at different time points ANOVA

* statistilcally signifecant

Time points Groups Mean SD Mean rank H value p value

24 h Control 41.00 7.00 2.00 7.2000 0.0270*
Test 100.33 3.72 8.00

48 h Control 53.03 6.50 2.00 7.2000 0.0270*
Test 102.27 6.48 8.00

72 h Control 49.03 12.11 2.00 7.2610 0.0270*
Test 101.63 5.20 8.00

Fig. 3  Acridine orange image of MG63cells (control group) 
(40 × magnification)

Fig. 4  Acridine orange image of MG63cells treated with Fe Np under 
the magnetic force (40 × magnification)
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gram-negative bacteria E. coli.The MIC of FeNp S. aureus 
was 0.3135 mg/cc, and E. coli was 0.2915 mg/cc.

The control group had 41% viability after 24 h, while 
the FeNp group had 104.44%, indicating that the addition 
of FeNp causes an increase in cell proliferation. As shown 
in Graph (Fig. 8), the viability of cells after 72 h of FeNp 
treatment was 107.4 percent, demonstrating the invaluable 
osteoblastic nature of FeNp and their ability to support 
the Cell's ability to remain viable for an extended period. 
As shown in Table 3, the MG63 cell line with magnetised 

FeNp had the highest level of ALP activity (0.23 ± 0.005), 
a statistically significant difference in FeNp (p 0.001) com-
pared to controls (0.22 ± 0.007).

These in  vitro assay outcomes were comparable to 
those of earlier in vitro studies, with notable increases in 
ALP activity and osteogenic cell proliferation [26–28] as 
compared to those without FeNp. According to research 
done by Kim et al. made osteoblasts more osteogenic. The 
expression of osteoblast-specific genes rises with culture 
time [29–31]. Indeed, cell adhesion and proliferation are 
affected by various cell lines, cell seed densities, and 
magnetic configurations [31–41]. The current study con-
firmed this osteoinductive effect. Furthermore, the authors 
demonstrated that incorporating M.F. with FeNp into the 
media was significantly more effective than in previous 
studies.

Magnetically cultured FeNp outperforms standard cul-
ture in terms of antimicrobial capabilities. Meng et al. 
[10]. Observed that M.F. exposure improved differentia-
tion of osteogenic cells and cell characteristics of MG63 
cell lines seeded on FeNPs-treated titanium chambers and 
cell viability.

These particles' primary antibacterial activity may 
have been caused by oxidative stress brought on by ROS 
[42–44]. In bacteria, proteins and DNA can be harmed by 
ROS such as superoxide radicals  (O2–), hydroxyl radicals 
(–OH), hydrogen peroxide  (H2O2), and singlet oxygen (1 
 O2). In the current study, FeNp may have been the catalyst 
for the production of ROS, which prevented the growth of 
most harmful bacteria, including Staphylococcus aureus. 
According to some researchers, nanoparticles' small size 
can also contribute to their bactericidal properties. For 
instance, Lee et al. [45] showed that the penetration of 
the tiny particles (sizes ranging from 10 to 80 nm) into 

Fig. 5  SEM image of MG63cells treated with Fe Np under the mag-
netic force

Fig. 6  Von Kossa staining confirms quantification of bone-like min-
eralization in MG63cells treated with Fe Np under magnetic force

Fig. 7  Von Kossa staining of MG63cells (control group)
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E. coli membranes may be the reason of the inactivation of 
Escherichia coli by zero-valent iron nanoparticles.

The research into the antibacterial properties of magnet-
ized FeNp is still in its early stages. In the current study, 
Magnetized FeNp inhibited the maturation of both gram-
positive S. aureus and gram-negative bacteria E. coli. Our 
findings were consistent. Chang et al. and Chopra et al. 
[46, 47]. The incorporation of a static magnetic field and 
magnetic nanoparticle surface treatment of titanium cham-
bers improved the antibacterial efficacy and osteoinduction 
of the M.G. 63 cell line; magnetic FeNp had a cell function 
is better, and bone matrix mineral synthesis is higher than 
in the control group.

Iron nanoparticle toxicity

It is widely acknowledged that magnetite  (Fe3O4) and magh-
emite are the trace elements of choice when it comes to the 
fabrication of FeNP  (Fe2O3). The various states of iron oxi-
dation that they exhibit have an effect on the physiochemical 
properties that they possess. Maghemite is the most desir-
able element for FeNP cores because it poses the fewest 

health risks and because iron (III) ions are naturally found in 
the human body; any metal diffusion will have no noticeable 
adverse implications [48].

During this phase of our experiment, we implemented 
the maghemite form of the FeNP. In the future, research on 
toxicity should concentrate on acute and chronic toxicity, 
the disintegration of particles, the induction of reactionary 
and proinflammatory responses, metabolism and long-term 
toxicity, and disposal in both cellular and animal models.

Research limitations

This study, however, had some limitations. The antimicro-
bial experiment was carried out with static magnetic FeNPs 
in suspension, and the antimicrobial behaviour changes as 
the static magnetic field changes. As a result, the authors 
could perhaps perform comprehensive antimicrobial tests 
at different magnetic fields, but we need more research to 
investigate the in vivo osteogenic differentiation process.

The clinical implications of this research

Microbiological growth, contamination, and virulence-
associated with implant use often cause implant failure. 
Surface-treated with FeNp would be a suitable replacement 
for systemic administration of antibiotics. As a result of the 
present study, we will be able to assist in early bone healing 
and shorten the time needed for osseointigration in compari-
son with conventional implant surface treatments.

Fig. 8  Graph showing M.G. 63 
cell proliferation comparison at 
the different time intervals

Table 3  Comparison of groups 
at different time points ANOVA

Group (alkaline 
phosphatase)

Mean and 
standard divi-
sion

1. Test 0.23 ± 0.005
2. Control 0.22 ± 0.005
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Conclusion

We devised a Custom NovelTi hollow chamber for tissue 
engineering applications and investigated the effects of 
FeNp surface treatment combined with magnetization on 
osteoinduction.

We conclude that FeNp combined with an M.F. had a 
synergistic impact on optimizing the proliferation and dif-
ferentiation of the seeded MG63 cell line, outperforming 
the control. In vitro bone regeneration is accomplished by 
substantially accelerating the biomedical behavioural pat-
terns of the cells. The enhanced cellular output and bone 
rehabilitation were attributed to the physical stress exerted 
by the magnetization and cell integration of the released 
magnetic FeNp nanoparticles.

As a result, the novel magnetic concept is highly encour-
aging for promoting bone growth and enhancing prolifera-
tion and differentiation.
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Introduction

Since the World Health Organization 

officially declared COVID‑19 a pandemic 
in March 2020, the novel severe acute 

respiratory syndrome‑coronavirus‑2 (SARS 

COV‑2) virus has undoubtedly disrupted 

the life of every individual and created a 

global health and economic crisis. Many 

countries adopted the draconian measures 

of lockdowns to contain the spread of 

COVID‑19 bringing all economic activity 

to a standstill.[1] Health‑care services were 

also affected as only emergency health 
services were being provided. Dental clinics 

and offices were also closed down and very 
few offered dental emergency services 
as directed by their dental associations.[2] 

These left patients having severe orodental 

pain in the lurch because they could not 

seek appropriate dental care during their 

time of need. There was additionally very 
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Abstract

Background: The novel severe acute respiratory syndrome‑coronavirus‑2 virus has undoubtedly 

disrupted the life of every individual and created a global health and economic crisis. Health‑care 

systems, including dental clinics, were affected and patients with dental pain suffered since they were 
unable to seek dental care at the right time. It has since become relevant to examine and understand 

the outlook and views of patients toward seeking routine dental services and their acceptance of 

alternative methods of dental practice through the COVID‑19 pandemic. Hence, this cross‑sectional 

questionnaire study was conducted to assess the knowledge, attitude, and opinion of patients visiting 

a dentist for routine dental services during the COVID‑19 pandemic Methodology: A cross‑sectional 

questionnaire‑based survey was conducted among 200 patients who visited the dental college for 

their treatment. Their responses were recorded and descriptive analysis, Chi‑square test, and multiple 

logistic regression analysis were carried out to evaluate their responses. Results: The participants 

were aware of the transmission of COVID‑19 (91%), 64% believed it was safe to visit a dentist and 
99.5% believed it necessary to take proper precautions before visiting the dentist. Participants (84%) 
preferred having dental consultations over phone/email/video calls compared to regular in‑person 

consultations during the pandemic. Conclusion: Teledentistry has the potential to emerge as an 

effective mode of managing patients with dental needs to reduce the burden on dental clinics and 
hospitals. It can ensure the accessibility to dental care even in the remotest area by allowing patients 

to connect with dentists through appropriate digital and social media.
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little information available regarding 

how exactly the virus transmits and what 

possible effect it could have on the dental 
industry. People despite having severe 
dental pain avoided seeking proper dental 

treatment during a lockdown largely due to 

the fear of contracting the virus.

Health‑care workers are at the highest risk 

of contracting and transmitting several 

infectious diseases such as coronavirus due 

to their proximity with affected patients 
while providing health care. Besides doctors 
and nurses, dentists too are placed in this 

high‑risk category because they are exposed 

to aerosol‑generating procedures. Several 

dental clinics adapted to the situation by 

innovating and practicing several safety 

measures such as the use of personal 

protective equipment, preprocedural rinses, 

and noninvasive dentistry to minimize 

the risk of cross‑infection during dental 

procedures.[1] This allowed them to 
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continue safe dental practice in the midst of a pandemic. 

It has been established that several infectious diseases 

including COVID‑19 spread through direct or indirect 

human‑to‑human contact of infected secretions and working 

in close proximity to a person’s oral cavity leaves a dentist 

in a vulnerable position. Infection control has always been a 

part of regular dental work routine and COVID‑19 ensured 

that all proper protocols of cleaning and disinfection were 

adopted in dental clinics.[3]

As the pandemic is still ongoing and countries are slowly 

easing lockdown measures to restart their economy, it has 

become pertinent to understand the outlook and views of 

patients toward seeking routine dental services and their 

acceptance of alternative methods of dental practice through 

the COVID‑19 pandemic. Hence, this cross‑sectional study 

was conducted to assess the knowledge, attitude, and 

opinion of patients visiting a dentist for routine dental 

services during the COVID‑19 pandemic.

Methodology

This was a cross‑sectional questionnaire‑based survey. 

The study was conducted among the patients treated at 

the outpatient department at a dental college in South 

India. Ethical approval was obtained from the Institutional 

Review Board. The study was conducted over a period of 
3 months and written informed consent was taken from all 
participants prior to their participation in the study. Patients 
who were not willing to sign consent and patients who 

were children were excluded from the study.

Sample size estimation

The sample size was calculated at confidence level of 99% 
with 5% margin of error using the formula.

Sample size = Z α2 × (P) × (1‑P)/C2.

where Z = Z value (2.576 for 99% confidence level).

P = percentage of picking a choice expressed as a 
decimal (0.5).

C = confidence interval or margin of error expressed as 
decimal (.05).

Sample size = (2.576) 2 × (0.5) × (1‑0.5)/(.05) 
2 = 663.5776.

Assuming the population size as 200.

n = N × X/(X + N– 1), where ‘n’ is required sample size 
and ‘N’ is the population size.

n = 200 × (663.5776)/(663.5776 + 200‑1).

n = 154.

The sample size for the study was calculated as 154. 
Therefore, in the cross‑sectional questionnaire study, 

200 participants were selected based on the convenience 

sampling method.

Details of the questionnaire

The questionnaire consisted of 11 self‑prepared questions 

and it took 2 min to complete. Participants’ personal details 
such as age, education, occupation, and address were 

recorded. The questionnaire consisted of three parts. The 

first part tested the participants’ general knowledge about 
COVID‑19 and dental treatments options available during 

the COVID‑19 pandemic. The second part assessed their 

attitude and awareness toward seeking dental treatment 

during COVID‑19. The third part provided their personal 

opinions and inputs regarding visiting a dentist during 

a pandemic. The questionnaire was answered by the 

participants by giving YES/NO options [Annexure 1].

Statistical analysis

• The data obtained from the study were analyzed using 
descriptive analysis for each question

• Chi‑square test and multiple logistic regression 
analysis were applied to determine the associations 

between various factors. The obtained data were then 

entered into Microsoft Excel sheets and IBM SPSS 
software (version 20.0 Chicago IL, USA) was used for 

the statistical analysis.

Results

Ninety‑one percent of the study participants stated 
they were aware of the mode of transmission of 

COVID‑19 [Figure 1]. 81.5% of the participants strongly 
believed that a testing for COVID‑19 before undergoing any 

routine dental procedure should be mandatory [Figure 2]. 

Three‑fourth (74.5%) of the participants agreed that dental 
procedures can contribute to the transmission of COVID‑19 

infection [Figure 3] and only 64% believed it was safe to 
visit a dentist during the COVID‑19 pandemic [Figure 4]. 

More than half (55.5%) of the participants did not think it 
safe for children, pregnant women, and elderly individuals 

to undergo any routine dental procedures [Figure 5]. 

Participants’ opinion regarding the availability of emergency 
dental procedures was left divided equally [Figure 6]. 

A dismaying 40.5% of the participants stated they 
would visit the dentist for routine treatments during the 

Figure 1: Are you aware of the mode of transmission of COVID-19?
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COVID‑19 pandemic [Figure 7]. An overwhelming 99.5% 
of participants agreed it was necessary to take proper 

precautions before visiting a dentist during the COVID‑19 

pandemic [Figure 8]. Only 29.5% of the study participants 
experienced any dental pain during the COVID‑19 

pandemic [Figure 9]. The procedures the study participants 

deemed necessary to visit a dentist during the COVID‑19 

pandemic are: for severe dental pain, for swelling, or 

abscess, followed by for extraction of teeth, fillings, 
cleaning of teeth, and fabrication of denture [Figure 10]. 

Eighty‑four percent of participants preferred having dental 

consultations over phone/email/video calls compared to 

regular in‑person consultations [Figure 11].

Discussion

COVID‑19 or the novel coronavirus infection has shown 

no signs of abating since it wrecked Global Havoc in 

2020. The current evidence points to a possibility of 

the COVID‑19 infection becoming endemic to certain 

communities in the world. The current pandemic has 

forced medical and dental health professionals to seek, 

adopt, and adapt newer methods of keeping in touch with 

patients and dispensing health care with minimal risk of 

cross‑infection.[4]

The extent of the impact of COVID‑19 on health‑care 

systems around the world is not yet determined. Hospitals 

and emergency rooms have been overwhelmed with 

COVID‑19 cases for a little over a year now. Development 

of vaccines and better treatment protocols has to a large 

extent helped control the spread of infection. This has 

definitely eased the burden on already overstretched 
health‑care systems. There is a need to innovate and 

develop a robust system of health care that can completely 

eliminate the need for an in‑person consultation for 

every symptom. This will help triage patients according 

to priority and ensure better utilization of resources and 

address a larger population’s medical and dental needs.

Figure 2: Do you think testing for COVID-19 should be mandatory for 

undergoing any routine dental procedure?

Figure 3: Do you think dental procedures can contribute to the transmission 

of COVID-19 infection?

Figure 4: Do you think it is safe to visit a dentist during the COVID-19 

pandemic?

Figure 5: Do you think it is safe for children, pregnant women, or elderly 

to undergo any routine dental procedures?

Figure 6: Do you think only emergency dental procedures should be 

functional during the COVID-19 pandemic?

Figure 7: Would you visit dentist for routine treatment during the COVID-19 

pandemic?
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In our study, the participants had good knowledge of 

transmission of COVID‑19 [Figure 1] and majority of 

them agreed that COVID‑19 testing is mandatory before 

undergoing any routine dental procedure [Figure 2]. 

Currently, the gold standard for testing COVID‑19 is 

the real‑time reverse transcription‑polymerase chain 

reaction (rRT‑PCR) test which requires naso/oropharyngeal 
swabs to qualitatively detect nucleic acid of SARS‑CoV‑2.[5]

Given the novelty of the disease, no cases of SARS‑CoV‑2 

transmission in a dental setting are identified yet. It is 
well known now that COVID‑19 is highly transmissible 

and considering that routine dental procedures usually 

generate aerosols; during the course of this pandemic, 

alterations to dental treatment should be considered to 

maintain a healthy environment for the patients and the 

dental team.[6] Armed with the knowledge [Figure 3] 
of how COVID‑19 transmits and awareness of 

aerosol‑generating dental procedures, participants felt safe 

to visit a dentist after taking due precautions according 

to the health advisory [Figures 4 and 8]. However, for 

specific group of population, namely children, pregnant 
women, and elderly adults, the participants believed 

it was unsafe for them to undergo even routine dental 

procedures. This shows that the participants believed this 

group of people to be more vulnerable to acquiring the 

COVID‑19 infection [Figure 5]. When the participants 
were questioned about their attitude toward routine and 

emergency dental treatments, the results were divided. 

Majority stated that they would not visit the dentist for 

routine dental procedures but they would seek treatment 

for dental emergencies [Figures 6 and 7].

During the pandemic, only a small number of the study 

participants experienced dental pain [Figure 9]. The 

procedures they deemed necessary to visit a dentist during 

the COVID‑19 pandemic are: for severe dental pain (91%), 
for swelling (76.5%) followed by for extraction of 
teeth (51%). A small minority of participants would visit 
the dentist for fillings (35.5%), cleaning of teeth (8%), and 
fabrication of denture (3.5%) [Figure 10].

Conclusion

The present study shows that patients are willing to adopt 

newer, safer means of seeking dental care during adverse 

circumstances. Eighty‑four percent of our study participants 

opted for teledentistry when asked about their perceptions 

on consultations via email/phone/video. With increasing 

advancements in the digital world, video consultations or 

teledentistry has the potential to emerge as an effective 
mode of managing patients with dental needs to reduce the 

burden on dental clinics and hospitals. As smartphones are 

widely used even in rural communities, they can be used 

as point‑of‑care aids in delivering patient‑centered care.[7] 

Video consults can reach patients in the remotest areas and 

help alleviate their symptoms by advising at home care, 

appropriate medications, and direct the patient to the 

nearest available dental care center. Thus, teledentistry 

can help patients seek dental care by connecting them 

to dentists through appropriate digital and social media 

through a pandemic and otherwise.
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Annexure

Annexure 1: Details of the questionnaire with consent form

Questionnaire

Title: Assessment of Knowledge, Attitude, Awareness, and opinion of outpatients on routine dental services during 

COVID‑19 pandemic – A cross‑sectional survey

Thank you for participating in the survey. Filling the form provides your consent for the study. All responses will be kept 

confidential for research purposes only.

A. Patient details

Age: Address:

Occupation: Education:

B. Questions – Please tick the most suitable option

Part 1 – Assessment of knowledge of patients regarding COVID‑19 pandemic

Part 2 – Attitude and awareness of patients toward COVID‑19

Part 3 – Opinion of patients regarding visit to the dental clinic during the COVID‑19

I am willing to participate in this survey and give my consent for the same.
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Introduction

Tobacco has become an ever‑growing global menace and has 
emerged as the leading cause of  death throughout the world 

with 6 million deaths each year, of  which 5 million are directly 
attributable to tobacco use.[1] The Global Adult Tobacco 
Survey (GATS‑2) in 2017 reviews that tobacco is consumed by 
28.6% of  Indian population including 10.7% smoke form and 
21.4% use smokeless tobacco.[2,3]

The National Tobacco Control Programme was introduced by the 
Indian government with the goal of  raising awareness about the ill 
effects of  tobacco consumption, reducing tobacco production and 

Knowledge, attitude, and practices toward tobacco 
control among rural community health care workers of 

primary subcenters in Belagavi district, Karnataka
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AbstrAct

Context: Tobacco is the common cause to a number of illnesses affecting millions of individuals all over the world. Primary care 
physicians are the initial point of contact for tobacco users, yet reaching everyone is impossible. Therefore, it is important to 
understand community health workers attitude to render community services in tobacco cessation counseling. Aim: To assess 
knowledge, attitude, practices, and occupational barriers toward tobacco control among community health care workers in Belagavi 
district, Karnataka. Settings and Design: This cross‑sectional study was conducted in various subcenters of Belagavi district, Karnataka. 
Methods and Material: Simple random sampling technique was employed and 220 participants were interviewed using an interviewer 
administered questionnaire comprising of 22 close ended questions. Reliability of the questionnaire assessed with Cronbach’s α value 
of 0.85, face validity 84%, and content validity ratio 0.78. Statistical Analysis Used: The data were analyzed using descriptive analysis, 
chi square analysis, correlation, and regression. Results: The mean knowledge score among Accredited Social Health Activist (ASHA) 
workers was 4.77 ± 2.11 and it was lower in Anganwadi workers 2.93 ± 2.55. There was a statistically significant difference in the 
attitude scores (P < 0.05) between the community health workers. The majority of the ASHA workers would spread awareness, on 
the other hand, Anganwadi workers did not take any specific step which showed statistically significant difference with a P value of 
0.018. Conclusion: ASHA workers had been superior to Anganwadi workers with regard to knowledge and attitude toward tobacco 
control. However, knowledge regarding tobacco and its ill effects was below optimal level among community health workers which 
desires to thoroughly educate in the aspects of oral health and disorders as part of their training.

Keywords: Anganwadi workers, ASHA workers, community health worker’s, tobacco control
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supply, and ensuring effective implementation of  the provisions 
of  “The Cigarettes and Other Tobacco Products Act, 2003.”[2] 
In addition, with the goal of  assisting people in quitting smoking 
and facilitating the implementation of  tobacco preventive and 
control policies proposed by the WHO framework convention 
on tobacco control.[3] These diseases lead not only to ailments 
affecting disability adjusted life years but also to a significant 
economic and environmental burden on societies.[4,5]

Primary care basic concept is to deliver medical care keeping 
patients and the community in mind. Traditionally, it is the 
initial point of  interaction a person has with the health system; 
the point where people receive care for most of  their everyday 
health needs.[6] Primary care providers (PCPs) which includes 
physician and medical officers are in an ideal position to support 
tobacco cessation efforts as they represent the first point‑of‑care 
for the majority of  tobacco users. Patients would appreciate the 
advice of  these health care professionals and try to implement 
it in their lifestyle. It is distinctly evident that training physicians 
and dentists in tobacco cessation is not sufficient for a practice 
to reach the number of  individuals necessary to produce a 
measurable change in tobacco cessation.[7,8]

Tobacco cessation services can be augmented by integrated 
approach by mobilizing health care providers in the community. 
National Rural Health Mission proposed introduction of  
community health workers namely Accredited Social Health 
Activist (ASHA) in order to provide effective health care to the rural 
population. Similarly, Anganwadi workers are voluntary community 
serving frontline workers of  the integrated child development 
services (ICDS) Programme. They play a central role in achieving 
national health and population policy goals by forming a bridge 
between the rural people and health service outlets.[9] Thus, they are 
expected to educate community regarding the risk factors for NCDs 
like unhealthy diet, physical inactivity, and intake of  tobacco.[10,11]

Nationwide studies on ASHAs and Anganwadi workers impact 
on generating demand for health and mobilizing community to 
services have shown positive results. As a bridge between the 
community and health system ASHA and Anganwadi workers 
are in a distinctive place to raise awareness on tobacco‑related 
issues. There is marked lacunae in literature about ASHA and 
Anganwadi workers collectively functioning toward tobacco 
control. This study investigates whether community health 
care personnel such as ASHAs and Anganwadi workers can 
be used to inform and educate the public about tobacco and 
its adverse effects. Therefore, objectives of  this study are to 
assess knowledge, attitude, practices of  community health 
workers toward tobacco control, and to compare knowledge, 
attitude, practices, and perceptions among ASHA workers versus 
Anganwadi workers toward tobacco control.

Subject and Methods

This study implements an observational, cross‑sectional study 
design and had been carried out in accordance with the STROBE 

guidelines to collect prevalent data about the knowledge, attitude, 
and practices toward tobacco control in Belagavi district, 
Karnataka. Ethical approval for this research was acquired from 
the institutional review board (Ref. No: 1414). The study was 
conducted in the month of  April 2021. The purpose of  the study 
was explained to the participants and written informed consent 
was obtained from them. Those present on the day of  the study 
and willing to give informed consent were included in the study.

Questionnaire validation
Pilot study conducted on small sample of  8 Medical Service 
Worker’s to detect any problem with design like ambiguity of  
words, inability to understand the questions, and other problems 
associated with questionnaire. Reliability of  the questionnaire 
was assessed with the help of  Cronbach’s α and was found to 
be 0.85 and validity of  the questionnaire was assessed using face 
validity (84%) and content validity ratio (0.78). Based on the 
feedback from the pre‑test, the questionnaire was further refined 
by additions and deletions to make it more appropriate and 
specific to the aim of  the study and hence a valid questionnaire 
was designed.

Sample size estimation and sampling technique
Sample size was calculated using the formula n = 4pq/d2, based 
on responses observed in the pilot study (p = 65%) where, 
p = prevalence, q = 1‑p, d = error (10% of  p), the sample size 
was 215 rounding off  to 220. The list of  participants from all 
the subcenters obtained and they were selected based on simple 
random technique to actively participate in the study.

Questionnaire details
The self‑administered questionnaires comprising of  22 close 
ended questions in regional language out of  which 12 were 
knowledge based, 7 attitude based, and 3 practices based 
were distributed to the participants at their work place. 
Participants were instructed to attempt all the questions within 
the time span of  15 min. The initial part of  the questionnaire 
contained general socio‑demographic details of  the participant 
which was later utilized for qualitative analysis and later part 
covered various aspects of  awareness about tobacco and its 
harmful effects.

Statistical analysis
Collected data were entered in MS Excel and analyzed using 
IBM‑SPSS® Statistics‑Version 21 (USA: IBM Corp.). Descriptive 
statistics was applied for the frequency distribution and percentage 
of  community health care workers. Chi‑square test for the 
association between the study variables, knowledge, and attitude 
questions. Consecutively, Mann–Whitney U test was applied 
to test significance among both the category of  workers and 
Kruskal–Wallis test applied to test significance among the other 
study variables. In addition, the correlation between the knowledge 
and attitude scores was evaluated by Spearman’s rank correlation 
coefficient test whereas, their association with the demographic 
details of  the health care professionals was analyzed by simple 
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linear regression and multivariate linear regression analysis. The 
statistical significance was set at P ≤ 0.05 for all the tests.

Results

A total of  220 responses from community health care workers 
were obtained, out of  which 105 (47.7%) were ASHA workers and 
115 (52.3%) were Anganwadi workers. The sociodemographic 
characteristics of  the respondents are depicted in [Table 1]. 
Chi square association between community health workers and 
various other factors are depicted in [Table 2].

Knowledge about tobacco product and its 
consequences
The community health workers were assessed for knowledge 
by 12 knowledge‑based questions and categorizing them into 
high (>8 score), medium (>4 score), and low (<4 score). However, 
the majority of  community health workers, 140 (63.64%), had 
a low knowledge score, whereas 70 (31.82%) had medium and 
10 (4.54%) had high knowledge scores [Figure 1]. Kruskal–Wallis 
test depicted that there was significant difference (P < 0.05) in 
the knowledge scores between the community health workers 

with different age (<30, 30–40, 41–50, >50), different years of  
experience (<10 years, 10–15 years, 16–20 years, 21–25 years, 
and >25 years). Mann–Whitney U test showed that there was 
significant difference in the knowledge scores between the 
community health care workers (P ≤ 0.001) [Table 3]. The mean 
overall knowledge score among community health care workers 
was 4.77 ± 2.11 in ASHA workers and lower in Anganwadi 
workers 2.93 ± 2.55. However, according to age wise distribution, 
ASHA workers had higher knowledge score in age group of  
30 to 40 (4.88 ± 2.03) years and Anganwadi workers in age 
group of  <30 (9 ± 2) years. Considering education qualification 
knowledge score was higher among highly qualified community 
health workers. Year of  experience also had significant effect 
on knowledge of  an individual. ASHA workers with experience 
of  10 to 15 years had higher knowledge score of  4.82 ± 2.07, 
whereas Anganwadi workers with less than 10 years’ experience 
had high knowledge score of  6.69 ± 2.21.

Attitude toward tobacco control
The attitude of  community health workers was assessed by 
7 attitude‑based questions and categorizing into positive (>3 score) 
and negative (<4 score). The majority of  the community health 
workers, 86% (189), had a positive attitude toward the tobacco 
control and, on the other hand, 14% (31) participants had a 
negative attitude [Figure 2]. There was a statistically significant 
difference in the attitude scores (P < 0.05) between the community 
health workers with different age (<30, 30–40, 41–50, >50), 
level of  education (less than 10th STD, 10th STD, PUC, more 
than PUC), and different years of  experience (<10 years, 
10–15 years, 16–20 years, 21–25 years, and >25 years) when 
tested by the Kruskal–Wallis test. Mann–Whitney U test for the 
attitude scores between the ASHA and Anganwadi health care 
workers depicted that they were statistically significant with a 
P value of  ≤0.001 [Table 4]. The mean attitude score among 
the participants was 4.90 ± 1.26 with the highest in ASHA 
workers in age group of  <30 years (5.33 ± 0.52), with higher 
qualification (6.33 ± 1.15) and with year of  experience of  10 to 
15 (5.23 ± 2.07) years, whereas in Anganwadi workers, attitude 
score is highest in age group <30 (5.60 ± 0.55) years, with higher 
educational qualification (7) and with year of  experience of  less 
than 10 years (6.19 ± 0.83).

Table 1: Descriptive statistics from sociodemographic 
details

Characteristics ASHA (n=105) (%) Anganwadi (n=115) (%)
Age

<30 6 (5.7%) 5 (4.3%)
30‑40 52 (49.5%) 23 (20%)
41‑50 45 (42.8%) 44 (38.3%)
>50 2 (1.9%) 43 (37.4%)

Average (mean) (40.05±5.37) years (46.09±8.75) years
Education Qualification

Lower than 10th STD 17 (16.2%) 14 (12.2%)
10th STD 46 (43.8%) 65 (56.5%)
PUC 39 (37.1%) 32 (27.8%)
Higher than PUC 3 (2.9%) 4 (3.5%)

Years of  Service
<10 41 (39%) 16 (13.9%)
10‑15 64 (61%) 12 (10.43%)
16‑20 0 21 (18.3%)
21‑25 0 53 (46.1%)
>25 0 13 (11.3%)

Average (mean) (9.05±2.68) years (20.34±6.70) years
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Figure 1: Knowledge score toward tobacco control among community 
healthcare workers
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Figure 2: Attitude score toward tobacco control among community 
healthcare workers.
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Table 2: Association between community health workers and other factors
(A) Based on knowledge of  respondents

Question Response ASHA 
workers

Anganwadi 
workers

P

Do you know about Nicotine being 
an addictive substance in tobacco?

Non addictive 4 (3.8%) 7 (6.1%) ≤0.001*
Addictive** 75 (71.4%) 65 (56.5%)
Don’t know 26 (24.8%) 43 (37.4%)

What are the adverse health effects of  
tobacco consumption?

Cancer 69 (65.7%) 65 (56.5%) 0.002*
Cardiovascular diseases 0 0
Respiratory diseases 0 0
Effect on pregnancy and its outcomes 36 (34.3%) 13 (11.3%)
All of  the above** 37 (32.2%)

Which is the most common age for 
initiation of  tobacco use amongst 
people in India?

<12 years 18 (17.1%) 24 (20.9%) ≤0.001*
13‑19 years** 66 (62.9%) 43 (37.4%)
20‑29 years 20 (19.0%) 48 (41.7%)
>30 years 1 (1.0%) 0

What is the most common reason for 
an individual to consume tobacco and 
its products?

Fashion and trends 21 (20.0%) 25 (21.7%) 0.068*
Mental/emotional stress 37 (35.2%) 40 (34.8%)
Peer Pressure** 41 (39.0%) 32 (27.8%)
Unknown 6 (5.7%) 18 (15.7%)

Which are the forms of  tobacco most 
prevalent that you are aware of?

Beedis 23 (21.9%) 32 (27.8%) ≤0.001*
Cigarettes** 35 (33.3%) 15 (13.0%)
Paan with areca nut 10 (9.5%) 23 (20.0%)
Gutkha 37 (35.2%) 36 (31.3%)
Others 0 9 (7.8%)

Secondhand smoke is Smoke that is breathed in by the smoker 28 (26.7%) 29 (25.2%) ≤0.001*
Pollution from smoke stacks and car exhaust 0 4 (3.5%)
Smoke from the burning end of  a cigarette inhaled by 
nonsmokers**

15 (14.3%) 25 (21.7%)

Active smoking 8 (7.6%) 28 (24.3%)
Don’t know 54 (51.4%) 29 (25.2%)

The law prohibits the sale of  tobacco 
products via vending machines and 
within 100 yards of…

Any educational institute** 59 (56.2%) 51 (44.3%) 0.080*
Health centers 33 (31.4%) 37 (32.2%)
Cinema hall 3 (2.9%) 12 (10.4%)
Any place of  worship 10 (9.5%) 15 (13.0%)

Which is the principle comprehensive 
law governing tobacco control in 
India?

Food and Drug Administration (FDA) 19 (18.1%) 44 (38.3%) ≤0.001*
Cigarettes and Other Tobacco Products Act (COTPA)** 46 (43.8%) 26 (22.6%)
Drugs and Cosmetic Act (DCA) 11 (10.5%) 5 (4.3%)
National Tobacco Control Program (NTCP) 29 (27.6%) 40 (34.8%)

Select the correct statement for 
E‑Cigarettes

It is relatively safe tobacco substitute 4 (3.8%) 6 (5.2%)
0.175*It does not contain nicotine 6 (5.7%) 11 (9.6%)

It is a battery‑operated electronic device that works by heating a 
liquid into an aerosol that users inhale and exhale**

4 (3.8%) 7 (6.1%)

No age restriction for its consumption 4 (3.8%) 0
Don’t know 87 (82.9%) 91 (79.1%)

What are the functions of  National 
Tobacco Control Program (NTCP)?

Monitoring of  tobacco control laws 13 (12.4%) 8 (7.0%) ≤0.001*
Setting‑up and strengthening of  cessation facilities including 
provision of  pharmacological treatment facilities at district 
level

27 (25.7%) 21 (18.3%)

Training and counseling of  health and social workers 14 (13.3%) 12 (10.4%)
All of  the above** 38 (36.2%) 18 (15.7%)
None of  the above 3 (2.9%) 8 (7.0%)
Don’t know 10 (9.5%) 48 (41.7%)

Is it necessary to follow prescribed 
Nicotine Replacement Therapy 
(NRT) along with dosage 
instructions carefully to avoid over 
dosage?

Yes ** 52 (49.5%) 22 (19.1%) ≤0.001*
No 22 (21.0%) 3 (2.6%)
Over the counter can be given 3 (2.9%) 0
Don’t know 28 (26.7%) 90 (78.3%)

Contd...
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Table 2: Contd...
(A) Based on knowledge of  respondents

Question Response ASHA 
workers

Anganwadi 
workers

P

Which are the forms of  NRT 
available?

Patches 22 (21.0%) 6 (5.2%) ≤0.001*
Gums 21 (20.0%) 14 (12.2%)
Lozenges 17 (16.2%) 1 (0.9%)
Nasal spray 1 (1.0%) 0
All of  the above** 7 (6.7%) 0
Don’t know 37 (35.2%) 94 (81.7%)

*Indicates Chi‑Square test. **Indicates correct answer

(B) Based on attitude of respondents
Question Response ASHA workers Anganwadi workers P
Do you think that celebrities have 
an influence on individual’s mindset 
who try to impersonate them?

Yes 85 (81.0%) 69 (60.0%) 0.002*
No 20 (19.0%) 46 (40.0%)

Do you believe that statutory 
warnings on cigarette packets should 
be made conspicuous?

Yes 95 (90.5%) 104 (90.4%) 0.974*
No 10 (9.6%) 11 (9.5%)

Do you consider tobacco cessation 
counseling part of  your professional 
job?

Yes 94 (89.5%) 86 (74.8%) 0.005*
No 11 (10.5%) 29 (25.2%)

Do you think government should 
impose ban on advertisements as 
well as sale of  tobacco products?

Yes 92 (87.6%) 113 (98.3%) 0.011*
No 13 (12.4%) 2 (1.7%)

What do you think is the most 
reliable and effective source for 
providing information and spreading 
awareness?

Individual approach by way of  
one‑to‑one interaction

23 (21.9%) 29 (25.2%) 0.152*

Group approach by way of  lectures, 
social dramas

23 (21.9%) 28 (24.3%)

Mass approach with the help of  mass 
media

48 (45.7%) 37 (32.2%)

Don’t know 11 (10.5%) 21 (18.3%)
Have you heard of  E‑Cigarettes? Yes 18 (17.1%) 24 (20.9%) 0.482*

No 87 (82.9%) 91 (79.1%)
Do you think there is a need for 
spreading awareness regarding NRT?

Yes 104 (99.0%) 99 (86.1%) ≤0.001*
No 1 (1.0%) 16 (13.9%)

*Indicates Chi‑Square test

Practices about tobacco control among community 
health workers

A greater number, 87 (82.9%), of  ASHA and, 48 (41.7%), 
Anganwadi workers had received formal training in tobacco 
cessation counseling but 18 (17.1%) ASHA workers and 
67 (58.3%) Anganwadi workers stated that they did not 
perceive any training that showed a high statistically significant 
difference among the different fields (P ≤ 0.001). The 
majority of  the ASHA workers, 44 (41.9%), answered that 
they would spread awareness regarding harmful effects of  
tobacco and stop it from being sold. On the other hand, 
51 (44.3%) Anganwadi workers did not take any specific 
step which showed statistically significant difference with a 
P value of  0.018 among the community health care workers. 
The majority of  ASHA workers, 35 (33.3%), said that they 
would counsel to avoid company of  other tobacco users, if  an 
individual is ready to quit tobacco, whereas Anganwadi workers, 
45 (39.1%), say that ideal is to remove tobacco products from 
the environment (P = 0.001) [Table 5].

Relationship between variables using Spearman’s 
rank correlation coefficient test
A positive linear correlation (r = +0.561) and a high statistically 
significant difference (P < 0.005) between the knowledge and 
attitude scores among the community health workers was found 
by the Spearman’s rank correlation coefficient test. There has been 
positive correlation between age of  initiation of  tobacco use amongst 
people in India and way of  quitting the tobacco with statistically 
significant value (r = 0.028) using Spearman’s rank correlation 
coefficient test. The field‑wise correlation data are presented in 
[Table 6].

Association between demographic variables and 
knowledge/attitude scores using regression analysis
Simple linear regression analysis depicted a significant 
relationship between knowledge with education qualification 
(P ≤ 0.001, R = 0.280), years of  experience (P ≤ 0.001, R = 0.366), 
and with age (P ≤ 0.001, R = 0.233). Also, attitude with education 
qualification (P ≤ 0.001, R = 0.130), age (P ≤ 0.001, R = 0.117), 



Pai Khot et al.: Knowledge, attitude, and practices toward tobacco control among rural community health care workers

Journal of Family Medicine and Primary Care 3262 Volume 11 : Issue 6 : June 2022

and years of  experience (P ≤ 0.001, R = 0.139) showed a 
significant relationship by simple linear regression analysis.

Multiple linear regression analysis revealed that the better 
knowledge scores were significantly associated with education 
qualification (P ≤ 0.001) and years of  experience (P ≤ 0.001) 
but not with age (0.295) with dependence value of  Adjusted R 
Square = 0.499, whereas better attitude scores were significantly 

associated with education qualification (P ≤ 0.001) and years 
of  experience (P = 0.021) but not with age (P = 0.130) with 
dependence value of  Adjusted R Square = 0.207 [Table 7].

Discussion

Tobacco use in India is projected to have devastating 
consequences. Increased taxes on all tobacco products, 

Table 3: Knowledge scores among the community healthcare workers
Knowledge score n (mean±SD)

ASHA Anganwadi Rank P
Total*** 105 (4.77±2.11) 115 (2.93±2.55) 138.20, 85.20 ≤0.001*
Based on Age**

<30 6 (3±2.37) 5 (9±2) 143.91 ≤0.001*
30‑40 52 (4.88±2.03) 23 (4.57±1.56) 140.39
41‑50 45 (5±2.08) 44 (2.86±2.59) 113.47
>50 2 (2±0) 43 (1.42±0.96) 46.64
Average (mean) 105 (4.77±2.11) 115 (2.93±2.55)

Based on Education qualification**
<10th Standard 17 (2.82±1.67) 14 (1±0.78) 62.69 ≤0.001*
10th Standard 46 (4.07±1.54) 65 (2.46±2.05) 95.14
PUC 39 (6.28±1.69) 32 (4.13±2.85) 147.46
Higher than PUC 3 (7±2.65) 4 (7.75±1.50) 190.86
Average (mean) 105 (4.77±2.11) 115 (2.93±2.55)

Based on years of  experience**
<10 years 41 (4.68±2.21) 16 (6.69±2.21) 147.40 ≤0.001*
10‑15 years 64 (4.82±2.07) 12 (4.75±2.67) 138.37
16‑20 years 0 21 (3.52±2.04) 104.93
21‑25 years 0 53 (1.53±1.32) 49.39
>25 years 0 13 (1.38±0.77) 43.92
Average (mean) 105 (4.77±2.11) 115 (2.93±2.55)

*Statistically significant P≤0.05, **Kruskal‑Wallis Test, ***Mann‑Whitney U Test

Table 4: Attitude scores among the community healthcare workers
Attitude score n (mean±SD)

ASHA Anganwadi Rank P
Total*** 105 (4.77±2.11) 115 (2.93±2.55) 123.68, 98.47 ≤0.001*
Based on Age**

<30 6 (5.33±0.52) 5 (5.60±0.55) 140.00 ≤0.001*
30‑40 52 (5.17±0.94) 23 (5.43±1.27) 126.15
41‑50 45 (5.13±1.22) 44 (4.80±1.37) 114.51
>50 2 (5±0) 43 (3.98±1.22) 69.29
Average (mean) 105 (5.16±1.04) 115 (4.65±1.39)

Based on Education qualification**
<10th Standard 17 (4.53±1.28) 14 (4.21±1.37) 88.47 ≤0.001*
10th Standard 46 (5.02±0.91) 65 (4.37±1.23) 97.27
PUC 39 (5.51±0.88) 32 (5.13±1.41) 132.32
Higher than PUC 3 (6.33±1.15) 4 (7±0) 196.57
Average (mean) 105 (5.16±1.04) 115 (4.65±1.39)

Based on years of  experience**
<10 years 41 (5.05±1.14) 16 (6.19±0.83) 132.45 ≤0.001*
10‑15 years 64 (5.23±2.07) 12 (4.92±1.24) 124.94
16‑20 years 0 21 (4.95±1.02) 104.90
21‑25 years 0 53 (4.04±1.30) 71.60
>25 years 0 13 (4.54±1.39) 97.46
Average (mean) 105 (4.77±2.11) 115 (4.65±1.39)

*Statistically significant P≤0.05, **Kruskal‑Wallis Test, ***Mann‑Whitney U Test
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Table 7: Multivariate linear regression analysis for the association between demographic variables and knowledge/
attitude scores of community health workers

Predictor Coefficient Standard error t P Adjusted R2

Knowledge
Constant 0.642 5.668 ≤0.001* 0.499
Age −.072 0.207 −1.050 0.295
Education qualification 0.383 0.173 7.645 ≤0.001*
Years of  service −.443 0.137 −6.417 ≤0.001*

Attitude
Constant 0.403 12.160 ≤0.001* 0.207
Age −.131 0.130 −1.521 0.130
Education qualification 0.270 0.109 4.285 ≤0.001*
Years of  service −.202 0.086 −2.328 0.021

*Statistically significant P≤0.05

smuggling control, the closing of  all promotional routes, and 
the construction of  an infrastructure for law enforcement are 
all important measures implemented to manage tobacco control 
through demand reduction.[1] However, this is insufficient to 
curb tobacco use, more emphasis on prevention, and early 
management of  health problems should be given which will 
reduce the need for complicated curative care. A proper 
collaboration of  public and private sectors can promote health 
equity by improving social interrelation, diminish discrimination, 

and permitting communities to improve health conditions.[2] This 
study has been done to assess the knowledge, attitude, practice 
of  ASHAs, and Anganwadi workers toward tobacco control, 
as they play a key role in imparting health education to prevent 
oral diseases and mobilizing community toward utilizing the 
health services.[1,3]

There is a growing recognition of  the prevalent toll of  tobacco 
use among vulnerable group of  population especially among 

Table 5: Practices and its association among community healthcare workers
Question Response ASHA workers Anganwadi workers P
Have you received formal training 
in tobacco cessation counseling?

Yes 87 (82.9%) 48 (41.7%) ≤0.001*
No 18 (17.1%) 67 (58.3%)

Did you take any steps to stop 
tobacco products from being sold?

Regulating direct advertisements by vendors 18 (17.1%) 13 (11.3%) 0.018*
Ensuring it is not sold to people under 18 years of  age 15 (14.3%) 20 (17.4%)
Spreading awareness regarding harmful effects 44 (41.9%) 31 (27.0%)
Have not done anything specific 28 (26.7%) 51 (44.3%)

If  an individual is ready to quit 
tobacco, how do you proceed 
further?

Refer for tobacco cessation counseling to a specialist 26 (24.8%) 12 (10.4%) 0.001*
Advice meditation and other exercises 21 (20.0%) 21 (18.3%)
Avoid company of  other tobacco users 35 (33.3%) 34 (29.6%)
Remove tobacco products from environment 18 (17.1%) 45 (39.1%)
Recommend the use of  approved medication if  
needed

5 (4.8%) 3 (2.6%)

*Indicates Chi‑Square test

Table 6: Spearman’s correlations between knowledge and attitude of community healthcare workers
Parameters Spearman's rho Knowledge score Attitude score

Knowledge score Correlation Coefficient 1.000 0.561
Sig. (2‑tailed) . ≤0.001*
n 220 220

Attitude score Correlation Coefficient 0.561 1.000
Sig. (2‑tailed) ≤0.001* .
n 220 220

Parameters Spearman's rho Most common age of  initiation of  tobacco use Way of  quitting tobacco
Most common age of  
initiation of  tobacco use

Correlation Coefficient 1.000 0.149
Sig. (2‑tailed) . 0.028*
n 220 220

Way of  quitting tobacco Correlation Coefficient 0.149 1.000
Sig. (2‑tailed) 0.028* .
n 220 220

*Correlation is significant at the 0.05 level (2‑tailed)
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adolescents. In this study, 62.9% of  ASHA and 37.4% Anganwadi 
workers believed that most common age of  consumption of  
tobacco use amongst people in India is 13 to 19 years which 
is similar to results reported by Chadda et al.[2] stating that 
adolescents are the most vulnerable group prone to tobacco 
consumption. This finding reiterates the need to design 
age‑specific tobacco control programmes. Community health 
worker do home visits for health promotional activities and thus 
are in ideal position to educate families about ill health effects 
of  tobacco.[3]

This study illustrated 65.7% ASHA and 56.5% Anganwadi 
workers thinking that adverse health effects concerning tobacco 
is mainly cancer which is supported by a study conducted by 
Persai et al.[4] suggesting that ASHA’s relate tobacco mainly 
to respiratory diseases and lung cancer. However, the matter 
of  concern is the relatively poor recognition of  the effects 
of  tobacco adversely on oral health and reproductive health 
which can lead to life threatening cancer. There is a lack of  
comprehensive training and motivation to integrate tobacco 
control practices into their routines.[5]

The findings from this study stated that 94 (89.5%) ASHA 
workers and 86 (74.8%) Anganwadi workers agreed that 
tobacco counseling as part of  their professional job as they 
represent the first point‑of‑care for the majority of  tobacco 
users in the community. However, in contrast, Sonmez et al.[6] 
concluded that lack of  time and low patient priority as barriers 
for primary care physicians in tobacco intervention and thus 
not able to practice tobacco cessation counseling. Strategies 
should be established by which PCPs could improve tobacco 
control.

In this study, 44 (41.9%) ASHA workers and 31 (27.0%) 
Anganwadi workers stated that they have taken action by 
raising awareness about the harmful effects of  tobacco and its 
impact on the general public, which is in line with Nebhinani 
et al.[7] narrative review, which concluded that community 
connectedness, acceptance by the local community, and 
knowledge of  community health practices enable these 
professionals to play a role in noncommunicable disease 
mitigation.

In the explicit findings from this study, majority of  ASHA 
and Anganwadi workers were aware of  forms of  Nicotine 
Replacement Therapy (NRT) and they also believed that 
this drug was not to be prescribed over the counter to avoid 
overdosage. Most common forms of  NRT prescribed are patches 
28 (26.22%) and gums 35 (32.2%) according to community health 
care workers. However, contrasting findings in study by Alsaidi 
et al.[8] concluded PCPs in Muscat displayed poor knowledge 
with regard to tobacco dependence treatment services. The 
PCPs highlighted time constraints as a barrier for establishing 
cessation programmes as part of  the package of  treatment in 
primary health centers.

In this study, 71.4% ASHA and 56.5% Anganwadi workers 
rightly recognized nicotine was addictive substance in tobacco. 
In addition, 82.9% ASHA and 79.1% Anganwadi workers 
showed significant deficit in their knowledge about electronic 
cigarettes and forms of  nicotine replacement therapies. A study 
by Moysidou et al.[9] found similar results, suggesting that health 
care practitioners had a substantial lack of  awareness of  nicotine, 
NRT, and electronic cigarettes. As a result, it is critical that 
individuals obtain accurate and reliable information about the 
use of  nicotine replacement therapies, as these play a key role 
in lowering their health risks.

In the explicit findings from our study, majority of  ASHAs (89.5%) 
and Anganwadi (74.8%) workers had positive attitude of  
considering tobacco counseling part of  their professional job 
which is supported by a study conducted by Shwetha et al.[10] on 
ASHA’s attitude toward raising awareness on oral cancer, which 
concluded that the overall attitude was favorable (82.4%) as they 
believed disease prevention as their responsibility (53.9%). More 
than half  of  the ASHA’s (55.5%) expressed satisfaction sharing 
information about oral cancer and its repercussions among 
people, might be because of  personal experiences (43.9%).[11]

Community health workers play an essential role in providing 
counseling services to the community. Majority of  community 
health workers reported that patients hold negative attitudes 
toward counseling.[12] This view of  them suggests that community 
health workers are unaware of  the effectiveness of  behavioral 
counseling in influencing tobacco cessation.[13] Community 
health workers relay indispensable role by facilitating access to 
health services, providing information, spreading awareness, 
and mobilizing communities to realize health rights with a key 
support system of  village health committee, holding meetings, 
and mass approach using mass media.[14,15]

In summary, our study recognizes a chance to significantly 
expand the reach of  tobacco control services to urban low‑ and 
middle‑income populations in India by deploying community 
health care workers. Hence, dissemination of  education, adoption 
of  preventive services guidelines, and tobacco cessation services 
in primary health care centers may provide an urgently needed 
fill‑in to tobacco control efforts in India.[16,17] Community health 
workers understand the needs of  community and can be trained 
to identify premalignant lesions and deploy patients relatively 
quickly to the concern health care centers.[18‑20] As part of  their 
training, routine monitoring, and supervision, special inputs 
in enhancing social justice by reducing health inequities at the 
community level should be stressed.[21,22] In addition, abilities 
in assisting with community collectivization for public health 
measures where individual action may not bear fruit are needed 
to be strengthened.[23,24]

Conclusion

It is a well‑known truth that most dental disorders may be 
avoided if  people are informed of  preventative measures and 
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encouraged to follow them. It is precisely the role that community 
health workers can play as health educators and mobilizers. 
Overall knowledge and attitude toward tobacco control of  
ASHA workers had been superior to Anganwadi workers. 
Also, majority of  ASHA workers received training in tobacco 
cessation counseling as compared with Anganwadi workers. 
However, knowledge about tobacco and its consequences is 
below optimal level among community health workers. Hence, 
there is a sustainable need that community health workers should 
be well‑versed in the areas of  dental health and disease as part 
of  their training in order to lessen the burden on primary care 
physicians.

Acknowledgements
We would like to acknowledge Additional Chief  Secretary of  the 
Department of  Women and Child Development for granting 
permission to conduct this study

Declaration of patient consent
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient(s) has/have 
given his/her/their consent for his/her/their images and other 
clinical information to be reported in the journal. The patients 
understand that their names and initials will not be published and 
due efforts will be made to conceal their identity, but anonymity 
cannot be guaranteed.

Key Messages
Tobacco cessation activities will have to be initiated and 
implemented by all stakeholders of  the health care delivery 
systems specially grassroot level workers who work in close 
proximity to community

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

References

1. SampathH, Sharma D, Soohinda G. A study of knowledge, 
attitudes, and practices towards tobacco cessation 
services (TCS) among clinicians in a tertiary care teaching 
hospital. Int JPharma Bio Sci2019;9.doi: 10.22376/ijpbs/
lpr.2019.9.3.L1‑10.

2. Chadda RK, Sengupta SN. Tobacco uses by Indian 
adolescents. Tob Induc Dis 2002;1:8.

3. Mishra GA, Pimple SA, Shastri SS. An overview of the 
tobacco problem in India. Indian JMedPaediatr Oncol 
2012;33:139‑45.

4. Persai D, Panda R, Mathur MR. Self‑reported practices and 
attitudes of community health workers (Accredited Social 
Health Activist) in tobacco control‑Findings from two states 
in India. Int J Prev Med 2015;6:48.

5. Global Tobacco Surveillance System Collaborating Group. 

Global Tobacco Surveillance System (GTSS): Purpose, 
production, and potential. J Sch Health 2005;75:15‑24.

6. Sonmez CI, Aydin LY, Turker Y, Baltaci D, Dikici S, 
Sariguzel YC, et al. Comparison of smoking habits, knowledge, 
attitudes and tobacco control interventions between primary 
care physicians and nurses. TobInducDis 2015;13:37.

7. Nebhinani M, Saini SK. Leveraging role of non‑physician health 
workers in prevention and control of non‑communicable 
diseases in India: Enablers and challenges. J Family Med 
PrimCare 2021;10:595‑600.

8. Alsaidi Y, AlMaskari B, Chan MF, Al Sumri S, Alhamrashdi H. 
Knowledge, attitudes and practices of primary care 
physicians regarding tobacco dependence treatment in 
Muscat Governorate, Oman: A cross‑sectional study. Sultan 
Qaboos Univ Med J2021;21:563‑71.

9. Moysidou A, Farsalinos KE, Voudris V, Merakou K, Kourea K, 
Barbouni A. Knowledge and perceptions about nicotine, 
nicotine replacement therapies and electronic cigarettes 
among healthcare professionals in Greece. IntJEnviron 
ResPublic Health 2016;13:514.

10. Shwetha KM, Ranganath K, Pushpanjali K.Attitude of 
accredited social health activists towards creating awareness 
on oral cancer in rural community of Chikkaballapur 
district, Karnataka.Indian J Community Med 2019;44:S46‑9.

11. Vinnakota NR, Sanikommu S, Ahmed Z, Kamal Sha SK, 
Boppana NK, Pachava S. Is accredited social health activists’ 
basic oral health knowledge appropriate in educating rural 
Indian population? Indian J Dent Res 2017;28:503‑6.

12. Udani RH, Chothani S, Arora S, Kulkarni CS. Evaluation of 
knowledge and efficiency of Anganwadi workers. Indian J 
Pediatr 1980;47:289‑92.

13. Sharma I, Sarma PS, Thankappan KR. Awareness, attitude 
and perceived barriers regarding implementation of the 
cigarettes and other tobacco products act in Assam, India. 
Indian JCancer 2010;47(Suppl 1):63‑8.

14. Kokane AM, Mitra A. Preparedness of primary health 
care providers for tobacco cessation‑Experiences from 
a non‑communicable disease training program. Indian J 
Cancer 2020;57:443‑50.

15. Satyarup D, Dalai RP, Nagarajappa R, Naik D, Mohanty I. 
Effectiveness of trained health workers in improving the 
oral hygiene of preschool children. Rocz Panstw Zakl Hig 
2021;72:77‑82.

16. Mony PK, Vishwanath NS, Krishnan S. Tobacco use, attitudes 
and cessation practices among healthcare workers of a city 
health department in Southern India. J Family Med Prim 
Care 2015;4:261‑4.

17. Srivastava SR, Srivastava PS. Evaluation of trained 
Accredited Social Health Activist (ASHA) Workers regarding 
their knowledge, attitude and practice about child health. 
Rural Remote Health 2012;12:2099.

18. Jain A, Walker DM, Avula R, Diamond‑Smith N, 
Gopalakrishnan L, Menon P, et al. Anganwadi worker time 
use in Madhya Pradesh, India: A cross‑sectional study. BMC 
Health Serv Res 2020;20:1130.

19. Fathima FN, Raju M, Varadharajan KS, Krishnamurthy A, 
Ananthkumar SR, Mony PK. Assessment of ‘accredited social 
health activists’—A national community health volunteer 
scheme in Karnataka State, India. JHealthPopulNutr 
2015;33:137‑45.

20. Jeet G, Thakur JS, Prinja S, Singh M. Community health 
workers for non‑communicable diseases prevention and 
control in developing countries: Evidence and implications. 



Pai Khot et al.: Knowledge, attitude, and practices toward tobacco control among rural community health care workers

Journal of Family Medicine and Primary Care 3266 Volume 11 : Issue 6 : June 2022

PLoS One 2017;12:e0180640.

21. Zulkiply SH, Ramli LF, Fisal ZA, Tabassum B, Abdul Manaf R. 
Effectiveness of community health workers involvement in 
smoking cessation programme: A systematic review. PLoS 
One 2020;15:e0242691.

22. Rajesh G, Pinto AS, Binnal A, Naik D, Rao A. Counselling as 

a tool for tobacco cessation in a dental institution: Insights 
from India. Asian Pac J Cancer Prev 2019;20:2541‑50.

23. Shimkhada R, Peabody JW. Tobacco control in India. Bull 
World Health Organ2003;81:48‑52.

24. Chaly PE. Tobacco control in India. Indian J Dent Res 
2007;18:2‑5.



Dr. Rhea Vas, Department of Public Health Dentistry, KAHER’s KLE Vishwanath Katti Institute of Dental Sciences, Belagavi-590010, Karnataka, India,  

tel: +918600624042, e-mail: rheavs100@gmail.com 

Received: 29.07.2022 Accepted: 28.09.2022

Dental caries, oral hygiene status and treatment 
needs of fishermen and non-fishermen population  

in South Goa, India

Varkey N.S. , Rhea Vas , Humsika Uppala , Nazleen Valerie Vas ,  
Sagar Jalihal  , Anil V. Ankola , Ram Surath Kumar K.  

Department of Public Health Dentistry, KAHER’s KLE Vishwanath Katti Institute of Dental Sciences, Karnataka, India

ABSTRACT
Background:  Occupation plays a major role in the well-being of an individual and has an influence on oral 
health. Fishing is one such occupation that entails a lot of physical labour and encourages habits that 
lead to poor oral health. Therefore, it is critical to shed light on the oral health of this isolated population 
to improve their quality of life by various means. The aim of the study was to assess and compare the 
prevalence of dental caries, oral hygiene status and treatment needs of fisherman and non-fisherman 
population in South Goa, India. 
Materials and methods:  Study design was cross-sectional in nature. After a pilot study, multi-stage random 
sampling technique was employed and 400 study participants were recruited. World Health Organization 
Oral Health Assessment Form (1997) and Oral Hygiene Index-Simplified (OHI-S) were used to record the 
study variables. Inter-examiner reliability assessed using Kappa statistics were found to be 90% and 88%, 
respectively. The data was analysed using descriptive analysis, Chi-square test, Mann-Whitney U test, 
Kruskal-Wallis test, and linear and logistic regression analysis.
Results:  Fishermen had significantly higher caries prevalence (82%) and poor oral hygiene (46%) than non-
-fishermen. Extraction (42.2%) and pulp care (23.6%) were the highest treatment need among fishermen. 
They were 2.08 times more prone to dental caries than non-fishermen. Fishermen who used a toothbrush 
were 4.5 times less susceptible to caries. The dependence of caries prevalence and OHI-S score on oc-
cupation, oral hygiene aid and age were 14% and 25.8%, respectively. 
Conclusions:  Fishermen in South Goa had high caries prevalence, poor oral hygiene status and they required 
extensive dental treatment when compared to non-fishermen. 

(Int Marit Health 2022; 73, 3: 125–132)

Key words:  dental caries, fishermen, occupational health, oral health, oral hygiene
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INTRODUCTION
Oral health gives a general picture of the overall health 

and quality of life of a person. Every major disease has cer-
tain oral manifestations. Good oral health significantly im-
proves the standard of living [1]. The body’s inbuilt defences 
along with good oral hygiene practices significantly reduce 
the risk of oral disease [2]. Low socio-economic status and 

systemic diseases can also have detrimental impact on oral 
health-related quality of life, while some research shows 
that physical activity and a high socioeconomic position are 
possible protective factors for good oral health [3]. These 
factors are influenced by the occupation of an individual.

Occupation has a major role on the well-being of an in-
dividual. White collar jobs, which have more of a sedentary 
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lifestyle is associated with lower back pain and obesity [4], 
whereas blue collar jobs are more prone to early onset of 
non-communicable diseases such as diabetes and hyperten-
sion. Some blue-collar jobs are strongly linked with the risk 
factors of cardiovascular disease and have slightly worse 
endothelial function [5, 6]. Nutritional deficiencies are also 
common in some line of work [7]. People who work in some 
professions are more prone to oral illness due to lifestyle 
variables; one such line of work is fishing.  

Fishing is a blue-collar job that entails a lot of physical 
labour. It encourages bad behaviours such as irregular 
eating patterns, stress, alcoholism, tobacco use, and other 
undesired habits. Unlike other professions in India, there 
haven’t been much technological innovations to improve the 
fishermen’s working conditions. They continue to fish using 
traditional techniques, which is hazardous in many ways [8]. 
The prevalence of injuries during work and musculoskeletal 
disorders are high among this group [9, 10].

India has a total of 7,500 km of coastline and 3,827 fish-
ing villages. It is the world’s third-largest producer of fish 
and ranks second in aquaculture. Fishing is a significant 
contributor to the nation’s economy. The export earnings 
from this industry is ₹334.41 billion (US$ 4.5 bn) and it 
contributes 1.07% to the country’s overall gross domestic 
product (GDP). It is a large-scale industry in India employing 
14.5 million personnel [11].

Fishing is one of the primary occupations in Goa, which is 
a tourist state located on the south-west coast of India with 
a coastline of 104 km stretching along the Arabian sea. The 
state has two districts, South Goa being one of them. Marine 
fishing in Goa contributes 3% of the state GDP and 2% of 
the total marine fish production of the country [12]. Since 
the mid-16th century, the local people have been fishermen. 
They reside in small settlements close to the fish landing 
centres. They use tobacco products to avoid seasickness 
and stay observant at night while working at sea and have 
a tendency of drinking alcohol after a hard day’s labour. Fish-
ing provides livelihood to a large number of people in South 
Goa and plays a vital role in its socioeconomic development.

Despite being one of the major occupations in India, 
studies on this secluded population remains scanty. There-
fore, purpose of the study is to assess and compare the 
prevalence of dental caries, oral hygiene status and treat-
ment needs of fisherman and non-fisherman population in 
South Goa, India. 

MATERIALS AND METHODS
STUDY SETTING 

This study was descriptive, cross-sectional in nature that 
followed STROBE guidelines for reporting. It was conducted 
among fishermen and non-fishermen population in South 
Goa district in India from November 2019 to January 2020. 

ETHICAL CONSIDERATIONS AND  
INFORMED CONSENT

The ethical clearance was granted by the Institution-
al Research and Ethics Committee (23/12/10/19) and 
the study followed the ethical standards outlined in the 
1964 Declaration of Helsinki and its subsequent modifica-
tions. An official permission was obtained from the fisheries 
officer of Cutbona jetty in South Goa, India. The method of 
data collection, confidentiality of the data and purpose of 
the study was explained clearly to the study participants 
and a written informed consent was obtained. 

TRAINING AND CALIBRATION
The examiners were standardised and calibrated to 

ensure consistent examination by a panel of experts prior 
to the start of the study to ensure uniform interpretations of 
the codes and criteria that were to be recorded. The number 
of examiners were two and the inter-examiner reliability for 
World Health Organization (WHO) Oral Health Assessment 
Form (1997) [13] and Oral Hygiene Index Simplified (OHI-S) 
[14] was assessed using Kappa statistics and found to be 
90% and 88%, respectively.

SELECTION CRITERIA
Participants aged 18 years and above were recruited 

and those who were not willing to participate and give con-
sent for the study were excluded. 

SAMPLE SIZE ESTIMATION AND  
SAMPLING TECHNIQUE

A pilot study was conducted among 50 participants 
to determine the feasibility of the study. The sample size 
was estimated to be 188 in each group with type I (α) error 
= 0.05 and Power (1-β) = 0.95 using G*Power statistical 
software (Ver. 3.1.9.4.), which was rounded off to 200 per 
group. Hence, this study consisted of a total sample size of 
400. The participants were selected by multi-stage random 
sampling technique. There were 22 marine fish landing 
centres in South Goa which were divided into three zones: 
major, medium and minor. A fishing landing centre was 
selected from each zone to obtain the required sample 
size (Fig. 1). 

DATA COLLECTION
A survey proforma designed with the help of WHO Oral 

Health Assessment Form (1997) [13] consisted of three 
sections: (1) Demographic data including name, age and 
occupation; (2) Method of tooth cleaning; (3) Clinical param-
eters assessed were the dentition status, OHI-S [14] and 
treatment needs. On predetermined dates the examiners 
visited the settlements around the fish landing centres 
of South-Goa where 200 fishermen and 200 non-fisher-
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men belonging to six different age groups were examined. 
A type  III examination was carried out by the examiners 
under natural light and the time taken for each subject was 
around 10 minutes.

STATISTICAL ANALYSIS
The recorded data were entered in Microsoft Excel 

2019 and analysed using IBM-SPSS® Statistics-Version 
21 (IBM, USA). Descriptive statistics were computed, which 
included percentages, means and standard deviations. The 
normality of the data distribution was determined using the 
Shapiro-Wilk test. Chi-square test was used to check for the 
association between the study variables among the partic-
ipants. Mann-Whitney U test and Kruskal-Wallis test were 
performed to check for any significant differences in the 
study parameters. Multiple linear regression and binomial 
logistic regression analysis were also performed. For all the 
tests, confidence level and level of significance were set at 
95% and 5%, respectively.

RESULTS
Among the 400 participants, 288 (72%) were found to be 

males and 112 (28%) were found to be females. The mean 
age of fishermen and non-fishermen were 28.55 ± 8.93 and 
32.13 ± 15.60, respectively (Table 1). Occupation was 
significantly associated with caries prevalence (p < 0.001), 
OHI-S score (p < 0.001), oral hygiene aid (p = 0.02) and the 
treatment need (p < 0.001) when Chi-square test was used.

Among fishermen, 57% were not using a toothbrush and 
toothpaste as their oral hygiene aid, whereas in non-fish-
ermen 97% used. Kruskal-Wallis test depicted that there 
was a statistically significant (p < 0.001) difference in the 

oral hygiene aids used among the participants (Table 2). 
The prevalence of dental caries among fishermen and 
non-fishermen were 82% and 54%, respectively (Fig. 2) 
and their mean Decayed, Missing and Filled Teeth (DMFT) 
index score was 4.10 ± 3.15 and 1.94 ± 1.46, respective-
ly (Fig. 3). Mann-Whitney U test depicted that there was 
a statistically significant difference in caries prevalence 
(p < 0.001) and DMFT index score (p = 0.002) among the 
participants. In fishermen, extraction (42.2%) followed by 
pulp care (23.6%) was the highest treatment need whereas 
in non-fishermen it was one surface filling (50.6%) (Table 3). 
The mean OHI-S score of fishermen and non-fishermen was 
2.11 ± 1.25 and 0.93 ± 0.79, respectively (Fig. 3). Among 
fishermen, 46% had poor OHI-S score; in contrast to that, 
80% non-fishermen had a good score (Table 2). The differ-
ence between the OHI-S score was statistically significant 

Goa

 North Goa (15) South Goa (22)

Major (3)

Cutbona Jetty

Medium (9)

Benaulim Salcete

Minor (10)

Cavelossim

Figure 1. Multi-stage random sampling for the selection of study participants in South Goa

Table 1. Distribution of study population by age and occupa-
tion

Age 
[years]

Fishermen  
(n = 200)

Non-fishermen  
(n = 200)

20–29 132 (66%) 128 (64%)

30–39 38 (19%) 18 (9%)

40–49 26 (13%) 16 (8%)

50–59 0 (0%) 24 (12%)

60–69 4 (2%) 4 (2%)

70–79 0 (0%) 10 (5%)

Mean ± SD 28.55 ± 8.93 32.13 ± 15.60

All values are expressed as frequency with percentages (in parentheses); SD — 
standard deviation
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(p < 0.001) among the participants when Kruskal-Wallis 
test was used (Table 2).

ASSOCIATION BETWEEN CARIES PREVALENCE 
AND OHI-S SCORES WITH DEMOGRAPHIC 
VARIABLES AND ORAL HYGIENE AID

A significant relationship was seen using multivari-
ate linear regression analysis between caries prevalence 
and OHI-S score with the model containing occupation 
(p < 0.001) and oral hygiene aid (p < 0.001), respectively. 
The dependence of caries prevalence and OHI-S score on 
the model containing occupation, oral hygiene aid and age 
were found to be 14% and 25.8%, respectively (Table 4).

When binomial logistic regression analysis was per-
formed, it was found that fishermen had increased odds of 
2.08 for acquiring dental caries when compared to non-fish-

ermen (p = 0.008). Among fishermen, those who didn’t use 
a toothbrush as their oral hygiene aid were 4.5 times more 
likely to acquire dental caries than those who used one 
(p < 0.001) (Table 5).

DISCUSSION
The workplace of an individual cultivates certain be-

haviours and habits that have some direct influence on 
their oral health [15]. Fishing community on a global scale 
endures the denial of health care reforms. Fishermen’s 
monthly wages remain bare minimum compared to other oc-
cupations due to which they pay little to no attention to their 
oral treatment needs [16]. Fishing is primarily a male-domi-
nated occupation. Majority of the participants in the current 
study (72%) were men in their late twenties. They need to 
remain fit and agile in order to maximise their working ef-
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Figure 2. Comparison of caries prevalence (%) in fishermen and non-fisherman. Statistical test used: Mann-Whitney U test; *statistically 
significant, p ≤ 0.05

Table 2. Oral hygiene status and aids used among fishermen and non-fishermen

Parameters Fisherman  
(n = 200)

Non-fisherman  
(n = 200)

P

OHI-S score < 0.001*

Good 46 (23%) 160 (80%)

Fair 62 (31%) 34 (17%)

Poor 92 (46%) 6 (3%)

Oral hygiene aid < 0.001*

Toothbrush and toothpaste 86 (43%) 194 (97%)

Finger and toothpaste 64 (32%) 2 (1%)

Finger and toothpowder/salt 28 (14%) 0 (0%)

Chew sticks 22 (11%) 4 (2%)

All values are expressed as frequency with percentages (in parentheses). The statistical test used: Kruskal-Wallis test; level of significance: *p ≤ 0.05 is considered stati-
stically significant; OHI-S — Oral Hygiene Index-Simplified
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Figure 3. Comparison of Decayed, Missing and Filled Teeth (DMFT) and Oral Hygiene Index-Simplified (OHI-S) scores (mean ± standard 
deviation) of fishermen and non-fishermen. Statistical test used: Mann-Whitney U test; *statistically significant, p ≤ 0.05.

Table 3. Treatment needs of the population 

Treatment needs Fishermen Non-fishermen P

One surface filling 78 (11.5%) 182 (50.6%)

< 0.001*

Two or more surface filling 152 (22.4%) 92 (25.5%)

Pulp care 160 (23.6%) 44 (12.2%)

Extraction 286 (42.2%) 28 (7.8%)

Crown 2 (0.3%) 14 (3.9%)

Total 678 (100%) 360 (100%)

All values are expressed as frequency with percentages (in parentheses). The statistical test used: Chi-square test; level of significance: *p ≤ 0.05 is considered statistical-
ly significant association

Table 4. Association between caries prevalence and Oral Hygiene Index-Simplified (OHI-S) with occupation, oral hygiene aid and age

 Parameters Coefficient r SE t 95% CI P Adjusted R2

Dependent variable: caries prevalence 0.14

Constant 3.175 0.634 5.007 1.93 to 4.42 < 0.001*

Occupation –0.954 0.295 –3.239 –1.53 to –0.38 < 0.001*

Oral hygiene aid 0.756 0.166 4.547 0.43 to 1.08 < 0.001*

Age –0.183 0.106 –1.728 –0.39 to 0.03 0.085

Dependent variable: OHI-S score 0.26

Constant 2.648 0.256 10.354 2.15 to 3.15 < 0.001*

Occupation –1.018 0.119 –8.566 –1.25 to –0.79 < 0.001*

Oral hygiene aid 0.211 0.067 3.143 0.08 to 0.34 < 0.001*

Age 0.047 0.043 1.101 –0.04 to 0.13 0.272

The statistical analysis used: multivariate linear regression; level of significance: *p ≤ 0.05 is considered statistically significant; CI — confidence interval; SE — standard error
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fectiveness; nevertheless, as they grow older, they become 
more susceptible to musculoskeletal complications [17]. In 
this study, fishing occupation was substantially associated 
with many oral health parameters that were recorded. This 
indicates that fishing occupation has a definite influence 
on the oral health of an individual. Therefore, occupational 
physicians should also give importance to oral health of 
fishermen, as poor oral health can decrease their work-
ing efficiency.

Fishermen spend more time at sea due to which their 
oral hygiene practices are not up to the required stan-
dards. In previous studies, less than 25% of this population 
used a toothbrush and toothpaste as their oral hygiene 
aid, the reasons stated being low economic status and in-
adequate education [15, 17–19]. In this study, a relatively 
higher use of toothbrush was seen in fishermen (43%) which 
is likely attributable to Goa’s high literacy rate (88.70%) 
that ranks fourth in the country. This finding emphasizes 
the importance of education which has a direct influence 
on the oral hygiene practice of an individual [20]. It was 
found that fishermen who didn’t use a toothbrush as their 
oral hygiene aid were 4.5 times more susceptible to dental 
caries. Hence, the mode of cleaning the teeth was an im-
portant factor. Strategies should be established by which 
public health specialists could provide oral health education 
on brushing habits and other oral hygiene practices through 
various means.

Liquor taxes are low in Goa, which may lead to increased 
alcohol consumption among fishermen [21]. This behaviour 
encourages smoking and inappropriate eating habits, which 
when combined with poor oral hygiene practices contribute 
to dental caries and other oral health problems. In this study, 
the impact of factors such as occupation, oral hygiene aid 
used and age on caries prevalence was estimated to be 
14%. The current study also revealed that fishermen were 
two times more prone to dental caries than non-fishermen 
and the prevalence of dental caries among fishermen (82%) 
was high. These findings were found to be in accordance 
with Asawa et al. [15] in Kutch, Rajmohan [22] in Chennai 

and Bhat [23] in Uttara Kannada however it contradicts that 
of Saravanan et al. [24] in Tamil Nadu. 

Majority of the economically disadvantaged in Goa pre-
fer the sole state-run government dental college. Some of 
the participants in this study complained about having to 
travel a certain distance for their dental treatment and were 
unaware of primary health centres that offered low-cost 
dental care. In the current study, the DMFT index score 
obtained in both the groups were comparable to studies 
by Saravanan et al. in Tamil Nadu [24] and in Kerala [17] 
and Bhatt in Mangaluru city [25] but lower than M. Bhat’s 
study in Uttara Kannada [23]. Previous studies reported 
that the number of restored teeth among this population 
were low [23, 25], implying a lack of awareness or access 
to proper oral health care. Extraction (42.2%) followed by 
pulp care (23.6%) was the most common treatment which 
was needed in fishermen. This indicates that caries had 
progressed to the point where conservative and preventive 
dental treatments were no longer effective and they were 
not provided to them at the appropriate time. This was in 
accordance with M. Bhat’s study in Uttara Kannada [23]. 

In the present study, a low number of fishermen (31%) 
had good oral hygiene status compared to non-fishermen 
(80%); the reason could be fishermen used inappropriate 
oral hygiene aids. Occupation, oral hygiene aid, and age 
influenced the OHI-S score by 25.8% in this study. The mean 
OHI-S score of fishermen in the current study was consistent 
with findings from Sanadhya et al. [26] in Kutch, but lower 
than Lodagala et al. [27] in Andhra Pradesh.  

Fishermen play an essential role in “Blue Economy” put 
forward by the World Bank for sustainable use of ocean 
resources [28]. To accomplish these sustainable develop-
ment goals, the World Dental Federation believes that oral 
health should be integrated into general healthcare sys-
tems, particularly in developing nations [16]. International 
Labour Organization mandates oral health assessment be 
included in a seafarer’s medical examination and performed 
at least once every 2 years [29]. Health care administrators 
in India should consider a similar routine medical and oral 

Table 5. Association between caries prevalence with occupation and brushing habits

Parameters Odds ratio 95% CI P

Caries prevalence 0.008*

Non-fisherman 1 (Ref) 1.21–3.57

Fisherman 2.08

Caries prevalence of fisherman < 0.001*

Brushing with toothbrush 1 (Ref) 2.03–9.98

Brushing without toothbrush 4.50

The statistical analysis used: binomial logistic regression; level of significance: *p ≤ 0.05 is considered statistically significant; CI — confidence interval
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examination for the fishermen, as they are prone to not 
only dental caries but also other oral mucosal lesions [19]. 
Teledentistry assisted by community health workers may be 
a viable option for fishermen with inaccessible dental care. 
It has the potential to decrease treatment cost and can be 
integrated with electronic health records which is easily 
available to any dental care professionals [30].

LIMITATIONS OF THE STUDY
The limitation of this study being, the very cross-section-

al nature of it because of which the temporal relationship 
between the lifestyle factors and oral health status could 
not be established. A longitudinal study of the same target 
group is needed to identify the risk factors that contribute 
to the development of oral disease.

CONCLUSIONS
Oral health among fishermen in South Goa was poor as 

they had high caries prevalence, poor oral hygiene status 
and used inappropriate oral hygiene aids. They required 
extensive dental treatments in comparison with non-fisher-
men. Effective oral health education and caries preventive 
programs are needed among the fishermen population. 

Conflict of interest: None declared
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ABSTRACT

Background: Sports injuries are a growing concern 
which requires immediate attention. Dental injuries 
are the most common type of orofacial injuries 
sustained during sports activities. Objectives: This 
study aims to review the prevalence of sports‑related 
facial trauma in India, to identify the most common 
types of oro‑facial injury incurred due to sports, and 
to assess the level of awareness regarding preventive 
measures used in sports. Methodology: The 
present review was performed in accordance with 
preferred reporting items for systematic reviews 
and meta‑analyses guidelines. All articles published 
from 2005 to 2019 on sports‑related facial trauma 
were analyzed. PubMed, Google Scholar, and 
Cochrane reviews databases were searched using 
primary keywords. Results: A total of 24 articles 
published in the period of 2005–2019 were included. 
The prevalence of sports‑related facial trauma was 
found to be the highest in the study conducted by 
Selva et al., in 2018, at a rate of 75%, whereas it was 
found to be minimal in the study conducted by Bali 
et al. in 2013. While the awareness of mouthguards 
was reported the highest in a study conducted by 
Ramagoni et al., in 2007. Conclusion: This study 
shows that there is a definite need to improve the 
awareness as well as the usage of protective gear, 
from the level of schooling, where children are 
introduced to sports. Prevention of sports‑related 
facial trauma is essential to avoid the serious and 
lifelong consequences which could be the aftermath 
of such injuries.

KEYWORDS: Facial trauma, oro‑facial injuries, 
sports injuries, traumatic dental injuries

Sports‑related facial trauma in the Indian 
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groups, especially children. One consequence of this 
is a higher proportion of sports‑related injuries. The 
current prevalence of sports injuries is 19.2%–36% 
among children and adolescents.[1] Dental injuries are 
the most common type of orofacial injuries sustained 
during participation in sports.

The occurrence of such oro‑facial trauma could have 
potentially serious consequences, some of which could 
remain to be a permanent effect. These injuries could 
have life‑altering consequences for athletes, and it is 
essential that they understand the need for protective 
gear to be used during any form of sports activity. 
Many athletes are not aware of the health implications 
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Introduction

Participation in sports is of paramount importance 
in order to maintain a physically as well as mentally 
healthy lifestyle. There is an ever‑increasing 
percentage of participation in sports in all the age 
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of a traumatic injury to the mouth or of the potential 
for incurring severe head and orofacial injuries while 
playing.[2]

The use of protective gear while participating in sports, 
especially high‑risk contact sports, could significantly 
reduce the frequency of sustaining oro‑facial injuries, 
as many of these injuries have lifelong consequences. 
Awareness and practices of school teachers, sports 
officials, parents, and players toward protective devices 
influence the usage of these protective devices.[3] The 
use of protective gear is not mandatory in India, which 
makes the chances of sustaining injuries quite significant.

After doing a thorough literature search, it was found 
that there was insufficient information regarding 
the prevalence of oro‑facial injury in sports and the 
awareness of protective gear in India. Therefore, 
the present study was undertaken to review the 
prevalence of sports‑related facial trauma in India, 
the most common types of oro‑facial injury incurred 
due to sports, and the level of awareness regarding 
preventive measures used in sports.

Methodology

Study design
Systematic review.

Data collection
Two reviewers performed the data collection 
independently. All articles published in the last 
15 years (2005–2019) were analyzed. The following 
databases were used: PubMed, Google Scholar, 
Cochrane Reviews, using primary keywords 
such as “Sports injuries” AND “Facial trauma” 
AND “Oro‑facial injuries” AND “India” AND 
“Mouthguards.” The full‑text of all these articles 
were thoroughly examined and classified under the 
following inclusion and exclusion criteria.

Inclusion criteria
1. Articles published during the period of 2005–2019
2. Articles citing sports injuries causing oro‑facial 

trauma
3. Articles citing sports injuries which occurred 

within India.

Exclusion criteria
1. Articles citing traumatic dental injuries of origin 

other than sports
2. Articles whose full‑text versions could not be 

obtained
3. Narrative reviews where no studies were 

conducted
4. Articles published in languages other than English.

Titles and abstracts were screened first, and then 
the full texts of relevant publications were obtained 

and reviewed independently. The risk of bias was 
analyzed using the Newcastle Ottawa Scale,[4] for 
cross‑sectional studies, cohort studies, and case–
control studies.

For every study, the following information was 
retrieved and analyzed; prevalence of sports‑related 
facial trauma, most common orofacial injury 
caused, the level of awareness regarding preventive 
measures, and the usage of preventive measures. 
The present systematic review was performed 
according to preferred reporting items for systematic 
reviews and meta‑analyses (PRISMA) guidelines[5]–
PRISMA, and the study protocol is registered 
with PROSPERO Register #CRD42020171424. The 
PECO question was used in this review, P (Patient 
Population of adults and children with orofacial 
injuries), E (Exposure—etiology of the orofacial 
injury), C (Comparison between different sites in 
India), and O (Outcomes, prevalence of trauma for 
each etiology).[6] Studies that met the inclusion criteria 
were selected for further analysis [Figure 1‑PRISMA 
diagram of studies searched and selected. Duplicate 
articles were removed].

Data analysis
Data were analyzed using statistical software R 
version 4.0.2 and Excel. To check the inter‑rater 
reliability Kappa test was used, where the P < 0.05 
was statistically significant. By Cohen’s Kappa, it was 
observed that there was almost perfect agreement 
between the two investigators [Table 1].

Results

A total of 45 full‑text articles and abstracts were 
identified and assessed for eligibility. Those not 
fulfilling the inclusion criteria and those with high risk 
of bias were not taken into consideration. A total of 
24 articles published in the period of 2005–2019 were 
included in the review. The parameters evaluated were 
the prevalence of sports‑related facial trauma in India, 
the most common types of oro‑facial injury incurred 
due to sports, and the level of awareness regarding 
preventive measures used in sports.

The prevalence of sports‑related facial trauma was 
found to be the highest in the study conducted by Selva 
et al., in 2018, at a rate of 75%, whereas it was found to 
be minimal in the study conducted by Bali et al. in 2013, 
at a rate of 2.80% [Table 2 and Figure 2].[7,8]

Table 1: Inter‑rater reliability Kappa test
Investigator 1 Investigator 2 (%) Kappa 

value (P)Poor Fair Good

Poor 6 (100) 0 0 0.8351 
(<0.0001*)Fair 0 6 (85.71) 1 (14.29)

Good 1 (5.56) 1 (5.56) 16 (88.89)
*P<0.05

[Downloaded free from http://www.jisppd.com on Thursday, April 14, 2022, IP: 223.186.235.151]



Journal of Indian Society of Pedodontics and Preventive Dentistry | Volume 40 | Issue 1 | January-March 2022 | 5

Shreya, et al.: Sports-related facial trauma

Regarding the most common orofacial injury incurred, 
it was found that soft tissue injuries were the most 
common injuries reported, which was inclusive of 
contusion, lip and cheek lacerations, and any other form 

of facial bruising. The prevalence of soft tissue injuries 
was found to be as high as 88%, as reported in a study 
conducted by Selva et al., in 2018, and it was found 
to be least reported in a study conducted by Solanki 

Figure 1: Preferred reporting items for systematic reviews and meta‑analyses. Diagram of studies searched and selected

Figure 2: Distribution of prevalence of trauma from sports[7‑11,12,13‑18]

Table 2: Distribution of prevalence of trauma from 
sports

Study Trauma due to sports (%)
Selva S 2018 75
Prabhu 2013 58
Baldava 2007 49
Solanki 2016 26.65
Ain 2016 22.81
Kumaraswamy 2009 22
Juneja 2018 20.09
Gupta A 2018 17.60
Praveena 2018 13
Patel 2012 8.28
Ashrafullah 2017 6.49
Bali 2013 2.80
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et al., in 2016, where it was 15.1% [Table 3].[1,7‑11,12‑15,19‑23] 
The most reported injury following soft tissue injuries 
was enamel fracture, which was the highest in a 
study conducted by Ain et al., in 2016, where it was 
reported to be 68.5%, and the study reporting the least 
occurrence of enamel fracture was 16%, as reported in 
a study conducted by Baldava and Anup, in 2009.[10,11]

In the case of preventive measures, the awareness 
regarding mouthguards, and the prevalence of 
mouthguard usage were analyzed. While the awareness 
of mouthguards was reported the highest in a study 
conducted by Ramagoni et al., in 2007, at 79.3%, the 
same study reported the least usage of mouthguards, 
at a mere 0.4% in regular mouthguard use, and 1.1% in 
occasional use [Table 4].[1,7,9,13,20‑22,24‑29] The least usage of 
mouthguards was found to be in a study conducted by 
Monica, et al., in 2018, at a level of 14.9% [Table 4].[25]

Discussion

Sports is a diverse field with multiple arenas of 
participation. It has been a field of utmost importance 
for decades, yet the most important aspect of it, 
i.e. protection to the players to prevent injuries is the 
most often overlooked part. In the present study, the 
highest reported prevalence of sports‑related trauma 
was 75%, as seen in a study conducted by Selva et al., in 
2016, which is an alarming number, as such a high rate 
clearly indicates that there is a lack in the instructions 
provided to the participants regarding the usage 
of protective gear while playing.[7] There are many 
injuries which could have life‑altering consequences, 
and yet, it is still not given the attention it is required.

In this study, the most common orofacial injury was 
found to be soft tissue injuries, which is inclusive of 
intra‑oral lip and cheek lacerations. This is followed 

by enamel fracture and avulsion. Other injuries which 
have been reported are contusion, tooth dislocation, 
and jaw fracture.[1,19] This increased incidence of facial 
injuries could be attributed to lack of knowledge 
among the participants and/or their coaches regarding 
the availability of protective gear for the respective 
sport, as seen in a study conducted by Karande et al., 
in 2012.[29]

The third parameter analyzed in this study was the 
level of awareness regarding preventive measures and 
their usage amongst players. While the awareness of 
mouthguards was quite favorable in all the studies, 
their actual usage is quite low. The highest rate of 
mouthguard use reported is still <50%, as seen in a 
study conducted by Gupta et al., in 2016.[26] The major 
reason for this is that the usage of protective gear 
while participating in sports is not mandatory in India. 
Alternative reasons could be that the coaches may not 

Table 3: Most common injured causes over different studies

Studies Enamel 
fracture (%)

Soft tissue 
injuries (%)

Tooth 
discolouration (%)

Avulsion (%) Dislocation (%) Tooth 
fracture (%)

Loosened 
tooth (%)

Jaw 
fracture (%)

G Lehl 33.0 47.0 ‑ ‑ ‑ ‑ ‑ 13.0
Anand Prabhu 66.0 ‑ ‑ ‑ ‑ ‑ ‑ ‑
Gundeep Singh 43.0 48.1 6.3 1.2 1.5 ‑ ‑ ‑
Vidhatri Tiwari

Contact sports ‑ 43.0 ‑ ‑ ‑ ‑ ‑ ‑
Noncontact sports ‑ 22.0 ‑ ‑ ‑ ‑ ‑ ‑

Priya M ‑ 46.0 ‑ ‑ ‑ ‑ ‑ ‑
Kamalesh ‑ 36.2 ‑ 34.4 ‑ ‑ ‑ ‑
Praveena ‑ 44.0 ‑ ‑ ‑ ‑ ‑ ‑
Selva S ‑ 88.0 ‑ 12.0 ‑ 29.0 ‑ 30.0
Ain 68.5 ‑ ‑ 0.7 ‑ ‑ ‑ ‑
Ashrafullah ‑ ‑ ‑ ‑ ‑ 23.9 ‑ ‑
Baldava 16.0 ‑ ‑ 1.0 ‑ ‑ ‑ ‑
Bali ‑ ‑ ‑ ‑ ‑ 11.1 ‑ 0.8
Juneja 51.1 ‑ ‑ ‑ ‑ 10.2 ‑ ‑
Solanki ‑ 15.1 ‑ 6.7 ‑ 71.4 21.9 ‑
Gojanur 2.7

Table 4: Summary of variables over studies
Studies Awareness of 

mouthguards (%)
Use of 

mouthguards (%)
Naveen Kumar Ramagoni 79.3 0.4 (regular) and 

1.1 (occasional)
Vidhatri Tiwari 51.5 21.0
Geetika Gupta 67.0 49.0
Sethi H S 78.2 4.3
Priya M 96.0 31.4
Kamalesh 43.9 ‑
G Lehl 33.0 ‑
Selva S 42.0 3.0
Monica M 14.9 ‑
Abhishek Dhindsa 46.2 4.6
Karande Shah 23.0 ‑
Praveena 37.7 11.1
Solanki ‑ 43.2
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encourage the usage of protective gear, as seen in a 
study conducted by Monica et al., in 2016, where only 
14.9% of the coaches stated that they would advise the 
use of mouthguards.[25] Further reasons provided by the 
sports participants in various studies are discomfort on 
wearing protective gear, difficulty in breathing, etc., as 
reported in a study conducted by Sethi et al., in 2016.[27]

The impact of such injuries on the physical and mental 
health of a patient is an essential point of consideration, 
especially in children, as they are the most involved in 
sports. This is seen to be in agreement with a study 
conducted by Gupta et al., in 2018, where a predilection 
for mandibular fractures, especially the condylar and 
symphysis fractures was seen in children, and sports 
was found to be a common reason for the injuries.[18]

Conclusion

The present study shows that even though there is 
quite a favorable outcome regarding the awareness 
of protective gear, there is a clear lack of the usage 
of the same. This shows that there is a definite need 
to improve the awareness as well as the usage of 
protective gear, from the level of schooling where 
children are introduced to sports.

The limitations of the study are that articles published 
in languages other than English were excluded, due to 
which their data could not be taken into account. The 
benefit of this study is that it contributes to the current 
level of knowledge regarding the prevalence and 
prevention of sports‑related facial trauma in the Indian 
population, as there have been very few systematic 
reviews conducted with all of the parameters taken in 
this study into context.

Sports‑related facial trauma is quite a serious issue 
as such injuries often lead to irreversible penalties, 
which can affect the individual not just physically but 
psychologically as well. There is a need for improvement 
in the measures taken to prevent such injuries. We 
recommend that every school and college could hire a 
sports counselor who will guide the coaches regarding 
preventive measures and the coaches need to make the 
usage of protective gear mandatory. Efforts should be 
made by all of the sports committees present in India 
to make the usage of protective gear mandatory, so 
that such injuries could be avoided.
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Abstract

Purpose Open reduction and internal fixation (ORIF) is used for reduction and stabilization of facial fractures. Despite per-

fect anatomic skeletal reduction, subtle asymmetries are seen in facial appearance as mid-facial soft tissue often reattaches 

to the respective facial bones in an aberrant, mostly lower in position. Thus, the present study evaluates the effectiveness 

of mid-facial soft tissue re-suspension procedure to prevent changes in mid-facial soft tissue profile after ORIF of maxillo-

facial fractures.

Methods Fifteen patients with maxillo-facial fractures requiring ORIF were included. After ORIF, mid-facial soft tissue 

resuspension (STRP) was done by suspending the soft tissue and periosteum over cheek region from temporal fascia by 

polydioxanone suture material. The results were analyzed by patient satisfaction survey and doctor perspective form on 

photographs by three surgeons 6 months postoperatively.

Results All patients were male in the age range of 18–60 years. STRP was done unilaterally in 7 cases and bilaterally in 8 

cases, with average time ranging from 10.6 to 20.5 min. The patient satisfaction survey revealed that 86.6% were pleased 

with their appearance and 93% said that there was no abnormal change in the esthetics postoperatively. The doctor perception 

form revealed almost 80% agreement, that there was minimal change in the appearance of cheek mound, nasolabial fold, 

corner of the mouth, and lateral canthus postoperatively.

Conclusion STRP is a simple technique to perform with fewer complications, and helps in restoring facial esthetics, same 

as prior to facial trauma; as it prevents soft tissue sagging after degloving incisions for fracture reduction and fixation.

Keywords Degloving incisions · Maxillo-facial fractures · ORIF · Soft tissue resuspension procedure · Soft tissue sag

Introduction

Trauma is one of the most serious health care problems 

faced in today’s world [1].The mid-face region is equipped 

to withstand forces of impact directed upwards from below, 

thus dissipating the forces infero-superiorly through but-

tresses. But it is not able to resist forces arising from lateral 

and frontal assaults [2].

These injuries mainly result from road traffic accidents 

(RTAs) (e.g., motor vehicle accidents), interpersonal vio-

lence, or falls [3]. Open reduction and internal fixation are 

the preferred method for reduction and stabilization of facial 

fractures as it helps in restoration of pre-trauma skeletal con-

tour [4].

In the late 1980s, some surgeons noticed that despite per-

fect anatomic skeletal reduction, subtle asymmetries were 

still seen in the facial appearance [5]. The soft tissue bulk 

of mid-facial region was often inferiorly displaced when it 

was compared with the opposite side that did not undergo 

degloving incisions and open reduction and internal fixation. 

It thus became evident that during exposure of fractured 

facial bone for reconstruction, the unsupported soft tissue 

would often drop owing to the gravity and to some extent 

due to soft tissue contraction during healing period. The 

mid-facial soft tissue would often reattach to the respective 

facial bones in an aberrant, mostly lower in position, thus 

producing facial asymmetry [5].

Gradually, many surgeons supported the same fact and 

proposed that meticulous resuspension of the mid-facial 
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soft tissue following extensive exposure of facial skeleton 

required for reduction and fixation in panfacial fractures is 

important in order to prevent postoperative sagging as well 

as soft tissue ptosis [6]. This procedure also significantly 

improves the outcome in the management of panfacial frac-

tures and is very important for long term facial esthetics [7].

The face being a self-portrait needs to be presented to the 

world in a good light, and most make continuous efforts to 

present it well. This has led to trend of minimally invasive 

cosmetic surgery procedure resulting in a natural look, less 

risk, less pain, quick recovery, and ability to resume work as 

soon as possible. This has led to development and popularity 

of soft tissue resuspension procedures (STRP) [8].

All resuspension sutures are held in position to provide 

support for the tissues and also to tighten them. In differ-

ent suture suspension techniques, it is the suture that pro-

vides longevity to the lift; thus, permanent sutures should be 

employed [8]. In a suture suspension procedure, there is an 

anchor point along with a point of purchase, and these points 

are separated by various distances. Here, the suture material 

is placed without significantly dissecting the tissues, often 

placed with the help of hollow trocar or spinal-type needle. 

The advantage is less recovery time, less bruising, and fewer 

complications [8].

Hence, in this study, we are using a new technique (mid-

facial soft tissue resuspension procedure) with an aim to 

assess its effectiveness in preventing the change in mid-facial 

soft tissue profile following open reduction and internal fixa-

tion of facial skeleton after maxillo-facial trauma. The main 

outcome being targeted here is the esthetic appearance of the 

midfacial region following treatment of midfacial trauma.

Materials and methods

Study design After obtaining ethical clearance from the 

Ethical Committee of the Institution, patients who had sus-

tained maxillo-facial fractures, reporting to the Department 

of Oral & Maxillofacial Surgery, KLE’s V.K. Institute of 

Dental Sciences, Belgaum & Dr. Prabhakar Kore Hospital 

& Medical Research Centre, J.N.M.C., Belgaum requiring 

open reduction and internal fixation (ORIF) under general 

anesthesia were considered for the study. It was a prospec-

tive case series design, hence no control group was used.

Sample identification and selection

Fifteen patients were included in the study from September 

2012 to August 2014 who were concerned with esthetics, 

as the procedure is purely esthetic based requiring patient’s 

approval with a 6-month follow-up period. The procedure 

with its advantages, disadvantages, and possible complica-

tion were explained to the patients and written informed 

consent was obtained from them. The patients were selected 

based on the following inclusion and exclusion criteria:

Inclusion criteria: Patients above age of 18 years, mid-

facial and pan facial trauma, and aesthetically concerned 

patients.

Exclusion criteria: Patients who underwent closed 

reduction of fractures, with systemic diseases (diabetes, 

hypertension, COPD, bleeding dyscrasias, or collagen 

vascular diseases), multiple contused lacerated wounds 

on facial region.

Surgical procedure

The procedure involved the use of the following:

Quill self‑retaining system Polydioxanone barbed suture 

material (Fig. 1a and b) It comprises of dyed (violet) poly-

ester poly p-dioxanone synthetic absorbable surgical suture 

material which is a barbed suture material, armed with surgi-

cal needle on each end. Polydioxanone has been found non-

antigenic, nonpyrogenic, and to elicit slight tissue reaction 

during absorption. Barbs reduce tensile strength of suture 

compared to non-barbed suture material of same size but 

allow for tissue approximation without the need to tie surgi-

cal knots. These barbs are bidirectional oriented to anchor 

the tissues and does not require knots to secure the tissues 

into their new position which will potentially reduce the 

tensile strength of the suture material. For the bidirectional 

forces to be created and for the suture to hold the tissue 

Fig. 1  a, b Quill self-retaining system Polydioxanone barbed suture material. c Silver cannula
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properly into its place, both sides of the suture material must 

be engaged in the tissue. Moreover, after completion of pro-

cedure, additional backstitch or bite of tissue lateral to the 

end of the incision is required to lock the suture in place.

Silver cannula (Fig. 1c) Hollow metal tube open on both ends 

through which suture material is passed. It is flat on one side 

and has pointed end on other side.

Surgical procedure

Preoperative preparation Patients with maxillofacial trauma 

without multiple contused lacerated wounds on mid-facial 

region were considered and after obtaining the written 

informed consent from them, the procedure was performed 

under general anesthesia. Hair was shaved from the temporal 

region of scalp measuring around 5 cm square around the 

area of bifurcation of the superficial temporal artery into 

frontal and parietal branch.

Surgical procedure Patient was shifted to the operation 

theater, induced and intubated with North Pole facing 

endotracheal tube, and was painted and draped in usual man-

ner. Two percent lignocaine with adrenaline was injected 

over the fracture site and incision site. Fracture sites were 

exposed by giving vestibular incision and sub-periosteal dis-

section was done to expose fracture site. Fractured fragments 

were then reduced and stabilized with Titanium miniplates. 

After open reduction and internal fixation of fracture frag-

ments, procedure of midfacial soft tissue resuspension was 

started.

Description of technique External auditory meatus was 

lightly plugged using Vaseline gauze piece so as to prevent 

entry of blood into it. The proposed incision site was first 

painted and cleaned using betadine solution. Generally after 

hair shave, the bifurcation of superficial temporal artery is 

clearly visible or palpable, which was marked using marking 

ink. The vectors of direction for the pull with barbed suture 

were marked using marking ink (Fig. 2a). Then incision over 

temporal region was marked not parallel to temporal hair-

line but slightly perpendicular to the vector of repositioning. 

Then, 2% lignocaine with 1:80,000 adrenaline concentration 

was infiltrated around proposed incision site, to serve two 

purposes; first to reduce intra-operative bleed and secondly, 

it aids in hydro-dissection.

After waiting for 5  min, around 2-cm-long incision 

was made using 15 no. blade above and parallel to ante-

rior branch of the superficial temporal artery and slightly 

perpendicular to the vector of repositioning, around 2.5 cm 

above and 2.5 cm anterior to superior attachment of helix; 

through skin and sub-cutaneous tissue at an angle starting 

from antero-superior extending to the postero-inferior direc-

tion in area shaved preoperatively. Bleeders were coagulated 

using bipolar cautery.

Blunt dissection was done through temporo-parietal fas-

cia using curved artery forcep in all the direction from the 

incision line. Blunt dissection was done till we reach the 

superficial surface of temporalis fascia which is visualized 

as a glistening white surface. Then a second deeper incision 

is made through full length of the skin incision through tem-

poralis fascia using 15 no. blade. At this point, underlying 

temporalis muscle bulges out through the incision.

Then, Howarth’s straight periosteal elevator was inserted 

between temporalis fascia and temporalis muscle in a direc-

tion downwards and forwards as far as temporal aspect of 

the zygomatic bone. The instrument glides through this 

plane (Fig. 2b). Thumb of the other hand was placed intra-

orally to reflect the cheek near the vestibular incision already 

given during fracture reduction and stabilization. Howarth’s 

straight periosteal elevator was then advanced antero-lat-

erally to pierce temporal fascia at the superior border of 

Fig. 2  a Vector of direction 

for the pull with barbed suture 

marked using marking ink. b 

Howarths straight periosteal 

elevator gliding through the 

plane
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zygomatic arch to pass over lateral surface of zygoma and 

exit through the intra-oral vestibular incision.

The dissection on the malar area was done subperiosteally 

under the orbicularis oculi muscle, leaving the septum orbit-

alis, infraorbital rim, suborbital oculi fat (pad), and zygo-

maticus major muscle on top on the periosteal elevator. After 

having ensuring the correct tissue plane, Howarth’s straight 

periosteal elevator was withdrawn until its tip is present 

beneath temporal fascia incision so that it acts as a guide for 

introducing silver cannula.

First silver cannula was introduced in the same plane 

along the direction of desired vector. Second cannula was 

also introduced in the same plane but different direction of 

vector. Both the cannula exits through the intra-oral incision 

of same side and both the ends of cannula should be visible 

so that suture material can be introduced from one end and 

withdrawn from other end. Since the suture material has 

needle at both ends, one of the needles was cut off from 

the suture material so that the suture can be inserted into 

the cannula. Suture material was then inserted into the first 

cannula from the temporal incision site (Fig. 3a) and was 

pushed forward so that it exits through the intra-oral end of 

cannula (Fig. 3b). This end of suture material was then intro-

duced into the intra-oral end of second cannula (Fig. 4a) and 

was pushed forwards so that it exits through temporal end 

of second cannula. Care must be taken during insertion of 

suture material that direction of barbs of both half of suture 

material is such that it aids in lifting up of tissue (Fig. 4b). 

The barbs on the suture material will lock the suture material 

in the tissue in the desired place.

To ensure stability of new position of midface tissues, 

suture was suspended from the temporal fascia. A bite 

was taken from the temporal fascia of both the suture ends 

(Fig. 5a) and a knot was tied between two ends of suture 

material after ensuring adequate required pull of resus-

pended midfacial tissues(Fig.  5b). The procedure was 

repeated on the other side of face if degloving incision and 

sub-periosteal dissection was done.

Fig. 3  a Suture material 

inserted into the first cannula 

from the temporal incision site. 

Suture material pushed forward 

so that it exits through the intra-

oral end of cannula (b)

Fig. 4  a End of suture material 

was then introduced into the 

intra-oral end of second can-

nula. b Direction of barbs of 

both half of suture material is 

such that it aids in lifting up of 

tissue
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Closure was done in layers with 3.0 Vicryl suture and skin 

closure with 2.0 Ethylon sutures. Patient was extubated after 

hemostasis was achieved.

Standardized post‑surgery analysis

Variables

Postoperative assessment The variables evaluated included 

the age, gender of the patient, type of fracture, reason for the 

midfacial trauma, STRP performed unilaterally or bilater-

ally, and time taken for the procedure.

Postoperatively after 6 months, the patient satisfaction 

was evaluated using patient satisfaction survey (Fig. 6). 

Further, photographs were taken which were given to a set 

of three different observers (other than the team which has 

performed the surgery), i.e., both preoperative as well as 

postoperative photographs which were evaluated by Doc-

tor’s Perspective Form (Fig. 7). The appearance of cheek 

mound, nasolabial fold, corner of mouth, and lateral canthus 

of eye were assessed by 3 independent doctors on preop-

erative and 6 months postoperative photographs using the 

following scoring criteria on a 4-point scale, i.e., 0—No 

change;1—Minimal change;2—Moderate change; 3—Sig-

nificant change.

Figure 8 (LEFORT II fracture with bilateral STRP) and 

Fig. 9 (Right ZMC fracture with right side STRP) demon-

strate the results obtained after STRP

Data analyses The variables related to the surgery were 

tabulated; the responses to questions in the patent satisfac-

tion survey were evaluated using frequency and percent-

age. The doctor perception with regards to appearance of 

cheek mound, nasolabial fold, corner of mouth, and lateral 

canthus was evaluated between the three observers using 

kappa statistics.

Results

Fifteen patients were taken up for the STRP just after 

ORIF of mid-facial fractures and were analyzed after 

6 months follow-up period.

STRP case details (Table 1)

The age range of the patients taken up was from 18 to 

60 years with an average age of 32.27 years. All the cases 

were male patients only and the cause of facial trauma was 

RTA in all cases. In 8 cases (53.33%), STRP was done on 

both sides; in 5 cases (33.33%), STRP was done on right 

side and in 2 cases (13.33%), STRP was done on left side.

The average time taken for Unilateral STRP was 

10.6 min while for Bilateral STRP; average time taken 

was 20.5 min.

Results of patient satisfaction survey

The patient satisfaction after the STRP was evaluated 

through Patient Satisfaction Survey which was taken after 

completion of 6 months of STRP (Table 2). Most of the 

patients (90% on an average) were extremely satisfied with 

the procedure, said that their appearance remained unaltered 

post surgically, they have a natural appearance, and there 

was no unfavorable alteration in their appearance. They had 

no problems with surgery incision and scars and were very 

much satisfied with their current appearance (Table 2).

Fig. 5  a Bite  taken from the 

temporal fascia of both the 

suture ends; knot tied between 

two ends of suture material 

after ensuring adequate required 

pull of resuspended midfacial 

tissues (b)
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Fig. 6  Components of patient satisfaction survey
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Results of doctor’s assessment: soft tissue resuspension 

procedure score (Table 3)

Most examiners scored the parameters as 0 or 1 suggest-

ing either no or minimal change (Table 3). According to 

the examiners, 80% cases had no changes in the position of 

cheek mound, nasolabial fold, and lateral canthus of eye and 

93% of cases had no changes in corner of mouth.

Agreement between examiner 1 and examiner 2, examiner 

1 and examiner 3, and examiner 2 and examiner 3 in assess-

ment of cheek mound, nasolabial fold, corner of mouth, and 

lateral canthus of eye by Kappa statistic was found to be 

statistically significant (p < 0.05).

Discussion

Maxillofacial area is associated with variety of important 

functions like smell, sight, eating, talking, and breathing 

and any trauma to this region leads to impairment affecting 

patient’s quality of life [9]. The mid-facial complex is able to 

tolerate impact directed upwards from below but it is easily 

fractured by comparatively weaker forces applied from other 

directions like lateral and frontal assaults [10]. The com-

mon causes for mid-facial trauma in India are RTAs, assault, 

falls, sports, and industrial accidents [9]. Among mid-face 

fractures, most common fractures are zygomatic bone fol-

lowed by lefort 2, then lefort 1, and lastly lefort 3 [11]. Goals 

Fig. 7  Doctor perspective form
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of treatment in treatment planning in maxillofacial trauma 

patient is management of airway, fracture reduction in three 

planes of space, restore form and function, preventing infec-

tion, and ensuring early return to daily activities [12].

For reduction and stabilization of facial fractures, open 

reduction and internal fixation provides potential for the 

bone to be placed again into their proper position and resto-

ration of pre-trauma skeletal contour but it also has potential 

of alteration of overlying soft tissues [4]. In the late 1980s, 

it was being noticed that despite perfect skeletal reduction, 

there were subtle asymmetries in facial appearance. A care-

ful analysis was done which revealed that when comparing 

with the opposite side that has not undergone surgery, the 

soft tissue bulk over zygoma region was frequently inferiorly 

displaced over the operated site. It was also found that dur-

ing complete exposure of facial bones and after open reduc-

tion of facial fractures, the unsupported soft tissue facial 

“mask” would droop because of gravity and soft tissue con-

tracture during the healing phase. The facial mask would 

thus reattach to the facial bones in an aberrant, mostly lower 

position, thus producing asymmetry. This result prompted 

the resuspension of the facial mask to the underlying bones 

during closure. Such resuspension procedures elevate the 

soft tissue mask onto the reconstructed skeleton and thus 

prevent “soft tissue sag.” [5].

Most of the advances that were made in the facelift tech-

niques have been done for altering the soft tissue droop due 

to aging. But as it has been quoted in literature that even 

after trauma, soft tissues over mid-face region can droop, 

so we have applied this aspect after reduction of facial frac-

tures. Suture resuspension techniques have been used to 

resuspend facial soft tissues like outer brows, malar area, 

jowls, and neck [8]. Ideal resuspension techniques should 

provide volumetric remodeling of cheek; there should not be 

Fig. 8  Lefort II fracture with 

bilateral STRP. a Passport 

size photograph of the patient 

before trauma. b Six months 

post-operative frontal view. c, d 

Six months post-operative side-

profile views
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additional plane of dissection, minimize facial edema, facial 

numbness, and facial nerve injury [13].

Various suture materials and techniques have been used 

to resuspend facial soft tissues. All the facelifts that are done 

are held in place with sutures that lift, supports, and tightens 

the tissues. It is the continued integrity of suture material 

that provides longevity of the soft tissue lift and hence per-

manent sutures need to be used.

Aptos sutures or anti-ptosis suture threads were first 

described by Dr. Sulimanidze (feather lift procedure). 

These threads are made of polypropylene suture material 

with bilateral (converging) direction of barbs/cogs(angled 

cuts). In the lower segment (purchase point), barbs are 

angled cephalad allowing for elevation effect of thread. The 

upper segment (anchor point) has caudally angled barbs to 

form a bolster against tissue falling back. But these were 

placed in sub-cutaneous plane [8]. In stitch lift procedure, 

a series of loop sutures (4–0 nylon or polypropylene) are 

inserted in sub-cutaneous plane and then through deeper 

tissue (SMAS or frontalis) to get tissue elevation with needle 

attached to take a bite of deeper tissue for securing anchor 

point within hairline [8]. In secure anchoring filaments for 

facial elevation (SAFFE) lift technique, suture material used 

is 2–0 polypropylene with bidirectional barbs but there is 

a segment of thread without barbs where loop is formed 

because barbs here weakens thread too severely. Suture is 

placed in a similar fashion as in stitch lift method [8]. The 

complications of placing sutures in subcutaneous plane are 

palpable knot threads, dimpling at entry/exit points, extru-

sion of suture, and prominent folds.

To overcome these shortcomings, the present study 

developed a novel technique of resuspension using quill 

self-retaining system (polydioxanone synthetic absorba-

ble) which is a barbed suture material, armed with surgical 

Fig. 9  Right ZMC fracture with 

right side STRP. a Passport 

size photograph of the patient 

before trauma. b Six months 

post-operative frontal view. c, d 

Six months post-operative side-

profile views
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needle on each end. Polydioxanone is non-antigenic and 

non-pyrogenic. Barbs decrease tensile strength of suture 

but allow tissue approximation without the need to tie sur-

gical knots, which in turn also reduces tensile strength. 

These barbs are bidirectional oriented to anchor the tissues 

and does not require knots to secure the tissues into their 

new position. For the bidirectional forces to be created 

and for the suture to hold the tissue properly into its place, 

both sides of the suture material must be engaged in the 

tissue. Moreover, after completion of procedure, additional 

backstitch or bite of tissue lateral to the end of the incision 

is required to lock the suture in place.

Facelifts can be superficial musculo-aponeurotic sys-

tem (SMAS) elevation type, deep plane lift, or minil-

ift [8]. Historically, Hamra’s deep plane facelift (1990) 

involved blunt dissection between cheek fat and underly-

ing zygomaticus and orbicularis oculi muscles but it led 

to infraorbital and midface ecchymosis [14]. Other suture 

resuspension technique given by Dr. Joe Niamtu is specifi-

cally applicable in malar elevation. In this, instrument is 

passed from an access incision in temple region across 

zygomatic arch into intra-oral incision given previously. 

Bite of tissue is taken and suture is then brought out again 

from the access incision in the temple region and fixed 

to temporalis fascia after midface is elevated to desired 

position. This allows a more supero-lateral elevation of 

tissues [8]. While in this technique suture material was 

passed superficial to temporalis fascia, chances are there 

that temporal branch of facial nerve might get injured as 

it passes through the temporo-parietal fascia; therefore, in 

our new technique, the area of dissection is below tempo-

ralis fascia and thus reducing the risk of injuring temporal 

branch of facial nerve.

The midface is the heart of oral and maxillofacial region 

and oral and maxillofacial surgeons have pioneered many 

surgical techniques in this area [9]. So, to summarize in our 

study, we have performed a new technique of deeper sub-

periosteal resuspension of mid-facial soft tissues which can 

be done immediately after reduction of facial fractures so as 

to prevent this “soft tissue drooping/ sagging” observed after 

reduction of facial fractures giving the patient an aged look.

Also, generally, dissection through the soft tissues leads 

to their traumatization, leading to healing by fibrosis and 

scarring but in this method; the material is placed without 

significant dissection of tissues using a hollow silver can-

nula, thus reducing scarring, lesser postoperative recovery 

time, and fewer complications [8].

The procedure is fast and easy to perform and can be done 

concomitantly with the fracture reduction. It has the particu-

lar advantage of a deeper plane of lift with good volumetric 

changes to the malar pads and a secure anchor point. This 

procedure provides excellent malar volume restoration. Due 

to the fact that it is performed just after fracture reduction, 

the complications expected after the procedure due to deep 

plane dissection like postoperative swelling, paresthesia 

which may persist for 2–6 weeks is masked.

Complications which could be expected during STRP 

are intraoperatively bleed from superficial temporal ves-

sels, damage to zygomatico-temporal or zygomatico-frontal 

nerves, Sialocoele–Stenson’s Duct injury, and postopera-

tively wound dehiscence, hematoma, infection from foreign 

body (PDO suture), alopecia over incision line, and pares-

thesia to zygomatico-facial or zygomatico-temporal nerves.

In our study, one patient reported complication after 

surgery. Swelling was noted 3 months after surgery in the 

lateral orbit wall and for which infected implant removal 

Table 1  STRP case details

Pt. No Age Sex Fracture type Cause STRP Time taken

1 18 years Male Lefort1 with symphysis RTA Left 10 min

2 5O years Male Right ZMC RTA Right 12 min

3 42 years Male Lefort 2 RTA Bilateral 18 min

4 60 years Male Right LeFort3 with left LeFort2 RTA Bilateral 24 min

5 32 years Male Lefort 2 with left ZMC RTA Left 8 min

6 23 years Male Lefort 3 with right ZMC RTA Right 9 min

7 27 years Male Lefort 2 RTA Bilateral 20 min

8 32 years Male Right ZMC RTA Right 10 min

9 27 years Male Right sub-condylar with symphysis and Right ZMC RTA Right 13 min

10 30 years Male Right ZMC RTA Right 12 min

11 35 years Male LeFort2 RTA Bilateral 19Minutes

12 29 years Male LeFort2 RTA Bilateral 25 min

13 24 years Male Lefort 2with Right Parasymphysis RTA Bilateral 23 min

14 29 years Male LeFort3 and Left ZMC with symphysis and Left angle RTA Bilateral 19 min

15 26 years Male Lefort 3 with Right ZMC RTA Bilateral 16 min
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was done for the patient and after that no further complica-

tions were seen. In the remaining cases, no complications 

were seen. The technique demonstrated high patient and 

physician satisfaction and complications of the procedure 

per se were rare.

Conclusion

Analyzing all the results obtained from the study, we 

conclude that STRP is a simple technique to perform that 

Table 2  Patient satisfaction survey scores

Questions Responses Percentage

1 Was this your first resuspension procedure? Yes 15 (100%)

No 0 (0%)

2 Are you pleased with the appearance of your face? Yes 13 (87%)

No 2 (13%)

3 Has the appearance of your face changed after surgery, compared to the one before trauma? No 9 (60%)

Minimal 5 (33%)

Modest 1 (7%)

Beyond Expectation 0 (0%)

4 Do you regard your appearance as “Natural” (no noticeable signs of surgery)? Yes 13 (87%)

No 2 (13%)

5 Was your normal appearance altered unfavorably in any way? Yes 1 (7%)

No 14 (93%)

6 Were there any complications associated with surgery? Yes 1 (7%)

No 14 (93%)

7 Did you have any problems with the surgery incisions and scars? No 15 (100%)

Somewhat, recovered with time 0

Required additional treatment 0

Required surgical treatment 0

8 Did you like earlier version of your pre-trauma appearance? Yes 15 (100%)

No 0

9 Did other people notice that you had a mid-facial resuspension surgery? Yes 0

No 15 (100%)

10 Did other people remark about any positive change in your appearance? Yes 0

No 15 (100%)

11 Did other people remark about any negative change in your appearance? Yes 1 (7%)

No 14 (93%)

12 Was there anything about the procedure that left you disappointed Yes 0

No 15 (100%)

13 When looking in mirror, how well do you like your appearance of your face now? Not at all 0

Somewhat 1 (7%)

Moderately 5 (33%)

Very Much 9 (60%)

14 Rate the degree of current improvement None 0

Minimal 0

Modest 2 (13%)

Very Good 13 (87%)

Beyond expectations 0

15 Would you like to surgically alter the appearance of your face now? Yes 0

Most Likely 0

Possibly 1 (7%)

Probably Not 0

No 14 (93%)
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helps in restoring facial esthetics, same as prior to facial 

trauma. The procedure can be carried out just after ORIF 

of facial fractures, so no special anesthesia is required. The 

advantages include less time taken to perform the proce-

dure, presents a low incidence of intra-and post-operative 

complications, and high patient compliance.

The limitations of the study include use of expensive 

PDO suture material and requirement of special instru-

ment—hollow silver cannula. The standardization of pre-

operative or profile picture of patient before the trauma is 

not possible. The amount of soft tissue pulled by suture is 

surgeon dependent. Conducting a study in the format of 

randomized control trial with a control group may give 

better outcomes.

So, we recommend that it is mandatory to resuspend 

the soft tissues and periosteum over the zygoma from the 

temporal region just after ORIF of fractures of mid-facial 

region to prevent soft tissue ptosis.
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RESEARCH ARTICLE

Along with its anticaries, antiplaque, and anti-gingival action, it has 
markedly shown remineralizing effects on initial carious lesions.4

Fluoridated toothpaste are commonly available in the market 
but its use is still debatable even after ample research on the subject. 
Dentists as well as the parents are in a dilemma for its use in children 

In t r o d u c t I o n

Dental caries is a major oral health threat in the Third World 
countries. The caries prevalence is reported to be 41% for children 
within the age of 2–11 years. The process of demineralization and 
remineralization is balanced and occurs concurrently in the oral 
cavity, but even a mild disturbance in the balance can lead to 
dental caries.1

The amalgamation of specific bacterial population that 
establishes in the oral cavity and the caries susceptible oral 
environment leads to demineralization of the enamel. This 
demineralization lesion is clinically demonstrated clearly when air 
dried as a white, opaque spot.2

A more biologically focused approach is used on demineralized 
lesion, diligent application of remineralization agents to early 
carious lesions has shown a good success rate in the literature. 
This creates a supersaturated environment around the early 
demineralized lesion, which further prevents the mineral loss and 
forces calcium and phosphate ions in the lesion leading to net 
mineral gain. Traditionally, these demineralizing agents consists 
of calcium phosphate along with or without fluoride 3

A newer generation of toothpaste containing Zinc 
hydroxyapatite nanoparticles has been developed. This paste has 
shown effective result in reducing caries, plaque, and gingivitis. 
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A Comparative Evaluation of Remineralizing Potential of 
Commonly Used Fluoridated Toothpaste, Herbal Toothpaste, 
Toothpaste with Zinc Hydroxyapatite, and Toothpaste 
with Calcium Sucrose Phosphate in Children: A Scanning 
Electronic Microscopic Study
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Ab s t r Ac t
Aim: The aim of this in vitro study is to evaluate the remineralizing potential of commonly used fluoridated toothpaste, toothpaste with calcium 
sucrose phosphate, toothpaste with zinc hydroxyapatite, herbal toothpaste, and to compare them.
Background: The process of demineralization and remineralization is balanced and occurs concurrently in the oral cavity, but even a mild 
disruption in this mechanism could lead to dental caries. Dental caries is a threat in the Third World countries and more common entity in 
childhood. The caries prevalence is reported to be 41% for children within the age of 2–11 years.
Materials and method: According  to previous  studies  and standard sample size calculating formula the  sample size of 48 was calculated, the 
teeth were subjected to demineralization – remineralization process and were observed under scanning electron microscope.
Results: The outcomes of this study suggest that the remineralizing potential of toothpaste with zinc hydroxyapatite (p = 0.0001*) was highest as 
compared to toothpaste with fluoride ( p = 0.0087*), herbal toothpaste ( p = 0.9034), and toothpaste with calcium sucrose phosphate (p = 0.0002*).
Conclusion: All the four toothpastes showed an adequate amount of remineralization but the highest amount of remineralization potential 
was seen with toothpaste containing zinc hydroxyapatite.
Clinical significance: The clinical significance of our study is to give clear and evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. Treating demineralization at an initial stage would help to remineralize the tooth 
structure and thereby limit further destruction of the tooth structure which will preserve the beautiful smile of the child.
 Keywords: Children, Demineralization, Dental caries, Remineralization.
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Group 2: Herbal toothpaste
Group 3: Toothpaste containing zinc hydroxyapatite
Group 4: Toothpaste containing calcium sucrose phosphate

Recording Demineralization Rates
These 48 demineralized sections were then studied under the 
stereomicroscope to evaluate the lesion depth (Fig.  1). The 
evaluated values were noted and tabulated. The values noted by 
two examiners were taken and the average value of all two was 
noted. The cut inner part of the section was then painted with 
nail varnish except the artificial carious lesion surface for further 
exposure to remineralization toothpaste.

Recording the Remineralization Rates
After the application of remineralizing toothpaste, the sections were 
studied under stereomicroscope to evaluate the remineralizing 
potential at 2nd, 4th , and 6th day (Fig. 2). The evaluated values will 
be noted and tabulated. The values recorded by two examiners 
were taken and the average value of all two was noted. The 
evaluated values for the demineralized (control group) sections and 
remineralized sections were recorded in units by using “micrometer 
eyepiece.” The units value was then converted into micrometer 
using the following formulas:

Micrometer = 
No. of units 1,000

Eyepiece magni�cation zoom

�
�   

Scanning Electronic Microscope Examination
For the SEM examination, a sample specimen from baseline, 
demineralized tooth structure as well as from each group was 
randomly selected to observe surface change. To compare 
the morphological variations between the different treated 
samples scanning electron microscope was used. For better 
observation of the results, both sound and demineralized enamel 
surfaces were examined. The resultant images obtained were of 
×500 magnification.

re s u lts
The obtained results were recorded and the data was entered into 
MS excel sheet (Microsoft Corp.) and the data was analyzed using 

because of its deleterious effects. There has been an ever increasing 
quest to search for a newer and better alternative.5 There are herbal 
toothpaste and toothpaste with calcium sucrose phosphate, which 
have gained popularity in the recent times and their usage has 
increased tremendously.

Hence, an in vitro Scanning electron microscope study 
was conducted with a purpose to evaluate and compare the 
remineralizing potential of f luoridated toothpaste, herbal 
toothpaste, toothpaste with zinc hydroxyapatite, and toothpaste 
with calcium sucrose phosphate.

MAt e r I A l s A n d Me t h o d
The sample size of 48 was calculated using standard sample size 
calculating formula and previous research articles,5,12 the required 
data for the study was derived from noncarious extracted or 
exfoliated maxillary or mandibular premolar obtained from the 
Department of Pediatric and Preventive Dentistry. The inclusion 
criteria considered in our study were extracted caries-free premolar 
of maxillary or mandibular arch. The exclusion criteria were the teeth 
with white spot lesions, carious teeth, teeth with cracked areas, and 
hypoplastic discolored teeth.

Storage
Extracted caries-free premolar of maxillary or mandibular arch were 
stored in 10% formalin until further use.

Demineralization
The selected teeth were dried and coated with nail varnish (acid 
resistant), leaving a window of 4 cm × 3 mm for demineralization 
process, on the buccal or lingual surface. The rectangular window 
was then coated with 37% phosphoric acid for 3 mins to produce 
artificial carious lesions.5

Sectioning and Division into Groups
The teeth samples were vertically sectioned using a diamond 
disk in buccolingual direction, such that each section consists of 
a demineralized area and normal enamel. Total number of sound 
sections obtained were 48, which were then allocated into four 
groups, with 12 sections in each group.

The four groups were as follows:

Group 1: Toothpaste containing fluoride

Fig. 1: Demineralized sections: Viewed under the stereomicroscope Fig. 2: Remineralized sections: Viewed under the stereomicroscope
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Herbal toothpaste (Group 2) and toothpaste containing calcium 
sucrose phosphate (Group 4) showed appreciable amount of 
remineralization at day 6, which was 1241.67 and 1033.33, respectively 
but no complete remineralization of the tooth structure was seen.

Figure 4 compared different time points with remineralization 
scores in four groups and it was pleasant to see that toothpaste 
containing zinc hydroxyapatite (Group 3) showed a linear graph 
from the point of demineralization at baseline to day 2 which stayed 
steady till day 6. It also showed a highest amount of remineralization 
than compared to all the other three groups.

dI s c u s s I o n
To survive, all higher forms of life are reliant on consumption of 
food that fuels one’s life. Teeth are the tool used to ensure survival 
of life. Nature has fashioned the hard enamel covering to serve this 
function. It is a paradox that though enamel is the hardest biological 
substance, its acellular and avascular nature make it incompetent 
of any natural defense.6

Dental caries is a multifactorial disease affected not only by oral 
cavity environment but also influenced by community, family, and 
individual but most essential of all is by time.7 Demineralization of 
teeth is mostly caused by exposure of tooth surface to the acids.

The tooth remineralization is a natural repair process in the 
oral cavity, supersaturation of ions such as calcium, phosphate, and 
fluoride around the tooth is important to restoring the strength 
and function of the tooth. These ions are deposited in the crystal 
voids of enamel making it more resistant to the carious process.8–10

Our study incorporated the use of human permanent premolar 
teeth. The primary reason for the same was that they are the most 

IBM SPSS software (version 20.0 Chicago IL, USA).The remineralized 
values were compared with the evaluated demineralized (control 
group) values of the same specimen. This was done for all the four 
groups. The results of comparison of the four test groups were 
done using one-way ANOVA test, Dependent “t“ test, and Tukey’s 
post hoc test.

The current study was designed to test the effects of four 
toothpaste on demineralized enamel lesion depth in vitro condition. 
Tooth sections obtained from extracted human premolar teeth 
were subjected to experimental application. The depths of the 
artificial carious produced in enamel were measured in millimeter 
using stereomicroscope and an intergroup comparison was done 
at the end of 2nd, 4th , and 6th day.

The difference in mean lesion depths was not statistically 
significant when comparison was done between four groups 
at baseline after demineralization (Table  1). When a pair-wise 
comparison was done between all the four groups at different 
time intervals, the results of the comparison showed a statistically 
significant difference in the remineralizing potential with all of the 
groups apart from when Herbal toothpaste (Group 2) was compared 
to Toothpaste containing calcium sucrose phosphate (Group 4), the 
results were not statistically significant (Table 1).

Figure 3 showed the remineralizing potential of all the four 
toothpastes at different time points, i.e., 2nd, 4th, and 6th day. 
Toothpastes containing zinc hydroxyapatite (Group 3) showed 
the maximum amount of remineralization at day 2 (1491.57) itself, 
which gradually continued up till day 6 (1508.33) where complete 
remineralization of the tooth structure was seen. Toothpaste 
containing fluoride (Group 1) also showed a complete remineralization 
of the tooth structure, which was gradual from day 1 to 6 (1491.67). 

Fig. 3: Comparison of different time points with remineralization score 
in four groups

Fig. 4: Graph showing comparison of different time points with 
remineralization scores in four groups

Table 1: Pair-wise comparison of four groups with remineralization at different time points by Tukey's multiple post hoc procedures

Time points

Group 1
vs
Group 2

Group 1
vs
Group 3

Group 1
vs
Group 4

Group 2
vs
Group 3

Group 2
vs
Group 4

Group 3
vs
Group 4

Baseline p = 0.9873 p = 0.9984 p = 0.7984 p = 0.9592 p = 0.6026 p = 0.8777

Day 2 p = 0.0013* p = 0.0018* p = 0.0087* p = 0.0002* p = 0.9034 p = 0.0002*
Day 4 p = 0.0002* p = 0.9954 p = 0.0002* p = 0.0002* p = 0.5729 p = 0.0002*

Day 6 p = 0.2773 p = 0.9994 p = 0.0091* p = 0.2256 p = 0.4359 p = 0.0065*

*statistically significant
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crystals to form fluorapatite crystals which are more resistant to 
future demineralization.13

In our study, toothpaste containing calcium sucrose phosphate 
and herbal toothpaste did show a fair amount of remineralization 
but could not remineralize the tooth completely even at day 6 after 
repeated applications.

Stereomicroscopic analysis was carried out in our study, 
samples were randomly selected at baseline, after demineralization 
and from all the four groups. The sample at baseline showed the 
normal tooth structure without any depressions in enamel rods 
(Fig. 5). Once the demineralization process took place, the enamel 
rods showed concavities on the surface (Fig. 6).

Toothpaste was then applied on the demineralized tooth 
surface to check their remineralizing potential. In the first group, 
they were treated with fluoridated toothpaste which showed calcific 
deposits surrounding the enamel rods (Fig. 7). In the second group, 
the demineralized surface was treated with herbal toothpaste which 
showed very less amount of remineralization; moreover the enamel 
rods still had the depressions present (Fig. 8). In Group 3, the samples 
were treated with toothpaste containing zinc hydroxyapatite, 
the SEM analysis showed some astonishing results, complete 
remineralization of tooth surface was observed, and the enamel rods 

common teeth to be extracted for orthodontic purpose. The 
physical and chemical composition of the teeth will vary between 
deciduous and permanent dentition and also between the types 
of teeth (incisors, canine, premolar, and molar). Hence, in order to 
avoid the microscopic variation, which may occur, in the present 
study, only permanent premolars have been selected.11

Cessation of dental caries has always been a forte of a dentist. 
In this study, 37% phosphoric acid was used for demineralization 
to mimic a white spot lesion. This study showed that toothpaste 
containing zinc hydroxyapatite had the highest amount of 
remineralization potential; this can be attributed to the fact that 
it contained zinc hydroxyapatite crystals in it. These crystals are 
thought to be deposited in the demineralized voids which on 
repeated deposition detailed in a sound tooth structure.12

An in vivo study was conducted where two pediatric 
dentifrices were compared to one regular dentifrice. This study 
hypothesized that the pediatric toothpaste containing sodium 
monofluorophosphate showed an appreciable amount to 
remineralization. Our study showed a similar results where 
toothpaste containing fluoride showed a meritorious result in terms 
of remineralization, which can be attributed to its content of sodium 
monofluorophosphate, which reacts with the hydroxyapatite 

Fig. 5: Normal tooth anatomy as seen under SEM with 500 magnification

Fig. 6: Tooth anatomy after demineralization as seen under SEM with 
500 magnification

Fig. 7: Toothpaste containing fluoride showing remineralization of 
demineralized area under SEM with 500 magnification

Fig. 8: Herbal toothpaste showing remineralization of demineralized 
area under SEM with 500 magnification
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cl I n I c A l sI g n I f I c A n c e
The clinical signif icance of our study is to give clear and 
evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. White 
spot lesion, which is an early sign of demineralization and an initial 
carious lesion, is very common among children. Treating them at 
the initial stage would help to remineralize the tooth structure and 
thereby limit further destruction of the tooth structure, which will 
preserve the beautiful smile of the child. It will also help the child 
and the parent to overcome physical, social, and economic barrier. 
A good oral health is a reflection of a overall good general health.
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showed their normal anatomy (Fig. 9). The last group of samples was 
treated with toothpaste containing calcium sucrose phosphate, this 
group showed minimal amount of remineralization further more 
enamel rods appeared to be demineralized with significant number 
of concavity present in them (Fig. 10).

The remineralization is a steady process in the oral cavity. In the 
entire process of dental caries, the tooth is subjected to repeated 
cycles of demineralization and remineralization. These cycles are 
of uncertain duration and intensities. Clinically, remineralization 
is substantial when the enamel destruction can be stopped or 
reversed without the use of restorative techniques or material.13

The finding of our study has dental health implications. 
The patient and the parent should be educated toward 
effective preventive approaches such as maintenance of good 
oral hygiene via brushing twice a day and diet modifications. 
The lesions produced in the study are initial and in its first 
progression phase, which often is not detected in clinical 
examination. Some of the agents tested in this study did show 
ability to resist early lesion development. Prevention of such 
early lesions is considered as primary level of prevention because 
these lesions are not visible clinically or radiographically, hence 
are undiagnosed and can be effectively dealt with by just use of 
right remineralizing agent.14,15

This study can be a road map for the dentist to choose the 
toothpaste wisely for the betterment of the children and also 
to progress toward the goal of caries-free society. Our study 
showed that toothpaste containing zinc hydroxyapatite had better 
remineralization potential compared to the other toothpaste used 
in our study. The limitation of our study that it is an in vitro study 
so an in vivo study for longer duration shall be carried out. Various 
measures have been taken to conduct a clinical trial among children 
in this regard.

co n c lu s I o n
The conclusions drawn from the present study are as follows:

• All the four toothpaste showed a remineralizing potential
• The toothpaste containing zinc hydroxyapatite showed a 

superior remineralizing prospect compared to the toothpaste 
containing fluoride, toothpaste containing calcium sucrose 
phosphate, and herbal toothpaste; it could be attributed to the 
zinc hydroxyapatite content in it.

Fig. 10: Toothpaste containing calcium sucrose phosphate showing 
remineralization of demineralized area under SEM with 500

Fig. 9:  Toothpaste containing zinc hydroxyapatite showing 
remineralization of demineralized area under SEM with 500 magnification
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RESEARCH ARTICLE

Natural, organic, and herbal mouth rinses do not contain alcohol, 
artificial preservatives, or colors and flavors, and have unique 
therapeutic properties. Hence, they are attaining popularity among 
today’s relatively more aware consumers. Research data supports their 
bactericidal action, antiplaque, and anti-gingivitis efficacy.8 Moreover, 
studies pertaining to herbal mouth rinses and their efficacy in the 
reduction of dental caries are lacking; hence, it is essential to produce 
required evidence. The present study was therefore conducted to 
evaluate and compare the effectiveness of Chlorhexidine and Herbal 
mouth rinse on salivary S. mutans in children with mixed dentition.

In t r o d u c t I o n
Dental caries is characterized by demineralization of calcified 
tissues of the teeth due to several factors.1 Approximately, 60–65% 
of children in India are affected by dental caries. Several organisms 
are involved in the development of carious lesions.2,3 However, the 
literature strongly reports Streptococcus mutans (S. mutans) as the 
potential organism involved in the initiation of dental caries. This 
is because S. mutans can attach to the enamel surface, produce 
acid metabolites, provide glycogen reserves, and has the ability 
to synthesize extracellular polysaccharides.1

Several antimicrobial agents with varying efficacy have 
been reported for the reduction of dental caries.4 Preventive 
programs such as the use of fluoride toothpaste, community 
water fluoridation, and mouth rinses, focusing primarily on the 
reduction of caries have also been carried out to reduce the 
prevalence of the disease.5 These substances inhibit the adhesion 
of bacteria, their colonization, and metabolic activity ultimately 
affecting their growth.4 Presently, bisbiguanide being the most 
efficacious chemotherapeutic agent against S. mutans has high 
bactericidal activity against both gram-positive and gram-negative 
bacteria. But it has a few side effects such as tooth discoloration, 
the altered sensation of taste, and erosion of oral mucosa.6,7 Also, 
due to the developing antimicrobial resistance to the currently 
available antibiotics and chemotherapeutics, the implementation 
of alternative treatment options for oral diseases that are safer, 
effective, and economical are needed.8
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Ab s t r Ac t
Aim and objective: Streptococcus mutans (S. mutans) shows increased resistance to currently available antibiotics and chemotherapeutics. The 
present study compares the effectiveness of chlorhexidine and Herbal mouth rinse against salivary S. mutans in children with mixed dentition.
Materials and methods: Subjects (n = 60) with mixed dentition were selected for the study. Caries status was recorded using Nyvard’s criteria. 
Baseline saliva samples were collected and assessed for quantifying S. mutans. Subjects were instructed to rinse their mouths with 0.2 % w/v 
chlorhexidine and herbal mouth rinse for 7 days. Saliva samples were collected after 7 days and assessed for S. mutans. After a run-in period 
of 21 days, both the mouth rinses were crossed over according to the Latin square design, and a similar procedure was carried out. Later, 
determination of mean colony-forming units (CFU/mL) from the saliva samples was done. For statistical analysis, Kolmogorov and Mann–Whitney 
U tests were applied.
Results: Both the groups showed a significant reduction in S. mutans count, at baseline and 7 days (p = 0.0001), and the reduction of S. mutans 
count in herbal mouth rinse as compared to chlorhexidine mouth rinse (p = 0.0209) was statistically significant.
Conclusion: Herbal mouth rinse proved to have better antimicrobial efficacy than Chlorhexidine mouth rinse.
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of 1 mL unstimulated whole saliva was done an hour after rinsing the 
mouth with the respective mouth rinse, and assessed for S. mutans 
growth as mentioned in baseline saliva evaluation.

A washout period of 21 days was given when neither of the two 
mouth rinses was used. The selected subjects were then assigned 
to Phase II in which the baseline saliva was collected with a similar 
protocol as followed in Phase I. The mouth rinse formulations were 
interchanged as per Latin square design and the subjects were told 
to use the assigned mouthrinse for the next 7 days. The post-test 
saliva was collected on Day 8 and subjected to microbiological 
assessment. During the entire duration of the study, the subjects 
were told to follow their routine oral hygiene habits.

Microbial Assessment
Dilution (1: 10,000) of the saliva samples in 0.05 M phosphate buffer 
(pH 7.0) was done using serial dilution method; 0.1 mL of which 
was inoculated on Mitis Salivarius Agar with potassium tellurite 
medium and bacitracin (MSBA). Incubation of the plates was done 
for 48 hours at 37°C in a 5–10% CO2 jar, under a light microscope.. 
The number of Colony Forming Units (CFU) of S. mutans were 
determined using a stereomicroscope. Further, the determination 
of CFU per mL was done using the following formula:

No. of colonies × Dilution factor/Volume inoculated in  
mL = CFU/mL

Where, Volume inoculated = 0.1 mL and Dilution factor = 104

Statistical Analysis
SPSS v20 was used to analyze the data. The collected data were 
tabulated using Microsoft Excel 2007 and subjected to analysis 
statistically. Determination of distribution of the data was done 
using the Kolmogorov Smirnov test. Intergroup comparison was 
done using Mann–Whitney U test and intragroup comparison 
using Wilcoxon signed-ranks test to compare the effectiveness of 
chlorhexidine and herbal mouth rinse. A p value < 0.05 has proven 
to be statistically significant.

re s u lts
Out of 60 children with a mean age of 8.97 + 1.91 years, 31 children 
(51.67 %) were male and 29 children (48.33 %) were female. The 
mean difference of S. mutans count, at baseline and 7 days was not 
significant (A group p value is 0.0880 and B group p value is 0.2590) 
and followed a normal distribution (Table 1).

The intragroup comparison showed that S. mutans count had 
significantly reduced in both the groups at baseline and after 7 days 
(p = 0.0001; Table 2 and Fig. 2).

A statistically significant difference in S. mutans count 
(p < 0.0036) was seen on the intergroup comparison at baseline; 
whereas a statistically insignificant difference (p < 0.1347) between 
both the groups was seen on the 7th day. However, a statistically 
significant overall mean difference of S. mutans count between 
both the groups was observed (p = 0.0209; Table 3).

dI s c u s s I o n
This study was performed with a crossover design known as Latin 
square design. This design has the advantage of subjects acting 
as their own controls and hence there is less variability within a 
subject. Also, the order in which the interventions are carried out in 
a crossover trial may cause errors which are named “order effects.” 
These errors are eliminated by Latin square design.6 However, the 
carryover effect is one of the biggest problems associated with Latin 

MAt e r I A l s A n d Me t h o d s

Study Design and Setting
The current randomized crossover study was conducted at an 
underprivileged Government-residential school in the Northern 
part of Karnataka. The study was briefed to the Principal along 
with the guardian of the school and consent was obtained. Written 
informed consent was also obtained from the children before 
participating in the study. Procurement of ethical clearance was 
done by the Institutional Ethics Committee. The following formula 
determined the sample size: n = 2S2 /d2 (Z1-α/2 + Z1-β),2 α = 5%  
(Zα = 1.96) and β = 80%, (Z1-β = 0.824) where α = Probability of type 
I error, 1-β = Power of the study, S = 794.57, d = 575.24, Z = Standard 
normal deviate. As per the calculation, the required sample size 
was 60. Children with mixed dentition, who were free of any 
systemic diseases, and residing in the same geographic area were 
included as part of the study. Children suffering from any disease 
affecting the flow of saliva, children having special healthcare 
needs, and those showing any adverse reactions to the products 
used in the study or under any antibiotic therapy (1 month before 
the study) were excluded from the study.

Data Collection
Demographic data and oral findings of all the patients were 
recorded in a predesigned proforma. Caries status was recorded 
using Nyvad’s criteria.9 Baseline unstimulated whole saliva10 of 
volume 1 mL was collected between 10 and 11 am11 by a suction 
method using a sterile disposable syringe (Unolok Hindustan 
Syringes & Medical Devices Ltd., Faridabad, India) and transported 
immediately in thioglycolate medium for microbial assessment on 
the same day of sample collection.

Intervention
The intervention was carried out according to Latin square design6 
(Fig. 1) in two phases– Phase I and Phase II. In Phase I, the subjects 
were randomly assigned into two groups: Chlorhexidine group 
(Hexidine mouthwash 0.2 %, ICPA Health Products Ltd., Ankleshwar, 
India) and herbal mouth rinse group (Hiora mouthwash, The 
Himalaya Drug Company, Bengaluru, India) by lottery method. 
The assigned mouth rinse (5 mL) was used to rinse the mouth for 
1 minute and then expectorated, twice daily, for 7 days under the 
supervision of the primary investigator. The subjects were told not 
to consume anything 30 minutes after rinsing. On day 8, collection 

Fig. 1: Latin square design used in the study
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ions thus reducing the bias due to the buffering action of saliva. The 
four most common approaches for the collection of unstimulated 
saliva are the draining method, suction method, spitting method, 
and absorbent (swab) method.10 Due to its ease of use, a suction 
method was used in this study. A significant circadian rhythm in 
the rate of flow and in concentration of sodium and chloride was 
seen in unstimulated whole saliva all throughout the day.11 With 
the increase in the flow rate, the pH of the saliva also increased, and 
thus, to standardize the procedure, saliva was collected between 
10 and 11 am of the day.11 Although there are several specific media 
available for isolation of S. mutans, MSBA is the most specific test  

square design. To eliminate this effect, a run-in period of 21 days 
had been used in this study, though it was more time-consuming.12

Children with mixed dentition with a mean age of 8.97 + 1.91 were 
included in the present study because of second window of 
infectivity. The infectivity window is mostly observed in children 
between 6 and 12 years, during which multiple permanent teeth 
erupt and tooth surfaces are exposed to caries risk until the second 
molars are fully developed.13

Stimulated and unstimulated saliva are the two different 
methods of saliva collection. Unstimulated saliva was used in the 
present study because of its lower concentration of bicarbonate 

Table 1: Distribution of S. mutans count among the test groups at baseline and 7 days

Time

No. of CFU (x108)

Group A
chlorhexidine

Group B
herbal

Mean ± SD p-value Mean ± SD p-value
Baseline 1.52 ± 1.11 0.0380* 2.23 ± 1.38 0.0360*
7 days 0.56 ± 0.40 0.0340* 0.72 ± 0.52 0.0680

Difference 0.96 ± 1.00 0.0880 1.50 ± 1.29 0.2590

Kolmogorov Smirnov test, *p < 0.05 indicates non-normal distribution

Table 2: Intragroup comparison of S. mutans count (number of CFUx108) At baseline and 7 days

Mouth rinse
Mean ± SD, CFU/mL

p-valueBaseline 7 days
Chlorhexidine
Group A

1.52 ± 1.11 0.56 ± 0.40 0.0001

Herbal
Group B

2.23 ± 1.38 0.72 ± 0.52 0.0001

Figs 2A to C: Photograph showing the growth and colonization of S. mutans at: (A) Baseline; (B) After administration of chlorhexidine mouthrinse;  
(C) After administration of herbal mouthrinse

Table 3: Intergroup comparison of S. mutans count (number of CFUx108) at baseline and 7 days

Time points

Chlorhexidine
Group A

(Mean ± SD)

Herbal
Group B

(Mean ± SD) p-value

Baseline 1.52 ± 1.11 2.23 ± 1.38 0.0036*
7 days 0.56 ± 0.40 0.72 ± 0.52 0.1347

Difference 0.96 ± 1.00 1.50 ± 1.29 0.0209*

Mann–Whitney U test, *p < 0.05
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that this ayurvedic mouth rinse can be promoted by dentists as 
they have equal efficacy against S. mutans as compared to 0.2 % 
Chlorhexidine mouth rinse with no side effects.

co n c lu s I o n
The present study demonstrated that both Chlorhexidine and 
herbal mouth rinses have greater antimicrobial efficacy against 
S. mutans. However, herbal mouth rinse proved to have better 
antimicrobial efficacy than Chlorhexidine mouth rinse. Further, 
long-term studies need to be done with a larger sample size to 
reinforce these findings.
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maintain pulp vitality and allowing continuous root development 
and apical closure, the approach being known as apexogenesis.9

Meanwhile, for pulpally involved necrotic young permanent 
teeth, the finest treatment modality resides in the formation of an 
apical calcific barrier. Apexification, induction of a calcific barrier 
at open root apex of nonvital teeth for obtaining apical barrier 
preventing passage of bacterial toxins into periradicular tissue.10

Calcium hydroxide has been used widely as the gold standard 
material for Apexogenesis/Apexif ication for treatment of 

In t r o d u c t I o n
Imperatively permanent first molar serves to be a veritable 
cornerstone of the oral cavity.1 Being the first permanent tooth to 
erupt, it is the one which is most commonly affected with dental 
caries. Moreover, it plays a key role in balanced occlusion.2

A young permanent tooth is defined as, newly erupted 
permanent tooth with incomplete root apex formation.They 
require maintenance of the maximum amount of the noninflamed 
portions of the pulp tissue to enhance apexogenesis and root dentin 
formation.3 Moreover, pulp tissue in immature teeth has potential 
for regeneration because of wide open apices, rich blood supply 
and potentially viable apical tissues.4

In children with immature permanent teeth, dental caries and 
traumatic injuries are the most common problems, leading to pulp 
necrosis.5 Since, root development is completed in 2–3 years after 
tooth eruption into the oral cavity, loss of pulp vitality in the young 
permanent tooth creates distinctive problems.6

The primary aim, while treating young permanent tooth, 
should be to potentiate the regenerative capacity of the 
affected pulp.7 Considerably the ability of the apical pulp 
tissue to survive under unfavorable necrotic conditions and 
proliferate under favorable conditions is the key principle behind 
revascularization.8 Consequently, pre-eminent purpose of treating 
cariously or traumatically exposed dental pulps in these teeth is to 
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Background: In children with young permanent teeth, dental caries and traumatic injuries are the most common problems leading to pulp 
necrosis. Since, root development is completed in two to three years after eruption of the tooth into the oral cavity, loss of pulp vitality in 
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conventional materials on the regenerative potential of cells in 
the physiological root apex formation (apexogenesis), apical 
barrier formation (apexification), and REPs in pulpally involved 
young permanent teeth in children between 6 and 14 years of age.

Me t h o d s

Protocol and Registration
The review has been registered in PROSPERO; International 
prospective register of systematic reviews funded by National 
Institute of Health Research and produced by CRD (Centre for 
Reviews and Dissemination) an academic department of the 
University of York. The registration number of this review is 
CRD 420,201 85,920 and can be accessed on the website http://
www.crd.york.ac.uk/prospero/index.php.

Eligibility Criteria
Inclusion Criteria

• Study setting should be clinical.
• Study design should be randomized control  tr ials , 

quasi-randomized, control clinical trial, retrospective or a cohort 
study, case series and case reports.

• Study population should be children between 6 and 14 years of 
age with young permanent teeth.

• Study assessing the efficiency of Apexogenesis, Apexification 
and Regenerative endodontic procedures of young permanent 
teeth in children.

• Study published between 1st January 2010 and 31st May 2020.
• Studies written in English language and studies written in any 

other language but are possible to get translated into English.

Exclusion Criteria

• Studies conducted on animal.
• Article reported as a review and systematic review.
• Participants aged below 6 years of age.
• Studies not reporting the clinical and radiographical outcomes 

of Apexogenesis, Apexification and Regenerative endodontic 
procedures of young permanent teeth in children.

• Clinical or radiographic outcomes mentioned through letter to 
editor and short communication.

• Studies recording clinical and radiographic outcomes as a 
secondary objective

LI t e r At u r e se A r c h A n d se A r c h st r At e g y

Search Strategies
Literature search strategy was developed using keywords related 
Apexogenesis/Apexification/Regenerative endodontics, young 
permanent teeth, and children. Data were searched through the 
databases, PubMed, Google Scholar, Cochrane from 1st January 
2010 till 31st May 2020. Detailed items including search strategies 
used, no of articles searched and selected are illustrated. Cross- 
references were checked, grey literature and hand searching of 
articles was done when full texts of the relevant studies were 
unavailable through electronic database.

Study Selection
One review author (NS) independently screened the titles and 
abstracts obtained by search strategy and included them if they met 
the inclusion criteria. Later full texts of all the included studies were 

traumatized teeth, but recently with the invent of other biomimetic 
materials namely Mineral Trioxide Aggregate (MTA), Biodentin, 
Bioaggregate, etc.; it has been replaced for such usage.11

Notably, periapical tissues in immature teeth have rich 
blood supply, containing stem cells having potential for tissue 
regeneration. Hence, the concept of regeneration of immature 
nonvital teeth was advocated.12 Regenerative endodontic 
procedures (REPs) have emerged as valuable alternatives, designed 
to restore damaged, insufficient and missing structures by healthy 
newly produced tissues, preserving the shape and function of the 
pulp-dentin complex.13

Newer methods based on the principles of revascularization 
have been tried and found better than conventional methods of 
apexification since it helps in physiological root maturation, unlike 
traditional methods which resulted in artificial calcific barrier 
formation without root lengthening.14 The key target of the latest 
regenerative clinical guidelines by the American Academy of 
Endodontics (AAE) includes, preservation of vitality of the apical 
papilla and its stem cells.15

Thus, an archetypal outcome for teeth with an immature root 
and necrotic pulp would be the regeneration of pulp tissue into 
the canal capable of bolstering the continuation of normal root 
development.16 Inspite of exceeding availability of the treatment 
procedures there is a need to search for a substantial procedure to 
treat effectively, an immature permanent teeth.

Hence, the aim of this systematic review is to determine 
clinical and radiographic success of varying materials using 
different treatment protocols along with exploration of the newer 
approaches that can be effectively used in pediatric dentistry for 
the treatment of young permanent teeth through critical evaluation 
of dental literature.

Focused Question
What are the clinical and radiographic outcomes while evaluating 
the efficacy of newer biomimetic materials with conventional 
materials on the regenerative potential of cells in the physiological 
root apex formation (apexogenesis), apical barrier formation 
(apexification), and REPs in pulpally involved young permanent 
teeth in children between 6 and 14 years of age? 

PICO Format
P (Population)—Children in between 6 and 14 years of age with 
young permanent teeth . I (Intervention)—Clinical and radiographic 
evaluation of physiological root apex formation, apical barrier 
formation and REP in pulpally involved young permanent teeth 
in children. C (Comparison)—Comparative evaluation of newer 
biomimetic materials like mineral trioxide aggregate (MTA), 
Biodentine with conventional materials like calcium hydroxide on 
the regenerative potential of cells in the physiological root apex 
formation (apexogenesis), apical barrier formation (apexification) 
and REPs in pulpally involved young permanent teeth in children. 
O (Outcome)—(1) To evaluate clinical success rate on the basis of 
absence of pain, tenderness to percussion, swelling, absence of 
tooth discoloration, and restoration of pulp vitality. (2) To evaluate 
radiographically, the efficiency of apical end closure, root wall 
thickening, no loss of lamina dura, PDL widening, pathologic root 
resorption, and resolution of periapical radiolucency.

Objectives
The objective are to evaluate and compare the clinical and 
radiographic success rates of newer biomimetic materials with 
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judgments of the risk of bias for each domain is mentioned. Risk 
of bias for non-randomized studies has been done using Modified 
Newcastle Ottawa Quality assessment scale (Fig. 2 and  Table 2).

re s u Lt
The result of our search strategy identified 145 and 4,701 articles 
through database searching in Cochrane, PubMed, Google Scholar, 
respectively. Total 4,846 articles were retrieved. Second step was 
screening through titles after which 4,687 articles were excluded 
because they did not meet the objectives of the systematic review. 
A total of 159 articles which remained were screened for duplicates 
through Endnote Software VersionX7. Out of 159, 86 articles 
were found to be duplicates and thus, remaining 73 articles were 
screened through abstracts subsequently. Through abstract 
screening 40 articles were excluded as they did not meet the 
eligibility criteria. Finally, 33 articles were screened for full text out 
of which, 19 were excluded reason of which have been mentioned.

Finally, 14 articles were selected out of which four were 
randomized controlled trials, seven were controlled clinical trials 
and three were case reports. All the studies were then qualitatively 
analyzed after which they were included in the systematic review.

Meta-analysis
For meta-analysis 14 articles were reviewed and were statistically 
evaluated using statistics and data software (STATA). The results 
obtained from the analysis showed high precision values 
considering 95% confidence interval. Moreover, less heterogeneity 

obtained and screened by reading them entirely and segregated 
based on the inclusion criteria. Whenever there was uncertainty 
regarding any study regarding inclusion, problem was resolved by 
discussing it with the second review author (SMH). For inclusion 
of articles for meta-analysis the quality assessment of each article 
was done by the reviewer independently (NS) and later it was 
crosschecked by other reviewers (SMH, NS). Finally, the search yielded 
14 studies to be included in systematic review. All the excluded 
studies were recorded with reason for exclusion of each study (Fig. 1).

Data Extraction (Study Characteristics)
Data extraction was performed using a standardized outline. 
General information such as author name, year of publication was 
collected from each study. Study characteristics like (1) Study setting 
(2) Age-group (3) Sample Size (4) Material used (5) Follow-up (6) 
Clinical success rate (7) Radiographic success rate (8) Success rate 
(Clinical + radiographic) (9) Results were tabulated for the studies 
selected (Table 1).

Risk of Bias
Risk of bias within each study is mentioned in figure and the studies 
are categorized into high (Red), medium (Yellow), and low (Green) 
risk bias studies according to Cochrane handbook for systematic 
review using RevMan 5.4.36 Most trials were at low risk of bias 
in seven domains, i.e, random sequence generation, allocation 
concealment, blinding of participants and personnel, incomplete 
outcome data, selective reporting, and other bias that we assessed. 
Summary of the risk of bias for individual study as well as the 

Fig. 1: Flow diagram depicting the process of selection and exclusion of articles at each step
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Table 1: Table showing qualitative analysis of the studies selected for the systematic review

Sl. 
No

Author 
name

Year of 
publication

Study 
setting Age

Sample 
size

Material 
used Follow-up

Clinical 
success rate

Radiographic 
success rate

Success rate (clini-
cal + radiological) Result

1 Santha 
kumar M 

et al.

2018 In vivo 7–12 
years

40 PRF gel, 
PRF mem-

brane

6,12, 
and 18 
months

PRF gel = 
94.73%

PRF  
membrane = 

94.73%

PRF gel = 
94.73%

PRF  
membrane = 

89.47%

PRF gel = 94.73%
PRF  

membrane = 
89.47%

PRF gel-
94.73%

2 Torabi 
nejad M 

et al.

2011 In vivo 11 
years

1 Triple anti-
biotic paste 

+ PRP

6, 12 
months

PRP = 100% PRP = 100% 100% PRP–100%

3 Bezgin T 
et al.

2015 In vivo 7–13 
years

22 Blood clot,
PRP

3, 6, 9, 
12, 

and 18 
months

PRP = 100%, 
Blood clot = 

100%

PRP = 100%,
Blood clot = 

90.09%

PRP = 100%,
Blood clot = 

95.45%

PRP–100%

4 Narang I 
et al.

2015 In vivo  < 20 
years

20 Blood clot,
PRP, PRF

6, 18 
months

Blood clot = 
100%,

PRP = 100%,
PRF = 100%

Blood clot = 
57%,
PRP = 

74.50%, PRF 
= 50%

Blood clot = 
78.5%,

PRP = 87.25%,
PRF = 75%

PRF = 
87.25%

5 Nagy MM 
et al.

2014 In vivo 9–13 
years

36 MTA + 
(blood clot 
scaffold) + 
(blood clot 
scaffold + 

fGF)

3, 6, 12, 
and 18 
months

MTA = 100%,
REG = 90%
FGF = 80%

MTA = 100%,
REG = 90%
FGF = 90%

MTA = 100%,
REG = 90%
FGF = 80%

MTA-
100%,

6 Li Wan 
Lee

et al.

2010 In vivo 7–10 
years

32 Calcium 
hydoxide

1 and 3 
months

Calcium 
hydoxide = 

100%

Calcium 
hydoxide = 

96.4 %

Calcium hydox-
ide = 98.2%

Calcium  
hydoxide 

-98.2%
7 Vidal K 

et al.
2016 In vivo 9 

years
1 Absorbable 

collagen 
matrix + 

Biodentine

3, 6, and 
18

months

Biodentine = 
100%

Biodentine = 
100%

Biodentine = 
100%

Biodentine 
-100%

8 Tolugu N 
et al.

2016 In vivo 7–11 
years

26 MTA, Bio-
Aggregate

3, 6, 9, 
12, 15, 
18, 21, 
and 24 
months

MTA = 
84.61%

BioAggregate 
= 100%

MTA = 100%
BioAggregate 

= 100%

MTA = 92.30%
BioAggregate = 

100%

BioAggre-
gate-100%

9 Chaudary 
S et al.

2016 In
vivo

11 
years

1 Er,Cr:YSGG 
Laser + 

Biodentine

3, 6, 18
months

Er,Cr:YSGG 
Laser + 

Biodentine = 
100%

Er,Cr:YSGG 
Laser + 

Biodentine = 
100%

Er,Cr:YSGG Laser 
+ Biodentine = 

100%

Bioden-
tine-100%

10 Moore A 
et al.

2011 In vivo 10 
years

22 ProRoot 
MTA, Ange-
lus (White 

MTA)

3, 6, 12, 
18, 24 

months

ProRootMTA 
= 81.8%,

White MTA 
(Angelus) 

=100%

ProRoot MTA 
= 72.72%,

White MTA 
(Angelus) = 

100%

ProRoot + White 
MTA-95.5%

White MTA 
(Angelus) 

-95.5%

11 Damle SG 
et al.

2012 In vivo 8–10 
years

30 MTA,
Calcium 

hydroxide

3, 6, 9, 
and 12 
months

MTA = 100%,
Calcium 

hydroxide = 
93.30%

MTA = 100%,
Calcium 

hydroxide = 
93.30%

MTA = 100%,
Calcium hydrox-

ide = 93.30%

MTA = 
100%

12 Norsat A 
et al.

2012 In vivo 6–10
years

51 CEM,
 MTA

6, 12 
months

CEM = 
95.83%,

MTA = 96%

CEM = 86%,
MTA = 79%

CEM = 90.61%,
MTA = 87.5%

Calcium- 
enriched 
mixture

CEM-
90.61%,

 (Continued)
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the vital tissues aid in induction and formation of calcific tissue 
deposition. It also has additional antibacterial properties. Calcium 
ions also help in the remineralization process. Hydroxyl ions 
being alkaline in nature increases the pH aids in initiation of the 
healing process.27

A total of 93.32 and 100% clinical success rates were seen 
when Apexogenesis in vital immature permanent teeth were 
carried out. Clinically most of the teeth were asymptomatic. 
The reasons cited for this was the superior anitimicrobial effect 
of calcium hydroxide. Hydroxyl ions released cause damage to 
bacterial DNA and denaturation of proteins. They added that the 
high pH of calcium plays a key role in periapical repair and calcific 
tissue formation.9,10 However, at the end of 12 months follow-up 
period, clinical success rate was 86.60% when a few teeth showed 
pathologic signs. The reason cited was, failure resulted from 
bacterial contamination through microleakage and through the 
porous bridge formation.28

A total of 96 and 100% of radiographic success rate was 
seen.10,28 However, at the end of 18 months, few teeth showed 
up with pathologic signs and symptoms and internal resorption. 
Radiographic success rate of 86.66% with periapical radiolucency 
and widening of lamina dura is seen. The reason for this has been, 
the prolonged contact with calcium hydroxide which induces 
significant decrease in the intrinsic properties of exposed dentin 
resulting in increased root fracture and internal resorption before 
the completion of treatment.9

Mineral Trioxide Aggregate
Mohmoud Taorabinejad at Loma Linda University, California, 
USA in 1993 first introduced a biomimetic material Mineral 
Trioxide Aggregate in the field of dentistry. On the basis of color 
MTA is available in two types known as gray and white MTA.  

and high precision has been seen among the articles evaluated 
for the systematic review owing to the lesser selection bias and 
more standardization. The articles selected were found to be in 
accordance with the objectives laid down for the subsequent 
evaluation. The results obtained are shown with the help of 
Forest plot and funnel plot in Figures 3A and B , Figures 4A and B , 
Figures 5A and B, respectively.

dI s c u s s I o n

Summary of Evidence
This systematic review commenced with the aim to evaluate 
and compare different biomimetic materials on the regenerative 
potential of cells in the physiological root apex formation 
(apexogenesis), apical barrier formation (apexification), and REPs in 
pulpally involved young permanent teeth in children. The criteria 
used for the evaluation and the clinical and radiographic success 
rates have been described.
Calcium Hydroxide: Hermann in 1920, first described a material 
named as calcium hydroxide in dentistry. It can be regarded as 
a multipurpose agent as it is used widely as direct and indirect 
pulp capping, apexogenesis, apexif ication, treating root 
resorption, iatrogenic radicular perforations, root fractures, and 
as an intracanal medicament. Moreover, its use in the treatment 
of immature permanent teeth through apexogenesis (vital 
tooth) and apexification18 (nonvital tooth) has been greatly seen  
and acknowledged.

The low solubility and higher pH makes it a good material for 
efficiently using in the clinics as it is not soluble when it comes 
in contact with the tissue fluids in case of direct contact with 
the vital tissues. Moreover, being a strong base it dissociates 
calcium and hydroxyl ions which on coming in contact with 

Table 1: (Continued)

Sl. 
No

Author 
name

Year of 
publication

Study 
setting Age

Sample 
size

Material 
used Follow-up

Clinical suc-
cess rate

Radiographic 
success rate

Success rate (clini-
cal + radiological) Result

13 Ghoddusi 
J. et al.

2012 In vivo  < 14 
years

28 MTA, Zinc 
Oxide 
Eugenol 
(ZOE)

6, 12
months

MTA = 91.7%
ZOE = 100%

MTA = 100%
ZOE = 83.3%

MTA = 95.85%
ZOE = 91.5%

MTA-
95.85%

14 Omar 
Meligy El 
AS et al.

2011 In vivo 6–12
years

30 Calcium 
Hydroxide, 

MTA

3, 6, 12
months

Calcium 
hydroxide = 
86.66%, MTA 

= 100%

Calcium 
hydroxide = 
86.66%, MTA 

= 100%

Calcium hydrox-
ide = 86.7%, MTA 

= 100%

MTA-100%

CEM: calcium-enriched mixture; MTA: mineral trioxide aggregate

Table 2: Quality assessment of studies using a Newcastle-Ottawa scale

Case reports Selection Comparability Outcome Total

Representativeness 
of exposed cohort (⋆)

Selection of non-
exposed cohort (⋆)

Ascertainment 
of exposure (⋆) (⋆⋆)

Assessment of 
outcome(⋆)

Adequacy of 
follow-up(⋆)

Vidal K. et al 
(2016)

– ⋆ ⋆ ⋆ ⋆ ⋆ 5

Chaudhary S. 
et al (2016)

– ⋆ ⋆ ⋆ ⋆ ⋆ 5

Torabinejad 
M. et al (2011)

– ⋆ ⋆ ⋆ ⋆ ⋆ 5

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain  
Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain 
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compressive strength, and induction of tissue regeneration 
when placed in contact with dental pulp and periradicular 
tissues. Moreover, complete formation of lamina dura was also 
observed. The reason cited by the author is the presence of several 
mineral oxides in its composition that have good reparative and 
regenerative potential.9,16,28,30,31,32

Biodentine
Biodentin (Septodont Ltd., Saint Maur des Fausse´s, France) is a new 
tricalcium silicate (Ca3 SiO5)-based inorganic restorative commercial 
cement which is also called as ‘bioactive dentine substitute’. The 
material possesses better physical and biological properties 
compared to other tricalcium silicate cements such as MTA and 
bioaggregate. Physical properties like (increased compressive 
strength, push-out bond strength, density, and porosity), biologic 
(immediate formation of calcium hydroxide, higher release and 
depth of incorporation of calcium ions) and handling properties 
makes it an ideal biomimetic material for the induction of calcific 
barrier formation in immature permanent teeth.33

A total of 100% clinical and radiographic success rate of 
biodentin was seen when used for apical calcific barrier formation 
in non-vital immature permanent tooth. The follow up at 18 months 
period showed the patient with no reportable clinical symptoms. 
The reason cited by the author for remarkable success was, the 

The differences being, concentrations of aluminum, magnesium 
and ferrous oxide. MTA shows no signs of solubility and when 
exposed to water it releases calcium hydroxide (CaOH2). CaOH2 is 
responsible for its cementogenesis inducing property. During 
setting reaction if mix is exposed to acidic environment it does 
not interfere in the setting. It is also regarded as superior to the 
other traditional root-end filling materials due to excellent sealing 
ability which may occur because MTA expands during setting 
reaction. In presence of moist environment sealing ability of MTA 
is enhanced due to the setting expansion.29

A total of 94.63–100%  clinical success rates were seen. All teeth 
were asymptomatic.9,28,30,31 However, at the end of 18 months, 
authors observed a success rates of 86.66 and 96% as coronal 
discoloration has been observed in some cases. The reason given by 
the author for this is use of chlorhexidene as an irrigating solution. 
It is substantive and does not possess tissue dissolving properties 
which may lead to the discoloration. Furthermore, leaching of 
MTA components through the dentin may also lead to the cervical 
staining. Also, the presence of metal oxides contained in the 
material is considered one of the chief reason.16,32

A total of 91–100% radiographic success rates at the end of 
18 months were seen while evaluating the vital pulp therapy 
in immature permanent teeth using MTA. The reasons being 
biocompatibility, nonresorbable property, lower solubility, higher 

Fig. 2: Graph showing summery of risk of bias: Review authors’ judgements about each risk of bias item for each included study
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Platelet-rich Fibrin
Dr Joseph Choukroun of France was the f irst to describe 
Platelet-rich Fibrin (PRF) which has been referred to as the 
second-generation platelet concentrate. Platelet-rich Fibrin, can be 
defined as a platelet gel that aids in wound healing, growth of bone 
and maturation rendering graft stabilization, sealing of wound and 
hemostasis.17 It can be utilized as Platelet-rich Fibrin membrane 
that has several advantages such as, ease of preparation. It does 
not includes biochemical handling of the blood, hence leading to 
an autologous preparation.19

bioactive property which induces differentiation of odontoblast like 
cells that increase pulpal cell proliferation and biomineralization. 
Also, the response of dental pulp after direct capping with 
Biodentine revealed a complete dentinal bridge formation and a 
layer of odontoblast like cells under the osteodentin. It had also 
shown the lack of cytotoxicity, and its ability to stimulate collagen 
fiber and fibroblast formation.34,35

Various materials having the potential of regeneration and 
revascularization obtained through critical evaluation of dental 
literature have been discussed as follows,

Figs 3A and B: (A) Forest plot showing pooled data obtained from meta-analysis of Apexogenesis group. (B) Funnel plot showing pooled data 
obtained from meta-analysis of Apexogenesis group
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Figs 4A and B: (A) Forest plot showing pooled data obtained from meta-analysis of Apexification group. (B) Funnel plot showing pooled data 
obtained from meta-analysis of Apexification group



Treatment Protocols in the Management of Pulpally Involved Young Permanent Teeth in Children

International Journal of Clinical Pediatric Dentistry, Volume 15 Special Issue 1 (Pediatr Endodont) S111

Figs 5A and B: (A) Forest plot showing pooled data obtained from meta-analysis of regenerative endodontic group. (B) Funnel plot showing 
pooled data obtained from meta-analysis of Regenerative endodontic group
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aiding in tissue construction for effective cellular growth and 
differentiation. Inbuilt natural polymers like collagen and 
glycosaminoglycans offers great biocompatibility and activity.

A total of 100% clinical success rate is seen while using blood 
clot as a scaffold for the regeneration potential of necrotic immature 
teeth. All the teeth were clinically asymptomatic.11,23 However, 
in some cases clinical success rate accounted to be 90% when 
periapical inflammation is observed. The reason being, blood clot 
scaffold alone did not prove to be more effective when used along 
with carrier proteins such as collagen.24

A total of 100% radiographic success rate is seen at the end of 
18 months.11,23 The reason can be stated as, the blood clot seems to 
be the reservoir of growth factors. The expression of these have a 
chief regenerative effect on immature permanent teeth.11 However, 
10% of the teeth exhibited enlargement of pre-existing periapical 
pathosis with success rate accounting to 90%. In accordance with 
the other studies the author stated that using blood clot scaffold 
alone did not prove to be more effective when used along with 
carrier proteins such as collagen.24

Limitations and Future Implication
During the literature search we encountered a few lacunae, one 
of which was found to be that very few studies were conducted in 
between the span of 2010–2020. The major drawbacks were that 
some articles did not have a proper follow up regime. Thus, more 
meticulous research is needed to be carried out in this direction 
with long term follow-up periods involving larger sample size with 
the use of biomimetic materials on apexogenesis, apexification, and 
regenerative procedures so that a better conclusion and a proper 
protocol can be laid down.

cL I n I c A L sI g n I f I c A n c e
This systematic review aids in amending the clinician perceptions 
towards acceptance of the newer regenerative procedures and to 
gain knowledge regarding their effectiveness in management of 
young permanent tooth in children.

co n c Lu s I o n
With the surge in research, there has been a paradigm shift 
regarding the widely available biomimetic materials in pediatric 
dentistry. A million dollar question still prevails on which is the  
best material for the effective treatment of an immature permanent 
teeth in children. Thus, systematic review and meta-analysis 
concludes: 

• In the Apexogenesis and Apexification groups, though either 
of the biomimetic and conventional materials are found to 
be good but the newer biomimetic materials such as mineral 
trioxide aggregate, biodentine showed better results than 
conventionally used calcium hydroxide.

• In the regenerative endodontic group, though all the scaffolds 
are found to be good but the newer biomimetic materials such 
as PRP and platelet-rich fibrin showed better results.
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Background: Injections are one of the most fear-provoking stimuli in dentistry. Painless administration of an 
injection is a vital step in alleviating anxiety, which in turn leads to good behavior in children. The aim is 
to evaluate and compare anxiety levels and pain perception using conventional, insulin, and deception syringes 
during the administration of local anesthesia in children.
Methods: Forty-five children aged 6–12 were selected using a standard sample size formula and equally divided 
into three groups. Local anesthesia was administered using a conventional syringe to Group A participants and 
an insulin syringe for Group B participants. Group C participants were administered local anesthesia using a 
deception syringe by showing the patient disposable obturation tips, and eventually a conventional syringe was 
used for administration of local anesthesia after hiding them from the patient. Anxiety levels were assessed 
using Venham’s Picture Scale and pulse rate at baseline and after administration of local anesthesia. The Wong-Baker 
Faces Pain Rating Scale was used to assess pain perception after the administration of local anesthesia.
Results: Insulin and deception syringes showed better reduction in anxiety levels and pain perception than 
conventional syringes, demonstrating a high statistically significant difference.
Conclusion: The use of insulin and deception syringes for administration of anesthesia was demonstrated to 
be effective in alleviating anxiety in children and is therefore recommended as an alternative to conventional 
syringes.
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INTRODUCTION

The emotional and behavioral responses of a child to 
dental treatment have been a matter of interest for 
pediatric dentists for decades. A child’s uncooperative or 
unmanageable behavior can impede the efficient delivery 
of dental care and compromise the quality of treatment 
being rendered. If not adequately resolved, a persistent 
negative behavioral pattern can hamper the future dental 

health of a child. A vicious cycle can be observed in 
relation to dental fear and anxiety, wherein fear directly 
leads to avoidance of dental visits, which results in the 
deterioration of oral health, further leading to a more 
problem-oriented dental visit and exacerbation of the 
level of dental fear. Therefore, dental fear and anxiety 
can be a major obstacle in the delivery of quality dental 
services [1].
  Various studies have concluded that injections are 
among the most fear-provoking stimuli in dentistry, 
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making the administration of local anesthesia one of the 
most challenging tasks [2,3]. However, profound local 
anesthesia ensures the successful treatment of pediatric 
patients by alleviating their anxiety and discomfort during 
restorative and surgical procedures. Owing to its ample 
use in the field of pediatric dentistry, painless injection 
plays a key role in successful dental treatment. It helps 
alleviate the child’s anxiety, which in turn leads to good 
patient behavior in the future. In an attempt to improve 
patient comfort during local anesthetic administration, the 
use of topical agents, precooling the injection site, using 
fine needles, buffering and warming the local anesthesia, 
distraction techniques, vibrating devices, and slow 
computer-regulated administration are some of the widely 
used techniques. 
  One of the most convenient practices is to use an 
insulin syringe that is smaller, colorful, and less 
frightening than conventional syringes. Another alter-
native is to mask the conventional syringe by showing 
children disposable plastic obturation tips before 
administration and eventually using the conventional 
syringe by concealing them. 
  A literature search revealed that limited studies have 
compared conventional with insulin syringes. However, 
no study has been conducted on the use of disposable 
obturation tips for deception during the administration of 
local anesthesia. Accordingly, this study aimed to 
evaluate anxiety levels and pain perception in children 
during local anesthesia administration by comparing 
conventional, insulin, and deception syringes.

METHODS

  This is a randomized, concurrent parallel, three-arm 
study conducted on patients reporting to the outpatient 
department of the Department of Pediatric and Preventive 
Dentistry. The study was registered in the Clinical Trial 
Registration of India (registration number: CTRI/2022/ 
01/039554). Children aged 6–12 who had never received 
dental injections and required infiltration anesthesia in the 

maxillary arch for restorative, pulp therapy, or extraction 
work were included in the study. Children requiring 
emergency treatment, allergic to the contents of local 
anesthesia, those with systemic diseases and special 
health care needs, and those who were not willing to 
participate were excluded from the study. The study 
protocol underwent a full committee review, and ethical 
clearance was obtained from the Institutional Review 
Board (Sl. No. 1501). Informed consent was obtained 
from all the parents/guardians of the children participating 
in the study.
  Sample Distribution: A sample size of 45 was 
calculated according to the standard sample size formula 
and previous studies by maintaining a confidence level 
of 85% and a probability of 0.05 [4]. All samples were 
allocated randomly into three equal groups of 15 each 
by simple random sampling using a lottery method to 
ensure standardization: Group A (Conventional Syringe 
Group [UNOLOCK single-use syringe, Hindustan 
Syringes and Medical Devices Ltd., India; 26 Gauge]), 
Group B (Insulin Syringe Group [BD Ultra-fine Needle 
Insulin Syringes; 31 Gauge]), and Group C (Deception 
Syringe Group [Meta Biomed]).
  Methodology: After comfortably seating the patient on 
a dental chair, the procedure was explained to the parents 
as well as the children. A case history was recorded for 
a systematic and methodological recording of all the 
observations and information, followed by clinical and 
radiographic examinations. 
  Baseline pulse rate was monitored using a pulse 
oximeter prior to treatment. The patients selected for the 
study were administered Venham’s Picture Scale to assess 
their anxiety levels prior to the procedure. It consists of 
eight pairs of pictures. Each set contained two cartoon 
figures of a child, one in which the child appeared happy 
and the other in which the child looked distressed. The 
child was asked to select the pictures that they could 
correlate with the most on the picture scale. The anxiety 
score was calculated as the sum of the anxious pictures 
pointed at by the child. Scoring was done from 0–8 [5].
  In Group A (conventional syringe group, 26 gauge) and 
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Fig. 1. Figure showing administration of local anesthesia using conventional
syringe

Fig. 2. Figure showing administration of local anesthesia using insulin 
syringe

Group B (insulin syringe group, 31 gauge), the respective 
syringes were preloaded with local anesthetic solution. 
A topical anesthetic was applied at the site of delivery. 
The child was told that the tooth will be “going to sleep” 
after administration of magic water. A preloaded syringe 
was used to deliver the local anesthetic at the site of 
delivery (Fig. 1 and 2).
  In Group C (deception syringe group), a conventional 
syringe was preloaded with a local anesthetic solution and 
kept out of sight of the patient. The patient was shown 
a disposable obturation tip on a conventional syringe and 
allowed to feel the tip. Topical anesthetic was applied 
at the site of delivery. The child was told that the tooth 
will be “going to sleep” after administration of magic 
water using the same disposable tip as shown before. A 
preloaded conventional syringe with 31 gauge needle was 
then used to deliver the local anesthetic at the site of 
delivery after ensuring that it was not visible to the patient 
(Fig. 3).
  Anxiety levels were recorded after the procedure using 
a pulse oximeter and Venham’s Picture Scale. The patient 
was then asked to record pain perception using the Wong 
Baker Faces Pain Rating Scale, in which the faces ranged 
from a smiling to a sad, crying face. A numerical rating 
was assigned to each face (from 0, “no hurt” to 10, “hurts 
worst”) of the Wong Baker Faces Pain Rating Scale [6]. 

Further treatment of the tooth was continued.
  The results were tabulated and entered into an Excel 
spreadsheet. The results were subjected to statistical 
analysis, which was performed using the SPSS statistical 
software package version 22.0.

RESULTS

  The demographic profiles of the participants are shown 
in Table 1. All the groups showed an equitable distri-
bution of participants according to age and gender, which 
maintained the standardization of selection criteria in our 
study. 
  When a comparison of baseline and postoperative 
Venham's picture scale scores was carried out in the three 
groups using the dependent t-test and one-way repeated 
measures of ANOVA, a highly statistically significant 
difference was found in the insulin syringe group, 
indicating that it was the most efficient in reducing 
anxiety. This was closely followed by the deception 



Neha Kohli, et al

200  J Dent Anesth Pain Med  2022 June; 22(3): 197-204

Fig. 3. Figure showing administration of local anesthesia using deception syringe

Fig. 4. Graph showing comparison of baseline and post-operative pulse
rate scores in three groups. Group A, conventional syringe group, 26 
gauge; Group B, insulin syringe group, 31 gauge; Group C, deception 
syringe group.

Table 1. Table showing demographic profile of patients in three groups (A, B, C)

    Group A (%)     Group B (%)     Group C (%)    Total (%) χ2 P-value
Age groups

6-7 yrs 6 (40.00) 3 (20.00) 3 (20.00) 12 (26.67) 2.5 0.6450
8-9 yrs 4 (26.67) 7 (46.67) 7 (46.67) 18 (40.00)
≥10 yrs 5 (33.33) 5 (33.33) 5 (33.33) 15 (33.33)
Mean age  7.53  8.27  8.07  7.96
SD age  1.85  1.83  1.75  1.80

Gender
Male 10 (66.67) 10 (66.67) 7 (46.67) 27 (60.00) 1.667 0.4350
Female 5 (33.33) 5 (33.33) 8 (53.33) 18 (40.00)
Total 15 (100.0) 15 (100.0) 15 (100.0) 45 (100.0)

Group A, conventional syringe group, 26 gauge; Group B, insulin syringe group, 31 gauge; Group C, deception syringe group.

syringe group, which also showed a statistically 
significant difference between baseline and postoperative 
Venham picture scores. In contrast, an increase in anxiety 
levels was observed in the conventional syringe group.
  When pair wise comparison was done between the 
conventional and insulin syringe groups, a highly 
statistically significant difference was observed as 
indicated by a P value of 0.0001. The difference between 
the conventional and deception syringe groups also had 
a very high statistically significant P value of 0.0080. 
However, when comparing the insulin syringe group with 
the deception syringe group, a non-statistically significant 
difference was observed, indicating the efficacy of both 
modalities in reducing anxiety among children during 
local anesthesia administration (Table 2).
  When comparing the baseline and post-operative pulse 
rates among the three groups using one-way ANOVA, 

the maximum increase was observed in the conventional 
syringe group as the difference between the baseline and 
postoperative scores was the highest. The insulin and 
deception syringe groups also showed a marginal increase 



Evaluation of Anxiety Levels and Pain Perception according to syringe types

http://www.jdapm.org  201

Table 2. Table showing pair wise comparison of three groups (A, B, C) with baseline and post operative Venham's picture scale scores by Tukeys 
multiple posthoc procedures

Times Groups Group A Group B Group C
Baseline Mean 2.47 4.27 3.47

SD 2.13 2.12 2.85
Group A -
Group B P = 0.1110 -
Group C P = 0.4920 P = 0.6330 -

Post operative Mean 3.80 1.33 1.73
SD 3.00 1.72 1.28
Group A -
Group B P = 0.0080* -
Group C P = 0.0290* P = 0.8650 -

Difference Mean -1.33 2.93 1.73
SD 2.85 2.46 2.63
Group A -
Group B P = 0.0001* -
Group C P = 0.0080* P = 0.4370 -

Group A, conventional syringe group, 26 gauge; Group B, insulin syringe group, 31 gauge; Group C, deception syringe group; SD, standard deviation.

Table 3. Table showing pair wise comparison of three groups (A, B, C) with Wong Baker FPRS scores by Tukeys multiple posthoc procedures

Groups Group A Group B Group C
Mean 6.13 2.67 2.80
SD 3.25 2.89 1.82
Group A -
Group B P = 0.0030* -
Group C P = 0.0050* P = 0.9900 -

Group A, conventional syringe group, 26 gauge; Group B, insulin syringe group, 31 gauge; Group C, deception syringe group. FPRS, Faces Pain Rating 
Scale; SD, standard deviation.

in the pulse rate, but the difference was not statistically 
significant (Fig. 4).
  When comparing the three study groups according to 
Wong Baker’s Faces Pain Rating Scale (FPRS) scores 
using one-way ANOVA, the maximum pain perception 
score was observed among the conventional syringe 
group with a mean score of 6.13. Least pain perception 
scores were observed in the insulin syringe group, 
followed by the deception syringe group, with mean pain 
perception scores of 2.67 and 2.80, respectively.
  In accordance with these findings, when intergroup 
comparison was carried out using Tukey’s multiple 
posthoc procedures, a highly statistically significant 
difference in mean pain perception scores was observed 
between the conventional and insulin syringe groups with 
a P value of 0.0030. Similar findings were observed while 

comparing the conventional and deception syringe groups 
with a P value of 0.0050. However, no statistically 
significant difference was observed between the insulin 
and deception syringe groups, implying that both were 
equally effective in minimizing the pain perception of 
children during local anesthesia administration (Table 3).

DISCUSSION

  The administration of local anesthesia in pediatric 
patients has always been challenging because children 
perceive injections to be threatening both visually and 
psychologically. This also pertains to the fact that 
children are exposed to injections multiple times since 
they undergo vaccination from infancy to childhood. The 
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physiology of fear due to threatening visual stimuli begins 
when the child enters a dental clinic. In view of such 
threatening stimuli, an electrical stimulus is sent to the 
brain to activate the sympathetic response and increase 
heart rate [7]. It is also believed that an anxious or fearful 
patient might perceive more severe pain of longer 
duration than would a less anxious patient [8]. Therefore, 
procedures aimed at reducing anxiety during the 
administration of injections may result in decreased pain 
perception. Therefore, the present study was undertaken 
to evaluate anxiety levels and pain perception using 
conventional, insulin, and deception syringes. 
  Our study included children aged–6–12 as they are 
competent to understand the concepts of pain and anxiety, 
making the self-reporting scales more reliable. This was 
also in accordance with the Paigetian theory of cognitive 
development, as children below six years of age may have 
difficulty understanding logical and abstract concepts, 
which would ultimately be unreliable for research 
purposes.
  Various parameters were used to determine the effective-
ness of the study groups in alleviating anxiety. Objective 
assessment of anxiety was carried out by measuring the 
pulse rate using a pulse oximeter, as an increase in heart 
rate due to anxiety is a direct result of sympathetic 
stimulation [7]. Subjective evaluation was carried out using 
the Venham Picture test, which is a projective, 
psychometric, and self-measure test whose reliability has 
been tested previously [5,9]. Pain perception was evaluated 
using the Wong Baker FACES Pain Rating Scale,which 
is one of the most preferred scales by children, according 
to a systematic review conducted by Tomilson et al. [6].
  Our study compared conventional syringes with insulin 
syringes and the newly devised deception syringes. 
Owing to the available literature, various studies have 
been conducted in the past depicting the efficacy of 
insulin syringes in the painless administration of local 
anesthesia. Studies conducted by Kour et al. [10], 
Tirupathi et al. [11], Prabhu et al. [12], Vardhana et al. 
[13], and Nabi et al. [14] advocated the use of insulin 
syringes, as they resulted in lower pain perception. The 

results of these studies were in accordance with those of 
our study, wherein an insulin syringe resulted in lower 
pain perception scores and helped reduce anxiety. 
  The results of our study revealed a statistically 
non-significant difference between the insulin and the 
deception syringe groups, as they were equally effective 
owing to the lower pain perception scores and 
self-reported anxiety levels. The above-cited studies state 
that a lesser gauge in the insulin syringe is responsible 
for the lower pain experience. The efficacy of the 
deception syringe used in our study contradicts this fact, 
as the administration of anesthesia was eventually 
performed using a conventional syringe with a larger 
gauge. The results of our study support the hypothesis 
that pain is not essentially related to the amount of tissue 
injury experienced, but by the attention paid to the 
stimulus at the time of injury. Pain intensifies if more 
attention is paid to the injury [15]. Studies conducted by 
Fuller et al. [16], Lehtinen [17], and Brownbill et al. [18] 
also reported no significant difference in pain perception 
when using needles with lesser gauge.
  The findings of our study support the fact that it is 
indeed logical clinical practice to hide or camouflage 
threatening stimuli. Both the insulin and deception 
syringes had a less threatening appearance than the 
conventional syringe. The insulin syringe has a smaller 
size and brighter color, which makes it appear like a toy. 
Plastic obturation tips used in the form of a deception 
syringe also removed fear-provoking stimuli. It was 
interesting to note that no child reacted negatively or gave 
any signs of fear regarding the obturation tips or actually 
held the syringe with the tips. This also explains why 
less time was required to convince patients to receive the 
injection in both the insulin and deception syringe groups.
  However, insulin syringes cannot be used for nerve 
blocks because of the shorter length of the needle. In 
contrast, a deception syringe can be easily used before 
administering any form of injection. Moreover, obturation 
tips are readily available in any dental setting, making 
them convenient and cost-effective. This makes them a 
superior choice to insulin syringes for the administration 
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of local anesthesia in children.
  Our study emphasizes the use of plastic obturation tips 
in the form of deception syringes to reduce anxiety prior 
to the administration of local anesthesia in children. The 
results of our study highlight its efficacy over the direct 
use of conventional syringes due to the highly statistically 
significant differences in pain perception and anxiety 
scores. It is an economic alternative to other modalities 
used in the past, such as camouflage syringes, vibration 
devices, jet injectors, and computer-controlled delivery 
systems. In the future, we can carry out the study using 
a larger sample size and expand the age group so that 
the results can be generalized to the entire population.
  In conclusion, the use of insulin and deception syringes 
for administration of anesthesia was demonstrated to be 
effective in alleviating the anxiety of children and is 
therefore recommended as an alternative to the use of 
conventional syringes for administration of local anesthesia.

AUTHOR ORCIDs

Neha Kohli: https://orcid.org/0000-0002-8130-5222
Shivayogi M Hugar: https://orcid.org/0000-0003-3657-6709
Vidyavathi H Patil: https://orcid.org/0000-0002-3007-9317
Nivedita Saxena: https://orcid.org/0000-0001-7300-9987
Krishna S Kadam: https://orcid.org/0000-0003-3329-1433
Sanika Karmarkar: https://orcid.org/0000-0003-3510-1744

AUTHOR CONTRIBUTIONS

Neha Kohli: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & editing

Shivayogi M Hugar: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft

Vidyavathi H Patil: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Methodology, Project administration, 
Supervision, Writing – review & editing

Nivedita Saxena: Data curation, Investigation, Methodology, 
Resources, Software, Supervision, Validation, Visualization, Writing 
– original draft, Writing – review & editing

Krishna S Kadam: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Software, 
Visualization, Writing – review & editing

Sanika Karmarkar: Conceptualization, Funding acquisition, Resources, 
Software, Writing – original draft, Writing – review & editing

DECLARATION OF INTEREST: The authors declare that 
they have no conflict of interest.

REFERENCES

 1. Patil VH, Vaid K, Gokhale NS, Shah P, Mundada M, 

Hugar SM. Evaluation of effectiveness of dental apps in 

management of child behaviour: a pilot study. Int J Pedod 

Rehabil 2017; 2: 14-8.

 2. Mungara J, Injeti M, Joseph E, Elangovan A, Sakthivel 

R, Selvaraju G. Child's dental fear: cause related factors 

and the influence of audiovisual modeling. J Indian Soc 

Pedod Prev Dent 2013; 31: 215-20. 

 3. Uman LS, Birnie KA, Noel M, Parker JA, Chambers CT, 

McGrath PJ, et al. Psychological interventions for 

needle-related procedural pain and distress in children and 

adolescents. Cochrane Database Syst Rev 2013.

 4. Melwani AM, Srinivasan I, Setty JV, D R MK, Pamnani 

SS, Lalitya D. A clinical comparative study between 

conventional and camouflaged syringes to evaluate behavior 

and anxiety in 6–11-year-old children during local 

anesthesia administration-a novel approach. J Dent Anesth 

Pain Med 2018; 18: 35-40.

 5. Venham LL, Gaulin-Kremer E. A self-report measure of 

situational anxiety for young children. Pediatr Dent 1979; 

1: 91-6.

 6. Tomlinson D, von Baeyer CL, Stinson JN, Sung L. A 

systematic review of faces scales for the self-report of pain 

intensity in children. Pediatrics 2010; 126: 1168-98.

 7. Guyton AC. Textbook of Medical Psychology. 8th ed. 

Bangalore, India: Prism Books; 1991.

 8. Orenius T, LicPsych, Säilä H, Mikola K, Ristolainen L. 

Fear of injections and needle phobia among children and 

adolescents: an overview of psychological, behavioural and 

contextual factors. SAGE Open Nurs 2014; 4: 1-8.

 9. Krishnappa S, Srinath S, Vishwanath SK, Bhardwaj P, 

Singh R. Evaluation of facial image scale and Venham 

picture test used to assess dental anxiety in children. 

JIAPHD 2013; 11: 31-5.



Neha Kohli, et al

204  J Dent Anesth Pain Med  2022 June; 22(3): 197-204

10. Kour G, Masih U, Singh C, Srivastava M, Yadav P, 

Kushwah J. Insulin syringe: a gimmick in pediatric dentistry. 

Int J Clin Pediatr Dent 2017; 10: 319-23.

11. Tirupathi SP, Rajasekhar S, Tummakomma P, Gangili AA, 

Khan ARA, Khurramuddin M, Purumandla U. 

Auto-controlled syringe vs insulin syringe for palatal 

injections in children: a randomized crossover trial. J 

Contemp Dent Pract 2020; 21: 604-8. 

12. Prabhu S, Faizel S, Pahlajani V, Prabhu SJ. Making 

nasopalatine blocks comfortable: a randomised prospective 

clinical comparison of pain associated with the injection 

using an insulin syringe and a standard disposable 3 mL 

syringe. J Maxillofac Oral Surg 2013; 12: 436-39. 

13. Bharath V S, Chopra K, Sudan S, Malhotra K, Parmar 

BS, Rajan M. Comparative evaluation of insulin syringe 

and conventional syringe in reduction of pain perception 

during administration of local anesthesia in pediatric 

patient. Ann Rom Soc Cell Biol 2021; 25: 89-94.

14. Nabi S, Narang S, Ahmad T. A comparative study of using 

insulin syringe vs conventional syringe for dental 

extractions in children. IDA Lud J–le Dent 2018; 2: 6-9.

15. Chayadi E, McConnell BL. Gaining insights on the 

influence of attention, anxiety, and anticipation on pain 

perception. J Pain Res 2019; 12: 851-64.

16. Fuller NP, Menke RA, Meyers WJ. Perception of pain 

to three different intraoral penetrations of needles. J Am 

Dent Assoc 1979; 99: 822-4.

17. Lehtinen R. Penetration of 27- and 30-gauge dental needles. 

Int J Oral Surg 1983; 12: 444-5.

18. Brownbill JW, Walker PO, Bourcy BD, Keenan KM. 

Comparison of inferior dental nerve block injections in 

child patients using 30-gauge and 25-gauge short needles. 

Anesth Prog 1987; 34: 215-9.



Dental Research Journal

1© 2022 Dental Research Journal | Published by Wolters Kluwer ‑ Medknow 1

Systematic Review

Psychological behavior management techniques to alleviate dental 
fear and anxiety in 4–14‑year‑old children in pediatric dentistry: 
A systematic review and meta‑analysis
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ABSTRACT

Child’s uncooperative behavior can impede the efficient delivery of dental care. Therefore, in 
spite of exceeding availability of behavior management techniques there is a need to search 
for a psychological behavior management technique that effectively reduces fear and anxiety 
during dental treatment and instill a change in child’s attitude toward the treatment and is also 
acceptable by the parents. The aim of our systematic review is to determine the efficacy of 
various psychological behavior management techniques in managing a child’s behavior in pediatric 
dentistry by assessing the fear and anxiety levels, ease of use by the clinician, application in 
various operative procedures, and parental acceptance. A systematic search was conducted by 
two reviewers in databases PubMed, Google Scholar, Scopus, Web of Science, and Cochrane for 
the studies published from January 1, 2011, to December 31, 2020. Studies included were clinical 
studies which evaluated the efficacy of various psychological behavior management techniques 
by evaluating the fear and anxiety levels and the changes in behavior during dental treatment in 
children aged between 4 and 14 years. The studies selected were then assessed for quality with 
the help of predetermined criteria which categorized the studies into high, medium, and low. 
Through search strategy, 7147 articles were yielded. After screening through titles and abstracts, 
60 nonduplicated articles were selected which were further screened for full text. At the end, 
15 articles were included in systematic review and 3 articles for meta‑analysis. It was concluded 
that all the psychological behavior management techniques aided in reduction of fear and anxiety. 
In noninvasive procedures, conventional psychological behavior management techniques can be 
effective but in invasive procedures other newer psychological behavior management techniques 
showed better results. The aspect of parental acceptance regarding various techniques was not 
discussed in any of the included studies.

Key Words: Cooperative behaviors, dental anxieties, dental fear, pedodontics

INTRODUCTION

“Although operative dentistry may be perfect, the 

appointment is a failure if a child departs in tears,” 

this statement by McElory beautifully emphasizes the 

importance of behavior management over technical 

excellence in pediatric dentistry.[1]
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Dentistry has an environment which can stimulate 

the natural fear responses even in adults. This is 

even more extensive in children because of lack of 

maturity, intellectual capacity, and communication 

deficits. Various studies reported the prevalence of 
dental fear and anxiety in children to be as high as 

30%–40%.[1,2]

Children often try all means to avoid dental treatment 

resulting in failed or missed appointments. They are 

difficult to treat leading to prolonged appointment 
durations. Their uncooperative nature also creates 

occupational stress on dentist. All these results in 

neglected dental care.

Delay in seeking treatment leaves conservative 

treatment options unviable. They may require more 

complex treatment with the aid of pharmacological 

interventions.[3] Psychological behavior management 

techniques are meant to reduce need for excessive 

and potentially unsafe use of medications. Moreover, 

behavior management technique should focus on 

decreasing fear and anxiety toward a dental procedure 

and on increasing children’s coping abilities. The 

use of pharmacological techniques does not fulfill 
these purposes. This highlights the need for using 

psychological behavior management techniques over 

pharmacological ones.

A literature search was carried out but no systematic 

reviews were found which highlighted this aspect, 

hence this study is planned to discuss in detail, the 

plethora of psychological behavior management 

techniques and emphasizing the one which is the most 

effective in reducing dental fear and anxiety.

Population exposure comparison outcome 
format
•	 Population (P): Children between 4 and 14 years 

of age

•	 Exposure (E): To assess fear and anxiety using 

different psychological behavior management 
techniques

•	 Comparison (C): Comparison of different 
psychological behavior management techniques

•	 Outcome (O): To establish communication, 

alleviate fear, diminish anxiety, deliver quality 

dental care, and promote child’s positive attitude 

toward dental health.

Objectives
1. To evaluate various psychological behavior 

management techniques by assessing the fear and 

anxiety levels and change in behavior

2. To evaluate various psychological behavior 

management techniques in terms of its ease of use 

by the clinician, different operative procedures, 
and acceptance by parents.

METHODS

Protocol and registration
The systematic review followed preferred reporting 

items for systematic reviews and meta‑analyses 

guidelines and was registered at PROSPERO 

(CRD42020211883) and can be accessed at http://

www.crd.york.ac.uk/prospero/index.php.

Eligibility criteria
Inclusion criteria
1. Study setting should be clinical

2. Study design should be randomized control 

trial, quasi‑randomized, control clinical trial and 

retrospective or a cohort study

3. Study population should be between 4 and 

14 years of age

4. Study evaluating the fear and anxiety levels and 

the changes in behavior using standard parameters

5. Study published between January 1, 2011, and 

December 31, 2020

6. Studies written in English language or any other 

language than can be translated into English.

Exclusion criteria
1. Articles reported as letter to editor, case reports, 

and review

2. Studies conducted on special children or children 

with medical condition that could potentially 

influence their behavior.

Search strategies and data extraction
Literature search strategy was developed using 

keywords related to psychological behavior 

management techniques in Pediatric Dentistry. 

The search strategy used for searching articles 

was psychological behavior management/

nonpharmacological behavior management AND 

dental fear and anxiety AND Pediatric dentistry. Data 

were searched through PubMed, Google Scholar, 

Scopus, Web of Science, and Cochrane from January 

1, 2011, to December 31, 2020. Cross‑references were 

checked, gray literature and hand searching of articles 

were done when full texts of the relevant studies were 

unavailable through electronic database.

Two review authors (NK, SMH) screened the titles, 

abstracts, full text, and included them if they met 

[Downloaded free from http://www.drjjournal.net on Wednesday, June 1, 2022, IP: 243.192.6.204]



Figure 1: Flow diagram depicting the process of selection and exclusion of articles at each step.
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inclusion criteria. All the excluded studies were 

recorded with their reason for exclusion [Figure 1].

RESULTS

The total articles yielded after the search were 7149. 

After screening through duplicates, titles, abstracts, 

and full text 15 studies were included in the systematic 

review which were then qualitatively analyzed. Data 

extraction was performed using a standardized outline. 

Study characteristics were tabulated for the selected 

studies [Table 1]. Summary of the effectiveness of 
psychological behavior management techniques is 

compiled in Table 2.

Risk of bias
The studies were categorized into high‑, medium‑, 

and low‑risk bias according to Cochrane handbook for 

systematic review using RevMan 5.3.[4] Most studies 

were at low risk of bias in the seven domains that we 

assessed. The assessment of each article was done on 

the basis of Random sequence generation, allocation 

concealment, blinding of participants and outcome 

assessments, incompletion of outcome data, and 

selective reporting. A summary of the risk of bias for 

individual study as well as the judgments of the risk of 

bias for each domain is mentioned [Figures 2 and 3].

Meta‑analysis
For quantitative measures, 15 articles were reviewed 

and three of them were selected for meta‑analysis. 

These three articles were statistically evaluated 

using statistics and data software STATA (Statistical 

Software: College Station, TX: StataCorp LLC). 

Forest graph was plotted while comparing the 

Audio‑visual distraction as the experimental group 

and conventional tell show do like the control group. 

Heart rate was taken for assessing the change in 

[Downloaded free from http://www.drjjournal.net on Wednesday, June 1, 2022, IP: 243.192.6.204]
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anxiety due to its unswerving association with the 

anxiety levels.

Meta‑analysis was carried out using studies conducted 

by Al‑Khotani et al. (Study 1), Mitrakul et al. 

(Study 2), and Nuvvula et al. (Study 3) and all three 

were given equal weightage as indicated by the size 

of the boxes.[5‑7] Horizontal lines across the squares 

depict the length of confidence intervals (CIs). 
Smaller lines indicate that the study results were more 

precise. The horizontal lines of each study lie in the 

“favors experimental” territory. The values of 95% CI 
for each study are negative, indicating that the entire 

CI is below “0.” These findings suggest that the 
difference between experimental group and the control 
group is statistically significant. The overall results 
are also depicted by the diamond which sits on the 

value of overall effect estimate and the width depicts 
the overall CI. The diamond is merely crossing the 
line of no effect and is lying on the left side of the 
line which suggests that the difference between both 
groups is statistically significant [Figure 4].

The funnel plot was also plotted and it was observed 

that most of the literature search was seen inside the 

funnel indicating the proper standardization followed 

Table 2: Table showing effectiveness of various psychological behavior management techniques in the 

reduction of anxiety and change in behavior of children

Author Technique Outcomes Conclusion

Reduction in physiological 

parameters of anxiety

Reduction in 

anxiety rating scales

Change in 

behavior

Shah et al. Audio‑visual distraction ↓↓ ↓↓ ++ Audio‑visual distraction and 

tell play do equally effectiveTell play do ↓↓ ↓↓ ++

Vishwakarma et al. Tell play do ↓↓ ↓↓ ++ Tell play do more effective that 

audio‑visual distractionLive modeling ↓ − −
Kharouba et al. Audio‑visual distraction ↓↓ ↓↓ ++ Audio‑visual distraction more 

effective than tell show doTell show do ↓ ↓ +

Sridhar et al. Relaxation therapy − ↓ + Relaxation therapy show no 

significant effect on dental 
anxiety and behavior

Control − − +

Radhakrishna et al. Tell play do ↓↓ ↓↓ ++ Tell play do and smartphone 

game are more effective than 

tell show do
Smartphone game ↓↓ ↓↓ ++

Tell show do ↓ ↓ −
Ghadimi et al. Audio‑visual distraction ↓↓ ↓↓ − Audio‑visual distraction is 

more effectiveTell show do ↓ ↓ −
Khotani et al. Audio‑visual distraction ↓↓ ↓↓ + Audio‑visual distraction more 

effectiveControl − − −
Mitrakaul et al. Audio‑visual distraction ↓↓ ↓↓ + Audio‑visual distraction more 

effectiveControl ↓ ↓ −
Kaur et al. Audio‑visual distraction ↓↓ ↓↓ ++ Audio‑visual distraction more 

effectiveAudio distraction ↓ ↓ +

Nuvvula et al. Audio‑visual distraction ↓↓ ↓↓ ++ Audio‑visual distraction more 

effectiveAudio distraction ↓ ↓ +

Dixit et al. Audio distraction ↓↓ ↓ + Bach flower therapy and audio 
distraction are equally effectiveBach flower therapy ↓↓ ↓ ++

Control − ↓ −
Rajeswari et al. Active Distraction ↓↓↓ ↓↓↓ +++ Active distraction more 

effectiveAudio‑visual distraction ↓↓ ↓↓ ++

Tell Show Do ↓ ↓ +

Azher et al. Relaxation Therapy ↓ ↓ + Tell Show Do is more effective

Tell Show Do ↓↓ ↓↓ ++

Paryab et al. Filmed Modeling ↓↓ ↓↓ ++ Filmed modeling and tell show 

do are equally effectiveTell Show Do ↓↓ ↓↓ ++

Pani et al. Presence of father ↓↓ ↓↓ ++ Presence of father is effective 

in reduction of anxietyPresence of mother ↓ ↓↓ +

Parents absent − ↓ +

↓: Effective in anxiety reduction, ↓↓: More effective in anxiety reduction, +: Effective in changing the behavior positively, ++: More effective in changing the behavior 
positively,−: No effect
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Figure 2: Summary of Risk of bias: Review authors’ judgements 

about each risk of bias item for each included study.

Figure 3: Summary of Risk of bias: Review authors’ judgements 

about each risk of bias item presented as percentages across 

all included studies.

Figure 4: Forest plot showing pooled data obtained from meta 

analysis of tell show do and Audio‑visual distraction.

Figure 5: Funnel plot showing pooled data obtained from 

meta‑analysis of tell show do and Audio‑visual distraction.
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during study selection. However, it is difficult to draw 
conclusions from a funnel plot when the number of 

studies is small (<10). This also calls for the need 

of conducting more studies in the future with proper 

standardization [Figure 5].

DISCUSSION

The criteria used for the evaluation of effectiveness 
covers all aspects by which anxiety levels can be 

determined. Heart rate, blood pressure, oxygen 

saturation, and salivary cortisol levels were the 

physiological parameters and psychological 

determination was done using anxiety rating scales. 

The assessment of change in behavior was done using 

various behavior rating scales.

Tell show do
Paryab and Arab evaluated the effect of Tell Show 
Do and Filmed modeling in children between 

4 and 6 years. Tell show do was as efficient as filmed 
modeling in reduction of anxiety and making the 

patients cooperative during treatment.[8] The results 

were in accordance with a study conducted by 

Virupaxi Both studies involved the usage of airotor 
whose sight, sound, and sensation is rated as one of 

the most fear‑eliciting stimuli in children. Despite this, 

a conventional behavior management technique like 

tell show do was effective in plummeting the anxiety 
levels.[9]
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Azher et al. compared tell show do with relaxation 

therapy and 25% children in former group appeared 

more relaxed when compared to 4.2% in the latter 

group.[10] Al‑Halabi et al. evaluated the effect of 
virtual reality glasses and tell show do during LA 

administration. They had similar results in anxiety 

reduction. It was difficult for practitioner to perform 
the procedure as the use of VR box was blocking the 
vision. Thus, tell show do is comparatively operator 

friendly and cost‑effective.[11]

However, in other studies where it is compared with 

more advanced techniques, it has been proven to be 

less effective.

Tell play do
Shah and Bhatia compared audio‑visual distraction 
with tell play do and both techniques were found to 

be equally effective. The author stated that the use 
of dental imitating toys makes children understand 

the dentist’s frame of reference instilling a sense of 

confidence.[12]

Radhakrishna et al. compared tell play do, 

smartphone dentist game, and tell show do in 

4–8‑year‑old children.[13] Tell play do and active 

distraction technique were equally effective. 
Vishwakarma et al. compared it with live modeling 

and concluded that tell play do was more effective in 
reducing anxiety.[14]

Modeling
A study by Tiwari et al. observed that children who 

received live modeling with parents as model had 

lower heart rates than those who received it with 

siblings as model.[15] Among parents, children whose 

behavior shaping was done taking mother as a model 

showed a greater reduction in anxiety. Similar findings 
were obtained in studies conducted by Alrshah et al. 

and Sharma and Tyagi [16,17] Walimbe et al. attributed 

this to the fact that modeling familiarizes children to 

procedures they will be subjected to, thus eliminating 

the threat of the unknown.[18]

Modeling can be performed in two forms, live or 

filmed. When compared, it was observed that anxiety 
scores in filmed modeling group were least, reason 
being the consistency in the message. The author also 

stated that in routine dental practice a cooperative 

live model may not always be available.[18] Virupaxi, 
Paryab and Arab, and Sahebalam et al. also advocated 

the use of filmed modeling due to lesser consumption 
of dentist’s time.[8,9,19]

Distraction
Audio distraction
Studies conducted by Navit et al., Singh et al., 

and Tshiswaka and Pinheiro concluded that audio 

distraction decreases anxiety to a significant extent. 
However, in these studies comparison was done with 

a control group in which no other technique was 

used.[20‑22]

Studies done by Khandelwal et al., Naithani and 

Viswanath, Nuvvula et al., and Kaur et al. also stated 

that the efficacy of audio distraction is better when 
compared to the control group.[7,23‑25] Kaur et al. stated 

that this might be due to the fact that music helps 

cutting down unpleasant noise of handpieces or other 

anxiety‑inducing stimuli.[25] Furthermore, playing 

familiar songs gave them feeling of being in a familiar 

environment. However, when comparison was done 

with audio‑visual distraction in these studies, it was 

seen that audio‑visual distraction was more effective.

Audio‑visual distraction
Various studies conducted on audio‑visual distraction 
using virtual reality by Asl Aminabadi et al., 

Shetty et al., Niharika et al., Nunna et al., Rao et al., 

Koticha et al., Pande et al., and Khanapurkar et al. 

prove the efficacy of this technique in reducing 
anxiety. Virtual Reality combines audio, visual, and 
kinesthetic sensory modalities which makes it the 

most immersive of all other distraction techniques, 

and thus the child’s attention is greatly “drained” 

from the surrounding fear‑provoking environment. 

It also reduces the amount of pain‑related brain 
activity.[26‑33]

In a study by Nuvvula et al., 83.3% children showed 

positive behavior in audio‑visual distraction group as 

compared to 60% in audio distraction group during 

LA administration. However, certain limitations 

were reported with the usage of eyeglasses such 

as unavailability in small size, high cost, need for 

sterilization, and hindrance during communication.[7]

Similar limitations were reported by Khandelwal 

et al. In addition, the author did not recommend 
it in children with disruptive behavior who insist 

on controlling the situation.[23] In another study by 
Mitrakul et al., children also reported reduced pain 

while wearing audio‑visual glasses during treatment. 

However, it was also seen that children who 

presented with high anxiety did not respond well as 

they felt a lack of control due to blockage of their 

visual field.[6]
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In Adel Zakhary et al.’s study, virtual reality sickness 

was observed in two children who suffered from 
nausea, sweating, and blurred vision.[34] Shetty et al. 

also reported the incidence of headaches in few 

children.[27]

Al‑Halabi et al. reported that audio‑visual 

distraction using a tablet device was more effective 
than virtual reality eyeglasses.[11] Sahu et al. 

compared virtual reality distraction with television 

distraction. Television was more effective in 
managing the anxiety as reported on self‑reporting 

anxiety rating scales.[35] The studies conducted by 

Al‑Khotani et al. and Kharouba et al. had similar 

results.[5,36] Al‑Khotani et al. stated that television 

requires low maintenance and many pediatric dental 

offices are equipped with it. In contrast, virtual reality 
devices are costly, can break easily, and have to be 

disinfected between patients. Moreover, they limit the 

ability of the child to hear the clinician’s instructions. 

The use of television distraction, on the other hand, 

enables quick disengagement of the child when 

needed.[5]

Active distraction
A study was done by Allani and Setty to determine 

the effectiveness of distraction using video game and 
it was found to be effective.[37] Varun et al. evaluated 

its effectiveness in the form of stimulation games and 
40% children showed positive behaviour during the 

treatment as compared to merely 3.3% in the control 

group.[38]

Rajeswari et al. compared the effectiveness of 
cognitive behavioral play therapy and audio‑visual 

distraction wherein 100% children showed positive 

response for the former as compared to 73.4% in 

the latter.[39] Tirupathi et al. conducted a study on 

eye movement distraction in which children who 

exhibited negative behavior or were needle‑phobic 

were included. They were less anxious than children 

in the control group. The author advocated the use 

of this technique as it does not require any additional 

equipment and can be easily performed.[40]

Dental apps
In a study by Shah et al., behavior modification was 
done by allowing children to use dental apps which 

demonstrated the use of common dental equipment in 

form of animated pictures with sound. The reduction 

in anxiety parameters was double as compared to 

conventional techniques.[41] Similar results were 

obtained by Coutinho et al., Elicherla et al., and 

Patil et al.[42‑44] However, Patil et al. reported that these 

applications are available mostly in English and hence 

a big chunk of population was unable to use them.[44]

Parental presence
Results of the study conducted by Shindova 

et al. showed that parental presence or absence 

has no impact on the anxiety levels of children 

aged 6–12 years.[45] Cox et al., Vasiliki et al., 

and Ahuja et al. obtained similar results in their 

studies.[46‑48] Cox et al. also reported that 4–5 years 

old children showed more disruptive behavior when 

parent was present in the operatory.[46]

However, a study done by Pani et al. in 6–8‑year‑old 

children showed contrasting results. It was observed 
that children accompanied by their father had the 

lowest anxiety scores and greatest rate of completion 

of treatment.[49]

Hypnosis
A study was done by Carrasco et al. to evaluate 

the efficacy of hypnosis during the administering of 
anesthesia. Results showed that hypnosis, combined 

with conventional behavior management techniques, 

is a more effective tool to help children relax than 
conventional behavior management techniques 

alone.[50]

Parental acceptance of behavior management 
techniques
An integral aspect of child dental care is to provide 

parents with information of the treatment. This also 

helps in reducing parental anxiety. Hence, one of the 

objectives of our systematic review was the parental 

acceptance of these techniques. However, it was 

surprising to see that none of the articles obtained 

through our literature search discussed this aspect. 

This calls for a need of inclusion of parents in treating 

their children.

Evaluation of psychological behavior management 
techniques during different dental procedures
Oral prophylaxis + fluoride varnish
In a study by Dixit et al., a significant reduction 
in anxiety was seen after intervention with audio 

distraction.[51] Rajeswari et al. also reported a 

decrease in anxiety scores with active distraction and 

audio‑visual distraction.[39]

In studies conducted by Sharma et al. and Alrshah 

et al. in 5–11‑year‑old children, it was seen that live 

modeling using mother as a model was effective.[16,17] 

Sahebalam et al. and Walimbe et al. reported the 
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effectiveness of filmed modeling in 4–9‑year‑old 
children.[18,19] However, these studies did not use 

any behavior rating scales to evaluate the effect on 
cooperation of children.

The importance of subjecting children to a simple, 

painless procedure in the first visit has also been 
highlighted in these studies as this makes them 

accustomed to the dental setting. In Sahebalam et al.’s 

study, children exhibited less anxiety in their second 

dental visit where they underwent restoration along 

with LA administration. Here, both the treatment 

modalities are fear‑provoking but despite this, children 

were less anxious during the procedures.[19]

Restorative procedures
Shah et al. demarcated that the efficacy of tell play 
do in 4–7‑year‑old children. Reduction in anxiety was 

seen using both self‑reported anxiety rating scales 

and operator‑rated anxiety rating scale.[12] Similar 

results were obtained by Vishwakarma et al. and 

Radhakrishna et al.[13,14]

Another efficient technique highlighted in several 
studies is audio‑visual distraction technique. In a study 
by Khandelwal et al., 5–8‑year‑old children showed 

decrease in heart rate and blood pressure along with 

lower self‑rated anxiety scores.[23] Kharouba et al. 

also advocated the use of audio‑visual distraction 

technique.[36]

The efficacy of virtual reality has also been 
highlighted in studies conducted by Rao et al., 

Aminabadi et al. and Pande et al.[26,30,32] Aminabadi 

et al. also reported decrease in pain perception in 

4–6‑year‑old children.[26]  Pande et al. reported similar 

results in 5–8‑year‑old children.[32]

Local anesthesia administration/extraction procedure
Various authors have reported the efficiency 
of distraction techniques in managing children 

undergoing LA administration or extraction. 

Khandelwal et al., Allani and Setty, Naithani et al., 

and Sahu et al. reported the efficacy of audio‑visual 
distraction in 4–12 year children.[23,24,35,37] Allani and 

Setty reported that the efficacy of active distraction 
in the form of video games was even better than 

audio‑visual distraction.[37]

In a study by Nunna et al. and Koticha et al., virtual 

reality distraction caused a decrease in anxiety in 

7–11‑year‑old children.[29,31] However, both the studies 

did not assess the change in behavior. Tirupathi et al. 

reported the efficacy of eye movement distraction 

in 8–13‑year‑old children. However, more studies 

are needed to establish its effect on anxiety rates in 
children.[40]

Pulp therapy
Niharika et al. and Khanapurkar et al. reported the 

efficacy of virtual reality in 4–8‑year‑old children. 
These studies reported a significant decrease in pain 
perception and anxiety scores.[28,33] Shetty et al. 

and Zakhary et al. also observed that virtual reality 

distraction led to decrease in pain perception, salivary 

cortisol levels and state anxiety in 5–8‑year‑old 

children.[27,34] However, Rangel et al. concluded that 

there was no significant difference between the control 
group and the virtual reality group in 5–8‑year‑old 

children.[52]

Limitations
Athough several studies were conducted between 

the span of 2011 and 2020, majority of studies did 

not assess all the factors which can evaluate dental 

fear and anxiety. Another major drawback was that 

very few studies were conducted on newer behavior 

management techniques such as relaxation therapy 

and hypnosis. Thus, more meticulous research is 

needed to be carried out in this direction.

CONCLUSION

•	 Based on the critical evaluation of dental literature, 
all the psychological behavior management 

techniques aided in reduction of fear and anxiety

•	 It was observed that in noninvasive procedures 
which do not include the use of airotor or needles, 

conventional behavior management techniques alone 

can be effective in reduction of dental fear and 
anxiety. However, in terms of ease of use by the 

clinician, live modeling technique was less preferred. 

In restorative procedures and invasive procedures 
like extraction or pulp therapy, more advanced 

techniques like various forms of distraction have 

proven to be efficient in reduction of dental fear and 
anxiety. Among them, clinicians found it difficult to 
operate with virtual reality eyeglasses

•	 Aspect of parental acceptance regarding various 

techniques was not discussed in any of the 

included studies.
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RESEARCH ARTICLE

Cervitec, a varnish containing 1% chlorhexidine and 1% thymol 
has been introduced.6 To control plaque formation and caries 
progression, some authors have recommended the concomitant 
use of chlorhexidine and fluoride.9,10

In t r o d u c t I o n
Oral cavity by being the mirror of our body serves as an integral part 
of general and systematic health. With more holistic approach the 
expectancy of life have increased. Seemingly oral health also plays 
a key role in improving the quality of life.1,2 Till date Streptococcus 
mutans is the known etiological factor in the formation of dental 
caries. These S. mutans are among the best adapted organisms to 
the cariogenic environment; hence the treatment of dental caries 
should be directed toward reduction of S. mutans.3

A number of preventive programs focusing primarily on 
encouraging the twice daily use of fluoridated toothpaste in the 
initial years of age and Community water fluoridation to reduce 
dental caries4 have been carried out but the practicality is a big 
question in developing countries where there is no centralized 
water supply system, which makes the initial cost of implementation 
very high.2

C.G. Emilson5 states that though the use fluoride has proven 
as the most effective and successful agents in the prevention of 
tooth decay, only meager antimicrobial activity has been cited 
and in patients with fluorosis and patients with kidney disorders 
it is contraindicated.. Hence the next most effective antimicrobial 
agent is chlorhexidine which was introduced 20 years ago by 
Loe et  al.6 Chlorhexidine mouth rinses have proven to be very 
effective in maintenance of plaque control which is essential in 
caries reduction as well as gingivitis7 but with some side effects like 
brown stains, bitter taste, minimal taste sensation and epithelial. 
desquamation8 Therefore a way to overcome the side effects 
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mutans) in children with mixed dentition.
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Results: No significant difference was seen in group I and II at the end of 1, 3, and 6 months (p > 0.001) but the reduction in S. mutans count 
was statistically more significant in group III after a period of 6 months (p < 0.001). Maximum reduction in count was noted in group III at all 
intervals of varnish application.
Conclusion: The concomitant use of chlorhexidine and fluoride varnish would prove to be more effective than individual components over a 
longer period of time and especially in high caries risk children.
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Each subject was instructed to rinse their mouth with plain water 
followed by drying of teeth with the help of air syringe before 
varnish application. Varnish was applied to the teeth with the 
help of applicator tips which are then allowed to dry for 1 minute. 
Subjects were instructed not to eat or rinse their mouth for 1 hour 
after the procedure and not to brush till the next morning. Same 
procedure was repeated once in every week for four consecutive 
weeks. In group III chlorhexidine and fluoride varnishes were 
applied alternately every week.

Saliva samples were collected subsequently after 1 month, 
again after 3 months, and lastly 6 months after the application of 
varnish for microbiological assessment. The data obtained from the 
study was compiled, tabulated, and subjected to statistical analysis 
using ANOVA test and Bonferroni multiple comparison test. p value 
(<0.001) was considered to be statistically significant.

re s u lts
The difference between the age groups in all three groups was not 
statistically significant with a p value of 0.104 (p value  > 0.001). All 
60 children accepted the varnishes (100% in all the three groups) and 
showed no pain or discomfort after varnish application. Mean DMFT 
for chlorhexidine varnish group [group I] was 4.10 with a standard 
deviation (SD) of 0.79; while for Fluoride varnish group [group II]  
the mean DMFT was 4.15 with standard deviation of 0.75 and 
chlorhexidine + fluoride varnish group [group III] showed mean 
of 4.20 with a standard deviation of 0.84 (Table 1, Fig. 3).

In group I at baseline a maximum of 120 x 105 CFU/mL of saliva 
while a minimum of 60 x 105 CFU/mL of saliva was recorded with 
a mean of 88.85 x 105. The results showed statistically significant 
reduction in CFU/mL in first month than after 6 months in all three 
groups (Table 2, Fig. 4). Intergroup comparison (Bonferroni Test) 
showed significant decrease in S. mutans count in all the three 
groupsat 1 month, 3 months, and 6 months after the application of 
varnishes. The reduction in chlorhexidine varnish group [group I]  
was statistically more significant than Fluoride varnish group 
[group II] at all intervals with p value 0.00 at 1 month, p value 0.00 at 
3 months and p value 0.002 at 6 months (Table 3).

Group III showed statistically more significant reduction in S. 
mutans owing to a p value of count than group I. Maximum reduction 
for a longer period was recorded in chlorhexidine + fluoride varnish 
group [group III] and was statistically significant (Fig. 5).

Hence a research was planned to evaluate the effect of 
combination of chlorhexidine and fluoride on the growth 
and colonization of cariogenic bacteria (S. mutans) in children 
with 6–14 years of age. The required data for the study was 
collected from 60 children free of any systemic diseases and 
DMFT/deft 3–5 with mixed dentition aged 6–14 years from the 
Department of Pediatrics and Preventive Dentistry. While handicap 
or mentally challenged or children using antibiotics or antiseptic 
mouthwashes for a period of 3 months prior to the study or 
with any intraoral appliances or any congenital abnormalities 
like cleft palate, ectodermal dysplasia, amelogenesisimperfecta, 
dentinogenesisimperfecta, etc. were excluded from the study.

MAt e r I A l s A n d Me t h o d
The necessary treatment was provided at the beginning of the 
study. Patients were given a fluoridated tooth paste to brush the 
teeth twice daily. A wash out period of 10 days was followed before 
the start of the study which is started on 11th day.11

A total of 100 selected children (one at a time) were made to sit 
comfortably on the chair. Children were made to rinse the mouth 
with water to remove any debris and to swallow the preexisting 
saliva. Subjects were asked to chew a standard piece of paraffin wax 
block and collect the saliva in mouth for 1 minute. Stimulated saliva 
was sucked from the floor of mouth of subjects using disposable 
syringes to avoid any possible contamination and 1 mL of this 
saliva was injected into containers containing 1 mL Thioglycollate 
transport media (Fig. 1). The saliva samples were identified by the 
code numbers given during the period of sample collection and 
processing. Same code numbers wereused for the particular patient 
during subsequent saliva sample collection.

The samples were transported to the laboratory immediately 
after collection and cultured on the same day in Department of 
Oral Pathology and Microbiology. Sixty patients were selected for 
the study that had S. mutans count > 1 x 105 CFU/mL and assigned 
to three different groups: group I- Fluoride varnish (n = 20),  
group II- chlorhexidine varnish (n = 20), group III- Combination of 
fluoride and chlorhexidine varnish (applied alternately) (n = 20).

A baseline count of S. mutans was recorded for 60 children 
and then oral prophylaxis was done for all. Varnish application 
was performed quadrant wise sequentially starting from 
mandibular teeth and then continued to the maxillary teeth (Fig. 2).  

Fig. 1: Photograph showing collection of saliva sample from floor of 
mouth

Fig. 2: Photograph showing application of varnish on teeth under 
complete isolation
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Fluoride has cariostatic effect on the dental hard tissues 
and prevents or halts the dental decay.18,19 The mechanism of 
action of fluoride is to reduce demineralization and promote 
remineralization of tooth structure20 by the uptake of calcium and 
phosphate ions of saliva.21 Its antimicrobial activity is due to the 
inhibition of glucose transport, carbohydrate storage, extracellular 
polysaccharide formation by interfering with enolase enzyme in 
microorganisms.21–23 In the present study, Fluoride varnish group 
[group II] showed reduction in mean S. mutans CFU/mL of saliva 
from 93.20 x 105 CFU/mL of saliva to 2.9 x 105 CFU/mL at 1 month, 

dI s c u s s I o n
Prevention of dental caries and Minimal Intervention Dentistry plays 
a vital role in pediatric dental practice. In the present century, great 
emphasis is placed on caries risk assessment, early diagnosis, and caries 
control. Thus, the focus has been shifted to preventive strategies and 
minimal intervention to eliminate the most prevalent disease ”dental 
caries”1 which is a multifactorial disease that will not occur without the 
presence of the microorganisms; S. mutans playing a major role.12,13 A 
variety of chemotherapeutic agents have been examined for their 
ability to control oral microorganisms and to affect plaque formation. 
The main classes which have been tested are antibiotics, metal ions, 
enzymes, plant extracts, and phenolic compounds.3

Fluoride is the most extensively studied and used for caries 
prevention.14 In 1985, Balanyk and Sandham15 developed a 
chlorhexidine containing antibacterial varnish that brought a new 
concept into preventive dentistry. Over the past few decades, 
chlorhexidine has evolved as the gold standard among the 
antimicrobial substances used in dentistry.16 Emilson CG5 and 
Messer13,17 showed that the best clinical effect of chlorhexidine has 
been obtained in high risk children. In our study Cervitec varnish 
and Fluorprotector varnish were used. One of the constituent of 
Cervitec varnish is chlorhexidine, which is a bisbiguanide with broad 
antibacterial activity.6 The highly cationic nature of chlorhexidine 
makes it both bacteriostatic (at low concentration) and bactericidal 
(at high concentration).

In our study, chlorhexidine varnish group [group I] showed 
drastic reduction in mean S. mutans CFU/mL of saliva from 88.85 x 105  
CFU/mL of saliva to 0.7 x 105 CFU/mL of saliva at 1 month, 1.5 x 
105 CFU/mL of saliva during 3 months, and 3.3 x 105 CFU/mL at 
6 months interval after application of varnish (Table 2, Fig. 4).

Table 1: Mean, standard deviation (SD), and standard error of mean (SE) of dental caries experience (dmft) according to different varnish groups

Group Mean SD SE

I 4.10 0.7881 0.1762
II 4.15 0.7452 0.1666
III 4.20 0.8335 0.1864

Total 4.15 0.7770 0.1000

Fig. 3: Mean, standard deviation (SD), and standard error of mean (SE) 
of dental caries experience (DMFT) according to different varnish groups

Table 2: Difference between the mean of Streptococcus mutans colony-forming unit per mL of saliva (x105 CFU/mL) in group I, group II, group III 
at baseline, 1 month, 3 months, and 6 months after the application of chlorhexidine and fluoride varnishes, respectively in each group

Duration n Mean Minimum Maximum

Chlorhexidine varnish group [group I]
Baseline 20 88.85 60 120
1 month 20 0.7 0 2
3 months 20 1.5 0 8
6 months 20 3.3 0 8

Fluoride varnish group [group II]
Baseline 20 93.2 80 110
1 month 20 2.9 0 6
3 months 20 5.6 0 10
6 months 20 6.6 0 20

Chlorhexidine + Fluoride varnish group [group III]
Baseline 20 87.65 65 120
1 month 20 0.3 0 2
3 months 20 0.4 0 2

6 months 20 0.8 0 4
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in nature. Not many studies have been carried out in this front and 
more research is still required.

Emilson CG5 and Schaeken MJ et al.34 found that the number 
of colonized tooth surfaces remained significantly below original 
levels for more than 26 weeks (almost 6 months) following 
treatment with chlorhexidine. Bretz et al.35 and Emilson CG5 found 
significant improvement in the gingival health of subjects for up to 
6 months. post treatment. Hence reapplication of the chlorhexidine 
and fluoride varnishes has to be carried out after every 6 months.5,36

The present study showed effective suppression of S. mutans.  
with the use of both the antimicrobials individually but the 
suppression was more significant with the combination of 
varnishes. The use of combination of chlorhexidine and fluoride 
varnishes is suitable and safe for very young children. The amount 
used is also lesser than the gels or mouth rinses. The ingestion of 
the chlorhexidine is significantly reduced when used in the form 
of the varnish. It also reduces the cost and cause less trauma to the 
young patients by early prevention of dental caries.13 Prevention is 
more cost effective as the patient shifts from high-risk level tolow 
risk level.37 Also, the varnish itself acts as a protective barrier to 
prevent the teeth from external staining.38

Considering the shorter treatment time, better taste, easier 
application technique, and safety, a varnish for preventive programs 
seems justified. But the most important difficulty in implementation 
of such preventive program is the availability of these varnishes in 
developing countries. For this more research is mandatory in this 
field and also consideration for subsidized rates for these products 
has to be given.

5.6 x 105 CFU/mL at 3 months, and 6.6 x 105 CFU/mL at 6 months 
interval after application of varnish (Table 2).

Zickert et al.24 1987 and Muerman et al.25 1988 showed that 
fluoride acts additively or even synergistically with chlorhexidine 
on S. mutans. Hence, we introduced the third group III where 
chlorhexidine varnish and fluoride varnish were applied to the 
same individual but alternately to study the combined effect of 
both agents on S. mutans. In our study, chlorhexidine + fluoride 
varnish group [group III] showed statistically significant reduction 
in mean S. mutans CFU/mL of saliva from 87.65 x 105 CFU/mL of 
saliva to 0.3 x 105 CFU/mL at 1 month, 0.4 x 105 CFU/mL of saliva at 
3 months, and 0.7 x 105 CFU/mL of saliva at 6 months interval after 
application of varnishes (Fig. 4). Brailsford SR et al.26 stated that the 
combination of Fluor-Protector and chlorhexidine varnish to be 
more useful in the prevention of tooth decay and it is very simple 
to apply and nonpainful.

In accordance to other similar studies,9,27,28 the combination 
preventive agents is thus helpful in reduction of caries to a greater 
extent than individual component. This is more important especially 
in patients with radiation caries,29,30 medically compromised 
patients, or children with special healthcare needs.31 While in 
patients with orthodontic appliances, the occurrence of white 
spot lesions is reduced when a combination of fluoride varnish 
and chlorhexidine varnish is used.30,32,33 However Subramanian 
et  al.12 showed that the combination of both chlorhexidine and 
fluoride (Tooth Mousse) was less effective on S. mutans count as 
compared to chlorhexidine alone. The efficacy of chlorhexidine per 
se is reduced when used along with agents that are highly anionic 

Fig. 4: Comparison between the mean of Streptococcus mutans colony-
forming unit per mL of saliva (x 105 CFU/mL) in chlorhexidine varnish 
group [group I], fluoride varnish group [group II], chlorhexidine + 
fluoride varnish group [group III] at baseline, 1 month, 3 months, and 
6 months after the application of varnishes

Table 3: The comparison of probability values based on Bonferroni multiple comparison test at various intervals of the study. (Intergroup 
comparison)

p-value 1 month 3 months 6 months

Group I with group II 0.00 0.00 0.002
Group I with group III 1.00 0.239 0.008

Group II with group III 0.00 0.00 0.00

Fig. 5: The comparison of probability values based on Bonferroni 
multiple comparison test at various intervals of the study. (Intergroup 
comparison)



Use of Chlorhexidine and Fluoride on Salivary Streptococcus mutans

International Journal of Clinical Pediatric Dentistry, Volume 15 Issue 3 (May–June 2022) 271

model study. Scan J Dent Res 1994;102(2):109–111. DOI: 10.1111/
j.1600-0722.1994.tb01164.x

11. Kulkarni VV, Damle SG. Comparative evaluation of efficacy of sodium 
fluoride, chlorhexidine and triclosan mouth rinses in reducing 
the mutans streptococci count in saliva: an in vivo study. J Indian 
SocPedoPrev Dent 2003; 12(3):98–104.

12. Subramaniam P, Naidu P. Effect of Tooth Mousse plus Cervitec gel on 
S.mutans. J of Minim Interv Dent 2009;2(3):164–168. 

13. Anna GA, Cristiane TR, Beatriz GN, et al. The use of chlorhexidine 
varnishes in children: what is out there? Int J Dent 2010;9(3):142–147.

14. Beltrán-Aguilar ED, Goldstein JW, Lockwood SA.  Fluoride varnishes: 
a review of their clinical use, cariostatic mechanism, efficacy and 
safety. J Am Dent Assoc 2000;131(5):589–596. DOI: 10.14219/jada.
archive.2000.0232

15. Balanyk TE, Sandham HJ. Development of sustained release antimicrobial 
dental varnishes effective against Streptococcus mutans in vitro. J Dent 
Res 1985;64(12):1356–1360. DOI: 10.1177/00220345850640120501

16. George AM, Kalangi SK, Vasudevan M, et al. Chlorhexidine varnishes 
effectively inhibit porphyromonas gingivalis and streptococcus 
mutans- an in vivo study. J Indian Soc Periodontol 2010;14(3):178–180. 
DOI: 10.4103/0972-124x.75913

17. Messer LB. Assessing caries risk in children. Austral Dent J 
2000;45(1):10–16. DOI: 10.1111/j.1834-7819.2000.tb00235.x

18. Van Houte J. Role of micro-organisms in caries etiology. J Dent 
Res 1994;73(3):672–681. DOI: 10.1177/00220345940730031301

19. Pienihäkkinen K, Söderling E, Ostela I, et  al. Comparison of the 
efficacy of 40% chlorhexidine varnish and 1% chlorhexidine-fluoride 
gel in decreasing the level of salivary mutans streptococci. Caries 
Res 1995;29(1):62–67. DOI: 10.1159/000262042

20. Johnson G, Almqvist H. Non-invasive management of superficial 
root caries lesions in disabled and infirm patients. Gerodontology 
2003;20(1):12–14. DOI: 10.1111/j.1741-2358.2003.00009.x

21. Jabbarifar SE, Tabibian SA, Poursina. Effect of fluoride mouth rinse 
and tooth paste on number of streptococcal colony forming units 
of dental plaque. J Res Medical Sciences 2005;10(6):363–367.

22. Nolte WA. Oral Microbiology: With basic microbiology and 
immunology. 4th edition. Mosby; 1982.

23. Makarem A, Jahanian F, KhajehKaramodine M. Evaluation of effect 
of sodium fluoride tablet on level of streptococcal dental plaque. 
Mashhad Dental Journal 59. 1996;61.

24. Zickert I, Emilson CG, Ekblom K, et al. Prolonged oral reduction of 
Streptococcus mutans in humans after chlorhexidine disinfection 
followed by fluoride treatment. Scand J Dent Res 1987;95(4):315–319. 
DOI: 10.1111/j.1600-0722.1987.tb01847.x

25. Muerman JH. Ultrastructure, growth, and adherence of streptococcus 
mutans after treatment with chlorhexidine and fluoride. Caries 
Res 1988;22(5):283–287. DOI: 10.1159/000261122

26. Ekenback SB, Lindver LE, Lonnies Effect of four dental varnishes on 
the colonization of cariogenic bacterias on exposed sound root 
surfacesH. Caries Res 2000;34(1):70–74. DOI: 10.1159/000016572

27. Spets-Happonen S, Luoma H, Forss H, et al. Effects of a chlorhexidine-
fluoride-strontium rinsing program on caries, gingivitis and some 
salivary bacteria among Finnish school children. Scan J Dent Res 
1991;99(2):130–138. DOI: 10.1111/j.1600-0722.1991.tb01875.x

28. Petersson LG, Magnusson K, Andersson H, et al. Effect of quarterly 
treatments with a chlorhexidine and a fluoride varnish on approximal 
caries in caries-susceptible teenagers: a 3 year clinical study. Caries 
Res 2000;34(2):140–143. DOI: 10.1159/000016581

29. Katz S. The use of fluoride and chlorhexidine for the prevention of 
radiation caries. J Am Dent Assoc 1982; 104(2):164–170. DOI: 10.14219/
jada.archive.1982.0016

30. Ogaard B, Larsson E, Henriksson T, et  al. Effects of combined 
application of antimicrobial and fluoride varnishes in orthodontic 
patients. Am J Orthod Dentofacial Orthop 2001;120(1):28–35.  
DOI: 10.1067/mod.2001.114644

31. Gary RR. Effectiveness of methods used by dental professionals 
for the primary prevention of dental caries. J Dent Edu 2001;65(10): 

co n c lu s I o n
A safe application of chlorhexidine and fluoride in children 
is possible when its use is in the form of varnishes. Moreover, 
chlorhexidine and fluoride remains in the oral cavity over extended 
period of time, thus the suppression and stabilization of S. mutans 
to nonpathogenic levels are clearly observed over time.

Our study suggests that more research is urgently needed to 
determine the optimal preventive regimens, including antimicrobial 
therapies to prevent and modify the course of oral diseases in 
children. The concomitant use of chlorhexidine and fluoride varnish 
has proved to be more effective than individual components over a 
longer period of time, that is, over a period of 6 months. Hence we 
recommend the use of combination of chlorhexidine and fluoride 
varnishes for better results especially in children with high caries risk.

cl I n I c A l sI g n I f I c A n c e
With the evolving era in dentistry “constriction with conviction” 
has gained more popularity. Minimally invasive dentistry is one 
such branch which has evolved tremendously, it is paramount for 
the dentist to gain knowledge and choose wisely based on clinical 
evidence which will help them in their practice. Our study aims 
in providing knowledge established on evidence-based clinical 
research which will benefit the dentist from all over the globe.
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its various properties is based on this structure. The properties 
which need to be understood for appropriate usage of this herb 
are given below.

Antimicrobial Property
Lavender essential oils have been used since medieval times in 
medicine. Bactericidal properties of essential oils were first tested 
by de la Croix.8 Various studies certainly indicate the antimicrobial 
property of lavender mainly due to its chemical composition. 
Although numerous studies state linalool as the main component 
for antimicrobial efficacy, some studies suggest antimicrobial 
efficacy exists even in the absence of linalool or linalyl acetate.9 Even 
though the efficacy of lavender essential oils has been seen 
predominantly against gram-positive microorganisms, few studies 
have found it otherwise.3,4,10

Lavandula coronopifolia essential oil has been found to possess 
high antimicrobial activity against the gram-negative bacteria 
with minimal inhibitory concentration (MIC) values between 1% 
and 4%.11 Lavender essential oil has been found to be effective 
against microorganisms like Staphylococcus aureus, Escherichia 
coli, Candida albicans, Aspergillus nidulans, and Trichophyton 
mentagrophytes.10,2 The main mechanism of action against bacteria 
has been stated to be to the cell wall of the organism, leading to 
leakage of cytoplasmic content.2

In t r o d u c t I o n
Essential oils have been used by people all over the world for several 
years as a part of alternative medicine. Currently, there is a trend 
to adopt more natural alternatives over synthetic ones. Essential 
oils offer a new, organic, and safe alternative to relatively risky 
pharmacological agents. Lavender or Lavandula belonging to the 
Lamiaceae family, is one of the commonly researched medicinal 
herbs.1 Flower of the shrub, purple-blue in color, has been used 
to cure various ailments since olden times. Most commonly used 
species of lavender include Lavandula angustifolia, Lavandula 
latifolia, Lavandula stoechas, and Lavandula intermedia.2

It is cultivated all over the world for its commercial use. In 
India, it is cultivated in Himachal Pradesh, Uttar Pradesh, and also 
in the Kashmir valley region. It has been known to have anxiolytic, 
anti-inflammatory, antinociceptive, antioxidant, and antimicrobial 
effects.2–4 Herbal products like lavender essential oils may offer a 
solution to the problem of antibiotic resistance, invasive treatments, 
side effects, or even drug addiction. These properties make 
lavender a very useful medicinal herb in modern times due to the 
advent of drug resistance.5

Research has been going on regarding the utilization of herbal 
essential oils in the field of medicine as well as in dentistry. Lavender 
species offer a promising alternative to some of the synthetic 
materials in the field of dental sciences.6 It may be used to treat 
local infections, as an alternative to antibiotics, in reducing dental 
anxiety, or to prevent the formation of biofilm on teeth. It may be 
used in oral formulations, as vapor, or as a local medicament. Due 
to the vast applicability of the lavender species due to its medicinal 
properties, there is a need for focused attention to its use in the 
field of dentistry.6 Hence, the purpose of this review article is to 
enlist the current and prospective uses of lavender essential oils in 
the field of dentistry (Table 1).

Composition and Properties
Phytochemical analysis shows that lavender essential oils contain 
linalool, linalyl acetate, 8-cineole-ocimene, terpinen-4-ol and 
camphor as the main components.7 The mechanism of action of 
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reduction in the rats.15 The exact mechanism is not known; however, 
it seems to be similar to opioid analgesics. Due to this similarity, 
it may be used to replace opioid analgesics to solve the problem 
of addiction that comes with these drugs. Nevertheless, lavender 
essential oil seems to have no effect on the COX pathway. Research 
is needed to elaborate on this point further. In dentistry, even 
though this property may be advantageous, its applicability as an 
antinociceptive and anti-inflammatory agent has yet to be studied.

Anxiolytic Property
The fragrance of lavender is probably the most promising property, 
which has also been amply researched in the field of dentistry. 
The prevalence of anxiety in dental clinics all over the world is 
substantial. Behavior management of the patient requires expertise 
as well as time. Pharmacologically, several options are available to 
reduce the anxiety, but it may have side effects on the patient and 
may, in turn, become a costly affair. Recently, dental practitioners 
have been researching cost-effective and simple ways of behavior 
therapy. One of the newly accepted therapies is aromatherapy.

According to a study conducted at King’s College London, 
the state-trait anxiety score of the patients who were subjected 
to aromatherapy using lavender essential oil during dental 
procedures was decreased as compared to those without the 
therapy showing promising properties of lavender essential oil. In 
another study, the mood, alertness, calmness, and anxiety were 
assessed using lavender fragrance against music therapy, in which 
aromatherapy using lavender fragrance gave superior results. The 
mechanism of action of this may be attributed to the action of 
lavender essential oil in serotonin neurotransmission through 5-HT 
receptors.16 Studies have also found a correlation between vital 
signs and aromatherapy using lavender.17-19 There is a decrease in 
blood pressure postoperatively on using aromatherapy in patients 
undergoing dental treatment.18 Intranasal spray of lavender and 
fennel has also shown to decrease the salivary cortisol levels, which 
get elevated in case of anxiety.19

Toxicity
Toxicity may accompany the use of marketable essential oils. Factors 
involved may be product management, ingredients, excessive use 
or inappropriate use, sensitization/anaphylaxis, and lack of scientific 
evidence.20 It is wise to know the adverse effects along with their 
uses. Some of the studies have shown additional side effects of 
lavender essential oils like contact dermatitis, acute eczema, and 
facial dermatitis allergic reaction.21

cl I n I c A l Im p l I c At I o n s I n de n t I s t ry

Lavender essential oils have the potential for future application in 
the field of dentistry. Further in vivo studies are indicated for the 
same. Some of the applications are stated below:

It has also shown its inhibitory effects in solution as well as vapor 
form on various fungi. These effects are due to the constituents of 
Lavender essential oils on spores of the fungi. Linalyl acetate was 
found to suppress spore formation, while linalool was found to be 
effective for the inhibition of germination and fungal growth.2 This 
property may be utilized in treating candidal infections, which 
may occur in geriatric patients or immune-compromised patients. 
Inhibition by lavender essential oils was found to be sufficient to 
treat disseminated candidosis.12

Drug resistance has become a nuisance to medical and dental 
practitioners. Due to this, the antimicrobial properties of herbal 
essential oils like L. angustifolia may provide an alternative to 
antimicrobial medications. Independently lavender essential oil 
may be delivered with hydroxyapatite.8 The main advantages of 
this are efficient drug release, elevated stability, protection from 
interactions, decreased volatility, enhanced bioactivity, and less 
toxicity. It was found that hydroxyapatite did not interfere with 
the antimicrobial property of lavender essential oil.8 In one of 
the studies conducted to check for antimicrobial efficacy; the 
lavender essential oil was incorporated in antimicrobial drugs like 
ciprofloxacin.13 Ciprofloxacin has been used as an agent of local 
delivery in dentistry. Study revealed that lavender essential oil 
potentiated the antimicrobial activity of ciprofloxacin.13 This may 
be an effective way to avoid the development of resistance to 
an antimicrobial agent. The local antimicrobial property may be 
utilized to develop an effective root canal sealer.

Preservative
It has been proven that lavender essential oils can be used as a 
preservative for strawberries. Herman et al. has studied the use of 
essential oils in cosmetics.14 Lavender essential oil may also be used 
as a preservative in local anesthetic solutions as an alternative to 
methylparaben.6

Anti-inflammatory and Antinociceptive Properties
The lavender essential oil shows a significant anti-inflammatory 
effect. Lavender oil has been used in dermatitis and eczema. In 
an animal-based study, lavender oil showed anti-inflammatory 
activity compared to dexamethasone. It has been suggested 
that the mechanism involved is related to a G protein-coupled 
receptor or interference in the system of one of the intercellular 
second messengers.15

Antinociceptive properties and anti-inflammatory activity 
are closely related. Often there is the presence of pain along with 
inflammation. Non-steroidal anti-inflammatory drugs have been 
amply used in dentistry for nociception. Due to the side effects they 
carry, alternative pain-relieving strategies are being developed. The 
lavender essential oil has been tested positive for antinociceptive 
action. Studies on animals using the formalin-induced pain model 
show that oral treatment with lavender oil shows considerable pain 

Table 1: Table showing recent studies utilizing Lavender essential oils

Sl No. Author, Year Effect Mode of usage

1. Cai H et al., 202123 Anxiety reduction Lavender fragrance
2. Ahmed, 202025 Antioxidant effect against aphthous 

ulcer
Lavender oil

3. Pathan et al., 202024 Topical analgesic Lavender oil
4. Karan, 201918 Anxiety reduction Lavender fragrance

5. Kritsidima et al., 20104 Anxiety reduction Lavender fragrance
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Anxiolytic Property during Surgeries
Behavior and pain management are currently gaining importance 
in the field of dentistry. Aromatherapy, as has been mentioned 
above, is fast gaining popularity. Karan et al. and Nardarajah et al. 
have studied the use of lavender oil during the extraction of third 
molars and found it a useful adjunct.18,22

The development of dental anxiety may also be taxing on the 
patient during the waiting period before treatment. The use of the 
essence of lavender has been found to reduce the overall anxiety 
during this waiting period.4

Adjunct to Other Antimicrobial Agents
Since lavender oil is majorly biocompatible and least cytotoxic, 
it may be applied as an antimicrobial agent.6 It has antifungal 
properties which can be utilized in Candida infections, although 
much evidence is not yet available in the field of dentistry.12

Many medicinal plants have been used, which are being 
rediscovered in a new light. Lavendula is an upcoming medicinal 
plant that may also be utilized in dentistry as an antiplaque 
agent and in treating local periodontal lesions in periodontology. 
Further, it may also be used postimplant placement to avoid 
biofilm propagation.

In the field of endodontics, it finds its niche in root canal sealers 
due to its action against a variety of bio flora. In oral surgery, in 
addition to being an antinociceptive and anxiolytic agent, it may 
also be used as a preservative in local anesthesia. In case of a history 
of allergic reaction to preservative methylparaben, lavender can be 
used as a replacement.

Resistance development has brought the advent of newer, 
herbal antimicrobial agents. Since then, lavender has been 
researched as an antimicrobial agent. Not only can it be used as 
an independent agent, but it also finds its use in conjunction with 
the commonly used antimicrobial agents.

Anti-inflammatory and Antinociceptive Effect
The host immune reaction may cause damage in dentistry to 
structures of the periodontium.13 In periodontology, lavender 
essential oils find their potential place. Due to the inhibition 
of prostaglandins, lavender also serves to relieve pain.13 Due 
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co n c lu s I o n

Herbal therapeutic alternatives are rapidly becoming important 
in the medical research field. It is not long till they overtake 
the synthetic products. Lavender essential oils have been 
extensively studied in various fields and have been proved to 
have many medicinal properties, as listed in this review. The 
utilization of lavender can be amply done in the field of dentistry. 
Awareness regarding this is necessary among dental practitioners.  
Further in vitro and in vivo studies may prove to be successful in 
bringing lavender essential oils into clinical dentistry.
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ReseaRch aRTIcLe

When the literature search was carried out there were no data 
published regarding the knowledge, attitude, and practices on the 
concept of Dental Home among healthcare professionals. Hence, 
this study was conducted to test the knowledge, attitude, and 
practices about Dental Home among healthcare professionals.5

Mat e r i a l s a n d Me t h o d s
A cross-sectional study was conducted in the Department of 
Pediatric and Preventive Dentistry. Ethical approval was obtained 
from the Institutional Review Board. Informed consent was obtained 
from all the Principals of the respective institutions (Ayurveda, 
Homeopathy, Nursing, and Medical).

in t r o d u c t i o n
Oral health is the mirror of general health. It is essential for 
well-being and for maintaining the quality of a child’s life. The 
foundation of good oral health must be built early in life and it is 
recommended that a child should have its first dental visit by one 
year of age, which can be accomplished by the establishment of 
Dental Home that can emerge as a locus for prevention, supervision 
of the oral health, provide emergency care, and can also serve as 
a repository of records.1

For most dental professionals, the concept of Dental Home is 
new. However, the concept of Medical Home is well established and 
known among other healthcare professionals. The persistence of 
early childhood caries and meager use of oral healthcare services by 
the children recommends the use of the concept of “Dental Home” 
which could benefit in taking a closer look at the oral pathologies 
or conditions and can provide benefits of Oral Health care.2

The American Academy of Pediatric Dentistry advocates that 
a Dental Home provides comprehensive, unceasingly accessible, 
family-centered, compassionate, culturally sensitive, and 
efficient care for children.3 Promotion of oral health is essential. 
Multidisciplinary care and guidance through involving pediatricians 
is evident and proves to be indispensible as it not only educate the 
parents but also provides maintenance and promotion of their 
children’s oral health.4

However, all the studies conducted to date assessed knowledge 
and awareness about Dental Home among pediatricians.  
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ab s t r ac t
Aim and objective: The aim and objective of the study was to assess the knowledge, attitude, and practices about dental home among 
healthcare professionals of Belagavi city.
Materials and methods: A sample of 400 participants was divided into four groups (Ayurveda, Homeopathy, Nursing, and Medical) based on 
their healthcare specialty. A 20 item validated questionnaire containing four domains was distributed among the participants. The data was 
statistically analyzed.
Results: Descriptive analysis was used followed by Chi-square for association and one-way ANOVA for comparison followed by Karl Pearson 
correlation coefficient for determining the correlation between knowledge, attitude, and practices of healthcare professionals. The results of 
the study showed that the knowledge and practices were statistically not significant among all healthcare professionals (p > 0.05). However, 
the results were found to be statistically highly significant when correlation was done between knowledge, attitude, and practices (p < 0.0001).
Conclusion: The study concludes that there is a need to increase the level of knowledge, attitude, and practices among healthcare professionals 
about the concept of dental home.
Clinical significance: The clinical significance of our study is the implementation of the dental home concept in India, which can prove to be 
a source of coordinated care that emphasizes overall patient health and aids in rendering quality treatment. Through this initiative oral health 
can be incorporated as a primary healthcare entity. This can also provide an opportunity for dental professionals to take the lead in applying 
successful strategies to improve the provision of dental care. Moreover, treatment needs if taken care at the preliminary stages itself, can reduce 
a major oral healthcare burden from extensive debilitating oral pathologies in the pediatric population.
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level of knowledge, attitude and practices compared to the 
undergraduates. However, when compared based on the gender of 
the participants it was found to be statistically insignificant (Fig. 3).

The comparison of response among health professionals of 
different demographic profile for each question was determined 
by one-way ANOVA (Fig.  4). The results showed that when the 
knowledge about pathophysiology and associated risk factors of 
early childhood caries was assessed it was found to be statistically 
not significant. Knowledge and attitude about introducing the 
Dental Home at the earliest to reduce the anxiety of a child and 
the parents were found to be statistically insignificant. Also, 
perception of whether the Dental Home can provide restorative 
and rehabilitative treatment along with the elementary oral 
healthcare showed less significant values. Also, the implementation 
of Dental Home concept and initiating it at various healthcare levels, 
and introducing it in the curriculum of undergraduates of other 
healthcare professionals was found to be statistically not significant. 
However, when the knowledge, attitude, and practices about the 
importance of oral health, whether the treatment of primary teeth 
is as important as that of permanent dentition, and the eruption 
patterns of the teeth were assessed the results were found to be 
statistically significant (p < 0.05).

The correlation between the knowledge, attitude, and practices 
was done using Karl Pearson’s correlation coefficient which was 
found to be highly statistically significant (p = 0.0001) (Fig. 5).

di s c u s s i o n
Initiation of dental care in all health service programs is essential 
in providing comprehensive health care. Benefits of establishment 
of Dental Home are substantial and intuitive which includes an 
increasing emphasis on prevention and disease management, 
advancements in tailoring care to meet individual needs, and 
providing better health outcomes at lower costs.6 The oral health 
promotion should be integrated into the existing preventive 
programs which have been implemented by other health-
care professionals. These can prove imperative in guiding and 
developing positive dental attitudes.

However, the results in this study showed that practitioners 
from other healthcare professions failed to impart higher 
knowledge, attitude, and practices with the concept of Dental 
Home where nearly 57.75% of the participants showed less 

A pilot study was conducted and Cronbach’s alpha coefficient 
of 0.82 was calculated to test the reliability of the questionnaire. The 
responses to the questions were measured on five-point Likert scale.

Sample size of 380 was calculated in accordance with the 
standard sample size calculating formula which was rounded 
to 400. Samples were divided into four groups. Group A, 
B, C, and D included interns and postgraduate students of 
Ayurveda, Homeopathy, Nursing, and Medical, respectively. The 
questionnaires were distributed among the participants and were 
collected back once completed by them. The collected data was 
then statistically analyzed.

re s u lts
In the present study, there were no dropouts found. The study 
included 22% male and 78% female. Seventy five percent of the 
participants were interns; twenty five percent of the participants 
were postgraduate students. The mean age of the surveyed 
professionals was 24.49 ± 1.77 years (Fig. 1). The data was statistically 
analyzed using SPSS software (version 21.0 Chicago, IL, USA) and 
the p-value < 0.05 was taken as significant.

Association between the level of knowledge, attitude, 
and practices for the different healthcare professionals was 
determined using the Chi-square test and it was found that there 
is no statistically significant difference observed in the knowledge 
and practices among the study groups (p = 0.1267). However, the 
attitude regarding the concept of Dental Home was found to 
be statistically significant (p = 0.0157). When the association of 
knowledge was compared among the groups, the participants 
from the medical group showed a higher percentage of knowledge 
(45.37%) and the least knowledge being among the nursing 
professionals (70.37%). Attitude toward Dental Home was seen 
highest among Homeopathy group (53.85%) and the least being 
in Ayurveda group (73.85%).

With regards to referral practices, homeopathy professionals 
showed a higher level of practices accounting 51.65% whereas the 
least referral practices are seen among the nursing professionals 
which accounts for 62.96% (Fig. 2).

Also, the level of knowledge, attitude and practices regarding 
the concept of Dental Home was found to be statistically 
significant when comparison was done among undergraduates 
and postgraduates. Postgraduates participants showed a higher 

Fig. 1: Demographic profile of healthcare professionals
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however, the referral practices regarding the same are found to be 
lesser in our study accounting only 20% among all the healthcare 
professionals.

It is been recommended by AAPD that the child should have its 
first dental visit no longer than 6 months of age or soon after the 
first tooth erupt and no later than 12 months of age. Traditionally, 
3 years was thought to be the developmental age for initial 
dental visit. The rationale behind this was that treatment can be 
provided more efficiently and children can be better managed by 
the establishment of Dental Home, and early interventions can be 
made for parent’s education on oral hygiene practices, preventing 
dental injuries and early childhood caries, hence recommending 
the first dental visit to be no later than one year of age.

In a study conducted by Shivaprakash et al. more than 50% of 
medical students responded correctly to the question asked on 
the first dental visit.9 However, the response was higher than the 
results obtained by Retna et al. who reported only 40%,10 and our 
study where only 30.78% of the participants responded correctly.

Elementary oral healthcare should be provided at various strata 
initiating from rural healthcare centers to the primary healthcare 
centers in all the parts of our country. In order to provide prenatal 
counselling, the dentist/allied healthcare professionals should 

knowledge, 57% showed low attitude and lower referral practices 
are seen in 57% participants.

In a cross-sectional study done by Sikliglar et  al. on the 
knowledge, attitude, awareness of Pediatricians toward infant 
oral healthcare and treatment needs showed poor knowledge 
among 60% and average in the remaining 40%. The attitude 
was poor in about 20%, average in 60%, and good being among 
only 20% of the pediatricians emphasizing the need for the 
pediatricians to update their knowledge and change their attitude 
toward infant oral healthcare and Dental Home.4

Recently a similar study conducted by Vaidya et  al. among 
pediatric residents in Vadodara city showed a lack of awareness 
regarding the Dental Home concept among the participants. Most 
of them reported that they are routinely assessing a child’s oral 
health but merely a few pediatricians discuss about oral health 
status with their parents/guardians. The study also highlighted 
the importance of promotion of oral health by incorporating the 
Dental Home for timely referrals of pediatric patients for oral health 
needs.7 These results are in accordance with the study conducted 
in Ghaziabad city by Indushekhar et al.8 and our study, where the 
importance of oral health and Dental Home is been acknowledged; 

Fig. 2: Association between levels of knowledge, attitude, and practices of healthcare professionals about the concept of dental home care

Fig. 3: Comparison of graduates and postgraduates students with 
mean knowledge, attitude, and practice scores about the concept of 
dental home

Fig. 4: Comparison of types of courses with mean knowledge, attitude, 
and practice scores about the concept of dental home care



Dental Home

International Journal of Clinical Pediatric Dentistry, Volume 15 Issue 2 (March–April 2022) 167

to medical home where a child can be imparted preventive care 
along with the treatment. This includes assessment of oral diseases, 
management of acute and chronic oral pathologies, and provides 
anticipatory guidance for overall growth and development of the 
pediatric population.
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work cumulatively with the pediatricians, gynecologists, Auxiliary 
Nursing Midwifery (ANM), Accredited Social Health Worker (ASHA), 
and all other healthcare professionals. This can be achieved by the 
establishment of Dental Home which will aid in uplifting the oral 
health in upcoming generations or the pediatric population as a 
whole. Traditionally, other medical professions and dental care were 
separate streams of healthcare services in Indian medical systems. 
But the current training programs in the healthcare field present an 
unprecedented opportunity for the integration of other healthcare 
professionals and dental professionals. Hence, cumulative training 
programs need to develop which can prove to be an innovative 
training model that reflects evolving healthcare delivery, such as 
comprehensive oral health care.

cl i n i c a l si g n i f i c a n c e
The clinical significance of our study is the implementation of the 
Dental Home concept in India, which can prove to be a source of 
coordinated care that emphasizes overall patient health and aids 
in rendering quality treatment. Through this initiative oral health 
can be incorporated as a primary healthcare entity. This can also 
provide an opportunity for dental professionals to take the lead in 
applying successful strategies to improve the provision of dental 
care. Moreover, treatment needs if taken care at the preliminary 
stages itself, can reduce a major oral healthcare burden from 
extensive debilitating oral pathologies in the pediatric population.

co n c lu s i o n
Based on the current study, it may be concluded that there is a 
lack of oral healthcare knowledge, attitude, and practices about 
Dental Home and pediatric dentistry as a whole. By visualizing 
the current Indian scenario and the results we got from our study, 
there is a need felt to include and introduce the concept of Dental 
Home in the curriculum of other healthcare professionals so as 
to inculcate in them, the importance of preliminary oral health 
care. To achieve this objective, there is a need felt to initiate the 
interdisciplinary referrals among various medical fields especially 
the pediatricians. Thus, Dental Home can serve as an analogue 

Fig. 5: Scatter diagram of correlation between knowledge, attitude, and practice scores about the concept of dental home
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products of probiotics containing numerous microorganism strains 
are available such as sucking tablets, chewing gums, lozenges 
and dairy products such as milk, ice cream, cheese, yoghurt, 
etc.10 The classic food containing probiotic is yogurt (curd) and 
consumption of dairy products on a daily basis seems to be the 
most natural and effective way to ingest probiotic bacteria. Dairy 
yogurt is prepared using a culture of Lactobacillus bulgaricus, 
Streptococcus salivarius, and Streptococcus thermophilus bacteria.  
In addition, L. acidophilus, Lactobacillus bifidus, and Lactobacillus 
casei are also utilized in yogurt culturing.

Hence, the aim of this present study was to evaluate the effect of 
consumption of probiotic yogurt on salivary pH, buffering capacity, 
and salivary calcium level.

In t r o d u c t I o n
Dental caries is considered as a multifactorial disease and common 
disease of childhood. Numerous oral bacterial species are the active 
pathogens concerned with the progression of dental caries such 
as mutans streptococci, Streptococcus sobrinus and Lactobacillus 
acidophilus species. Dental caries can be prevented by decreasing 
the number of cariogenic flora within the oral cavity.

Numerous noninvasive strategies are being used to prevent 
dental caries formation. The noninvasive treatment of initial lesions 
by remineralization has the potential to be a significant advance in 
the clinical management of caries.1

The use of milk and milk products, having a protective effect 
against the development of dental caries, has been a unique concept 
in remineralization.2 Another approach to bacterially-mediated 
diseases has been the use of probiotics.

The word “probiotic” comes from Greek, and it means “for 
life.” Most probably, it was Ferdinand Vergin who invented the 
term “probiotic” in 1954.3 Probiotics can be defined as “Live 
microorganisms that when administered in adequate amounts confer 
a health benefit on the host” (FAO/WHO 2001). The thought was that 
the harmless bacteria in the fermented products competed with 
pathogens injurious to health.4 Most probiotics are Gram-positive 
bacteria that belong to the genera Lactobacillus or Bifidobacterium.5,6

The calcium concentration of saliva and dental plaque is an 
important index accounting for the balance between stages of 
demineralized and remineralized enamel.7 Studies have shown 
that consumption of milk and yogurt can reduce the risk of dental 
caries through high level of calcium concentrations.8

A variety of microorganism strains are studied for their probiotic 
properties. The most used species belong to the genera Lactobacillus 
and Bifidobacteria.9 A large range of commercially available 
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Ab s t r Ac t
Introduction: Dental caries is a preventable disease that can be prevented by suppressing any one of the factors of the Keyes triad.
Aim and objective: To investigate the effect of probiotic yogurt on salivary pH, calcium level, and buffering capacity.
Materials and methods: A total of 60 children were randomly selected and were divided into 2 groups. The test group consumed 200 mL of 
probiotic yogurt and the control group consumed 200 mL of regular curd everyday for 30 days. A base-line nonstimulated salivary sample (2 mL) 
was collected. The salivary pH, buffering capacity, and calcium level was assessed at baseline, after 15 and 30 days. The data were statistically 
analyzed.
Result: The mean pH levels of the probiotic group were 7.03 and salivary buffering capacity was found to be 2.000. Salivary calcium levels 
increased with the use of probiotic yogurt at the end of 30 days (mean of 4.79) compared to the control group.
Conclusion: Consumption of probiotic yogurt for a short period of time can prevent dental caries by increasing salivary calcium level.
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Generation of the random sequence was done using a table 
generated from the computer of random numbers by an 
independent investigator and sequential allocation was done by 
the investigator.

A base-line nonstimulated whole salivary sample (2 mL) was 
collected in the morning by asking the patient to drool passively 
into a sterile test tube for 5 minutes (Fig.  1). The children were 
informed not to eat or drink (except water) 1 hour before saliva 
collection in order to reduce possible food debris and saliva 
stimulation. The samples collected in sterile test tubes were carried 
in the icebox containing ice (used as transport media). The pH of 
saliva, buffering capacity, and calcium level in saliva was assessed. 
The children were advised to consume 200 mL of regular curd 
(control group) and 200 mL of probiotic yogurt (test group) each 
day for 30 days under the supervision of two investigators. Saliva 
sample was taken on the 15th day and at the end of 30 days using 
the same procedure and the pH of saliva, buffering capacity, and 
calcium level were assessed.

Estimation of Salivary pH and Buffering Capacity
A manual pH meter was used to measure the salivary pH and the 
buffering capacity was measured by the Erricson method (1959) 
where 0.5 mL of saliva was mixed with 1.5 mL of 5 mmol/L HCl. The 
mixture was shaken vigorously, subjected to centrifugation for a 
minute, and allowed to stand for 10 minutes and the final pH was 
measured using a manual pH meter (Fig. 2).

Estimation of Salivary Calcium Level
Autoanalyzer which works on the principle of atomic absorption 
spectrophotometer was used to estimate the calcium level. Human 
diagnostic kit was used for estimation (Fig. 3). The data collected 
was then analyzed statistically using SPSS software 20.

MAt e r I A l s A n d Me t h o d s
Ethical clearance was obtained from the ethics committee AJ 
Institute of Medical Sciences and Research Centre, Mangaluru before 
the start of the study (Ref no. AJEC/REV/D/14/2015-16). The nature 
and design of the study were explained in detail to the teacher, 
parent, and child and informed consent was obtained for the same.

Inclusion Criteria

• Study subjects for whom informed consent from parents and 
assent is obtained.

• Systemically healthy subjects.
• Caries free children (DMFT = 0)

Exclusion Criteria

• Study subjects for whom informed consent from parents and 
assent is not obtained.

• Children with decayed teeth.
• Children with a history of taking any antibiotic treatment 

throughout the study.
• Children on any other supplements containing probiotics during 

the study.
• Children on use of xylitol products for 3 weeks before and 

throughout the study.
• Medically compromised children.

Me t h o d
A total of 60 healthy caries-free school children between the age 
group of 6–12 years from a school of Mangaluru city were randomly 
divided into 2 groups based on the yogurt prescribed:

• Regular curd (group A) as a control group
• Probiotic yogurt (group B) as a test group (Flowchart 1)

Flowchart 1: Investigation design
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dI s c u s s I o n
The oral cavity contains different bacteria that may be resistant 
to antibacterial agents. Many of these oral species are resistant 
bacteria and most of these harmless bacteria have been changed 
into potential pathogens. These bacteria in the oral cavity are either 
planktonic or integrated into an oral biofilm of diverse oral surfaces 
or niches.11 It is essential to have a thorough understanding of the 
oral microbiota and its functions in oral health and disease in order 
to develop probiotic or prebiotic interventions for applications 
in oral health care and to know their mechanisms of action 
and potential risks.12 The mechanism of action of probiotics is 
thought to combine local and systemic events including adhesion, 
coaggregation, growth inhibition, bacteriocin production, and 
immunomodulation. Thus, probiotics may have preventive and 
therapeutic effects.12 Hence, probiotics can be considered as the 
best supplement to prevent dental caries. To compete with the 
different bacteria in the oral cavity, the probiotics for oral health 
must contain different kinds of bacteria. Great importance is being 
given to the use of a probiotic therapy for the treatment of dental 
caries, periodontal diseases, and oral malodor.6

Probiotics have been studied extensively for many years for 
their health-promoting effects. Probiotics are microorganisms 
proven to exert health-improving benefits in humans and animals. 
In the past decade, probiotics have been investigated from the oral 
health perspective. Probiotic technology provides a breakthrough 
approach to maintain oral health by using the natural beneficial 
bacteria commonly found in the mouth to provide a natural 
defense against those bacteria that are thought to be harmful to 
teeth and gums.13

Microorganisms commonly used as probiotics are L. acidophilus, 
L. casei, Lactiplantibacillus plantarum, Lactobacillus gasseri, 
Lactobacillus delbreukii sp., Pediococcus pentosaceus, Saccharomyces 
cerevisiae, Bif idobacterium bifidum, Bif idobacterium lactis, 
Enterococcus faecium, Bacillus subtilis, Bacillus cereus, Aspergillus 
oryzae, etc.3

Recent studies suggest that probiotics can exert beneficial 
effects on the host through distinct molecular and cellular 
pathways. Evaluation of a suitable vehicle for probiotic 
administration is essential. Most of the naturally occurring 
probiotics are found in fermented dairy products.14 Curd or yogurt 
is considered to be the common constituent of the Indian diet and 
also it is readily available.

In the present study, the salivary pH was significantly elevated 
in the probiotic yogurt group when compared to the normal 
curd group which is similar to the results of a study conducted by 
Srivastava et al., which also showed significant increase in salivary 

re s u lts
The salivary pH in the test group (probiotic yogurt) remained 
constant throughout the study period (mean of 7.032). Whereas 
the control group (normal curd) showed slight reduction in pH 
at the end of 30 days (mean of 6.548). At the end of 30 days of 
consumption, the salivary pH was evaluated between the two 
groups, in the test group the mean pH value was higher when 
compared to the control group and this difference was significant 
statistically (p = 0.05) (Table 1).

The salivary calcium level in the test group showed a significant 
increase from baseline to the 30th day (mean of 4.793). There was 
only a slight increase of the calcium level in saliva in the control 
group, but it was not statistically significant (mean of 1.53). After 
30 days of consumption, the mean calcium level of saliva in the 
test group was higher compared to the calcium level in the control 
group and the difference was significant statistically (p = 0.001). 
There was a statistically significant increase in salivary calcium level 
from baseline to 30th day in the test group (p = 0.006), whereas, in 
the control group there was no statistically significant difference 
(p = 0.662) (Tables 2 and 3).

The salivary buffering capacity in both the groups remained 
constant throughout the study period. There was no statistical 
difference in buffering capacity at the end of 30 days (Table 4).

Fig. 1: Collection of saliva samples

Fig. 2: Manual pH meter

Fig. 3: Calcium kit
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Salivary buffer capacity in both the groups was not changed in 
the current study. This was in accordance with a study conducted 
by Ahola et al. which showed no significant changes in buffering 
capacity between the study groups on short term consumption 
probiotic cheese.16

co n c lu s I o n
Consumption of probiotic yogurt for a short period of time showed 
marked elevation in salivary pH and also elevated level of salivary 
calcium content was noted, which helps in preventing dental 
caries by reminerization of demineralized enamel. However further 
researches are to be carried out in the field of dentistry to prove 
the efficiency of the same.

or c I d

Priya Meharwade  https://orcid.org/0000-0003-2328-1936

re f e r e n c e s
1. Clarkson JJ, McLoughlin J. Role of fluoride in oral health promotion. 

Int Dent J 2000;50(3):119–128. DOI: 10.1111/j.1875-595x.2000.
tb00552.x

2. Thimmaiah C, Shetty P, Shetty SB, et  al. Comparative analysis 
of the remineralization potential of CPP–ACP with fluoride, tri-
calcium phosphate and nanohydroxyapatite using SEM/EDX – an 
in vitro study. J Clin Exp Dent 2019;11(12):e1120–e1126. DOI: 10.4317/
jced.55941

3. Markowiak P, Śliżewska K. Ef fects of probiotics, prebiotics, 
and synbiotics on human health. Nutrients 2017;9(9):1021.  
DOI: 10.3390/nu9091021

4. Sudhir R, Praveen P, Anantharaj A, et  al. Assessment of the 
ef fect of probiotic curd consumption on salivary pH and 
streptococcus mutans counts. Niger Med J 2012;53(3):135–139.  
DOI: 10.4103/0300-1652.104382

5. Wasfi R, Abd El-Rahman OA, Zafer MM, et al. Probiotic Lactobacillus 
sp. inhibit growth, biofilm formation and gene expression of caries-
inducing Streptococcus mutans. J Cell Mol Med 2018;22(3):1972–1983. 
DOI: 10.1111/jcmm.13496

6. Vuotto C, Longo F, Donelli G. Probiotics to counteract biofilm-
associated infections: promising and conflicting data. Int J Oral Sci 
2014;6(4):189–194. DOI: 10.1038/ijos.2014.52

pH from baseline to 7 days with probiotic yogurt, as compared to 
normal curd.10

Normal curd is usually acidic in nature and this could be the 
reason for the decrease in salivary pH in the children who consumed 
normal curd. Despite of this reduction, the salivary pH levels were 
still above the critical salivary pH (5.2–5.5), which is considered 
harmful for the initiation of dental caries. This suggests that curd 
even though is acidic in nature, it does not pose any risk for dental 
caries. On the contrary, it may prove beneficial because of its calcium, 
phosphorous, protein, and vitamin content.4 However, probiotic 
yogurt consumption lead in an elevation in the pH of saliva (p < 0.05), 
thus manifesting it to be more advantageous than normal curd.

Depending on the pH of the saliva, calcium is distributed in 
saliva as ionized and bound form. The free, ionized calcium is very 
important when it comes to caries attack, as this is the fraction of 
calcium that takes part in establishing the equilibrium between 
calcium phosphates of dental hard tissue. There is a strong 
correlation between both total and ionized calcium in saliva and 
dental plaque showing a flow of calcium over the plaque interface 
following existing diffusion gradients in ionized calcium. The 
balance between demineralization and remineralization depends 
on the salivary calcium and phosphate concentration as well as the 
level of the salivary alkaline phosphatase.15

Consumption of high-calcium dairy products can be an 
effective method in decreasing dental enamel demineralization 
by increasing the calcium content of dental plaque.7

Poureslami et  al. demonstrated probiotic yogurt yielded 
a higher level of significant increase in salivary calcium when 
compared to plain yogurt (p < 0.01).7 Higher levels of salivary 
calcium increase the remineralization potency of the plaque.

Salivary buffers can reverse the low pH in plaque and allow for 
oral clearance thus preventing demineralization of enamel. Hence, 
in the present study, the buffering capacity of saliva was assessed 
at baseline, 15 days, and 30th day of consumption of probiotic 
yogurt and normal curd.

Table 1: Comparison of test and control group with respect to salivary 
pH levels at baseline, 15th day, and 30 days of consumption

Salivary pH levels Minimum Maximum Mean
Std.  

Deviation

Probiotic Baseline 5.0 8.0 7.032 0.9123
15 days 5.0 8.0 7.032 0.9123
30 days 5.0 8.0 7.032 0.9123

Normal Baseline 5.0 8.0 6.581 1.0255
15 days 5.0 8.0 6.968 0.9826

30 days 5.0 8.0 6.548 0.9605

Table 2: Comparison of test and control group with respect to salivary 
calcium levels at baseline, 15th day, and 30 days of consumption

Calcium levels Minimum Maximum Mean
Std.  

Deviation

Probiotic Baseline 1.504 6.001 2.87 1.12
15 days 1.150 7.561 3.46 1.07
30 days 2.251 10.690 4.793 3.04

Normal Baseline 1.018 4.224 2.55 0.85
15 days 1.160 5.005 2.69 1.19

30 days 1.274 5.641 2.84 1.53

Table 3: Intra-group comparison of salivary calcium level 

Repeated measures ANOVA

Calcium levels F value p value

Probiotic group 7.21 0.006*

Normal group 0.36 0.662

Table 4: Comparison of salivary buffering capacity at baseline, 15 days, 
and 30 days

Buffering capacity Minimum Maximum Mean
Std.  

Deviation

Probiotic Baseline 2.0 2.0 2.000 0.0000
15 days 2.0 2.0 2.000 0.0000
30 days 2.0 2.0 2.000 0.0000

Normal Baseline 2.0 2.0 2.000 0.0000
15 days 2.0 2.0 2.000 0.0000

30 days 2.0 2.0 2.000 0.0000
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Abstract 

Background: Digit sucking, lip biting, nail biting, 

mouth breathing and bruxism are commonly 

occurring oral habits in children which can result in 

malocclusion in developing teeth. Healthcare 

professionals are most likely to encounter children 

with oral habits and it is necessary that they should 

be aware of the causes, effects and treatment 

modalities for such habits. 

Objective: To assess the perception about oral habits 

in children among healthcare professionals, other 

than the dentist, by evaluating their knowledge, 

attitudes and practices.  

Method: A cross-sectional survey was conducted 

among healthcare professionals, excluding dentists, 

from Medical, Homeopathy, Nursing, Ayurveda and 

Physiotherapy specialities. A sample size of 400 was 

calculated using standard sample size formula by 

referring previously published articles. A 15-item 

validated questionnaire, containing four domains of 

professional demographic data, knowledge, attitude 

and practices were distributed among participants. 

Results: Our study showed that most of the 

respondents were unaware about the causes of 

deleterious oral habits and had unsatisfactory 

knowledge regarding their effects on children. A 

lack of awareness regarding the prevention and 

treatment of oral habits was also observed. The 

correlation between knowledge, attitude and 

practices was highly significant (p<0.001). 

Conclusions: Majority of participating healthcare 

professionals were not adequately aware about the 

causes, effects and prevention of oral habits.  
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Introduction 

Oral habits can be an aspect of a child’s normal 

development or can be a symptom with a deep-

rooted psychological cause1. Digit sucking, lip 

biting, nail biting, mouth breathing and bruxism are 

commonly occurring oral habits in children, the 

prevalence of which is reported to be around 25% in 

school children2,3,4. Some habits can be viewed as 

normal for a specific age group but if continued for 

a long duration, may cause dento-alveolar problems 

as well as skeletal deformations such as greater 

mandibular canine arch width, narrower maxillary 

arch width, increased overjet, and increased 

prevalence of open bite and posterior crossbite5. The 

relationship of oral habits with these problems also 

depends upon the amount of force with which they 

are performed and the treatment for such problems 

is less effective if the habit persists. Therefore, it is 

advisable to break the habit between the second and 

third year of life6. 

There also exists a relationship between the 

occurrence of parafunctional habits and anxiety, the 

severity of anxiety contributing to prevalence of 

these habits. Previous studies correlating the 

psychological status with oral habits have concluded 

that subjects with parafunctional habits have higher 

anxiety and depression rates7. Furthermore, children 

subjected to stressful life events are more likely to 

perform oral habits8. Some studies highlight the 

significant predisposition of oral habits among girls, 

single children, children in poor physical health and 

children with chronic health problems9. Therefore, it 

is important to intervene early on these aetiological 

factors to prevent development or worsening of 

malocclusion and, if already developed, correct it by 

early orthodontic treatment. 

Due to lack of awareness, oral habits are often 

overlooked. Healthcare professionals are most likely 

to encounter children with oral habits and it is 

essential that they should be aware of the causes, 

effects and treatment modalities for such habits. A 

literature search showed that very few studies have 

been conducted regarding knowledge, attitude and 

practices about oral habits in children among 

healthcare professionals.  

https://creativecommons.org/licenses/by/4.0/
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Objectives 

To assess the perception about oral habits in children 

among healthcare professionals other than the 

dentist by evaluating their knowledge, attitude and 

practices. 

 

Method 

A cross-sectional study was carried out in the 

Department of Paediatrics and Preventive Dentistry, 

KLE VK Institute of Dental Sciences, India. Sample 

size of 386 was calculated using the standard sample 

size calculating formula and was rounded to 40010. 

A questionnaire consisting of 15 questions covering 

various aspects essential for this study was prepared 

by taking references from articles published in the 

recent past. Questionnaire comprised 4 components. 

The first component asked participants to provide 

their demographic data, the second dealt with 

knowledge of oral habits, the third dealt with attitude 

and the fourth dealt with the practices for prevention 

of oral habits. Responses to the questions were 

measured on a five-point Likert scale: ‘Strongly 

disagree’, ‘disagree’, ‘neutral’, ‘strongly agree’, 

‘agree’. 

 

The validity of the content was approved by a group 

of professionals. The inclusion criteria for the study 

were Faculty, Practising Professionals, Post-

graduates and Interns of Medical, Homeopathy, 

Nursing, Ayurveda and Physiotherapy specialities. 

The exclusion criteria for our study were the 

Undergraduate students and the ones who did not 

give their consent to participate.  

  

The participants were instructed regarding filling of 

the questionnaire, and a pilot study was conducted 

among 20 participants to ensure ease and lucidity of 

answering the questionnaire. These participants 

were then excluded in the final study, and the 

questionnaire did not require any modifications. 

Instructions regarding the questionnaire were given 

and the questionnaire was then distributed among 

the 400 participants. Abundant time was given to the 

participants to complete their questionnaire; 

thereafter, the questionnaires were collected from 

them. The identity of the surveyor was kept 

anonymous.  

 

After the completion of questionnaire, the 

participants were made to sit in a room and were 

educated through a health talk regarding oral habits 

and their adverse effect on overall general health. 

They were made aware about different treatment 

modalities that could be rendered to such children 

and the importance of referral of such children to a 

paediatric dentist was also highlighted in the health 

talk. 

 

Ethical issues: Approval for the study was obtained 

from the Research and Ethics Committee, KLE VK 

Institute of Dental Sciences, KLE University, 

Karnataka India (Sl. No. 1388). Written informed 

consent was obtained from all the participants. 

 

Data analysis: The collected forms were analysed in 

MS Excel sheet (Microsoft Corp.). The data were 

entered using IBM SPSS software (version 20.0 

Chicago IL, USA) and percentages were calculated. 

The test–retest reliability of the survey questions 

was determined by administering the questionnaire 

to 15 participants selected randomly, and after 2 

weeks, a repeat test was done. The data were then 

subjected to statistical analysis, and based on the 

test, the reliability, Cronbach’s α co-efficient of 0.82 

was calculated, which indicates acceptable internal 

consistency. Descriptive statistics were generated 

for all questions, and for each answer, frequency 

distributions and percentages were examined. 

 

Results 

There were no dropouts in the study as all 400 

participants returned a completely filled 

questionnaire. Of the respondents 69.5% were 

females and 31.5% were males. Mean age of this 

population was 27.71±10.24 years. According to 

designations, 58% were graduates, 12.5% were 

postgraduates, 16% were practising professionals 

and 13.5% were faculty members. Participants came 

from different backgrounds like Ayurveda and 

Homeopathy, Medical, Nursing, Pharmacy and 

Physiotherapy. 

 

The participants were posed with a wide array of 

questions that tried to evaluate their awareness level. 

For the elucidation of the results, (agree + strongly 

agree) and (disagree + strongly disagree) were 

combined. Among all respondents, 50% were 

unaware about the influence of peer groups and 

siblings on oral habits. Only 41.3% of respondents 

had the knowledge about the effect of intensity, 

frequency and duration of performing such habits on 

the severity of malocclusion. Only 26.5% of 

respondents were aware about the correct age for 

intervention and the psychological impact of early 

intervention in a young child. Moreover, 59.8 % of 

respondents believed that putting social pressure can 

help a child break out of the habit (Table 1). 
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Table 1: Question-wise responses of respondents 

Question Strongly 

disagree 

Disagree Neutral Agree Strongly 

agree 

A high prevalence of oral habits is observed among 

children. Do you agree? - n (%) 
01 (0.25) 19 (4.75) 52 (13.0) 242 (60.5) 86 (21.5) 

Children weaned later from breastfeeding have a 

lower incidence of oral habits - n (%) 
01 (0.25) 49 (12.25) 159 (39.75) 149 (37.25) 42 (10.5) 

Habits are not influenced by peer groups or siblings 

- n (%) 
52 (13.0) 148 (37.0) 87 (21.75) 92 (23.0) 21 (5.25) 

Children of working individuals who get to spend 

less time with their parents tend to indulge more in 

oral habits to seek attention from them - n (%) 

07 (1.75) 69 (17.25) 78 (19.5) 182 (45.5) 64 (16.0) 

Children experiencing issues adjusting to their 

surroundings are more likely to indulge in oral 

habits - n (%) 

0 (0) 39 (9.75) 98 (24.5) 206 (51.5) 57 (14.25) 

Oral habits directly impact a child’s facial profile 

which in turn affects their self-esteem - n (%) 
01 (0.25) 08 (2.0) 51 (12.75) 223 (55.75) 117 (29.25) 

Intensity, frequency & duration of oral habits have 

no relation to severity of malocclusion – n (%) 
35 (8.75) 130 (32.5) 135 (33.75) 76 (19.0) 24 (6.0) 

The deleterious effects of oral habits generally 

subside if cessation occurs before the eruption of 

permanent teeth – n (%) 

02 (0.50) 26 (6.50) 133 (33.25) 205 (51.25) 34 (8.50) 

Early intervention by discouraging certain habits 

would have no effect on the basic physiology and 

psychology of a young child (<3 years) – n (%) 

17 (4.25) 89 (22.25) 104 (26.0) 150 (37.5) 40 (10.0) 

Parental pressure or social pressure can help a child 

break the habit – n (%) 
17 (4.25) 62 (15.5) 82 (20.5) 187 (46.75) 52 (13.0) 

Professionals should evaluate the child for 

psychological overtones before embarking on habit 

elimination – n (%) 

0 (0) 04 (1.0) 69 (17.25) 231 (57.75) 96 (24.0) 

Parental counselling with education about oral 

health can serve as a preventive measure to reduce 

the occurrence of oral habits – n (%) 

01 (0.25) 05 (1.25) 28 (7.0) 227 (56.75) 139 (34.75) 

Reminder therapy in conjugation with reward 

systems can prove useful for early interception of 

oral habits. – n (%) 

01 (0.25) 07 (1.75) 86 (21.5) 207 (51.75) 99 (24.75) 

Referral of such patients to paediatric dentists 

should be advocated – n (%) 
01 (0.25) 12 (3.0) 56 (14.0) 214 (53.5) 117 (29.25) 

Presently, people tend to neglect these habits in 

children, awareness for which can be spread through 

web-based education – n (%) 

02 (0.50) 05 (1.25) 38 (9.50) 203 (50.75) 152 (38.0) 

 

With respect to the age groups evaluated using One 

Way ANOVA (Table 2), it was found out that 

healthcare professionals aged above 51 years had 

better knowledge compared to other age groups with 

a ‘F’ value of 7.0330 and ‘p’ value <0.001 which 

was highly significant. With regard to attitude, again 

healthcare professionals aged above 51 years were 

better compared to other age groups with a ‘F’ value 

of 4.4967 and a highly significant ‘p’ value <0.01. 

However, with regard to practices related to oral 

habits, healthcare professionals aged 31-40 years 

were better compared to other age groups with a ‘F’ 

value of 11.0994 and a highly significant ‘p’ value 

<0.001.   

 

Table 2: Comparison of age groups with mean knowledge, attitude and practice scores by one way ANOVA 

Age groups Knowledge Attitude Practice Total 

Mean SD Mean SD Mean SD Mean SD 

<21yrs 17.08 2.23 15.63 1.96 19.55 2.27 52.26 4.05 

21-30yrs 18.15 2.49 16.05 2.34 20.73 2.51 54.93 5.47 

31-40yrs 18.84 3.23 17.02 2.54 21.64 2.28 57.50 6.06 

41-50yrs 17.10 3.11 16.06 3.01 20.39 2.25 53.55 6.21 

>51yrs 19.44 2.66 17.32 2.06 21.52 2.89 58.28 5.95 

Total 18.00 2.68 16.16 2.37 20.61 2.52 54.78 5.63 

F-value 7.0330 4.4967 7.3954 11.0994 

p-value 0.0001 0.0015 0.0001 0.0001 

 

With respect to the healthcare specialty evaluated 

using One Way ANOVA (Table 3), respondents 

from a medical background, closely followed by 

Pharmacy were most aware of these oral habits.  
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Table 3: Comparison of healthcare speciality with mean knowledge, attitude & practice scores by one way ANOVA 

Healthcare speciality Knowledge Attitude Practice Total 

Mean SD Mean SD Mean SD Mean SD 

Ayurveda and Homeopathy 16.75 2.11 16.25 1.98 20.13 2.55 53.13 4.47 

Medical 19.23 2.90 17.32 2.58 21.62 2.16 58.16 5.98 

Nursing 17.85 1.95 15.65 1.69 20.00 2.18 53.50 3.43 

Pharmacy 18.17 2.13 14.87 1.87 21.04 2.58 54.09 3.76 

Physiotherapy 16.93 2.20 15.48 1.90 19.66 2.48 52.07 4.25 

Total 18.00 2.68 16.16 2.37 20.61 2.52 54.78 5.63 

F-value 18.1670 19.1728 14.6386 31.6346 

p-value 0.0001 0.0015 0.0001 0.0001 

 

These observations can be banked on as both 

Kruskal Wallis ANOVA and one-way ANOVA test 

indicated that these are highly statistically 

significant results with ‘p’ value <0.001 and a ‘F’ 

value of 31.6346 (Table 3). 

 

By analysing the test results based on designations 

using both Kruskal Wallis and One-way ANOVA, it 

was observed that Faculty closely followed by Post 

graduate students were really aware in terms of 

knowledge, attitude and practices about oral habits 

and these results were highly significant with a ‘p’ 

value <0.001 (Figure 1). However, when 

comparison was done based on gender, no 

statistically significant values were observed, either 

with using Mann-Whitney U Test or with t-test. 

 

 
 

The correlation between Knowledge, Attitude and 

Practices was done using Karl Pearson’s correlation 

coefficient and it was observed that correlation 

between Knowledge and Attitude was highly 

significant with a ‘r’ value of 0.3575 and ‘p’ value 

<0.001. When correlation was done between 

Knowledge and Practice, a ‘r’ value of 0.4220 was 

obtained with a highly significant ‘p’ value <0.001. 

Similar findings were observed on comparison of 

Attitude and Practices and a ‘r’ value of 0.1961 was 

obtained with a highly significant ‘p’ value <0.001 

(Table 4 and Figures 2, 3 and 4). 
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  Table 4: Correlation between knowledge, attitude & practice scores using Karl Pearson correlation coefficient 

Variable Summary Knowledge Attitude Practice 

Knowledge r-value    

  p-value ---   

Attitude r-value 0.3575   

  p-value 0.0001 ---  

Practice r-value 0.4220 0.1961  

  p-value 0.0001 0.0001 --- 

 

 
 

 
 



Assessment of perception about oral habits in …. Sri Lanka Journal of Child Health, 2022; 51(2): 196-203 

 

 

201 

 

 
 

Discussion  

The saying “The mouth is the mirror image of all 

diseases” holds true and the majority of healthcare 

professionals start their examination with the oral 

cavity. However, even after a thorough examination, 

the oral cavity and its diseases are neglected and 

looked down upon. It is only after the disease has 

reached a severe stage is referral to a dentist 

practised. Identification of a particular health issue 

based on prevalence, severity or impact on quality 

of life is a preliminary step to achieve its prevention. 

An amalgamation of community, professional and 

individual strategies is essential for oral health 

promotion and this is unachievable without creating 

awareness. The aetiology, prevalence, adverse 

effects and management of oral habits have been 

focused on in the literature but little consideration 

has been given to spreading awareness which is of 

the utmost importance for elimination of these 

habits. For this, we must first determine the current 

level of knowledge. Furthermore, due to the 

insignificant number of studies carried out in the 

past regarding the healthcare professional’s 

awareness about oral habits, a need was felt for the 

same. 

  

Our study was a cross-sectional questionnaire-based 

one to explore the healthcare professional’s 

awareness about oral habits. The study included a 5-

point Likert scale due to its summative nature and 

high reliability11. This study incorporated various 

specialities and assessed people with various 

designations to garner a more diverse data set. There 

were zero dropouts in our study indicating that 

respondents were willing to take a step towards 

spreading awareness to promote oral well-being.  

 

Studies by Aznar T, et al6, Grippaudo C, et al12 and 

Viggiano D, et al13 concluded that oral habits are 

among the major aetiologic factors leading to 

malformation in the dento-facial structures. 

However, this study showed that 58.8% of the 

respondents were unaware about the detrimental 

effects of such habits on oral structure as they had 

less knowledge about the impact of intensity, 

frequency and duration of performing these habits5. 

These findings were in accordance with the study by 

Kumar V, et al10.  Literature suggests that active 

intervention of certain habits such as thumb sucking 

before the age of three, is inadvisable and 

intervention at this age can be pernicious to the basic 

physiology and psychology of a young child1,14. 

However, only 26.5% of respondents were aware of 

this actuality. These findings highlight the amount 

of unawareness that exists regarding oral habits. 

However, on the brighter side, several respondents 

were aware about the significance of the emotional 

well-being of the child and how that can potentially 

affect the occurrence of such habits. Majority 

believed that initiatives such as parental counselling 

(91.5%) and web-based education (88.8%) can go a 

long way in prevention of such habits. Furthermore, 

in our study 82.8% of respondents agreed that 

referral of such patients to paediatric dentists should 

be practised. This finding contrasted with studies by 

Kumar V, et al10, Shah K, et al15 and Sharma R, et 
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al16 where the majority of respondents did not 

practise paediatric referral. 

 

An important finding of our study was that 

professionals aged above 51 years had better 

knowledge than others. It was also observed that the 

faculty was the most aware amongst all and thus the 

results emphasize on the need to spread awareness 

amongst youngsters since the young generation is 

the future of India. This also emphasizes the need for 

continuing dental education for other healthcare 

specialities and the inclusion of oral health care in 

their curriculum. Eke B, et al17 also stressed upon 

inclusion of basic oral healthcare of children in 

curriculum of paediatricians’ training programme as 

their study highlighted the lack of awareness 

regarding oral health.  

 

Poor oral health can have a profound consequence 

on the general health of an individual. Incorporation 

of oral health into strategies for promoting general 

health can greatly enhance the overall well-being of 

individuals. Various health professionals work 

together as a team to provide medical care for the 

patient and the society at large and they come across 

a variety of people every day as part of their 

profession. With appropriate knowledge, they can 

play a vital role in elimination of oral habits by 

recognizing and intercepting the problem at an early 

stage. A study was conducted by Giuseppe G, et al18 

to determine the knowledge, attitude and practices 

among paediatricians regarding oral diseases and the 

study depicted the lack of knowledge among 

participants but they believed that they have a vital 

responsibility in prevention of oral health problems. 

A multidisciplinary approach is thus the need of the 

hour as healthcare professionals have the potential 

to promote oral health by encouraging regular dental 

visits, by participating in activities related to oral 

health promotion and by acting as a role model for 

patients, friends, families and the community. 

Another approach towards prevention can be 

‘Dental Home’ which is the ongoing relationship 

between the dentist who is the Primary Dental Care 

Provider and the patient, and includes 

comprehensive oral health care, beginning no later 

than age one. The limitation of our study was that it 

could have been conducted over a larger 

geographical area covering a larger sample size so 

that a more tangible result could be established. 

 

Conclusions 

Majority of the participating healthcare 

professionals were not adequately aware about the 

causes, effects and prevention of oral habits. This 

highlights the need for incorporation of basic oral 

healthcare in curriculum of other healthcare 

professionals so that the oral health problems can 

be intercepted at an early stage and appropriate 

referral to the dentist should be advocated. 
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RESEARCH ARTICLE

The prime duty of perinatal oral health care, in relation to 
transmission of caries, is quantitative reduction of cariogenic 
bacteria in the oral cavity of pregnant mothers, which might delay 
the mutans streptococci (MS) colonization. Appropriate delivery 
of informative instruction and precautionary remedies to them 
can lower the frequency of ECC, restrict the demand for dental 
rehabilitation, and develop the oral health of their children.

A general view of physiological changes on body systems 
and oral cavity during pregnancy is shown in Figures 1 and 2, 

In t r o d u c t I o n
Pregnancy is an exceptional and fragile condition for a lady, which 
is related with horde and complex passionate and physiological 
changes in various pieces of the body including oral cavity and 
dental well-being.1 Changes during pregnancy is the consequence 
of an expanded creation of different chemicals like estrogens, 
progesterone, gonadotropins, and relaxin, which can prompt a 
provocative reaction and expanded porousness of veins, in this 
way causing gum disease and periodontitis.2 These hormonal 
changes lead to dietary changes just as expanded sickness and 
spewing, and dismissed oral cleanliness rehearses which add to 
changes in salivary pH which thus tend to expand the frequency 
of dental caries, inciting microbiological changes in the oral cavity, 
and insusceptible concealment.3

Studies recommend that oppressed oral well-being during 
pregnancy can add to perinatal intricacies, for example, low birth 
weight and preterm conveyance just as helpless oral well-being in 
youngsters. The most noteworthy evaluations of low birth weight 
infants are distributed from Asia, and the recurrence in India is 
totally enormous around 20%. In 1996, Offenbacher et al. originally 
uncovered a relationship between periodontal infection and 
preterm conveyance. While certain examinations communicated a 
relationship between periodontal illness and perinatal difficulties, 
the causal affirmation is not exact.2

A background marked by cavities or dynamic caries in mothers 
is an indicator for early childhood caries (ECC). Early childhood caries 
is quite possibly the most ongoing dental confusion between 1 and 
5 years of children affecting 5–94% youngsters universally. Children 
experience dental pain and problems with chewing, communicating, 
and socializing. Tooth development disorder, delayed eruptions, and 
damage to permanent dentition can be due to ECC.

1,2Department of Pediatric and Preventive Dentistry, VS Dental College, 
Bengaluru, Karnataka, India
3Department of Conservative Dentistry and Endodontics, People’s College 
of Dental Sciences and Research Center, Bhopal, Madhya Pradesh, India
4Department of Conservative Dentistry and Endodontics, SJM Dental 
College and Hospital, Chitradurga, Karnataka, India
5Department of Conservative Dentistry and Endodontics, KLE 
Vishwanath Katti Institute of Dental Sciences, Belagavi, Karnataka, India
6Department of Conservative and Endodontics, College of Dental 
Sciences, Davanagere, India
Corresponding Author: Mohd. Sibghatullah Khatib, Department of 
Conservative Dentistry and Endodontics, People’s College of Dental 
Sciences and Research Center, Bhopal, Madhya Pradesh, India, Phone: 
+91 9591305119, e-mail: sibbghatullahh@gmail.com
How to cite this article: Popli HP, Kumar VD, Khatib MS, et  al. 
Knowledge, Attitude and Practices among Gynecologists regarding 
Oral Health of Expectant Mothers of South Bengaluru, Karnataka. Int 
J Clin Pediatr Dent 2022;15(1):85–89.
Source of support: Nil
Conflict of interest: None

Knowledge, Attitude and Practices among Gynecologists 
Regarding Oral Health of Expectant Mothers of South 
Bengaluru, Karnataka
Harsha P Popli1, Vivek D Kumar2, Mohd.  Sibghatullah Khatib3  , Bilal Ameer4, Sayed Mateen Peerzade5, Sunil K Reddy6

Ab s t r Ac t
Background: To evaluate the knowledge perspective and trainings among gynecologists’ considering oral health of pregnant mothers of South 
Bengaluru city, by questionnaire.
Materials and methods: A total of 60 gynecologists are included in the study. Prior to the study, the questionnaire was pretested by Pedodontist. 
The questionnaire was administered on the first day of visit, and on the next day it was collected back.
Results: The research unveiled that a greater number of gynecologists had satisfactory knowledge attitude and training concerning oral health 
of expectant mothers.
Conclusion: The predominance of gynecologists has satisfying knowledge perspective as well as practices, but still there is a demand for better 
effective attendance and involvement of medical specialists like gynecologists and pediatricians in continuing the education programs and 
forums on dentistry.
Keywords: Expectant mother, Gynecologists, Oral health.
International Journal of Clinical Pediatric Dentistry (2022): 10.5005/jp-journals-10005-2344

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

https://orcid.org/0000-0001-5652-6173


Perinatal Oral Health: A Gynecologists Perspective

International Journal of Clinical Pediatric Dentistry, Volume 15 Issue 1 (January–Feburary 2022)86

distance, and negative demeanor of well-being experts.6 Thus, the 
prime precautionary way toward oral health is relevant for women 
by combined and coordinated efforts of dentists and gynecologists.7

As far as anyone is concerned, there are not many investigations 
which have surveyed the information, disposition, and practice of 
gynecologists about the counteraction of oral illnesses in pregnant 
ladies. Thus, our aim was to assess the knowledge, attitude, and 
practices among gynecologists regarding oral health of expectant 
mothers in south Bengaluru city, by questionnaire.

MAt e r I A l s A n d Me t h o d s
This was a cross-sectional study done in South Bengaluru.

A total of 60 gynecologists from private and government 
hospitals and private clinic were interviewed for the study. 
Gynecologists who were not ready to partake in the study were 
excluded from the study.

respectively, and Flowchart 1 represents oral healthcare measures 
that need to be adopted during pregnancy.5 Perinatal oral health 
performs certain relevant role in overall health and well-being of 
pregnant women and their newborn child. Studies have shown that 
during pregnancy oral health is neglected by women, particularly 
among women of low socioeconomic status.

Many investigations announced helpless oral well-being status 
of pregnant ladies when contrasted and the partners of a similar 
age. As per the examination, 76.10% hopeful mothers encountered 
a couple of oral issues, while barely 31% of them visited a dental 
specialist. Utilization of dental administrations by pregnant ladies 
was viewed as oppressed. Ladies will generally visit gynecologists 
more as often as possible than other clinical experts; henceforth, they 
assume a significant part in the soundness of ladies and the sky is 
the limit from there so for the pregnant ladies to make them mindful 
of the issues. Gynecologists can loan some assistance to beat the 
apparent obstructions for an oral exam like long holding up hours, 

Fig. 1: Key physiological changes observed in various body systems 
during pregnancy

Fig. 2: Key oral changes and conditions during pregnancy

Flowchart 1: Oral healthcare measures need to be adopted during pregnancy
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Albeit the general information level of the gynecologists 
was palatable in this study, nonetheless, there actually exist 
minor confusions and indistinct information on how much these 
experts are knowing about oral well-being and the degree to 
which they may currently be partaking in the counteraction 
and appraisal. This is of significance to the dental specialists 
as it goes about as an obstruction for them in giving the most 
proper prebirth oral medical care and therapy to their pregnant 
patients. Such misguided judgment and inadequate information 
should be explained to quit including on the nature of dental 
consideration because of superfluous apprehensions created 
among patients.8

The benefit of a survey study is that it permits data to be 
gathered and dissected effectively, and it additionally permits the 
concerned expert to communicate uninhibitedly their insight on 
oral medical services.

In the current study, it was seen that the majority of the 
gynecologists had great information, disposition, and work on 
with respect to oral well-being of eager mother. The majority of 
the gynecologists advice diet counseling, which correlates to the 
finding of the study conducted by Subramanium and Harsh et al.9

In the present study, 76.7% of gynecologists were aware of 
the side effect of gum/periodontal disease, but compared to the 
other studies conducted by Raghad et al. and Harsh percentage of 
awareness was higher.8,9

About 16.7% gynecologist advised fluoridated tooth paste 
as compared to the study conducted by Harsh et  al., where 
around 42.1% gynecologist advised fluoridated tooth paste.9

In our study, 78.3% gynecologists showed positive attitude 
in terms of referring patients to dentist. In the previous studies 
conducted by Harsh et al., Varun et al., and Sapna et al. this attitude 
ranged between 24.3%, 40%, and 93.9%, respectively.9,2,6

Around 66.7% of the gynecologists in the study conducted 
by Raghad concurred that periodontal sickness in mothers might 
prompt preterm low birth weight children, while in the current 
review 76.7% of the gynecologists knew about the reality.8

Study conducted by Deshpande et al. showed that only 46.7% 
gynecologists advised use of local anesthesia during pregnancy 
as compared to our study, where 75% gynecologists advised local 
anesthesia during pregnancy for dental treatment.4

Only 20% gynecologists said that dental X-rays are safe during 
pregnancy, but the study conducted by Varun et al. reported 47% 
gynecologists who said that dental X-rays are safe.2

This investigation discovered that despite the fact that 
obstetricians for the most part had great information about the 

An organized questionnaire was planned. The questionnaire was 
pretested by five Pedodontists in the Department of Pediatric 
and Preventive Dentistry, VS Dental College, Bengaluru before 
use in the field, to look at the degree to which gynecologists 
could undoubtedly comprehend its substance. The questionnaire 
enveloped requests that planned to examine the information and 
practice practices of the gynecologists toward the oral medical 
care of the pregnant patients. The questionnaire distribution 
was conducted all 7 days of week from Monday to Sunday. 
Each specialist was given a data sheet clarifying the nature and 
motivation of the study.

For every gynecologist, the questionnaire was controlled on the 
first day of visit and on the following day it was gathered back. The 
members who had not topped off the survey on the second day of 
visit were mentioned to give it in an additional 2 days.

The data were analyzed by applying descriptive and inferential 
statistical analysis. Pearson’s Chi-square test was used for statistical 
analysis.

At significance level p < 0.05.

re s u lts
Table  1 illustrates the demographic data of the study. Out of 
60 gynecologists, 59 (98.7%) female and only one male gynecologist 
participated in the study.

Table 2 illustrates about the knowledge, attitude, and practice 
behavior of gynecologists according to the questions asked.

Overall from the study it was seen that gynecologists have 
enough knowledge and attitude about the consequence of 
pregnancy over oral health of mother and child, but still they failed 
to pursue that knowledge and attitude in regular practice.

They provide diet plan to patients, but they do not guide for 
oral health maintenance as during pregnancy due to hormonal 
changes many times a pregnant women can consume sweets and 
eat during midnight and sleep after without brushing; hence being 
health workers of this society it is our duty to guide our patients 
accordingly. So, a good collaboration between gynecologist and 
a dentist is required for the best results.

dI s c u s s I o n
Generally, the degree of information in the current overview mirrored 
that gynecologists know about the different pregnancy-related 
oral well-being changes and outcomes. There are not very many 
investigations announced in writing on the oral well-being 
familiarity with clinical professional specifically gynecologists.

Table 1: Demographic characteristics of study participants

Variable Category No. %

Gender Male 1 1.6
Female 59 98.7

Age 30–35 25 41.6
36–40 21 35
41–45 14 23.4

Duration of practice 1–5 years 25 41.6
6–10 years 23 38.3
>10 years 12 20.1

Sector Government 20 33.3

Private 40 66.7
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Table 2: Assessment of the knowledge, attitude and practices among gynecologists

No. of gynecologist’s (n=60) %

Do you advice your patients to use fluoridated tooth paste?

Yes 10 16.7
No 50 83.3

Do you think dental references are important for your patients during pregnancy?

Yes 47 78.3
No 13 21.7

Do you refer your patients to dentist?

Yes 20 33.3
No 40 66.7

Do you feel examination of oral cavity should be an integral part of pregnancy?

Yes 44 73.3
No 16 26.7

Do you check the oral cavity of expectant mothers?

Yes 18 30.0
No 42 70.0

Can certain drugs create oral side effects in fetus when taken during pregnancy?

Yes 59 98.3
No 1 1.7

Do any changes in dental health occur during pregnancy?

Yes 42 70.0
No 18 30.0

Do you think attending a conference on oral health will be beneficial for you?

Yes 39 65.0
No 21 35.0

Do you advice major/minor dental surgery during pregnancy?

Yes 18 30.0
No 42 70.0

Do you advice diet counseling to your patient?

Yes 60 100.0
No 0 0.0

Do you advice patient to quit tobacco/alcohol?

Yes 60 100.0
No 0 0.0

Can gum disease in the mother affect the birth weight of child?

Yes 46 76.7
No 14 23.3

Do you think that patients’ attitude toward dental care is related to maternal health?

Yes 54 90.0
No 6 10.0

Diagnostic dental X-ray can be taken during pregnancy?

Yes 20 33.3
No 40 66.7

Use of local anesthesia is safe during pregnancy to carry out dental treatment?

Yes 45 75.0
No 15 25.0

Second trimester is the safest period to take dental treatment?

Yes 53 88.3

No 7 11.7

p < 0.05 - Significant
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connection between oral well-being and pregnancy results, many 
did not make this difference to their own training. While most feel 
that the joint discussions with dental specialists before mediations 
are something worth being thankful for, and furthermore there 
should be joint meeting where dental specialists and obstetricians 
can share information and think of the plans to lessen the 
pregnancy results by expanding mindfulness in the patients and 
their families.

co n c lu s I o n
Management of the oral diseases among pregnant women is 
a multidisciplinary approach which requires a team of family 
physician, gynecologists, and dental practitioner to provide health 
education, which will provide considerable protection form oral 
diseases.
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Mat e r i a l s a n d Me t h o d s
In this study, 52 hand k-files, 21 mm in length, of size 25 with 2% 
taper was collected were presterilized in an autoclave for 30 minutes 
at 121°C at a pressure of 15 pounds/inch², for standardization to 
eliminate any bias.

in t r o d u c t i o n
Diseases may be transmitted through indirect contact when dental 
instruments infected by using one patient are reused for some 
other patient without good enough disinfection or sterilization 
between uses.1

Sterilization is the process where all the residual spores and 
microorganisms are killed. In dental practice, the instruments 
straightforwardly are accessible touch with tissues, blood, 
gingival crevicular fluid, and salivation, which may likewise leak 
through the elastic dam on the off chance that presently not 
appropriately found. We need to sterilize endodontic devices 
due to the fact microorganisms are the predominant purpose 
of endodontic disorder and consequently, an aseptic approach 
is to be observed.2

Cleaning and shaping of the root canal by endodontic files lead 
to the accumulation of debris over the files.3 Those residues may 
act as antigens, infectious agents, or nonspecific irritants, growing 
the probability of moving the contamination from one patient to 
every other, therefore, asepsis of reused instruments is specifically 
crucial in the endodontic process.4

Critical items need to be sterilized because it penetrates oral 
mucosa, contacts the sterile area of the body, and enter the vascular 
system. This includes the endodontic files.5 Currently Autoclave, 
Glass bead sterilizer, and Laser sterilization are recognized 
methods.6 Hence aim of the study is to analyze the adequacy of 
four unique strategies for disinfecting endodontic hand files.
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Bilal Ameer1, Mohd  Sibghatullah Khatib2, Sayed Mateen Peerzade3, Amrut Bambawale4, Yogesh Damade5,  
Nikita Ajit Mannur6

ab s t r ac t
Aim and objective: The aim and objective of this study is to compare the efficacy of four various approaches of sterilizing endodontic hand 
files via Autoclave, Glass-bead sterilizer, Glutaraldehyde solution, and Diode laser.
Materials and methods: Fifty-two k-files of size #25 and length 21 mm were taken for the study. All the 52 files were presterilized in an endodontic 
instrument box via autoclave. Bacillus stearothermophilus spore suspension was prepared and all the presterilized files were contaminated with 
stearothermophilus spore suspension in a sterile Petri dish under vacuum hood safety. Later, the test files were randomly divided into four 
groups of 13 each and subjected to four different methods of sterilization- Autoclave, Glass-bead sterilizer, Glutaraldehyde solution, and Diode 
laser. Files were then be placed in thioglycollate media containing test tubes and incubated in an incubator at 55°C and checked for turbidity 
at 3 days and 21 days.
Result: The result revealed that there was no Turbidity present in test tubes on both the 3rd and 21st day for autoclave. In all the remaining 
sterilization procedures there was some amount of turbidity present. In terms of sterilization provided autoclave provides complete sterilization 
and glutaraldehyde solution is the least effective.
The specificity of Bacillus stearothermophilus was then confirmed with a sugar test viz., starch hydrolysis test which gave a positive result 
confirming the presence of Bacillus stearothermophilus.
Conclusion: We can conclude that autoclave is the perfect process of sterilization providing 100% sterility and although Glass-bead didn’t 
provide 100% sterility, it can be used as an alternative if autoclave is not available.
Keywords: Autoclave, Diode laser, Glass bead.
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re s u lt
Based on data obtained from the statistical analysis it has been 
observed that among all 4 methods of sterilization, autoclaving 
at 121°C for 15 minutes at a pressure of 15 pounds/inch² (group-A) 
kills 100% of microbes and absence of the turbidity and different 
time interval (Fig. 1). Files were sterilized with 2.4% glutaraldehyde 
solution for 12 hours (group-B) showed the least amount of 
sterilization and bacterial growth at the 3rd and 21st-day interval 
(Fig. 2). The contaminated files were sterilized with a glass bead 
sterilizer after soaking for 10 seconds with surgical spirit (group-C) 
and files irradiated with a Diode laser system for 3 seconds for each 
surface at 10 watts (group-D) demonstrate incomplete sterilization 
at different periods of interval  (Figs 3 and 4). Comparison of turbidity 
at different time intervals with different sterilization methods using 
the Chi-square test shows that there was a significant statistical 
difference observed (p = 0.04) between 3rd and 21st (Table 1).

di s c u s s i o n
The shaping of the root canal is mainly achieved by endodontic files. 
Therefore, sterilization of the endodontic files is imperative during 
root canal procedures.7 The most frequent methods are used for 
sterilization of the instruments are chemiclave, autoclave, and dry 
heat.2 Laser are suggested as an additional method of sterilization.8

Sterilization is def ined as the complete killing of all 
microorganisms which is basically all or none phenomenon.9 
Autoclave is the most effective way for sterilization but along with 
autoclave, a glass bead is also commonly used for endodontic 
files sterilization. According to Boyd, steam sterilization kills the 
microorganism by coagulation of the protein.10 In the present study 
autoclaving demonstrates complete sterilization.

Glass-bead sterilization at 240°C for 45 seconds destroys 
the microorganism by oxidation process and by changing the 
osmotic pressure by evaporating moisture but in this study 
Glass-bead sterilization method is unable to provide complete 
sterilization even at a different time interval. Hurtt and Rossman 
concluded the appearance of the turbidity due because, 
glass-bead being incapable of sterilizing the nonworking end 
of the endodontic files.11

Glutaraldehyde is one more option commonly used. In this 
study, the endodontic files were left into glutaraldehyde solution for 
12 hours. A study conducted by Ozalp et al. analyze that to achieve 

A spore suspension was ready by submerging the accessible 
Geobacillus stearothermophilus strips into thioglycollate medium 
stock and was incubated at 55°C for 48 hours. The surge of 
Geobacillus stearothermophilus in the test tube was confirmed by 
Gram’s stain.

All presterilized files were kept in Petri dish containing 
Geobacillus stearothermophilus suspension for 5 minutes and then 
with sterilizing tweezer under vacuum hood safety transferred to 
another sterilize Petri dish and incubated at 37°C for 10 minutes.

All files were collected and randomly divided into four groups 
of 13 files in each and labeled as:

• Group A—Autoclave
• Group B—Glutaraldehyde
• Group C—Glass bead
• Group D—Diode laser

Microbiological Evaluation
The shaft of each instrument was cut with a sterilized wire cutter 
and placed into labeled test tube containing thioglycollate medium 
at 55°C for 72 hours. The test tube was removed and checked for 
turbidity after 72 hours. Turbidity is seen in a test tube containing 
incompletely sterilized files due to the presence of Bacillus 
stearothermophilus. Test tube incubation was continued for further 
21 days at 55°C to assess further microbial growth. Gram’s stain 
and culture test was done for the test tube with the presence of 
the turbidity and microorganism were visualized under the light 
microscope and sugar test was performed to check the specificity 
of Bacillus stearothermophilus strains.

Fig. 1: Group A: Autoclave—no growth/turbidity Fig. 2: Group B: Glass bead—three test tubes showed growth/turbidity 

Group A: The contaminated files were subjected to autoclave at 
121°C for 15 minutes at a pressure of 15 pounds/inch2.
Group B: The contaminated files were sink in 2.4% glutaraldehyde 
solution and were left in it for12 hours for cold (chemical)  
sterilization
Group C: The contaminated files were arranged in a Glass-bead 
sterilizer for 45 seconds at 240°C. 

Group D: The contaminated files were irradiated with 10 watts 
Diode laser for 3 seconds.
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perfect sterilization with glutaraldehyde solution, endodontic files 
need to be submersed for 8–12 hours.12

Diode laser showed incomplete sterilization in this study. 
Turbidity was seen in four test tubes on the 3rd day and turbidity 
increased to five test tubes on the 21st day, out of thirteen samples. 
The reason may be due to, no fixed distance was kept from the 
sample to be sterilized or this can be due to its lower penetration 
depth.13 Increased distance between the source and instruments 
will decrease lasers’ effect as this will scatter the radiation.14

co n c lu s i o n
Based on results obtained from this study we can conclude that 
autoclave gives 100% sterilization and Glutaraldehyde provided 
the least sterilization among the groups. Glass-bead sanitizer 
can be utilized as another option in the event that autoclave isn’t 
accessible. Diode Laser doesn’t provide satisfactory sterilization as 
there was no fixed distance kept between the laser source and the 
instruments to be sterilized.

In terms of sterilization provided:
Autoclave > Glass bead > Diode laser > Glutaraldehyde 

sterilization

or c i d
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Fig. 3: Group C: Glutaraldehyde—five test tubes showed growth/turbidity Fig. 4: Group D: Diode laser—five test tubes showed growth/turbidity

Table 1: Comparison of turbidity at different time intervals with different sterilization methods using Chi-square test 

Time interval Group

Turbidity

Chi-square 
value p-value

Absent
n (%)

Present
n (%)

3 days Autoclave 13 (100) 0 (0) 6.067 0.108
Glutaraldehyde 8 (61.53) 5 (38.46)

Glass bead sterilizer 10 (76.92) 3 (23.07)
Diode laser 9 (69.23) 4 (30.76)

21 days Autoclave 13 (100) 0 (0) 8.211 0.04*
Glutaraldehyde 7 (53.84) 6 (46.15)

Glass bead sterilizer 10 (76.92) 3 (23.07)

Diode laser 8 (61.53) 5 (38.46)

*p < 0.05: significant; **p < 0.001: highly significant
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Comparative Evaluation of the Effect of 
Herbal Irrigants on the Push-out Bond 
Strength of Epoxy Resin Based Sealer 
to Root Dentin: An In-vitro Study

INTRODUCTION
Endodontic infections are caused due to various types of microbes 
however, they are dominated by obligate anaerobic bacteria [1]. 
Amongst the others, the Enterococcus faecalis is considered as the 
most persistent organisms that plays a pivotal part for the initiation 
of periradicular lesions. It can even survive in restricted conditions, 
due to physicochemical and biofilm forming characteristics of 
the organism that helps it to modify the prevailing nutritional and 
environmental conditions [1]. Endodontic treatment success depends 
on a 3-dimensional obturation of the root canal space with adhesion 
between root dentin, core material and sealer [2].

The type of instruments and irrigants used during instrumentation 
plays a pivotal role in neutralisation and inactivation of bacterial toxin 
creating a positive influence on the healing activity post endodontic 
treatment [2]. An ideal root canal irrigant is the one which has good 
antimicrobial action, is non cytotoxic, and does not cause any 
alteration of dental microstructure [2]. Sodium Hypochlorite (NaOCl) 
(0.5-6%) is a unique and incomparable irrigant in various endodontic 
treatment procedures, which not only abolishes microorganisms but 
also disintegrate and denature proteins. It is comparatively cheaper 
and has a good shelf life [3]. One of the drawbacks of this irrigant is 
that it impedes with the polymerisation of bonding resin of the root 
canal sealers due to the availability of residual oxygen present in the 

dentinal tubules post irrigation, which decreases of the bond strength 
between resin obturating materials and root canal dentin [4].

Herbal extracts are more biofriendly and suited for endodontic 
irrigation due to their antimicrobial, antioxidant, anti-inflammatory, 
sedative and anxiolytic properties there by considered as ideal 
endodontic disinfectants [2]. Proanthocyanidins (grape seed) are 
a complex subgroup of the flavanoid compound, found to be 
having good antibacterial, anti-inflammatory, antiallergic as well as 
vasodilatory properties. Apart from this, Nuttall SL et al., in 1998 has 
proven that Proanthocyanidins exhibit good antioxidant properties 
and inhibit collagen breakdown [5-8]. Its ability of eliminating/
removing the free radicals have been clearly reported in literature 
which is shown to be more effective against the residual oxygen.

Literature has shown wide spectrum antioxidant and antimicrobial 
activities of neem, ginger, garlic, aloe vera and turmeric amongst 
which neem extract has been proven to be an immensely versatile 
medicinal plant used in dentistry which makes it an excellent future 
endodontic irrigant [9-11]. These properties help in eliminating/
eradicating the residual oxygen layer formed on the root dentin, 
allowing better tubular penetration of sealer and enhanced 
polymerization leading to a 3-dimensional fluid tight seal between 
root dentin, sealer and gutta percha (core material). This may 
provide a better seal of the root canal space [12].
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ABSTRACT
Introduction: Favourable outcome of root canal treated teeth 
depends on the irrigants used. Sodium Hypochlorite (NaOCl) is 
one of the most commonly used irrigants in endodontic treatment. 
NaOCl has cytotoxic effects; limited ability to eliminate bacteria, 
along with jeopardizing of the bond strength between epoxy 
resin-based sealers and root dentin. Contemporary medicine 
orchestrates the use of biological medical extract from natural 
plants. Herbal alternatives are coveted as they are readily available, 
less expensive, have enhanced shelf life and low toxicity. Despite 
that, literature is sparse regarding the effect of herbal irrigants on 
Push-out Bond Strength (PBS) of sealer to root dentin.

Aim: To compare and assess the effect of the PBS of epoxy 
resin based root canal sealer to root dentin following the use of 
two novel herbal irrigants,10% proanthocyanidins (PAs) and 2% 
Azadirachta indica (neem extract) with 3% NaOCl.

Materials and Methods: This in-vitro study was conducted in 
the Department of Conservative and Endodontics at KLE VK 
Institute of Dental Sciences, Belagavi, Karnataka, India, between 
June 2019 and August 2019. The study was done on 30 extracted 
single rooted human mandibular premolar teeth, of which root 
canals were prepared using rotary instruments. The use of 

standard susceptibility tests {Minimum Inhibitory Concentrations 
(MIC) and Minimum Bactericidal Concentration (MBC)} was done 
to determine appropriate concentration of the irrigant against 
E. faecalis. The teeth samples were randomly divided into 3 
groups (n=10 each). Group 1 has teeth irrigated with 3% NaOCl 
(control group), Group 2 has teeth irrigated with 10% grape seed 
extract (10% proanthocyanidins) and Group 3 has teeth irrigated 
with 2% neem leaf extract (2% Azadirachta indica). Obturation of 
all the three groups were done with F3 gutta percha and AH Plus 
sealer followed by PBS testing using universal testing machine. 
One way Analysis of Variance (ANOVA) and Tukey’s Post-hoc 
tests were used for statistically analysing the data. The p-value 
<0.05 was considered as statistically significant.

Results: Group 2 had significantly higher push-out bond strength 
as compared to Group 3 (p-value <0.001). However, there was 
no significant difference seen between Group 2 and Group 1 
(p-value=0.207).

Conclusion: It was concluded that the PBS of 10% 
proanthocyanidins was the highest, followed by 3% NaOCl and 
Azadirachta indica. However, biocompatibility and safety of these 
novel intracanal irrigants has to be assessed with the help of 
further clinical and in-vitro experiments to validate these findings.
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Preparation of Irrigants
Grape extract irrigant- 10% solution; Neem extract-100 mL distilled 
water with 2 mg neem extract (2% extract). 

The above concentrations were based on the results derived from 
MIC and MBC.

preparation of 2% pure neem extract: The fresh neem leaves 
were procured from KLE University Shri BM Kankanwadi Ayurvedic 
Mahavidyalaya. The leaves were dried and powdered. Total 25 
gms of neem leaf powder was measured in sterile disposable cup 
to which 50 mL of absolute ethanol (SD Fine Chemicals Limited, 
Mumbai) was added. Maceration of this mixture was done for 
1-2 minutes and the extract obtained was filtered using filter cloth 
(Muslin) and Cellulose filter paper (Whatman). The coarse residue 
obtained was again subjected to the same process using 25 mL 
of ethanol. The extracts obtained in the above two steps were 
mixed together and filtered. The alcohol content in the extracts 
was removed by allowing the extract to boil on water bath till 
the volume was about 25 mL. The prepared extract was stored 
in an airtight sterile plastic container at 2-8oC. The final product 
was collected and stored for further test [10]. A 100 mL distilled 
water was mixed with 2 mg neem extract to obtain 2% pure neem 
extract solution.

preparation of 10% grape seed solution (stock solution): The 
grape seed extract (PAs) (95% i.e., 95 mg per 100 mg) was procured 
from Bulk Supplements (Alpspure Lifesciences Private Limited, Delhi, 
India). The stock solution of the extract was prepared direct by taking 
10 mg of the grape seed extract to which 100 mL of distilled water 
was added thus producing a concentration of 10%.

Preparation of the Sample
Decoronation of the teeth was done to obtain a standardised 
tooth length of 12 mm followed by introduction of (MANI INC, 
JAPAN) for determining the true length of each root until its tip 
appeared through the major apical foramen. The canal patency was 
maintained and checked with a #10 K file. Followed by subtraction 
of 1 mm from the actual length which helped in determination of the 
working length modeling wax No.2- the Hindustan Dental Product 
(HDP) to prevent extrusion of irrigating solutions. All the canals were 
prepared by a postgraduate student in Conservative Dentistry and 
Endodontics Department. After standardising the root length to 11 
mm, the canals were prepared in the following sequential manner 
Propter Sx, S1, S2, F1, F2, F3 along with the irrigants using NiTi 
rotary files (Protaper Universal, Dentsply, India); Apical gauging and 
manufacturer’s instructions were followed and the master apical file 
(F3=0.30 mm) was used based on the apical gauging. 

During the preparation of the canal, a total of 5 mL of 3% NaOCl 
(Manufacturer-Vishal Dentocare, Ahmedabad, Gujarat) was used 
for irrigation between instruments. After instrumentation all the root 
canals were rinsed with 5 mL of 17% Ethylenediaminetetraacetic 
Acid (EDTA) (Manufacturer- Canalarge, Ammdent, Punjab, India). It 
was done to remove the smear layer.

The final flush of the canals was done with their respective solutions, 
i.e., Group 1- NaOCl, Group 2- Grape seed extract, Group 3- 
Neem leaf extract. Keeping a standardised quantity and contact 
time of 5 mL and 5 minutes, respectively. Lastly the root canals 
were additionally rinsed with 5 mL of distilled water and the canals 
of all the samples were dried with paper points (Diadent Group 
International, Korea).

The canals were coated with AH Plus sealer (Dentsply, De Trey, 
Konstans, Germany) with the aid of a lentulospiral (Mani Inc., Tochigi, 
Japan) and obturated (single cone obturation technique) using F3 
gutta-percha (DentsplyDeTrey, Konstans, Germany). The root samples 
were coronally sealed with intermediate restorative material (3-4 mm in 

The other properties of herbals such as antimicrobial and anti-
inflammatory have been proved but there is a lacuna in the 
interaction of these herbal irrigants on root dentin and its effect on 
the push-out bond strength. Hence, the present study was done to 
evaluate the effect of 2% Azadirachta indica (neem leaf) and 10% 
proanthocyanidins (grape seed) irrigating solutions on the PBS of 
epoxy resin based root canal sealer to root dentin.

MATERIALS AND METHODS
This in-vitro study was conducted in the Department of Conservative 
and Endodontics at KLE VK Institute of Dental Sciences, Belagavi, 
Karnataka, India, between June 2019 and August 2019. Institutional 
Ethics Committee approval was taken for the study (number IEC/
VKIDS/216).

inclusion criteria: Extracted human single rooted single canal 
mandibular premolar teeth with patent canals, teeth with apical width 
corresponding to No. 20 K-file or less were included in the study.

exclusion criteria: Teeth with carious lesions, apical width more 
than No. 20 K-file size, with calcified canals and teeth with fracture/
crack or a restoration were excluded from the study. Also teeth 
with anatomic variations such as extra canals, curved canals and 
C-shaped canals were also excluded from the study.

Procedure
Total 30 human permanent, intact and mature premolar teeth with 
single canals, recently extracted for periodontal reasons were 
selected by direct clinical examination for this study. They were 
divided into three groups of n=10 each as per the following: 

Group 1-•	  NaOCl as the irrigant,
Group 2-•	  Grape seed extract as the irrigant,
Group 3-•	  Neem leaf extract as the irrigant.

The specimens were cleaned using ultrasonic scaler and distilled 
water followed by immersion in 0.1% Thymol solution (manufacturer: 
SD Fine Chemicals Limited, Mumbai) for disinfection until use [13].
Minimum inhibitory Concentrations (MiC) and Minimum 
Bactericidal Concentration (MBC) of irrigants: The use of standard 
susceptibility tests (MIC and MBC) was done on E. faecalis (ATCC 
29212) organism to determine appropriate concentration of the 
irrigant to be taken [Table/Fig-1].

[Table/Fig-1]: Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal 
Concentration (MBC) of irrigants.
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thickness) (IRM, Dentsply DeTrey, Konstans, Germany). The samples 
were kept in 100% humidifier for 1 week.

Push-out Bond Strength (PBS) Testing
A cylindrical mold was filled with auto polymerising acrylic resin 
(Manufacturer-Astra Chemtech Private Limited, Mumbai, India) 
and the roots were vertically embedded in it, until the acrylic resin 
set. Acrylic blocks were removed from the mold, and 1.5 mm thick 
slice was obtained from coronal, middle, and apical third of each 
embedded root sample using a rotating diamond disk under water-
cooling. The middle segment was taken for the study. Each slice 
was subjected to PBS test in a universal testing machine (Tecsol, 
Chennai, India) using a metallic indenter with a round cross-section 
and diameters of 0.5 mm customised to test slices. A cross-head 
speed of 1 mm/min was used [7].

STATISTICAL ANALYSIS
Statistical analysis was done using Statistical Package for the Social 
Sciences (SPSS) software (IBM SPSS statistic for windows, version 
20.0. Armonk, NY: IBM Corp). Data was entered as mean, standard 
deviation and standard error of mean. Statistical analysis was done 
using one way Analysis of Variance (ANOVA) and Tukey’s Post-hoc 
test. The p-value <0.05 was considered as statistically significant.

null hypothesis: There was no statistical difference in the push-out 
bond strength of the three intracanal irrigants used.

RESULTS
The following order of PBS was observed in different groups in 
descending order: group 2> group 1> group 3 [Table/Fig-2].

There was a significant difference between the mean values of 
push-out bond strengths of the three groups (p-value <0.001) 
[Table/Fig-3].

S. no.
Group 1  
(n=10)

Group 2  
(n=10)

Group 3  
(n=10)

1 9.9 11.7 5.85

2 7.7 11.7 7.8

3 8.75 7.8 7.8

4 9.67 11.7 5.85

5 9.67 7.8 3.9

6 7.8 9.75 5.85

7 7.85 7.8 7.8

8 9.75 11.7 5.85

9 8.87 11.7 9.75

10 9.75 9.75 5.85

Mean 8.97 10.14 6.63

SD 0.9041 1.7919 1.6444

SE 0.2859 0.5667 0.52

[Table/Fig-2]: Push-out bond strength values (in Newton), mean, standard 
 deviation and standard error of the three irrigants.

Groups Q statistic p-value inference

NaOCl vs Grape seed 2.4677 0.2074171 p=0.207

NaOCl vs Neem leaf 4.9417 0.0045631 p<0.001

Grape seed vs Neem leaf 7.4094 0.0010053 p<0.001

[Table/Fig-4]: Comparison of three irrigants (NaOCl, Grape seed, Neem leaf) with 
Tukeys Post-hoc test.
p-value <0.05 was considered as statistically significant

DISCUSSION
One of the main target of endodontic treatment is to attain a 
monoblock effect which would prevent the entry or abidance of 
microorganisms [1,14-16].

The endodontic irrigants used may cause structural and chemical 
alteration in the dentinal composition, thereby impacting its penetrability 
and affect the materials adhesion to the dentinal surface [12]. The 
commonly used root canal irrigants is NaOCl which have shown to 
have deleterious effect on the root dentin by causing degradation of 
root dentin collagen [13].

Also, residuum of this strong oxidizing agent or its oxidative by 
products are revealed to impede the adhesion of epoxy resins to the 
canal and the free radical polymerization of methacrylate resins which 
may inturn reduce the bond strength [7]. Hence, herbal irrigants may 
be used during instrumentation owing to their antioxidant property in 
addition to being an antibacterial and anti-inflammatory agent [17]. 
The antioxidant property may lead to scavenging of the oxidative 
byproducts thereby increasing the adhesion of sealer to the root dentin 
[17]. Previous studies have shown that they may cause inhibition of 
collagen breakdown along with stiffening and cross-linking of the 
collagen [7,17,18].

AH plus sealer was used in the current study which has been 
effectively proved to have the highest root dentin bond strength, 
the explanation for this is because AH plus sealer is an epoxy resin-
based sealer which strongly forms covalent bonds with root dentin 
due to the opening of its epoxide ring. It undergoes homogenous 
polymerisation with greater bond strength when compared to 
the bond strength of monoblock due to the absence of photo 
polymerisation system as its chemical property [19].

Various tests used to measure bond strength are microtensile strength 
testing, shear strength testing, and push-out strength testing [20]. 
The method of testing the bond strength chosen for this study was 
push-out design. A study by Goracci C et al., concluded that push-
out technique was more reliable and precise than the microtensile 
technique for measurement of bond strength to dentin [21]. Push-out 
bond strength is the measurement of resistance to dislodging force 
by root filling materials during function, which is a highly desirable 
quality [22]. The main foreseeable reason to select this test is due to 
the easy alignment of the samples for testing, as it is comparatively less 
sensitive to changes in small variations among specimens and also to 
the variation of stress distribution during load application [20].

Middle third of the root was chosen in this study for the push-out 
test as according to Üstün Y et al., the coronal and middle third 
part have anatomically larger root canal space when compared to 
the apical third which would lead to better circulation of root canal 
irrigants [23].

The results of the present study showed that proanthocyanidins 
had highest push-out bond strength followed by NaOCl and 
Azadirachta indica (neem). However, there was no significant 
difference seen in the push-out bond strength of proanthocyanidin 
and NaOCl (p-value=0.207). The push-out bond strength value of 
proanthocyanidin was significantly higher compared to neem leaf 
(p-value <0.001). The results are supported by previous studies by 
Nikaido T et al., and Morris MD et al., which stated that use of NaOCl 
during instrumentation removes the organic debris from the canal, 
in due course it also causes degradation of root dentin collagen and 
decreased the bond strength of AH Plus to dentin [24,25].

Group 2 had significantly higher push out bond strength as compared 
to Group 3 (p-value <0.001). However, there was no significant 
difference seen between Group 3 and Group 1 (p-value=0.207) 
[Table/Fig-4]. On the basis of the results obtained in the study the 
null hypothesis was rejected.

Sources of 
variation

Degrees of 
freedom

Sum of 
squares

Mean sum 
of squares F-value

p-
value

Between groups 2 63.8898 31.9449 14.2349 0.001

Within groups 28 60.5912 2.2441

Total 30 124.481

[Table/Fig-3]: Comparison of three irrigants (NaOCl, Grape seed, Neem leaf) with 
mean Push-out bond strength by one-way ANOVA.
p-value <0.05 was considered as statistically significant
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A chemical bond is seen between the epoxy resin based sealer 
and the amino groups of the dentin in which, collagen plays a 
pivotal role in the adhesion between the sealer and the root dentin 
[7]. According to Kumar PS et al, chloramines and protein-derived 
radical intermediates are dissociated from NaOCl leading to adverse 
effects on the pyridinoline cross-links present within the type 1 
collagen [7]. Thus, irrigation with NaOCl results in a structurally 
compromised collagen in the root dentin [7].

Irrigation with 10% grape seed extract (proanthocyanidins) 
showed better push-out bond strength as compared to use of 3% 
NaOCl in this study, this may be due to polyphenolic structures of 
proanthocyanidins that are capable of forming stable hydrogen bond 
structures and produce non biodegradable collagen matrices [26].

Previous study by Kumar PS et al., has concluded that 6% 
proanthocyanidins and 25% bamboo salt had consequently 
increased leading to enhanced resistance to biodegradation which 
was due to the intermolecular and intramolecular cross-links in 
collagen. Hence the bond strength values of specimens treated 
with proanthocyanidins and bamboo salt was significantly higher 
compared to NaOCl (p-value <0.05) [7].

The cross-linking and stiffening of collagen and reduction in collagen 
degradation after treatment with proanthocyanidins along with high 
affinity of proline rich proteins in the collagen of proanthocyanidins 
might be the reason for greater bond strength in proanthocyanidins-
treated specimens [26,27].

Limitation(s)
Brownish discolouration of the tooth was observed after the 
specimens where irrigated with proanthocyanidins stock solution. 
However, this warrants further studies with bigger sample size. 
More in-vitro studies and clinical trials are needed to evaluate the 
biocompatibility and safety of these novel intracanal irrigants.

CONCLUSION(S)
A 10% proanthocyanidins showed highest push-out bond strength 
among the three irrigants used this study, followed by 3% NaOCl and 
the least push-out bond strength was seen with 2% neem extract. 
Further long-term clinical and in-vitro studies using the similar irrigation 
protocol and sealers are warranted to substantiate these findings.
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INTRODUCTION 
 

Maintenance of original anatomy and curvature of the root 
canal during cleaning and shaping procedure is important as it 
leads to favourable outcome of the procedure
narrow and curved canals may lead to increased risk of various 
iatrogenic procedure errors2. To avoid these errors and also to 
manage the various irregularities of canal anatomy, several 
nickel titanium (NiTi) root canal systems have been 
introduced3. NiTi rotary instrumentation has not only been 
beneficial in reducing the treatment time, clinician and 
patient’s fatigue, but also during recent years due to number of 
advancements in manufacturing techniques there is 
improvement in its microstructure leading to optimised cutting 
and shaping efficiency4. Neolix Neoniti (Neolix, châtres
Forêt, France) is a third generation of  NiTi files manufactured 
using newly developed wire-cut electrical discharge machining 
(WEDM) process, which consists of one C1 fil
enlargement and three A1 files.4,5  to be used using crown down 
technique. According to the manufacturers, the heat treatment 
using during the manufacturing process enhances its 
flexibility.4,5 

 

The OneShape system (Micro Méga, Besançon, France) is 
another single file system used in continuous rotation. 
Specialised characterization of this file is that it consists of 
non-cutting safety tip and variable tip and 3 variations of cross 
sections along the active length of the file.5,6 

Use of rotary files in severely curved canals increases the 
likely hood of canal transportation if the file doesn’t conform 
to the curved profile of the canal, therefore evaluation of canal 
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Aim: To evaluate and compare canal centering ability, apical transportation
dentin removed after root canal instrumentation with different rotary
CBCT. 
Method: Thirty mesial canals of lower molars were selected and divided into two 
experimental groups (n=15) according to the system used: NeolixNeoniti
Pre- and post-instrumentation CBCT imaging was performed to measure mesial and distal 
distance of the dentin walls. The canal centering ability and c
calculated using the formulae given by Gambill et al. The volume of removed dentine was 
measured in mm3 for each root canal by subtracting the uninstrumented canal volume from 
the instrumented canal volume. 
 

 

Maintenance of original anatomy and curvature of the root 
canal during cleaning and shaping procedure is important as it 
leads to favourable outcome of the procedure1,2. Moreover 
narrow and curved canals may lead to increased risk of various 

. To avoid these errors and also to 
manage the various irregularities of canal anatomy, several 
nickel titanium (NiTi) root canal systems have been 

NiTi rotary instrumentation has not only been 
beneficial in reducing the treatment time, clinician and 
patient’s fatigue, but also during recent years due to number of 
advancements in manufacturing techniques there is 

ing to optimised cutting 
Neolix Neoniti (Neolix, châtres-la-

Forêt, France) is a third generation of  NiTi files manufactured 
cut electrical discharge machining 

file for coronal 
to be used using crown down 

technique. According to the manufacturers, the heat treatment 
using during the manufacturing process enhances its 

The OneShape system (Micro Méga, Besançon, France) is 
another single file system used in continuous rotation. 

on of this file is that it consists of 
cutting safety tip and variable tip and 3 variations of cross 

Use of rotary files in severely curved canals increases the 
file doesn’t conform 

to the curved profile of the canal, therefore evaluation of canal 

centring and transportation ability of the NiTi files used is 
essential. 
 

Various methods have been used to evaluate the efficiency of 
root canal instrumentation among which CBCT has an added 
advantage of reduced cost and scanning time, lower dosage of 
radiation and faster data acquisition compared to micro
This study therefore focuses on evaluation and comparison of 
canal centring and transportation ability of tw
Oneshape files and Neolix NeoNiTi files using CBCT.
 

METHODOLOGY  
 

Sample selection  
 

30 human permanent mandibular first molars extracted for 
periodontal and prosthetic reasons with completely formed 
apices were collected and stored in 0.1% thymol for 24hrs and 
then in saline. 
 

The teeth were then mounted on wax blocks and radiographed 
in buccolingual direction to confirm absence calcification, 
internal resorption and other abnormalities. The curvature 
angles of the mesiobuccal roots and 
angles of 25-30º (according to Schneider’s analysis were 
selected for the study.8,9  

 
 
 

Root canal preparation 
 

Access cavity was prepared using Endo
(Dentsply). The distal roots with the respective part of the 
crown were sectioned at the furcation level using a low
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transportation and amount of 
instrumentation with different rotary file systems using 

mesial canals of lower molars were selected and divided into two 
NeolixNeoniti and One Shape. 

instrumentation CBCT imaging was performed to measure mesial and distal 
The canal centering ability and canal transportation was 

. The volume of removed dentine was 
for each root canal by subtracting the uninstrumented canal volume from 

centring and transportation ability of the NiTi files used is 

Various methods have been used to evaluate the efficiency of 
which CBCT has an added 

advantage of reduced cost and scanning time, lower dosage of 
radiation and faster data acquisition compared to micro-CT.3,6 

This study therefore focuses on evaluation and comparison of 
canal centring and transportation ability of two NiTi files viz 
Oneshape files and Neolix NeoNiTi files using CBCT. 

30 human permanent mandibular first molars extracted for 
periodontal and prosthetic reasons with completely formed 

0.1% thymol for 24hrs and 

The teeth were then mounted on wax blocks and radiographed 
in buccolingual direction to confirm absence calcification, 
internal resorption and other abnormalities. The curvature 

 the roots with curvature 
30º (according to Schneider’s analysis were 

Access cavity was prepared using Endo-Access bur 
(Dentsply). The distal roots with the respective part of the 

were sectioned at the furcation level using a low-speed 
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diamond bur under water and discarded Mesial roots were then 
mounted on wax blocks and pre-instrumentation CBCT was 
done The Mesiobuccal root canals were negotiated using #10 
K-file (Dentsply). The working length was determined by 
inserting #10 K-file to root canal terminus and subtracting 1 
mm from this measurement. A glide path was established to 
the working length using a #15 K-file (Dentsply). 
 

Depending upon the rotary system used for canal preparation 
the teeth were randomly divided into two experimental groups 
(n = 15). 
 

 Group 1 : Neolix Neoniti(300- 500 rpm/ 1.5 N/cm) 
 Group 2 :OneShape(300- 500 rpm/ 2.5N/cm) 

 

In Group 1:- After establishment of glide path the canals were 
instrumented using C1 file in the coronal third then using A1 

(#25/0.06) file in the middle and apical third with in and out 
motion 
 

In Group 2 After establishment of glide path One Shape file 
(#25/0.06) was used for instrumentation with copious 
irrigation and recapitulation was done using #10k file. 
 

Instrumentation was carried out using 15% EDTA gel. 
Irrigation was done with 2 mL of 5% sodium hypochlorite 
during instrumentation followed by 1 mL of 17% EDTA for 3 
min and a final irrigation with 2 mL of saline solution.  
 

Each instrument was used to prepare three canals, and then 
discarded. 
 

Pre and Post instrumentation, CBCT scans were taken to check 
canal transportation and centring ability at three different 
levels (3,5,7 mm) and statistically analysed. 
 

Canal centering ratio and canal transportation were analyzed 
using the technique developed by Gambill et al, which 
measures the distance from the edge of the canal to the 
periphery of the root (mesial and distal) on pre- and post-
instrumentation images of the CBCT5,10,11. 
 

The following formula was implemented for canal centering: 
 

X’-X/Y’-Y 
According to this formula, a result of “1” will indicate a 
perfect centering ability. 
 

Results higher than “1” will indicate more mesial movement 
and results lesser than “1” will indicate more distal movement. 
The following formula was used for canal transportation: 
(X’-X) – (Y’-Y) 
Results higher or lesser than 0 indicates canal transportation 
 

RESULTS 
 

A statistical analysis (SPSS 15.0; SPSS Inc., Chicago, IL, 
USA) of the data was performed using independent t-test. The 
statistical significance level was set at P < 0.05. 
 

Statistical analysis between the two groups showed that Neolix 
neoniti caused significantly less canal transportation and had 
better canal centring ability than one shape files  
 
 
 
 
 

Table 1 The  mean and standard deviation values of the canal 
transportation and centering ratio at the three studied levels 

(3,5 and 7 mm) for each tested group . 
 

Level (mm) Assessment Neolix Neoniti One Shape 

3 
Transportation .037333±.0088372 .131333±.0106010 
Centering Ratio .849400±.0639696 .294933±.0726031 

5 
Transportation .056000±.0124212 .122000±.0086189 
Centering Ratio .744733±.0937157 .452733±.0778180 

7 
Transportation .034667±.0051640 .168667±.0341983 
Centering Ratio .787867±.1055414 .421000±.0395529 

 

 
 

 

 
 

Graph 1 Degree of Canal Transportation Mesiodistally For Tested Groups 
 

 
 

 Graph 2 Centering Ratio for Tested Groups 
 

DISCUSSION 
 

Canal anatomy, file systems used, instrumentation technique 
implemented are some of the factors that affect the outcome 
and prognosis of biomechanical preparation, as various 
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iatrogenic errors like transportation, ledge formation, in-
effective or excessive preparation are affected by it.2,12Thus 
knowing canal centring and canal transportation ability of file 
system is important. 
 

In this study canal centring and transportation ability of two 
NiTi files was evaluated using mesiobuccal canals of lower 
mandibular molars as these roots generally exhibit moderate to 
severe curvature and varied complex anatomy.2,12,17 

CBCT was used for evaluation as CBCT is an important 
endodontic diagnostic aid and has proven to provide good 
results for evaluation of change in canal shape and 
transportation ability of the different instrumentation files,5,6,10 

also it has an added advantage of reduced cost and scanning 
time, lower dosage of radiation and faster data acquisition 
compared to micro-CT.3,6 
 

In this study the null hypothesis was rejected as Neolix 
NeoNiti which consists of one C1 file for coronal enlargement 
and three A1 files (tip sizes of #20/0.06, 
#25/0.06,#40/0.04).4,5showed significantly higher centring 
ration and lesser transportation as compared to One Shape file. 
In a study by byForghani et al in 2017 Neolix Neo NiTi when 
compared to Protaper universal files produced less canal 
deviation and transportation and also required less time for 
preparation.4 Also another study in 2016 compared canal 
transportation of Neolix Neo NiTi files with Reciproc files 
using similar methodology and concluded that NeoNiti caused 
significantly less canal transportation in both mesiodistal and 
buccolingual direction. 
 

The results of this study are consistent with all the previous 
studies, that have concluded that Neolix NeoNiti files have 
better shaping properties and cause less canal deviation from 
its original anatomy.4,5,14,15 This may be due to its non-
homothermic rectangular cross section at its gothic tip, also it 
has progressive flexibility which the manufacturers claim to be 
due to use of developed wire-cut electrical discharge 
machining (WEDM) and appropriate heat treatments.4,5,14,15 

 

In previous studies published few studies One shaped files had 
higher canal transporting ability than Wave One gold, Protaper 
universal files etc.6,7,16 Therefore the results of this study are 
consistent with the conclusions of the past studies where One 
Shaper files produced higher canal transportation than other 
NiTi files.5,6,7,16 One Shape files though produces increased 
cutting and require less preparation time nut these are less 
flexible due to their unique cross-section(triangular or 
modified triangular cross section and three sharp cutting edges 
in the middle and apical thirds and an S-shaped cross section 
with two cutting edges near the shaft).5,6 

 

CONCLUSION 
 

Within the limitations of this study, it was concluded that 
Neolix Neoniti had a significantly higher centering ratio and 
less transportation than One Shapeat all the three levels tested 
i.e. 3mm, 5mm and 7mm from the apex.  
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a b s t r a c t

Type 2 Diabetes Mellitus (T2DM) is a growing global concern having reached the epidemic propor-
tion in most countries. Achieving glycaemic control decreases the risk of macrovascular and
microvascular complications in T2D. To achieve and maintain good glycaemic control, lifestyle
changes and pharmacological treatment is necessary. Pharmacological management of T2DM have
some limitations as it may lead to vit-B12 deprivation, hypoglycemia, increased cardiovascular risk
etc. Treatment algorithm that include integration of Ayurvedic treatment & diet, Panchakarma
therapies and Yoga will ensure good glycaemic control and reduce the progression of complications.
Diagnosed cases of T2DM without intervention of conventional pharmacological drugs will be safe
and beneficial. A female patient aged about 52 years visited to diabetic specialty OPD with the
following complaints: increased micturation frequency, vaginal itching, fatigue and increased thirst.
Patient reported weight gain in past 1 year, was not on any conventional antidiabetic medication. Her
HbA1c status confirmed diagnosis of T2DM. Patient was treated with a course of nitya virechana
(medicated purgation) and Sarwanga Udwartana (Dry medicated powder rubbing whole body) for the
duration of 7 days along with ayurveda medicines for 1 year. Patient was prescribed Ayurvedic diet
and Yoga practices throughout the intervention. This case report reveals the protocol based inte-
grated Ayurveda and Yoga practices for diagnosed case of T2DM without causing any untoward effect
along with reversal of the diabetes.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Type 2 Diabetes Mellitus (T2DM) is the most common form of
DM characterized by hyperglycaemia, insulin resistance and rela-
tive insulin deficiency [1]. According to the International Diabetes
Federation (IDF), approximately 415 million adults between the
ages of 20e79 years had diabetes mellitus in 2015. T2DM is proving
to be a global public health burden as this number is expected to
rise to 615 million by 2040 [2]. It is estimated that by 2030 this
would have risen to 552 million [3]. Ayurveda describes a set of
complex clinical disorders with frequent abnormal micturition,
collectively called Prameha (Diabetes Mellitus), which correlate in
many ways with obesity, metabolic syndrome, and diabetes
ary University, Bangalore.

B.V. on behalf of Institute of Transd
e (http://creativecommons.org/lice
mellitus [4]. Type 2 DM is analogous to Sthula pramehi (Obese
Diabetic) which is also known as Apathyanimittaja Prameha or ac-
quired type of diabetes resulting due to faulty lifestyle [5]. Sam-
shodhana (purification) is the best treatment for the elimination of
Doshas. Vagbhata has mentioned that Doshas should be eliminated
through the nearest pathway [6].Ayurvedic medications with life-
style modifications contribute to desired clinical outcome as proper
diet and management of daily routines will remove the causative
factors of disease and helps in preventing progression of the dis-
ease. Yoga has been practiced since ancient times to manage the
physiology of the body. This not only improves the flexibility but
also improves the function of both endocrines and exocrine glands
of the body. Various studies have reported that Yoga has a positive
impact in the management of Type 2 diabetes. Different Asanas
such as Surya Namaskara helps in insulin production and
improvement of digestive fire [7].

Present case report deals with the Ayurvedic approach of Pan-
chakarma, Ayurvedic medications, Yoga, Pathyahara and lifestyle
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
nses/by-nc-nd/4.0/).
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counseling. All of these helped to achieve desired clinical outcome
without causing any side effects and there was no recurrence of
symptoms in the follow up period of about one year.
2. Patient information

A female patient aged about 52 years, who was homemaker
visited to diabetic specialty OPD on 14/01/2018 with the following
complaints: increased frequency of micturition for 1 month (5e6
times during day and 1e2 times at night), fatigue since 1-year,
increased thirst from 2 months which was progressive in nature
and vaginal itching from 15 days. Patient had noticed weight gain
(approx 10 kg's) in a period 12 months. Patient had hypertension
for 8 years and was on antihypertensive medications. Patient had
no past history of Type 2 DM and no medication history. No family
history of DM was found. Timeline of the case is summarized in
Table 1.
3. Clinical findings

Patient had frequent micturition, associated with fatigue, thirst
and vaginal itching. Patient also had progressive weight gain. Per-
sonal details and habits of the patient include lifestyle with a lot of
sitting and lying down, with minimal physical activity and seden-
tary lifestyle. On examination, patient had abdominal obesity and
well-nourished body. She had normal menstrual and obstetric
history include Gravida 2, live births 2 and no abortion history
(G2L2A0). The patient was 152 cm tall and weighed 82 kg and waist
circumference and BMI of the patient are 38 inches and 35.5 Kg/m2

respectively. Assessment on 14/01/2018 revealed FBS-174 mg/dl,
PPBS-208mg/dl, and HbA1c-8.8 together these variables confirmed
the diagnosis of of T2DM. Patient was found to be dull in action,
lethargic with disturbed sleep and moderate appetite, Krura koshta
(bowel hard to purgate) with increased micturition. Patient had
Pitta Kapha Prakriti (body constitution) which was assessed using
‘CCRAS Prakriti assessment scale’ availableon at http://www.ccras.
res.in/ccras_pas/
Table 1
Timeline of the case.

Year Clinical events and Intervention

2016 to 2017 Weight gain issue (Approximately 10 kg)
Jan 2017 Started developing fatigue, lethargy
November 217 Increased thirst
December 2017 Increased micturition frequency
January 2018 Intense vaginal itching
14/01/18 FBS, PPBS, HbA1c confirmed the diagnosis of T2DM
15/01/18 IPD admission
15/1/18 to 21/1/18 Undergone purgation therapy and Udwartana

procedure
Ayurveda Pathyahara and Yoga

22/1/18 Discharged
23/1/18 to 16/4/18 Ayurveda medication continued; Pathyahara & Yoga

was routinely Practiced.
Remarkable improvement in Biochemical
parameters
Reached Asymptomatic phase

17/4/18 to 3/11/2019 Investigation report suggest reversal of Diabetic to
prediabetic stage
Weight loss: 10 Kg
Asymptomatic phase
Good energy level
Stopped Ayurveda Medication
Advised to continue Pathyahara and Yoga.

2

4. Diagnostic focus and assessment

Diagnosis was based on clinical symptoms and biochemical
parameters. Patient complained of experiencing increased fre-
quency of micturition, thirst, fatigue, marked obesity and was
diagnosed with Prameha [8,9]. Based on history and examination,
patient presented with typical features of madhumeha a type of
Vataja prameha. We found Pitta and Kapha in association with it.
While analysing the symptoms, thirst indicated Pitta dominant
Madhumeha (8. Chi 28/61) whereas marked obesity, fatigue, leth-
argy indicated Kapha dominantMadhumeha(8. Su.20/17) (8. Chi 28/
62). Hence diagnosis can be made as Kapha-pittavrata Madhumeha
(Kapha-Pitta dominating Madhumeha). In Type 2 DM, presence of
hyperglycaemia for months or years eventually causes the extreme
thirst, frequent urination, tiredness, nausea and dizziness [10].
Since symptoms were present for more than a month, patient was
obese and had absence of autoimmune diseases history [11] along
with lab investigations of following variables: fasting blood sugar,
post prandial blood sugar and Glycosylated haemoglobin, all
confirmed diagnosis of T2 DM.

5. Therapeutic intervention

Kapha dosha (along with other 2 doshas) and Medo dhatu will
dominate inMadhumeha [12]. Shodhana (detoxification therapy) is
the first line of treatment indicated in classics. For Kapha and Meda
vitiation, external treatment modalities such as Abhyanga (oil
massage), Udwartana (dry powder rubbing) etc, are indicated. In
this case, patient underwent for a course of Nitya Virechana (daily
purgation therapy) with Triphala churna 10 gms every night for
duration of 7 days. Sarvanga Udwartana with T. churna (QS) was
performed for the duration of 7 days. After 7 days of above treat-
ment, internal medication were prescribed which included Nisha-
katakadi Kashaya (contains ingredients such as Nisha, kathaka,
amalaka, Paranti, lodhra, badhrika, Peetika, usira) 15 ml tid, Ama-
lakyadi compound (Amalaki þ Godshura þ Sariva þ Guduchi þ
ChopachiniþHaridraþDaruharidraþ Yashtimadhu churnae each
10 gms þ Vanga bhasma (2.5 gms) 1tsf BD with warm following
food consumption were prescribed for a duration of 1 year
(Table 2).

Ayurveda diet explained in Madhumeha was planned. Diet was
customized as per patients traditional food intake, regional avail-
ability etc. (Table 3).

Yoga protocol included wide range of components which could
be done in short duration starting from breathing practices to
meditation. Patient underwent stretch breathing and loosening
practices for five minutes each before advancing to suryanamaskar
(5 minutes) and varieties of asanas. Ardakati chakrasana, parivratta
trikonasana, vakrasana, arda matsyendriyasana, bhujangasana,
dhanurasana, pawanamuktasana and matsyasana are the asanas
adviced for 10 minutes each. Kapala bhati was practiced regularly
which was then followed by pranayama like nadi shuddi, bhramari
and om chanting for 10 minutes and cyclic meditation at the end.
Relaxation techniquewas also part of protocol after vigorous asanas
and kriya.

No any adverse events occurred during the course of treatment.

6. Follow up and outcome

Biochemical parameters were assessed at each follow up and
improvement was observed in each parameter. Follow up treat-
ment and improvement in lab parameters are summarised in
Table 4. Increased micturition frequency, thirst, fatigue, vaginal
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Table 2
Ayurvedic management on the case of T2DM.

Panchakarma Procedure Method of Preparation Method of administration Treatment Duration

Nitya virechana with Triphala Churna 10-g Powder of Triphala Powder of Triphala 10 g
administered after 20 min of night
meal along with warm water.

7 days

Sarvanga udwartana with Triphala Churna Powder of Triphala-Q. S
Approximately 200 g per day

Rubbing of the dry powder of
Triphala to whole body empty
stomach in the morning.

7 days

Oral medication Details of Oral
medication(ingredients)

Dose Anupana Treatment duration

Nishakatakadi Kashaya Nisha (Terminalia chebula Retz.),
kathaka (senegalia catechu),
amalaka (emblica officinalis
linn.), Paranti (ixora coccinea),
lodhra (symplocos racemosa),
badhrika (aerva lanata),
Peetika (Salacia oblango), usira
(chrysopogon zizanioides

15 ml Tid Luke warm water 1 year

Amalakyadi compound Amalaki (emblica officinalis
linn.), Gokshura (tribullus
terrestris), Sariva (hemidesmus
indicus),
Guduchi (tinospora cardifolia),
Chopachini (smilax glabra),
Haridra (Curcuma longa Linn.)
Daruharidra (berberis aristata),
Yashtimadhu (glycyrrhiza
glabra), Vangabhasma (tin)

1tsf BD Luke warm water 1 year
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itching were reduced. Her energy level was improved and healthy
weight loss of about 1e2 kg per month was observed (Approxi-
mately 10 kgs in a period of 1 year).

7. Discussion

Patient treated with traditional approach i.e Panchakarma pro-
cedures, oralmedicines, Ayurvedic Pathyahara andYoga intervention.

Samshodhana (purification) and Avaranahara (removal of body
channels' occlusion) treatment was adopted on the basis of Sam-
prapti (pathogenesis), Nityavirechana (medicated purgation) with
T. churna e 10 gms & Sarvanga Udwartana (rubbing with dry
powder) with T. churna (QS) was done for 7 days. The kapha
(phlegm) increasing etiologies will also increase Meda, this Medas
when vitiated deposits as Durmedas (adipose) (8. Su.23/8e9). The
line of treatment forMedoja roga (diseases occurred in vitiated fatty
tissue) is use of Shleshma-medohara (reduction of Kaphadosha and
fatty tissue), Vataghna (pacifying Vatadosha), Ruksha-Ushna-Tikshna
Virechana (medicated purgation with rough, hot potency and
penetrating properties) [13].

Udwartana i. e, rubbing the medicated powder over body in the
opposite direction of the hair root. It causes Kapha-meda vilayana
(liquification of Kapha and Medas), sthirata of body (stability), twak
prasadana (nourishment of skin) [14].

Virechanawas performed using Triphalawhich has the quality to
eliminate both Pitta and Kapha(13. Su.6/159). It is indicated in
Prameha, also acts as mild laxative which aids in weight loss. At the
same time, udwartana using Triphala was done because body fat
and weight loss can be achieved by usage of Triphala. It was found
to be effective in diabetes as it reduces blood sugar and insulin
levels because of its hypoglycaemic potentials [15]. Hence Triphala
was selected for both udwartana and nitya virechana.

Nishakatakadi Kashaya 15 ml tid was used due to its antidiabetic
action [16]. Amlakyadi compound 1 tsf bd was used in which in-
gredients such as Gokshura (Tribullus terrestris) which possess
3

basthishodhana (cleansing) effect reduces Avarna of Kapha and
Meda in the microcirculation of kidneys [17]. Vanga bhasma also
helps to pacify Kapha and is useful in diabetes [18]. Amlaki (Emblica
officinalis G.) and Guduchi (Tinospira cordifolia) have been used for
their anti-inflammatory and antioxidant action [19,20].Daruharidra
[21] (Berberis aristata) acts by decreasing oxidative stress hence
useful in this condition. To attain immunomodulatory effect,
Yashtimadhu (Glycyrrhiza glabra) was used and it is also an anti-
diabetic [22,23]. Combined prescription of Nishakatakadi Kashaya
and Amlakyadi compound had proven to be synergistic with former
having disease specific effects and latter had helped in breaking the
samprapti (Pathogenesis) of the disease.

Dietetic regimen that includes exclusion of foods that are high in
sugar, including Pathyahara, eating smaller portions, throught the
day, adding variety of whole grain foods, fruits and vegetables
everyday helped in maintaining the blood sugar levels in desired
range [24]. Millets which contain high proportion of soluble dietary
fibres case reduction in gastric emptying and absorption of glucose
after a meal, resulting in improved glucose tolerance. Intake of
millets helps with satiety but yet its not be high in calories (guru ch
aatarpana). Lotus seeds (Makhane as snacks) contain some alkaloids
and flavonoids with anti-obesity and hypolipidemic effects [25].

Yoga practice was prescribed from a prevaildated standard pro-
tocol which is proven to be effective as well as it effecient for the
patient in terms of cost, time and efforts. Many studies have used
discrete yoga protocols that are proven to be effective when used for
longer duration. The protocol used for the patient was specifically
chosen for achieveing results in relatively shorter duration of time.
Certain breathing practices, loosening practices, Asanas, kriyas, Surya
namaskara, Pranayama, deep relaxation techniques andmeditations
were advised in which the slow breathing technique in pranayama
causes comprehensive changes in body physiology by controlling
the autonomic nervous system [26]. Suryanamaskar regularizes the
flexibility and postural balance mechanism [27] which is directly
helpful to counteract obesity. Pranayama alone has shown to offer



Table 3
Ayurveda Pathyahara.

Sample Menu Plan [1200 Kcal (þ or e 50 Kcal) Per day [Protein: 45 gm/day (þ or e 5 g), CHO: 195 gm, Fat: 26.5 gm/day]

Timing
Food Diary

Menu Serving

Morning Drink
B/w 6.30 am e7 am (Any One)

1. Herbal Infused Drink 150 ml (1 glass)
2. Ginger Lemon water 100 ml
3. Cinnamom water 100 ml
4. Chia seed Water 100 ml

8 am e9 am
Breakfast options (Any one)

1. Broken wheat vegetable upma (Daliya Upma) 1 bowl/1 plate
2. Besan Dosa(Tomato Omlette)

þ Herbal Chatni
þ Sambar

1 in no
2 tbsp
1 wati

3. Barley/Whole wheat chapati
þ Herbal/coconut Chatni
þ Sambar

1 in no
2 tbsp
1 wati

4. Millet Dosa/Idli
þ Herbal/coconut Chatni
þ Sambar

1 in no/2 in number
2 tbsp
1 wati

5. Millet Vegetable Upma 1 bowl/1 plate
6. Moong dosa

þ Herbal/coconut Chatni
þ Sambar

1 in no
2 tbsp
1 wati

Breakfast with Herbal/Cardamom/Green Tea without sugar 1 cup
Mid-Morning Snack 1. Medicated Buttermilk (Spiced with Ginger, Pepper, Rock salt and Jeera) 1 glass (150 ml)
Lunch
1pm to 2 Pm

Mix Veg Salad (Raw-spiced with pepper powder and Rock Salt) 1 bowl
þJowar/Bajra Roti 1 in number
þVegetable Sabji 1 wati
þBoiled Pulses Sabzi/Junka/moong Dal 3/4th katori
þPeanut/Methi/Flax Chatni 1 tbsp

Mid Evening Snack
4.30 pm e5 pm (Option-Any one)

1. Apple/unripened Pear Fruit 1 medium Size
þAlmond 4
þWalnut 2
þ Green Tea/Lemon tea without Sugar 1 cup
2. Ghee Roasted makhanas added with Rock salt þ Turmeric (Lotus flowers) 1 cup
þAlmond 2
þWalnut 2
þ Green Tea/Lemon tea without Sugar 1 cup
3. Churmura þ Unsalted Roasted Pea nut 1 plate/1 handful
þ Green Tea/Lemon tea without Sugar 1 cup

Dinner (7 pm e8 Pm)
(Option-Any one)

1. Salad (spiced with lemon, pepper, rock salt) 1 bowl
þ Herbal Soup 1 bowl

2. Millet Kichdi 1 bowl
þ Herbal Raita ½ Wati

3. Millet Rice 1 Katori
þ moong dal 1 wati
þ Herbal Raita ½ wati

4. Salad (spiced with lemon, pepper, rock salt) 1 bowl
þ Moong Soup (spiced with Pepper and Rock Salt) 1 bowl (150 ml)
þ vegetable pulao 1 bowl

5. Moong Khichdi
þ Salad (spiced with lemon, pepper, rock salt)

1 bowl
1 bowl

Menu Exchange Gram Calorie Protein CHO Fat

Cereals 3 90 300 9 54 2.1
Rice 2 60 200 5 46 0.4
Pulses 2 60 180 13 30 1
Buttermilk 1 100 ml 26 2 2 1
Curd 1 100 62 4 4 3
Vegetable 4 400 160 8 26 1.7
Fruits 1 50 e75 50 1 10 e

Oils and Fats 3 15 135 e e 15
Nuts and oilseeds 1 20 100 3.5 5 7.5
Total - - 1213 kcal 45.5 gm 177 gm 31.7 gm

*Note: Diet was customized as per the patient’s traditional food intake, regional availability etc.

S. Kumari, L. S.D, S. B et al. Journal of Ayurveda and Integrative Medicine 13 (2022) 100512
number of beneficial health effects including stress relief and
improvement in cardiovascular functions [28]. Yoga causes Para-
sympathetic activation which in turn helps to achieve overall
metabolic and psychological improvement through stress reduction,
4

increased insulin sensitivity, and improved glucose tolerance and
lipid metabolism [29,30].

This integrated approach which contains oral Ayurvedic drugs,
Panchakarma procedures, Yoga protocol and Ayurveda diet were



Table 4
Showing treatment protocol and improvement in Lab parameter.

Visits Treatment FBS, PPBS, HbA1c

1.16/4/2018 1.Nishakatakadi Kashaya 15 ml TID
2.Amalakyadi compound 1tsf BD

FBS: 134
PPBS:167
HbA1c: 7.8

2.17/7/2018 1.Nishakatakadi Kashaya 15 ml TID
2.Amalakyadi compound 1tsf BD

FBS:102
PPBS: 142
HbA1c: 7

3.14/10/2018 1.Nishakatakadi Kashaya 15 ml TID
2.Amalakyadi compound 1tsf BD

FBS:98
PPBS: 112

4.3/11/2019 1.Nishakatakadi Kashaya 15 ml TID
2.Amalakyadi compound 1tsf BD

FBS: 98
PPBS: 112
HbA1c: 6

BT and AT comparison in Lab Parameters

Parameters Before Treatment (14-1-18) After treatment (19-1-19)

FBS 174 mg/dl 85 mg/dl
PPBS 208 mg/dl 102 mg/dl
HbA1C 8.8 6
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helpful in treating the patient of DM. This approach may be taken
into consideration for further research in DM.

8. Conclusion

Integrated Ayurveda treatment protocol containing Ayurveda
medicines, panchakarma intervention, Ayurvedic pathyahara and
yoga practise was helpful in treating type 2 diabetes mellitus. This
approach can be adopted for T2DM treatment and research.

8.1. Patient perspective

The patient was satisfied with her health improvement. She was
pleased with the healthy weight loss and retaining it for 4 months
along with improvement in her energy level. Improvement in sleep
quality and digestion, contributed to her perception of improved
quality of life and recovery as a result of this holistic approach.

8.2. Patient consent

Written permission for publication of this case study had been
obtained from the patient.
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a b s t r a c t

Liver cirrhosis with ascites is a challenging medical condition. Ayurveda Clinical experiences suggest of a
favourable role but lacks evidence. In a Retrospective cohort study, hospital records of patients with liver
cirrhosis and ascites diagnosed though medical ultrasonography, treated at in patient division, depart-
ment of Kayachikitsa,Medical Research Facility of KLE Ayurveda Hospital Belagavi were screened. Records
with Nitya virechana procedure, minimum of 7 days of admission, proper documentation and meeting
the other inclusion and exclusion criteria were selected for the study. Assessment were abdominal girth
measurements at umbilicus, Xiphisternum to umbilicus measurement, Umbilicus to pubic symphysis
measurement, weight, clinical global impression (CGI) scales (Severity, improvement and efficacy index),
hemoglobin, liver function tests, Prothrombin time, INR and renal function tests. Fifty five case records
met the methodological criteria of the study. Patients were suffering from stage 3, decompensated
cirrhosis and Child-Turcotte-Pugh Score was in class C. Analysis of 15 days of interventions was carried
out. Assessments were carried out at base line, 7th, 9th, 11th and 15th day of treatment. Interventions
included nitya virechana, oral medicaments, diet, salt and fluid restrictions. Ayurveda interventions
resulted in significant improvement (p<0.001) at all time points in various parameters of abdominal
measurements, weight, CGI scales, hemoglobin, liver function tests, prothrombin time, INR and renal
function tests. Study showed complex Ayurveda interventions through nitya virechana, oral medications,
diet, fluid and salt restrictions improve the clinical profile, liver function, renal function, prothrombin
time, INR parameters in patients of ascites with decompensated cirrhosis and warrants further studies.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Liver cirrhosis is the end stage of many chronic liver diseases. It
has compensatory and decompensatory phases. Compensated
phase lasts for several years [1]. Decompensated cirrhosis leads to
major complications including jaundice, variceal hemorrhage, as-
cites, or encephalopathy [2]. Ascites is the most common presen-
tation. 50% of compensated cirrhosis develops ascites in 10 years of
time [3] Ascites treatment requires hospitalization, can lead to life
threatening complications and need liver transplantation. The
development of ascites marks the onset of worsened prognosis and
increased mortality. Cirrhosis within first year of diagnosis causes
ary University, Bangalore.

B.V. on behalf of Institute of Transd
e (http://creativecommons.org/lice
death in 15% and 40% will die in first 60 months [4]. 10 yrs mortality
is 34e66% [5]. Alcohol consumption, viral hepatitis B& C, metabolic
syndrome related to obesity are the most common causes of
cirrhosis. Liver cirrhosis is responsible for 1,70,000 deaths yearly in
Europe [6]. Liver diseases frequency is increasing and huge increase
in the liver disease burden is expected [3]. Health care costs of liver
cirrhosis in United states is between 12 and 23 billion dollars
annually [7]. Hepatic cirrhosis incidence in India could be high due
to high prevalence of Hepatitis B & C, fatty liver disease and even
increasing trends of alcohol intake. Cost of hepatic cirrhosis on
quality of life, loss of productivity, medical expenses are high [8].
Treatments to stop progression from compensated to decom-
pensated stage are being tried [9]. Liver transplantation is the only
treatment in the end stage liver disease. Liver transplantation has
high costs, high mortality and has paucity of organ donors.

In Ayurveda Ascites can be correlated to Jalodara. All Udara
diseases (morbid abdominal disorder) ends up into Jalodara stage
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
nses/by-nc-nd/4.0/).
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[10]. Ayurveda management protocol mainly aims in improving the
Jatharagni (metabolism) and stimulating the hepatic function.
Jalodara management includes nitya virechana (C.Chi.13.61),
teekshna (strong, penetrating) drugs, kshara (alkali), gomutra
(Cow's urine), fluid restriction, milk, buttermilk, diet, oral medi-
caments and rasayana (rejuvenative) drugs etc (C.Chi.13). Nitya
virechana is a variant of virechana procedure in which preoperative
procedures like snehapana (Internal oleation therapy), swedana
(sudation therapy) are not carried out. Virechana is done in lesser
intensity and more frequency. However there is scarcity in evi-
dences of Ayurveda management of liver cirrhosis with ascites. A
retrospective study in which case records of a tertiary care Ayur-
veda teaching hospital known for successful management liver
cirrhosis with ascites were reviewed. Attempt was made to analyze
the hospital data, treatment algorhythms, details of virechana
procedure, prescription patterns, dietary considerations, clinical
outcomes and biological assessments.

2. Materials & methods

2.1. Settings

Setting of the current study was a 300 bed tertiary care KLE
Ayurveda hospital, Belagavi situated in North Karnataka, India.
Hospital caters to 7.38 lakhs of urban population directly and also to
patients of 10 districts of Karnataka and Maharashtra.

2.2. Patient cohort

All patients receiving care for liver cirrhosis with ascites were
included. Cases were identified retrospectively by evaluating
manually and/or computer searches of hospital and laboratory da-
tabases from 2014 to 31 October 2020. Searches were carried out on
specific terms like Kamala, Udara, Jalodara, Alcoholic liver disease,
Cirrhosis and Ascites. Sonologically confirmed case of liver cirrhosis
with ascites and records of patients treated in patient section,
department of Kayachikitsa for aminimum of 7 dayswere included.

Initial screening revealed 255 case records. Cases with adequate
recording of abdominal measurements, interventions (with vir-
echana), vitals monitoring, observations etc. were included. Pa-
tients with concomitant illness like diabetesmellitus, hypertension,
cardiovascular disorders were excluded (n ¼ 65). Institutional
ethics committee approval was obtained for the study. (Reference
no BMK/20/BRT/01 dated 25.11.2020).

2.3. Clinical and demographic data

Details of Sociodemographic informationalongwith thedetailed
case history, treatment history, habits, systemic and abdominal ex-
aminations, investigations, treatments administered, day to day
observations, vitals examination, fluid input and output charts and
adequate clinical notes were noted. Assessments noted were.

1. Abdominal measurements at umbilicus, 1 inch above and below
the umbilicus, Xiphi sternum to umbilicus and umbilicus to
pubic symphysis.

2. Body Weight.
3. Blood parameters including haemoglobin, total bilirubin, indi-

rect bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total protein, albumin, globulin, Albu-
min globulin (AG) ratio, alkaline phosphatase, prothrombin time
& INR (International normalized ratio), serum creatinine and
blood urea.

4. Clinical global impression scale (CGI) (Severity, improvement,
efficacy index) [11].
2

2.4. Ayurveda management details

In all patients Nitya virechan (Daily therapeutic purgation) was
planned as it is the prime Ayurvedic intervention in ascites. Other
oral medications used were mild purgative, diuretic, blood purifier
and hepatoprotective. These includes herbo-mineral formulations,
decoctions, water extracts of herbs, diet and life style management.
Virechana dosagewas planned to obtain avara shuddhi of (3e6 vega)
and for Sroto and purisha shodhana (cleansing). On starting days
(1e3 days) only purisha shuddhi and later (>4 days) samyak virechan
laxanas were observed. Shodhan of purisha, pitta and kapha was
noticed and vata antiki was seen. After virechan, assessment was
done on the basis of symptoms like hridaya shuddhi (feeling of
clearness in chest), clarity in mind, senses and intellect, laghutva
(body lightness), increase in thirst and appetite. Pattern of incre-
ment was decided by number of vega produced due to virechana.
Dose producing 3e6 vega (purgation) with no signs of vata vruddhi,
debility, dehydrative symptoms was retained for the next day.
During the course, virechan dose was increased whenever there
was decrease in virechan vega less than 3. Virechan dosage was
decreased if patients develops more than 6 vega, weakness, vata
vruddhi. As the virechan days increased, virechan effect was
decreased and to retain shodhan effect dose escalations were done.
Data showed, 8 patients had abdominal pain after continuous
haritaki churna intervention for 3-4 days, hence one day rest was
advised and again virechanwas initiated by assessing the roga bala
etc. factors. Average number of nitya virechanwas 10.47 in patients
with 15 days of hospital stay. Oral medications were administered
post lunch and dinner (Table 4).

In Ascites diet plays an important role and diet restrictions were
advised. Fluid restriction was up to 1.5 L per day. It included 500 ml
milkperday, boiled ricewaterad linitum,greengramsoupmeasures
100 ml twice a day and medicinal decoctions and juices which was
approximately 20e100ml twice a day. Complete salt restricted diet
was administered. Post Nitya virechana (purgation) diet was Peya
(boiled ricewater) duringday timeandatnightKhichadi (Dishof rice
and legumes) was prescribed in all patients. In 23.63% of patients
white part of onewhole egg twice a daywas prescribed as per serum
albumin results. Slow walking was advised not producing exertion
or vata vruddhi. Patients were advised to maintain psychologically
relaxed state by do deep breathing exercise, music etc.

Conventional medication (diuretics- Spironolactone and furo-
semide) was continued in the initial days. Tapering and discon-
tinuation was advised based on reduction of pedal edema,
abdominal girth and increased urine out put. Tapering was
observed in 96.3% of patients and it was discontinued in 80% of
patients.

2.5. Statistical methods

Statistical analysis was carried using IBM SPSS version 25 (IBM
Corporation, Chicago, Illinois, United States). Descriptive data is
expressed in mean, standard deviation and percentages. Pre and
post assessment was done with paired sample t test. Values are
reported as mean ± standard deviation. All tests were considered
statistically significant at p < 0.05.

3. Results

Total records extracted during the period of 7 years 10 months
were 255. Two hundred records had incomplete documentation,
lack of/vague/incomplete documentation of laboratory and sono-
logical reports at the time of admission and discharge, lack of
abdominal girth measurements, inadequate documentation of
intervention, inadequate documentation of observations on day to



Table 1
Profile of patients and interventions.

S.No Clinical Profile Number and percentage (%)

1 Age (yrs) 47.03 ± 10.47
2 Sex

Male 52 (94.54%)
Female 3 (5.4%)

3 Alcohol History in Years 7.76 ± 5.72
4 Duration of illness (In Months) 3.57 ± 4.52
5 Weight (Kgs) 63.99 ± 10.78
6 Virechana drug-

Haritaki 46
Trivrita Leha 6
Goarka 1
Milk 2

7 Virechan First dose
Haritaki churna (In gms) 14.23 ± 5.26
Trivrut lehya (In gms) 15.83 ± 2.04
Milk (In ml) 1500 ± 0
Goarka (In ml) 50 ± 0

8 Virechan Mean dose
Haritaki churna (In gms) 16.75 ± 4.73
Trivrut lehya (In gms) 19.69 ± 2.83
Milk (In ml) 1500
Goarka (In ml) 37.69 ± 9.49

9 Anupana first dose (In ml)
Milk 58.33 ± 19.46
Goarka 30.71 ± 12.22
Hot water 48 ± 7.74

10 Anupana mean dose (in mL)
Milk 55.83 ± 22.34
Goarka 34.19 ± 1075
Hot water 49.85 ± 10.92

11 Mean number of Virechana in patients 10.47 ± 3.23
12 Mean number of virechana vega in patients 4.94 ± 1.32
13 Mean Duration of patient stay (days) 13.21 þ 2.99
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day basis etc. 55 patient's data met the inclusion criteria. Virechana
was the first preferred panchakarma procedure in patients fit for
shodhan procedures. Treatments were planned according to roga,
rogi bala (strength of disease and patient) and special precautions
were taken to prevent increase of vata and decrease of patient's
strength. Hence patients did not suffer from any dehydration
symptoms andhadnodisturbance to their daily functioning.Most of
the patients had laboratory and sonological data at baseline but data
at the end of treatmentwere limited. This could be due to satisfactry
clinical improvements, leading to treatment discontinuation to
avoid financial burden to patients by physicians, reluctance by pa-
tients to repeat the investigations, and even due to poorer economic
conditions of the patients. In many records clinical improvements
could not be substantiated with sonological and blood parameter
changes and remains major lacuna in creating evidences (Fig. 1).

3.1. Patient characteristics

Patients characteristics: mean age (47 years), mean duration of
the illness (3.5 months), male (94.5 %), and females (5.4 %), mean
weight (64 kilograms). Alcohol history was found in all male pa-
tients. Mean abdominal girth at 1 inch above umbilicus was 91.9
cms, at umbilicus was 91.9 cms, and mean abdominal girth below 1
inch of umbilicus was 89.9 cms. Mean measurement from Xiphi
sternum to umbilicus was 22.6 cms and mean umbilicus to pubic
symphysis measurement was 14.8 centimeters. Mean clinical global
impression scale - severity was 5.5. Mean duration of hospital stay
was 13.2 days. Number of case records with 7 days admission were
5, with 9 days stay were 9, 11 days admission was 1 and 15 days
admission were 40.

All patients were sonologically diagnosed with ascites due to
liver cirrhosis. Ascites fluid was mild to moderate. Alcoholic liver
3

disease (ALD) was in 94% and Non ALD was in 5.4%. Mean alcohol
history in patients were 8 years. Hospital records did not show
patients with any serious complications such as hepatic encepha-
lopathy, gastro intestinal bleeding, hepato renal syndrome etc. at
the time of admission and even during the course of intervention.
Other baseline characterestics were mean systolic blood pressure
(129 mm of Hg), mean diastolic blood pressure (78 mm of Hg), and
mean pulse rate (76 beats per minute) were in normative limits.

In blood variables at baseline (n ¼ 55) mean hemoglobin was
9.77 gm %. Mean erythrocyte sedimentation rate (ESR) was
59.41 mm in 1st hour, mean total bilirubin was 5.29 mg/dl, mean
direct bilirubin 2.28 mg/dl and mean indirect bilirubin was 3.0 mg/
dl mean AST was 89.76 and mean ALT was 45.61 mg/dl. Mean total
proteinwas 6.19 mg/dl, mean serum albuminwas 2.57 mg/dl, mean
globulin was 3.49 mg/dl and mean A/G ratio was 0.75. Mean alka-
line phosphatase was 139.08 IU/L, mean serum sodium levels were
142.2 mEq/L, mean serum potassium was 3.52 mmol/L. Mean
serum creatinine levels were 1.48 mg/dl while mean blood urea
was 40.43 mg/dl. On evaluation of PT INR at baseline average
prothrombine time was 14.80 s while its control was 13.72 s. Mean
INR levels was 1.25. These baseline parameters are indicators of
hepatic insufficiency (jaundice), portal hypertension (Ascites),
deranged renal functions and are diagnostic of decompensated
liver cirrhosis [12] (Table 1).

3.2. Results-Effect of interventions

3.2.1. Abdominal girth
Gradual reductions in different mean abdominal girths were

observed at different time points. Abdominal girth above 1 inch
of umbilicus is decreased as follows 7th day 2.2 cms, 9th day
2.82 cms, 11th day 5.44 cms and by 15th day it was reduced up to



Fig. 1. Study flow chart.
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6.5 cms from the baseline. Abdominal girth at umbilicus showed
reductions as follows 7th day 2.56 cms, 9th day 3.37 cms, 11th day
4.74 cms and on 15th day it was reduced by 6.06 cms from
baseline. Abdominal girth below 1 inch of umbilicus decrease at
7th day by 2.17 cms, 9th day 3.02 cms, 11th day 3.98 cms and by
15th day it was dropped by 5.46 cms. Abdominal Girth from
Xiphi sternum to umbilicus decreased on 7th day by 2.07 cms,
9th day 2.43 cms, 11th day 3.06 cms and on 15th day it was
4.00 cms. From Umbilicus to Pubic Symphysis decline of
0.99 cms on 7th day, 1.15 cms on 9th day, 1.34 cms on 11th day and
1.69 cms decline is seen on 15th day from baseline (Table 2,
Section A) (Fig. 2, Fig. 3).
3.2.2. Blood pressure and pulse
Interventions produced significant changes in Systolic blood

pressure but not on diastolic blood pressure and pulse. Systolic
blood pressure showed significant change at 7th, 9th and 15th day.
Fig. 2. Effect of intervention
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There was a significant decrease compare to base line but were in
the normative ranges (Table 2, Section A).

3.2.3. Body weight
There was gradual decrease observed in body weight. From

baseline it reduced by 1.7 kg on 7th day, 2.1 kg on 9th day, 2.7 kg on
11th day and by 15th day it was reduced by 4.9 kg (Table 2, Section
A) (Fig. 3).

3.2.4. Blood parameters
Ayurveda intervention produced significant increase in hea-

moglobin levels. Significant reduction in elevated liver function
tests including total bilirubin, indirect bilirubin, AST, ALT, total
protein, albumin, globulin, alkaline phosphatase, prothrombin time
and INR values were observed. Interventions produced normalcy in
few parameters like total protein, globulin and alkaline phospha-
tase. Renal functions including serum creatinine (p ¼ 0.04) and
s on Abdominal Girth.



Table 2
Effect on abdominal measurements, weight& clinical global impression scales by Section A-Ayurveda interventions. Section B- Nitya virechan, Guduchyadi yoga, diet, lifestyle.

S.No Parameters 0th day
(n ¼ 55)

7th day
(n ¼ 55)

9th day
(n ¼ 50)

11th day
(n ¼ 41)

15th day
(n ¼ 40)

0e7
(n ¼ 55)

0e9th day
(n ¼ 50)

0e11th day
(n ¼ 41)

0e15
(n ¼ 40)

7e15
(n ¼ 40)

Section A- Effect of Ayurveda interventions on Abdominal measurements, weight & Clinical global impression scales.

1. Number of virechana 0 4.3 ± 1.3 6.1 ± 2.1 8.5 ± 2.2 10.1 ± 3.1 <0.001 <0.001 <0.001 <0.001 <0.001
2. Systolic Blood Pressure

(mm of Hg)
129.04 ± 10.61 127.66 ± 9.61 126.4 ± 9.55 126.1 ± 11.19 128.84 ± 10.56 0.03 0.01 0.07 0.004 0.09

3. Diastolic Blood Pressure
(mm of Hg)

77.87 ± 6.28 76.83 ± 6.22 76.95 ± 4.98 76.93 ± 5.52 76.52 ± 6.35 0.07 0.30 0.64 0.14 0.16

4. Pulse (Beats/Min) 75.79 ± 6.94 76.35 ± 6.05 75.5 ± 6.13 75.06 ± 5.81 75.42 ± 5.62 0.36 0.63 0.63 0.95 0.18
5. Abdominal Girth- 1 cms

above Umbilicus (in
cms)

93.19 ± 11.00 90.36 ± 10.15 89.23 ± 10.03 87.74 ± 10.30 86.68 ± 9.94 <0.001 <0.001 <0.001 <0.001 <0.001

6. Abdominal Girth- At
Umbilicus (in cms)

92.11 ± 11.05 89.55 ± 9.90 88.73 ± 9.74 87.37 ± 9.66 86.05 ± 9.50 <0.001 <0.001 <0.001 <0.001 0.002

7. Abdominal Girth- 1 cms
below Umbilicus(in
cms)

90.22 ± 10.18 88.05 ± 9.45 87.20 ± 9.38 86.24 ± 9.58 84.76 ± 9.52 <0.001 <0.001 <0.001 <0.001 <0.001

8. Xiphisternum to
Umbilicus

22.90 ± 3.96 20.82 ± 3.55 20.46 ± 3.40 19.83 ± 3.61 18.89 ± 4.06 <0.001 <0.001 <0.001 <0.001 <0.001

9. Umbilicus to Pubic
symphasis

14.90 ± 3.15 13.91 ± 2.39 13.75 ± 2.34 13.56 ± 1.38 13.21 ± 1.51 <0.001 <0.001 <0.001 <0.001 0.002

10. Weight (Kgs) 63.99 ± 10.78 62.26 ± 10.46 61.85 ± 10.25 61.26 ± 10.27 59.03 ± 8.73 <0.001 <0.001 <0.001 <0.001 <0.001
11. CGI-Severity 5.56 ± 1.04 4.00 ± 0.79 3.47 ± 0.69 3.03 ± 0.60 3.00 ± 0.74 <0.001 <0.001 <0.001 <0.001 <0.001
12. CGI-Global

Improvement
e 3.0 ± 0.20 2.70 ± 0.46 2.29 ± 0.52 2.05 ± 0.40 e <0.001a <0.001b e <0.001

13. CGI-Efficacy Index e 5.51 ± 1.79 4.44 ± 1.40 2.9 ± 1.84 2.68 ± 2.02 e 0.01a <0.001b e <0.001

Section B-Effect of Nitya virechan,Guduchyadi yoga, diet, lifestyle on abdominal measurements, weight & Clinical global impression scales.
[n ¼ 30 (0th ,7th day), 28 (9th day), 25(11th day), 22 (15th day),30 (0e7th day),28 (0e9th day), 25 (0e11th day), 22(0e15th day, 7e15th day)].

1. Number of virechana 0 4.3 ± 1.3 6.1 ± 2.1 8.5 ± 2.2 10.1 ± 3.1 <0.001 <0.001 <0.001 <0.001 <0.001
2. Systolic Blood Pressure

(mm of Hg)
131.4 ± 8.91 129.33 ± 7.93 128.42 ± 7.60 129.57 ± 8.78 130.53 ± 8.39 0.03 0.009 0.14 0.02 0.12

3. Diastolic Blood Pressure
(mm of Hg)

78.40 ± 6.2 77.33 ± 6.11 77.64 ± 4.90 77.89 ± 5.79 77.06 ± 6.71 0.15 0.23 0.23 0.03 0.13

4. Pulse (Beats/Min) 75.46 ± 6.12 76.13 ± 4.85 75.53 ± 5.54 74.68 ± 5.17 74.93 ± 5.48 0.46 0.53 0.77 1 0.47
5. Abdominal Girth- 1 cms

above Umbilicus (in
cms)

91.93 ± 10.42 89.98 ± 10.21 90.0 ± 10.24 88.65 ± 9.56 86.46 ± 9.16 <0.001 <0.001 <0.001 <0.001 <0.001

6. Abdominal Girth- At
Umbilicus (in cms)

91.93 ± 10.42 89.98 ± 10.21 90 ± 10.24 88.65 ± 9.56 86.46 ± 9.16 <0.001 <0.001 <0.001 <0.001 0.002

7. Abdominal Girth- 1 cms
below Umbilicus(in
cms)

90.36 ± 9.84 88.71 ± 9.80 88.58 ± 9.88 87.60 ± 9.69 85.1 ± 9.49 <0.001 <0.001 <0.001 <0.001 <0.001

8. Xiphisternum to
Umbilicus

22.11 ± 4.03 20.35 ± 3.52 20.33 ± 3.48 19.78 ± 3.77 18.53 ± 4.06 <0.001 <0.001 <0.001 <0.001 0.001

9. Umbilicus to Pubic
symphasis

14.64 ± 3.47 14.0 ± 2.74 13.88 ± 2.70 13.44 ± 1.50 13.35 ± 1.54 0.001 0.001 0.001 0.002 0.02

10. Weight (Kgs) 66.34 ± 10.69 64.65 ± 10.56 65.0 ± 9.89 63.50 ± 10.97 60.54 ± 7.91 <0.001 <0.001 <0.001 <0.001 <0.001
11. CGI-Severity 5.46 ± 0.93 3.80 ± 0.71 3.39 ± 0.62 3.05 ± 0.52 2.86 ± 0.74 <0.001 <0.001 <0.001 <0.001 <0.001
12. CGI-Global

Improvement
e 3.03 ± 0.18 2.78 ± 0.41 2.42 ± 0.5 2.06 ± 0.45 e <0.006a <0.001b e <0.001

13. CGI-Efficacy Index e 5.29 ± 1.53 4.85 ± 0.76 2.26 ± 1.91 2.60 ± 2.02 e 0.32a <0.001b e <0.001

a Assessment between 7e9th day.
b Assessment between 7 and 11th day.
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blood urea (p ¼ 0.03) levels showed significant decrease as a result
of interventions. However they were still in the pathological range
(Table 3, Section A).
3.2.5. Clinical Global impression scale
At baseline mean CGI severity of illness scale was 5.56 which

was reduced on 7th day by 1.56, 9th day by 2.08, 11th day by 2.53
and by 15th day it decreased by 2.56 compared to baseline. CGI-
Global improvement scale showed that mean improvement was 3
on 7th day, on 9th day it was improved by 0.29, on 11th day 0.70
and on 15th day mean improvement was by 0.94. CGI-Efficacy in-
dex scale showed, mean score was 5.51 on 7th day which improved
by 1.06 on 9th day, 3.34 on 11th day and improvement by 2.82 was
seen on 15th day (Table 2, Section A) (Fig. 4).
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3.2.6. Effect of Nitya virechana, Guduchyadi yoga, diet and life style
on parameters

Intervention (n ¼ 32) showed improvement simlar to cumula-
tive assessments (n ¼ 55). Significant reductions in abdominal
measurements such as at umbilicus, and 1 inch above and below
the umbilicus. Xiphi sternum to umbilicus and umbilicus to pubic
symphysis measurments, body weight, systolic and diastolic blood
pressures, pulse and Clinical global impression scale (CGI) (Severity,
improvement, efficacy index) (Table 2, Section B). Blood variables
(n ¼ 10) assessment indicated that intervention produced signifi-
cant increase in hemoglobin levels, Significant decrease in elevated
liver function tests like total bilirubin, indirect bilirubin, AST, ALT,
total protein, albumin, globulin, Alkaline phosphatase, prothrom-
bin time and INR values were observed. Interventions produced



Fig. 3. Effect of interventions on Abdominal measurements and weigh.

B.R. Tubaki, S.C. Gawas and H. Negi Journal of Ayurveda and Integrative Medicine 13 (2022) 100508
normalcy in few parameters like Globulin and Alkaline phospha-
tase. Renal functions like serum creatinine and blood urea levels
showed trends of decrease but were non significant andwere in the
pathological range. Improvements in most of the parameters were
similar to the cumulative sample (Table 2, Section B and Table 3,
Section B).

4. Discussion

The present study has shown that complex intervention with
Nitya Virechana, oral medicaments, diet, fluid and salt restriction
proved to be efficacious in the management of decompensated
cirrhosis with ascites. It has shown reduction in abdominal girth
measurements, body weight, clinical global impression scales of
severity, improvement and efficacy index. Improvement was also
observed in blood variables, liver function tests, prothrombin time,
INR values and renal function tests.
Table 3
Effect on Haemoglobin, Liver and Renal function tests by Section A- Ayurveda interventi

S.No Parameter (n ¼ 15) Base l

Section A- Effect of Ayurveda interventions on Haemoglobin, Liver and Renal func

1. Hemoglobulin (g/dL) 9.54 ±
2. Bilirubin- Total (mg/dL) 4.78 ±
3. Bilirubin- Direct (mg/dL) 1.59 ±
4. Bilirubin-Indirect (mg/dL) 2.58 ±
5. AST (IU/L) 99.53
6. ALT (IU/L) 45.61
7. Total Protein (g/dL) 6.09 ±
8. Albumin (g/dL) 2.66 ±
9. Globulin (g/dL) 3.41 ±
10. albumin/globulin ratio 0.6 ±
11. Alkaline phosphatase (IU/L) 130.0
12. Prothrombine time (Seconds) 15.10
13. INR (International normalized ratio) 1.25 ±
14. Serum creatinine (mg/dL) 1.48 ±
15. Blood Urea (mg/dL) 37.07

Section B- Effect of Nitya virechan, Guduchyadi yoga, diet, lifestyle on Haemoglob

1. Hemoglobulin (g/dL) 9.62 ±
2. Bilirubin- Total (mg/dL) 4.97 ±
3. Bilirubin- Direct (mg/dL) 1.64 ±
4. Bilirubin-Indirect (mg/dL) 2.63 ±
5. AST (IU/L) 100.3
6. ALT (IU/L) 46.37
7. Total Protein (g/dL) 6.5 ±
8. Albumin (g/dL) 2.7 ±
9. Globulin (g/dL) 3.46 ±
10. albumin/globulin ratio 0.58 ±
11. Alkaline phosphatase (IU/L) 132.7
12. Prothrombine time (Seconds) 14.25
13. INR (International normalized ratio) 1.22 ±
14. Serum creatinine (mg/dL) 1.58 ±
15. Blood Urea (mg/dL) 35.33
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All the patients were sonologically diagnosed case of liver
cirrhosis with mild to moderate ascites. Patients had stage 3,
decompensated cirrhosis [13] and Child-Turcotte-Pugh Score (CTP)
[14] score (calculated through serum bilirubin, serum albumin,
prothrombin time, severity of ascites, and grade of encephalopathy)
was 10 and was in class C. In Class C, 1 year survival is observed in
45% and 2 year survival is observed in 38% cases [17]. Majority (94%)
were due to chronic Alcoholic liver disease. Patients were suffering
from these symptoms since 3.5 months. More number of patients
were between 45 and 50 years of age. All male patients (94.54%)
had chronic alcoholic liver disease. Mean alcohol consumption
history was 7.76 years.

Administration of Nitya Virechan (daily mild purgatives) with
either haritaki churna (fine powder of terminalia chebula retz.),
Trivruta leha (compound formulation of operculina turpethum
Linn), Goarka (distilled product of cow's urine) or milk can lead to
fluid loss. These drugs works as osmotic and stool wetting agents. It
ons. Section B- Nitya virechan, Guduchyadi yoga, diet, lifestyle.

ine 15th day P value

tion tests

2.03 10.16 ± 2.04 <0.001
4.31 3.04 ± 2.3 0.006
0.94 1.43 ± 1.38 0.64
1.89 1.58 ± 1.27 <0.001
± 68.52 61.92 ± 37.67 0.002
± 32.36 35.04 ± 16.47 0.01
1.34 6.51 ± 0.89 0.02
0.59 3.16 ± 0.45 <0.001
0.89 3.53 ± 0.83 0.03

0.14 0.71 ± 0.19 0.06
8 ± 61.65 104.33 ± 35.68 0.008
± 2.81 13.91 ± 2.31 0.01
0.26 1.16 ± 0.18 0.01
0.80 1.33 ± 0.56 0.04
± 17.98 31.54 ± 13.41 0.04

in, Liver and Renal function tests (n ¼ 10)

1.79 10.21 ± 1.77 <0.001
4.62 3.13 ± 2.64 0.012
1.01 1.51 ± 1.47 0.75
2.02 1.58 ± 1.36 <0.001

3 ± 71.50 62.33 ± 39.32 0.003
± 35.46 34.87 ± 17.86 0.03
1.01 6.68 ± 0.85 0.10
0.57 3.21 ± 0.41 <0.001
0.99 3.58 ± 0.92 0.03
0.14 0.68 ± 0.19 0.15

5 ± 70.14 106.62 ± 39.35 0.04
± 2.05 13.25 ± 1.75 0.03
0.26 1.15 ± 0.18 0.04
0.88 1.42 ± 0.58 0.13
± 21.31 31.50 ± 17.61 0.29



Fig. 4. Change in Clinial Global impression scales-Severity, Global improvement, Efficacy index.
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increases water content in gut by changing the fluid dynamics of
mucosal cells. These drugs may change the fluid dynamics leadings
to impairment in water and electrolytes absorption of villous cells
inhibiting Naþ, K þ ATPase [15], resulting into draining of perito-
neal fluid into gut through process of osmosis [16]. Virechan drugs
are ushna (hot), tikshna (piercing quality), sukshma (reach up to
minute part), vyavayi (spreads all over body), vikashi (flowing ca-
pacity) sara (flowing), anu (reaching to cellular level) & vicchina
(scrapping and excising) and dosha sannghatahara (dismentaling
compactness of dosha) in nature (C.S.K.1.5). By this qualities,
Table 4
Oral medications used in the study.

S.No Oral medications

1. Guduchi swarasa (Tinospora cordifolia Miers) 50 ml with
Katuki churna (Pichrorhiza kurroa Royle Benth.) 5 gms.
50 ml twice a day.

2. Decoction of Guduchi, triphala (compound formulation of
Terminalia chebula Retz., Terminalia bellerica Roxb., Emblica
officinalis Gaertn.,), nimba (Azadirachta indica A. Juss.),
haridra, (Curcuma longa L.), vasa (Adhatoda vasica NEES)
kwatha.50 ml twice a day.

3. Tab Amlycure DS. 1 tab twice a day.
4. Kalamegha strong syrup (15 ml twice a day)
5. Punarnava mandoor. 1 tab twice a day.
6. Patolakaturohinyadi kashay (15 ml twice a day)
7. Mutrala kadha (A Preparation of KLE Ayurveda Pharmacy

Belagavi, Karnataka) (50 ml twice a day)
8. Arogyavardhini Rasa. 1 tab twice a day.
9. Decoction of Guduchi (Tinospora cordifolia Miers), Nimba

patra (Azadirachta indica A. Juss.), Bhringaraj (Eclipta alba
Hassk.), Bhumyamalaki (Phyllanthus. niruri Linn.) 50 ml
twice a day.

10. Kalamegha strong and Kumaryasava (15 ml twice a day)
11. Yakrutaplihantaka Rasa. 1 tab twice a day.
12. Kalamega strong along with Patolakaturohinyadi kashay

(15 ml twice a day)
13. Bruhatyadi Kashaya (15 ml twice a day)
14. Decoction of Guduchi (Tinospora cordifolia Miers), Brahmi

(Bacopa Monnieri Linn.), Bhringaraj (Eclipta alba Hassk.),
Bhumyamalaki (Phyllanthus. niruri Linn.). 50 ml twice a day.

15. Punarnavasava (15 ml twice a day)
16. Punarnavashtak kashay (15 ml twice a day)
17. Kokilaksham kashay (15 ml twice a day)
18. Kalamegha strong, Kumaryasava and Rohitakarishta (15 ml

twice a day)
19. Decoction of Guduchi (Tinospora cordifolia Miers),

Punaranva.(Boerhavia diffusa Linn.) Bhringaraj (Eclipta alba
Hassk.), Bhumyamalaki (Phyllanthus. niruri Linn.). 50 ml
twice a day.

20. Katakakhadiradi kashay (15 ml twice a day)
21. Sootshekhar rasa. 1 tab twice a day.
22. Tabalet Redema. 1 tab twice a day.
23. Tapyadi loha. 1 tab twice a day.
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virechan drugs may have moved the peritoneal fluid to the in-
testines and then evacuation through rectal route. Haritaki (Ter-
minalia chebula retz.) contains anthraquinones [17] which is mild
and gentle laxative in nature. Anthraquinones metabolize the
active aglycones which by impairing epithelial cells, deploys its
lenitive action leading to the modification in intestinal absorption,
secretion and motility [18]. Trivruta (operculina turpethum Linn)
contains Resin glycosides [19] which has aperient property of the
purified resin glycoside fraction. It attributes to NF-kB activation in
the colon resulting in increment of COX-2-mediated secretion of
Frequency of use Action

58% Rasayan effect on liver

58% Rasayan effect on liver, rakta pittahara

25.45% Rasayan effect on liver
25.45% Rasayan effect on liver
21.81% Rasayan effect on kidney
20% Rasayan effect on liver, rakta pittahara
20% Rasayan effect on kidney

18.18% Rasayan effect on liver
14.54% Rasayan effect on liver, rakta pittahara

12.72% Rasayan effect on liver
10.9% Rasayan effect on liver
9.09%. Rasayan effect on liver

7.27% Rasayan effect on kidney
3.63% Rasayan effect on liver, rakta pittahara,

nootropic effect

3.63% Rasayan effect on kidney, rakta pittahara
3.63% Rasayan effect on kidney, rakta pittahara
3.63% Rasayan effect on kidney, rakta pittahara
3.63% Rasayan effect on liver, rakta pittahara

1.81% Rasayan effect on liver and kidney, rakta
pittahara

1.18% Rasayan effect on kidney
1% Rasayan effect on liver
1% Rasayan effect on liver, rakta pittahara
1% Rasayan effect on liver
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PGE2 which further decreases AQP3 expression leading to purga-
tive action by absorbing water from intestine to the blood vessel
[20]. Cow's Milk has various qualities including guru (heavy), sara
(spreading and flowing), prithvi, jala mahabhuta dominanance, mild
laxative, rasayana (reguvinative), jeevana (nutritive), balya
(strength promoting). Goarka has purgative action because of its
ushna (hot), tikshna (penetrating), sara (spreading and flowing) and
bhedana (piercing) properties. Frequently used oral formulation
was G. yoga and Guduchyadi kwatha. These formulations were
derived from the clinical experiences of the departmental faculty.
Other oral formulations were also used. These formulations and
their ingredients can potentiate the rasayana effect on liver, kidney
and nootropic, hepatotropic action, rakta pittahara (bleeding and
clotting indices), anti anaemic, correcting hypoproteinaemia and
diuretic effects. These drugs are tikta (bitter) in rasa, laghu (light),
dravashoshaka (dring up fluid content), kapha hara, rasayana
(rejuvenation quality) in nature. Various studies have reported
Punarnava (Boerhavia diffusa Linn.) to be effective in improving the
urine formation, hepatoprotective and anti-inflammatory in both
in vivo and in vitro studies [21,22]. . Nimba (Azadirachta indica A.
Juss.) leaf extract has hepatoprotective [23] effect as it contains
phytochemicals such as Azadirachtin, Nimbidin, Nimbin, Nimbinin.
Guduchi (Tinospora cordifolia Miers.) [24] has anti-inflammatory,
immunomodulatory, hepatoprotective, antioxidant and antidia-
betic effects. Bhringaraj (Eclipta albaHassk.) [25] has shownhepato-
protective effect. Bhumyamalaki (P. niruri Linn) [26] in animal
model has shown to decrease hepatomegaly, visceral fat weight,
serum total cholesterol, low-density lipoprotein, free fatty acids
(FFAs), Alanine aminotransferases, aspartate aminotransferases,
insulin concentration, homeostatic model assessment of insulin
resistance (HOMA-IR), hepatic content of cholesterol, triglyceride,
malondialdehyde, prevented fibrosis, and has anti NAFLD effect.
Fluid and salt restriction is recommended in Ascites as it is a con-
dition of increase of Apa mahabhuta, kleda and mala. Dietary items
such as milk has balya, jeevaniya, rasayana, and is indicated in
kshina (debilitated individuals). Green gram soup and egg white
also have balya and jeevaniya effect. Through these actions
improvement in hemoglobin, total proteins and globulins could
have been produced.

Comprehensive clinical assessment was through clinical global
impression Scale. This intervention shown significant (p < 0.001)
improvements in severity of illness, global improvement and effi-
cacy index. This may happened due to clinical improvement in the
manifestations of liver cirrhosis with ascites, decrease in the
abdominal fluid, effect of drugs like immunomodulatory, anti-
inflammatory, hepatoprotective, anti-anemic, diuretic, rasayana
effects. Improvement in clinical manifestations can help in
improving the quality of life and decrease the risk of complications
like spontaneous bacterial peritonitis (SBP).

Similarly a prospective study [27] with a complex polyherbal
regimen inclusive of purgation with P. kurroa, piper longum Linn
administration, punaranvadi kwath, compound powder, diet and
life style modifications for 24 weeks showed improvement in liver
child-pugh grade scores and clinical manifestations of liver
cirrhosis with ascites. A case report [28] of sonologically diagnosed
ascites with nitya virechan (therapeutic purgation daily) interven-
tion with Abhayadi modaka, cow's urine Sharapunkha Swarasa,
Punarnava Kwatha, Arogya vardhini and restricted diet for 3 months
showed improvement in ascites, decrease in abdominal girth and
clinical improvements. Another case report [29] of liver cirrhosis
with ascites with intervention in the form of nitya virechana (hingu
triguna taila with milk for 10 days), punaranvadi Kashaya, pan-
chakola churna, gomutra haritaki, diet, vardhamana pippali regimen
for 60 days showed decrease in ascites and no recurrence of ascites
after 1 year of observation. The present study shows the evidences
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for use of different virechana, anupana, oral medications and diet in
decompensated cirrhosis.

Study has many merits. Treatment regimen being practiced in
the clinical scenario were analyzed and hence has a strong external
validity. Thorough evaluation of Ayurveda physicians’ thought
process, Ayurvedic assessment of the patient, critically analyzing
the treatment algorhythm, whole system approach, integrating
Ayurveda treatment modalities (virechana, oral medication and
diet). Assessments with abdominal measurements, weight, clinical
global impression scales, liver function tests, renal function tests,
prothrombin time and INR values are the notable components of
the study. Study has several limitations including retrospective
cohort study. Lack of histopathological assessments through liver
biopsy is a lacuna and these would have given better biological
action of interventions. Limited study duration (15 days) is rela-
tively shorter period for this disease condition.

5. Conclusion

Complex Ayurvedic treatment regimen consisting of Nitya vir-
echana, Ayurvedamedicaments, diet, salt and fluid restrictions have
shown beneficial effect in the management of decompensated
stage of liver cirrhosis with ascites. Study gives leads in the Ayur-
vedic patient assessments, treatment principles, treatment algo-
rhythms, customization, medications and diets in liver cirrhosis
with ascites. Proper documentation of all the observations, corre-
lating the clinical changes with the appropriate biological in-
vestigations, maintaining the long term follow up records,
recording the ayurveda interpretations etc needs to be strongly
advocated to the Ayurvedic clinicians.
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Background: Generalized Anxiety Disorder (GAD) is the most common anxiety disorder. GAD has high
comorbidities and it can affect social, professional and personal life. Ayurvedic medicine, Brahmi vati is
explored for the possible role in management of GAD and is compared to Manasmitra vataka.
Aim: To evaluate the efficacy of B. vati on Generalized Anxiety Disorder.
Methods: A randomized double blind controlled trial, with total 56 patients meeting the DSM V criteria
of GAD between 20e60 years of age and either sex participated in the study. Participants were randomly
divided into two groups, Brahmi group received capsule B. vati 500 mg and Manasmitra group received
capsule M. vataka 500 mg thrice a day with water for 45 days. Assessments were conducted through
various clinical parameters such as Hamilton Anxiety Rating Scale (HARS), GAD 7 scale (GAD 7), Beck
Depression Inventory scale (BDI), Epworth sleepiness scale (ESS), Pittsburgh Sleep Quality Index (PSQI),
WHO Quality of Life- BREF (WHOQOL-BREF), Clinical Global Improvement scale (CGI). Blood variables
including Haemoglobin, Erythrocyte Sedimentation Rate (ESR), Liver Function Test (LFT) and serum
creatinine were assessed before and after the study. Assessments during intervention were conducted on
every 15th day.
Results: Study results indicate that both B. vati and M. vataka were comparable and each produced
significant improvement (p < 0.001) in HARS, GAD-7, BDI, ESS, PSQI, WHOQOL-BREF and CGI. Brahmi vati
also produced significant decrease in systolic (p ¼ 0.002) and diastolic (p < 0.001) blood pressure. Both
groups showed good safety profile evaluated through the assessment of serum creatinine levels and LFT.
Conclusion: B. vati and M. vataka were effective, safe and comparable in the management of GAD.
Warrants further studies.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Generalized Anxiety Disorder (GAD) is a one of themost common
and disabling anxiety disorder. Predominant symptoms are excess
worry, restlessness, reduced concentration, irritation, insomnia and
muscle tension [1]. Major presentation of GAD is the excess, constant
worry about day-to-day activities and minor events.

Asian studies on GAD have shown, life time prevalence has
increased from 0.9% (2010) to 1.6% (2016) [2] and 12-month
ary University, Bangalore.
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prevalence is 0.6% [3]. Prevalence of GAD is higher in western
countries like Canada, where life time prevalence is 8.7% and 12
month prevalence is 2.6% [4]. Indian study reported 3e3.5%
prevalence of anxiety disorders in adulthood. Contribution of
Disability adjusted life years (DALYs) due to anxiety disorders
among mental disorders in 2017 was 19% in India [5]. It manifests
with various comorbidities including depression, insomnia, sub-
stance abuse, anxiety disorders, personality disorders and chronic
medical illness such as hypertension and diabetes. Comorbidities
contribute to the poor treatment outcomes [6]. Usually 60% have
comorbidities with Major Depressive Disorder and other anxiety
disorders [7]. Comorbidity diagnosis is associated with more social
and occupational disturbance [8]. GAD is associated with greater
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reliance on public assistance, impaired work productivity,
disturbed social relationships and low ratings of satisfaction in life
[9] and has a gross impact. GAD patients (27%) suffered loss of 4.6
work days because of disability in the previous month and with
comorbid depression, 59% of patients lost 8 work days [10]. As GAD
patients present with physical symptoms leading to substantial
use and burden on health care services. Pathophysiology of GAD is
contributed by various biological factors like genetics, neurobio-
logical and psychological factors. Psychological derangements are
cognitive behaviour, information procession, affect and psycho-
dynamic components. Psychosocial components like develop-
ment, environment also pay a role. Neurobiological factors include
decreased Gamma-aminobutyric acid (GABA) and serotonin levels,
increased concentration of noradrenergics, derangements in neu-
ral circuitry and endocrine system.

Treatment seeking among GAD patients is low i.e. only 40% [11].
Management of GAD is through various pharmacological agents.
They include serotonin reuptake inhibitors (SSRI), serotonin
noradrenaline reuptake inhibitors (SNRI), benzodiazepines, aza-
pirones and pregabalin. A meta analysis [12] reported that the drug
therapy in GAD has low to moderate effect size. SSRI's are consid-
ered as the first line pharmacotherapy in anxiety disorders [13].
Inspite of advances in management of GAD, full or partial remission
in long term (5 yrs or more) is estimated in only 38e41% of the
cases [8]. Few of the limitations of first line conventional medica-
tions are poor efficacy, lack of response in many patients, 2e4
weeks delay in onset of symptom relief, slow response, lack of full
remission and presence of residual symptoms and risk of relapse
[14]. SSRI and SNRI have various adverse effects including nausea,
gastrointestinal problems, sexual dysfunction, headache, sweating,
weight gain and blood pressure changes [15]. Abrupt discontinua-
tion of these can lead to discontinuation or withdrawal symptoms
[16]. All these limitations are encouraging the patients to explore
for possible therapies in complimentary and alternative systems of
medicine. Anxiety (OR, 3.1; 95% CI, 1.6e6.0) is one of the strongest
predictor for the use of alternative system of medicines [17].

Mental health and psychiatric management has been elabo-
rately dealt in Ayurveda. In Ayurveda Chittodwega is considered as
one of the psychiatric disorder [18], caused due to impairment in
Manasika dosha including Rajas and Tamas. Chittodwega is similar to
GAD in terms of manifestations and etiopathology. One of the
widely studied drug among Complimentary and Alternative ther-
apy is Kava (Piper methysticum) and it has shown efficacy in man-
agement of GAD [19]. A meta analysis reported Complimentary and
Alternative therapy (kavaekava and homeopathy) compared to
placebo had negative effect size [12], suggesting it to be inferior to
placebo. Due tomultiple hepatotoxicity reports it was banned in UK
and has limited use. A study [20] has highlighted the role of Man-
asmitra vataka (Ayurveda medication) in GAD with comorbid social
phobia. Ethanolic extract of Aswagandha (Withania somnifera) in
patients with ICD-10 anxiety disorders resulted in better
improvement compared to placebo [21]. Therapeutic massage
therapy had beneficial effect in GAD and was comparable to ther-
motherapy and relaxation room therapy [22]. However Ayurveda
medications in GAD remains to be under explored. Brahmi vati is
one of the commonly used Ayurveda medication by Ayurveda cli-
nicians in management of anxiety disorders. Ayurveda texts advo-
cate Manasamitra vataka to be helpful in various psychological,
psychiatric disorders and epilepsy [23]. Brahmi vati have various
ingredients that have psychotropic, nootrophic effects. Brahmi vati
has utility in various psychiatric disorders and has intellect and
memory promoting effects [24]. Hence study was planned to
evaluate the efficacy of Brahmi vati in GAD.
2

2. Materials and methods

Patients attending the outpatient department of KLEU Shri B M K
Ayurveda Hospital were recruited in the study. CONSORT statement
guidelines [25] have been followed in reporting the trial.

2.1. Patients

Patients (n ¼ 56) diagnosed as Generalized Anxiety Disorder as
per DSM V criteria [26]were recruited from outpatient department
of KLE's Shri B M K Ayueveda Hospital, Belgaum, Karnataka. India.

2.1.1. Inclusion criteria
Patients of either sex between the age of 20e60 years, fulfilling

DSM V diagnostic criteria for GAD were included in the study.

2.1.2. Exclusion criteria
Patients with lakshanas of Unmad (co-morbid psychiatric dis-

orders); on psychotropic drugs fourweeks prior to study; substance
abuse like alcohol etc.; significant depression (BDI >17); other
medical complications like hypertension, diabetes mellitus; preg-
nant and lactating women were excluded from the study.

2.1.3. Screening methods
The 56 patients were recruited in the study. They were exam-

ined thoroughly and the data was recorded systematically. Labo-
ratory investigations including haemoglobin, white blood cells-
total count, differential count, erythrocyte Sedimentation Rate
(ESR), liver function test and serum creatinine were carried out in
the clinical laboratory of KLEU Shri BMK Ayurveda hospital Bel-
gaum, at baseline and 45th day of intervention in each patient.

2.2. Research design

The study was a Randomised double blind, comparative clinical
study. Block randomization allocationwas donewith 28 blocks of 2.
The patients were allocated in control and intervention groups in
1:1 ratio. PI was responsible for sequence generation and sealing.
Allocation concealment was done through sealed opaque enve-
lopes. Computer generated random numbers were utilized for the
study. All investigators were blinded to the allocation. The scholars
involved in randomisation, distribution and administration of study
articles were independent from investigators. All participants, in-
vestigators, outcome assessors were blinded. Unblinding happened
after the data analysis were complete. Adherence was assessed by
counting number of unused capsules on every 15th day by one of
the investigators. Outcome variables were assessed by the in-
vestigators at all the assessment time points. Sample size was
calculated based on a previous study [20]. Primary outcome of this
study was used to calculate sample size. Total Sample was 56, 28 in
each arm with 5% alpha error and 80% power.

2.2.1. Intervention
All the patients were randomly divided into two groups: Brahmi

group and Manasmitra group. Brahmi group (n ¼ 28) received
Brahmi vati capsules 500 mg TID with water after food, while
Manasmitra group (n ¼ 28) received Manasmitra vataka capsules
500 mg TID with water after food. Both the interventions and their
dosage were as per the classical text books of Ayurveda. The in-
gredients of Brahmi vatiwere procured from authentic distributors.
Authentication of all raw material were done at Central Research
Facility (CRF) KLE BMK Ayurveda Mahavidyalaya, Ministry of
AYUSH, Government of India approved Ayurveda, siddha and Unani
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(ASU) drug testing laboratory. Qualitative analysis of each raw
material and finished product as per API (Ayurvedic Pharmacopeia
of India) guidelines were done. Qualitative Analysis of raw drugs
were in terms of ash, extractive values and loss on drying. Quali-
tative analysis of finished product were in terms of ash values and
loss on drying. Capsule filling of Brahmi vati powder was done as
per standard procedures in GMP approved KLE Ayurveda Pharmacy,
Belgaum. Manasmitra vataka in tablet form was procured free of
cost from PAKRUTI Pharmacy, Karwar, India and capsule filling was
done as per the standard procedures in GMP approved KLE Ayur-
veda Pharmacy, Belgaum, Karnataka, India. Duration of intervention
was 45 days with follow-up on every 15th day during treatment.
The nature and design of the study were explained to patients, and
informed consent was obtained. The study was approved by the
Institutional Ethics Committee (Protocol Id BMK/17/PG/KC/4, KLEU
BMK Ayurveda Mahavidyalaya Belagavi, Date of Approval
20.03.2018. CTRI Registration Number CTRI/2018/07/014711). Data
collectionwas from February 2019 toMarch 2020. During the study,
patients were asked to adhere to the treatment protocol and report
any adverse events to the investigators at the earliest. Any mani-
festations either existing or new during the course of intervention
that cause considerable distress were screened for possible adverse
events.

2.3. Criteria for assessment

2.3.1. Primary outcome measure
Hamilton Anxiety Rating Scale (HARS) [27].

2.3.2. Secondary outcome measure
The secondary outcomes measures were GAD 7 scale [28], Beck

Depression Inventory scale (BDI) [29], Epworth sleepiness scale
(ESS) [30], Pittsburgh Sleep Quality Index (PSQI) [31], WHO Quality
of Life- BREF (WHOQOL-BREF) [32], Clinical Global Improvement
scale (CGI) [33], hemoglobin, WBC-total count, differential count,
erythrocyte sedimentation rate (ESR), liver function test and serum
creatinine.

All the clinical assessment scales were evaluated at baseline,
15th, 30th and 45th day. Blood assessments were done at base line
and 45th day of interventions.

2.4. Statistical methods

Statistical analysis was carried out using SPSS Version 25.0 (IBM
Corporation, Chicago, Illinois, United States). Homogeneity of data
across the groups was evaluated by the c2 test. Comparison of
groups across different time points was carried out by two way
repeatedmeasure Analysis of Variance (rmANOVA)with Bonferroni
post-hoc test. Comparison of within groups at two time points was
analyzed by paired T test. Comparison of groups at a time point was
through independent sample t test. Effect size was calculated by
Partial Eta Squaremethod, effect of treatment through the outcome
from baseline to 45th day of treatment were used for assessment.
The criteria used for interpreting effect size measures were as fol-
lows: 0e0.2 minimal, 0.2e0.5 as small, 0.5e0.8 as medium, and
above 0.8 as large effect size [34]. Values are reported as
mean ± standard deviation. All tests were considered statistically
significant at p < 0.05.

3. Results

A total of 56 patients participated in the study. No patients in
either group reported any adverse effects. Two patients from
Manasmitra group dropped out of the study due to intermittent
illness (Fig. 1).
3

The mean age (p ¼ 0.504), gender (0.05), socio-economic status
(0.92), education (0.89), weight (p ¼ 0.948), BMI (p¼ 0.83), systolic
and diastolic blood pressure at base line, duration of illness
(p ¼ 0.866) of the patients were comparable in both the groups
(Table 1, Table 2) (Fig. 1). Blood parameters including haemoglobin,
WBC total count, differential count, ESR, liver function test and
serum Creatinine were comparable between the groups at baseline
(see Table 3).

3.1. Primary outcome

The study data indicate that improvement in both the groups
was comparable in total score of Hamilton Anxiety Rating Scale.
Each group showed significant improvement on HARS at all the
three time points. Both interventions produced significant reduc-
tion (p < 0.001) in total score of Hamilton Anxiety Rating Scale at
baseline to 15th day, 30th day and 45th day of intervention. HARS
showed significant reduction (p < 0.001) at 15th�30th, 15th�45th
and 30th e 45th day of intervention (Table 2).

3.2. Secondary outcomes

Both the interventions were comparable in all secondary
outcome variables except in BDI and CGI-Efficacy Index. Post hoc
assessment between groups showed insignificant changes in BDI
and CGI-Efficacy Index. However, within group comparison showed
significant improvement in both the groups in all the clinical
assessment parameters. Interventions produced significant linear
reduction in GAD-7, BDI, ESS, PSQI, WHO Quality of Life- BREF, CGI-
severity, CGI-Global Improvement, CGI-Efficacy index at all three
time points in both groups (p < 0.001) (Table 2). Significant
reduction was observed in systolic blood pressure (SBP) in both
Brahmi (p ¼ 0.001) and Manasamitra groups (p ¼ 0.03), diastolic
blood pressure (DBP) reduction was observed only in Brahmi group
(p < 0.001). Effect size assessment indicated medium effect in
diastolic blood pressure, CGI- Severity favoring Bramhi vati and
Manasamitra vataka groups respectively. Small effect size (0.2) in
systolic blood pressure and WHOQOL-BREF were observed. Mini-
mal effect was seen in BMI, HARS, GAD7, BDI, PSQI, ESS, CGI-GI and
CGI-EI. Statistically significant changes were not obsrved in blood
assessment parameters in comparison.Manasamitra group showed
no changes in any of the blood parameters including hemoglobin,
ESR, total bilirubin, direct bilirubin, Alanine Aminotransferase
(ALT), Aspartate Aminotransferase (AST), Albumin, total protein,
Albumin globulin ratio, Alkaline phosphatase and Creatinine.
Whereas Brahmi group showed improvements in albumin and
albumin-globulin ratio only (Table 3).

4. Discussion

The study showed that efficacy of Brahmi vati and Manasmitra
vataka were comparable in the management of GAD. Both drugs
decreased anxiety, worry and depression. Improvement was
observed in night sleep, day time drowsiness, quality of life, disease
severity and global improvement and efficacy. Both the drugs
showed no adverse drug reactions/events and had good safety
margins as the liver function tests and serum creatinine were
within the normative limits both before and after the intervention.

Majority of patients in the study were of middle age (37.7 yrs),
female (62%), middle socioeconomic class, non vegetarian diet,
graduate level education, married, vata pittaja and Rajasika prakurti,
mean duration of illness was 3.6 yrs, all had severe anxiety
(HARS>24). All were diagnosed for the first time and were not
medicated for GAD. Haemoglobin, ESR, liver function tests and



Fig. 1. Subject flow chart through the study.
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serum creatinine were within normative range both before and
after intervention.

Effect of Brahmi vati and Manasamitra vataka in primary, sec-
ondary and other outcome variables were comparable. Effect of
Brahmi vati and Manasamitra vataka on HARS, primary outcome
variable were comparable. Both interventions produced significant
Table 1
Patient profile at baseline.

Clinical profile Brahmi Grou

Age (Yrs, mean ± SD) 38.7 ± 11.0
Gender Male 14

Female 14
Socioeconomic Status Higher class 4

Middle class 20
Lower class 4

Diet Veg 8
Non veg 19

Education status Primary 5
High school 8
Graduate 15

Marrital Status Married 17
Unmarried 4
Divorce 4
Widow 3

Shareerika Prakurti VataPitta 11
Vata Kapha 11
Pitta vata 1
Pitta Kapha 5

Manasika Prakurti Rajasika 17
Tamasika 11

Duration of illness (Yrs, mean ± SD) 3.4 ± 2.4
Study completed 28

4

and similar decrease of HARS in within group comparison. Similar
was the effect on secondary outcome variables like GAD7, BDI, ESS,
PSQI, WHOQOL-BREF, CGI-S, CGI-GI, CGI-EI. Both interventions pro-
duced significant and similar improvements in worry, depression,
daytime sleepiness, sleep profile, quality of life, disease severity,
global improvement and efficacy index. In other outcome variables
p (n ¼ 28) Manasamitra Group (n ¼ 28) p

36.6 ± 11.9 0.50
7 0.05
21
4 0.92
21
3
8 1
19
5 0.83
10
13
18 0.26
7
3
0
13 0.75
10
0
5
19 0.57
9
3.3 ± 2.8 0.86
26



Table 2
Effects on outcome variables - Subjective parameters, Blood pressureand and BMI.

Sl.No Parameters Intervention Baseline 15th day 30th day 45th day P value

Primary Outcomes
1. HARS Brahmi 40.2 ± 5.8 35.1 ± 7.1 28.5 ± 9.4 24 ± 9.8 0.13

Manasamitra 42.6 ± 6.1 37.9 ± 6.8 30.4 ± 9.1 26.1 ± 9.8
Secondary Outcomes
2. GAD7 Brahmi 18.5 ± 1.7 16.0 ± 2.2 12.4 ± 3.2 9.4 ± 3.2 0.77

Manasamitra 18.9 ± 1.5 16.1 ± 2.4 12.4 ± 2.7 9.9 ± 3.4
3. BDI Brahmi 14.1 ± 2.2 12.9 ± 2.7 8.8 ± 2.9 5.8 ± 2.9 0.03

Manasamitra 13.4 ± 2.6 11.7 ± 2.9 7.6 ± 2.7 4.2 ± 2.8
4. ESS Brahmi 14.4 ± 4.2 12.7 ± 3.9 8.2 ± 4.1 6.9 ± 4.1 0.78

Manasamitra 14.8 ± 5.1 12.8 ± 4.7 8.1 ± 4.6 6.1 ± 4.1
5. PSQI Brahmi 15.1 ± 2.4 12.6 ± 3.0 8.8 ± 3.2 6.4 ± 2.9 0.41

Manasamitra 14.4 ± 3.8 11.6 ± 3.7 8.6 ± 3.5 6.3 ± 3.3
6. WHOQOL-BREF Brahmi 77.2 ± 7.3 80.3 ± 8.0 86 ± 7.9 87.5 ± 9.2 0.33

Manasamitra 78.1 ± 8.3 82.2 ± 8.0 87.9 ± 8.7 90.5 ± 8.8
7. CGI-S Brahmi 4.8 ± 0.6 4.2 ± 0.6 3.6 ± 0.7 3.2 ± 0.6 0.16

Manasamitra 4.8 ± 0.6 4.0 ± 0.6 3.3 ± 0.5 2.8 ± 0.5
8. CGI-GI Brahmi e 3.6 ± 0.4 2.9 ± 0.4 2.6 ± 0.5 0.10

Manasamitra e 3.3 ± 0.5 2.7 ± 0.6 2.3 ± 0.6
9. CGI-EI Brahmi e 10.3 ± 2.1 7 ± 1.9 5.7 ± 2.1 0.02

Manasamitra e 8.9 ± 2.1 5.7 ± 1.9 4.5 ± 2.3
Other variables
10. SBP (mm of Hg) Brahmi 126.1 ± 10.2 124.6 ± 8.1 121.1 ± 7.8 118.8 ± 7.2 0.55

Manasamitra 123.7 ± 10.4 122.3 ± 6.7 121.0 ± 7.2 118.4 ± 7.2
11. DBP(mm of Hg) Brahmi 82.1 ± 8.7 80.1 ± 7.1 76.9 ± 6.5 74.2 ± 6.9 0.20

Manasamitra 76.7 ± 9.6 76.8 ± 7.3 76 ± 6.6 73.9 ± 6.4
12. BMI Brahmi 25.1 ± 5.9 25.1 ± 5.8 25.1 ± 5.7 25.1 ± 5.7 0.58

Manasamitra 24.3 ± 4.0 24.3 ± 4.0 24.3 ± 3.9 24.3 ± 3.9

Expressed in mean and standard deviation.
p values respect to baseline are presented.
SBP- Systolic Blood Pressure, DBP- Diastolic Blood Pressure.
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like DBP, showed improvement only with Brahmi vati intervention.
DBP reduced from prehypertensive stage to normal range. SBP in
both groups reduced from prehypertensive stage to normal range.
Liver function tests including albumin and albumin globulin ratio
showed improvements with Brahmi vati interventions, however pre
and post values were within the normative ranges. Though effect of
interventions on Clinical global impression- Severity score was
comparable, however effect size was moderate and favored
Table 3
Effects on safety variables.

Sl. No Outcome variable Intervention

1 Hemoglobin (g/dl) Brahmi
Manasamitra

2 ESR (mm in 60 mints) Brahmi
Manasamitra

3 Total Bilirubin (mg/dL) Brahmi
Manasamitra

4 Direct Bilirubin (mg/dL) Brahmi
Manasamitra

5 AST (IU/mL) Brahmi
Manasamitra

6 ALT (IU/mL) Brahmi
Manasamitra

7 Albumin (mg/dL) Brahmi
Manasamitra

8 A/G ratio Brahmi
Manasamitra

9 Total Protein (mg/dL) Brahmi
Manasamitra

10 Alkaline Phosphatase (IU/mL) Brahmi
Manasamitra

11 Serum Creatinine (mg/dL) Brahmi
Manasamitra

Expressed in mean and standard deviation.
p values respect to baseline are presented.
ESR- Erythrocyte sedimentation rate, AST-Aspartate aminotransferase, ALT-Alanine tran
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improvement with Manasamitra vataka intervention. Anxiety levels
(HARS) were significantly reduced but levels maintained in severe
stage even at the end of 45 days interventions in both groups. But
with GAD7, severity decreased form severe stage to moderate stage.
Depression (BDI) levels decreased in both the groups from mild to
normative ranges. Day time sleepiness reduced form moderate
category to near normal day time sleepiness. Night sleep also
reduced from poor quality to near normative range. Clinical global
Baseline 45th day P

13.2 ± 1.9 13.4 ± 1.7 0.59
12.7 ± 1.9 11.7 ± 3.8
18.1 ± 9.5 15.5 ± 7.9 0.21
17.5 ± 7.5 17.3 ± 7.1
0.4 ± 0.1 0.4 ± 0.0 0.82
0.4 ± 0.1 0.4 ± 0.1
0.1 ± 0 0.1 ± 0 0.28
0.1 ± 0 0.1 ± 0.1
24.8 ± 4.7 22.8 ± 4.7 0.16
22.5 ± 5.7 23 ± 4.1
23.1 ± 5.6 21.5 ± 5.0 0.10
20.5 ± 4.1 21.7 ± 4.2
3.5 ± 0.2 3.7 ± 0.2 0.59
3.6 ± 0.3 3.5 ± 1.1
1.0 ± 0.1 1.1 ± 0.1 0.52
1.1 ± 0.1 1.1 ± 0.3
6.7 ± 0.2 6.8 ± 0.2 0.48
6.8 ± 0.2 6.8 ± 0.2
147.8 ± 27.4 140.0 ± 25.1 0.33
140.5 ± 22.9 139.7 ± 19.4
0.9 ± 0.1 0.9 ± 0.1 0.35
0.9 ± 0.1 0.9 ± 0.1

saminase, A/G-Albumin globulin ratio.
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impressions, severity reduced from moderate to mild category. CGI-
Global improvement showed much improvement. Efficacy index
improved to moderate category in Brahmi vati and marked category
in Manasamitra vatka groups. Quality of life improved with both the
interventions. Long term follow up and outcomes need to be eval-
uated as GAD chronicity is associated with Axis I and Axis II co-
morbidity. Family relationships, personality disorders and other axis
I disorders predict the clinical course of GAD [35].

In the current study Manasamitra vataka was considered as
control based on a previous publication [20] which reported it's
efficacy in patients of GADwith comorbid social phobia. Along with
it's wide clinical usage by Ayurveda practitioners in the manage-
ment of anxiety. However there is scarcity of evidences in man-
agement of GAD through the Ayurveda medicine. Brahmi vati had
showed leads of anxiolytic action in patients of essential hyper-
tension in our previous study [36] and hence was taken up for the
study. Brahmi vati has eight ingredients like Brahmi, Shankhapushpi,
Vacha, KrishnaMaricha, Gojivha, Swarnamakshika, Rasa sindoora and
Jatamamsi (Supplementary data, Table 4). Manasamitra vataka has
73 ingredients, namely Bala, Nagabala, Bilva, Prisniparni, Shank-
hapushpi, Vacha, Sweta Chandana, Rakta Chandana, Twak, Pippali,
karpura, Rasna, Gojiwha, Padmakeshara, Jivaka, Rushabhaka, haritaki,
Bibhitaki, Amalaki, Guduchi, Sariva, Aswagandha, Haridra, Yasthi-
madhu, Pravala, Mauktika pishti, Loha bhasma etc. (Supplementary
data, Table 5). Brief description of the preparation methods of both
the interventions is elaborated along with their respective Tables 4
and 5 Effects of Brahmi vati were similar to previously reported
findings [36] in which Brahmi vati on essential hypertension
showed reduction in systolic and diastolic blood pressure, anxiety,
sleep onset latency, intermittent awakenings in sleep and improved
sleep duration. Action of Brahmi vati could be through it's various
ingredients. Brahmi has antioxidant and stress relieving action, it
reduces lipid peroxidation in prefrontal cortex, hippocampus and
striatum in rats, aids in recovery of the derangements in neuro-
transmission and neuronal function and has antidepressant activity
[37]. Shankhpushpi (Convolvulus pluricaulis Choisy) exhibits anti-
depressant, antistress, neuro regenerative, antiamnesic, antioxi-
dant and immunomodulatory activity [38]. Jatamamsi
(Nardostachys jatamansi) has anxiolytic property and increases
brain monoamine and GABA neurotransmitter levels [39]. Jata-
mamsi increased the duration of sleep and improved the initiation
of sleep [40] in patients of primary insomnia. Jatamansi shows
antidepressant effect by inhibiting MAO-A and MAO-B and inter-
action through GABAergic receptors [41]. Vacha (Acorus calamus
Linn.) produced antidepressant activity through action on adren-
ergic, dopaminergic, serotonergic, and GABAergic system [42].
Manasmitra vataka prevents aluminium-induced neurotoxicity in
peripheral and central nervous system of rats [43]. Previous study
has shown that Manasamitra vataka improved anxiety, depression,
sleep, quality of life and global improvement in patients of GAD
with comorbid social phobia [20]. M. vataka contains various in-
gredients which have shown effect on anxiety because of its anti-
oxidant, anxiolytic, antistress and adaptogenic properties. A
systematic review of human trials on Aswagandha (W. somnifera)
showed to decrease anxiety and stress [44]. Amalaki (Emblica
officinalis Garten), one of the ingredient in rasayana ghana vati
showed anxiolytic and antidepressant activity [45].

The research design being randomized controlled, double blind
with duration of intervention of 45 days are some of the strengths of
the study. Comprehensive assessment of anxiety, depression, sleep,
disease severity, global improvements and quality of life are the
notable components of the study. Use of drugs such as selective
serotonin reuptake inhibitors as control would have brought more
strength to the study and is a limitation. Study needs to be conducted
with a largeer sample andmulticentric designs. Interventions carried
6

for a longer period would have been beneficial. Biological assess-
ments with serum cortisol, electrophysiological assessments like
autonomic function tests might have given better insights into drug
action.

5. Conclusion

The present study showed that both drugs, Brahmi vati and
Manasamitra vatakawere comparable inmanagement of GAD. Both
drugs appeared to be safe as assessed through serum creatinine
levels, liver function test and absence of any adverse drug reactions.
Brahmi vati has anxiolytic, antidepressant, sleep promoting effect
and improves quality of life and decreases blood pressure of pre-
hypertensive stages and disease severity. Further studies on Brahmi
vati are needed to get better understanding of the drug. B. vati can
be incorporated into comprehensive treatment strategy of GAD.
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Background: Wound healing plays a major concern in the field of surgery as it requires uneventful
healing. Management aims towards prevention of infection and to accelerate healing. Acharya Sushruta
has given more emphasis on Vrana (wound) and its chikitsa (treatment). Many antiseptic agents which
prevent infection are widely used but have no role in accelerating the healing process and are cytotoxic,
deleterious to wound healing. In this regard an innovative polyherbomineral formulation Pentabark
Kashaya (PK)was formulated to assess acute dermal toxicity and woundhealing activity.
Objective: To explore the wound healing efficacy of novel Ayurveda Formulation i.e Pentabark Kashaya in
Wistar rats using the excision wound model.
Materials and method: Acute dermal toxicity study was carried out on five female Wistar rats by
following the OECD guideline 434 and signs of toxicity were assessed for the period of 14 days. Wound
healing activitywas assessed on the excision wound model. 18 male Wistar rats were procured for the
study and divided into three groups (n ¼ 6 in each group). The test group was treated with application of
PK, standard group with Povidone iodine solution 5% and control group with distilled water. The pa-
rameters assessed were epithelialization period, wound contraction rate, wound closure day and swab
test for microbial load for the period of 21 days. Statistical analysis was done by using one way ANOVA
and Tukeys HSD to assess changes in between three groups at each time point.
Results: No signs of acute dermal toxicity were seen, which proved that PK is safe for application. Sig-
nificant results were seen in the parameters of wound healing like period of epithelialization and wound
closure day. Percentage of wound contraction rate was increased in test group when compared to other
groups. Histopathology of skin showed marked changes in re-epithelialization, dermal fibroblast, dermal
fibrocytes in test group when compared to control group.
Conclusion: PK is safe for application and it is effective in wound healing.
Clinical Trial Registration No.: Not applicable.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Wounds are a significant cause of morbidity worldwide and
studies proved that, for every million patients around 10,000
would die due to microbial infections [1]. A “wound” is defined as
the disruption of normal anatomic structures and function [2].
ary University, Bangalore.
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Studies estimated that 5million patients get affected every year
due to traumatic wounds [3]. Acharya sushruta has given utmost
importance to Vrana (wound) and defines vrana(wound) as one
which does the disruption of shareeradhatu (body tissues), leaves
the vranavastu (scar) after ropana (healing) and remains till the
end of life. He has described the classification of vrana, sadya-
asadyata (prognosis) and its management in detail, which em-
phasizes the importance of wound care [4]. The major aim of the
wound management is prevention of the infection and acceler-
ating the healing process, which is achieved by use of topical
antimicrobial dressing such as povidone iodine, soframycin and
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silver containing products. Numerous antiseptic agents support to
prevent contamination, infection of the wound but have no role in
accelerating the natural healing process [5,6]. There is a necessity
to develop such a preparation possessing Antibacterial, Anti-
inflammatory and wound healing properties. In this regard an
innovative polyherbomineral formulation i.e. Pentabark Kashaya
was formulated by combining the drugs like Panchavalkala
kashaya, Shodhita Kasisa, Tuttha, and Sphatika, so that an effective
wound cleansing and healing agent can be brought into practice.
Panchavalkala Kashaya is having the Vrana Shodhana and Ropana
properties and being frequently used in every specialty of Ayur-
veda [7]. Recent researches proved that Panchavalkala Kashaya is
effective in conditions like vaginitis, leucorrhoea, endometriosis,
infected wounds and also possess anti-inflammatory, analgesic,
antimicrobial and, anticancer activity [8]. The lacuna of using
Kashayais that it should be readily prepared and used immediately
or else it loses its property (both in terms of efficacy and stability)
[9]. It is a need of hour to enhance its efficacy, increase stability
and make readily available compound for the usage so we have
added Shodhita Kasisa, Tuttha, and Sphatika to the Panchavalkala
Kashaya as these drugs possess property of Krimighna, Vrana-
shodhana and Vrnaropana [10,11].

Published research works in relaton to Panchavalkala usage is
available in the form of kashaya, powder and ointment in the
management of wounds, but studies with additions of other herbal
or mineral drugs to panchavalkala are not available [7]. Hence the
present study was planned to prepare a novel formulation by
combining panchavalkala kashaya with other mineral drugs fol-
lowed with dermal toxicity and wound healing efficacy in excision
wound model was undertaken.
2. Materials and methods

The present study was conducted in the Animal house of Shri
B.M.K Ayurveda Mahavidhyalaya, KAHER, Shahapur, Belagavi. This
study was approved by the Animal Ethics Committee of the insti-
tution (IAEC letter number BMK/IAEC/Res No 06/2014 dated on 21st
April 2014).
2.1. Source of raw drugs

Vata (Ficusbengalensis Linn), Udumbara (Ficus racemosa Linn),
Ashwatha (Ficus religiosa Linn), Parish (Thesposia populnea Soland.),
Plaksha (Ficus infectoria Roxb), Kasisa (Ferrous Sulphate (FeS-
O47H2O)), Tuttha (Copper Sulphate (CuSO47H2O)), and Spatika
(Potash Alum (K2SO4Al2SO4)324H2O) were procured from the GMP
certified KLE Ayurved Pharmacy, Belagavi. Authentication and
quality control analysis of all raw drugs were done at AYUSH
approved Drug testing laboratory, KAHER's B.M.K Ayurveda
Mahavidyalaya, Belagavi.
2.2. Preparation of formulation

Ingredients required (Table 1) were taken in quantity as listed in
the table. Panchavalkala (Stem barks of 5 plant) Kashaya (Decoction)
100 ml was prepared as per standard operative procedure [12].
Prepared Kashayawas taken in a steel vessel and it was mixed with
Shodhita Kasisa, Shodhita Tuttha and Shodhita Sphatika as per the
mentioned quantity. Preservatives, Sodium benzoate and Methyl
paraben were added individually and stirred well till they were
completely dissolved and was filtered and stored in a 100ml plastic
bottle.
2

2.3. Animals

Experimental animals were procured from Animal House of
KAHER's Shri J.N. Medical College, Belagavi. Animals were accli-
matized to the laboratory conditions for seven days prior to the
start of the study. They were housed in colony cages at an ambient
temperature of 22±3 �C and relative humidity of 30%. Artificial
lighting was arranged with the sequence of 12 hour light and dark,
hygienic conditionwas maintained by replacing the floor bed every
day. Animals were provided with free excess of standard pellet diet
(Amrut feeds, VRK scientists choice Laboratory animals feed, Sai-
durga feeds and foods, Bangalore) and fresh water ad libitum.

2.4. Acute dermal toxicity study [13]

Five female Wistar rats of 150e200 g were selected for the
study. 10% of the total body surface areawas shaved from the dorsal
area of the trunk, 24 hours before the application of the test drug.
The study includes two steps,i.e Sighting and Limit test study to
assess the dermal toxicity.

a. Sighting study: Test drug 2000 mg/kg body weight was applied
to exposed skin of one rat through dropper and it was main-
tained in contact with the skinwith a porous gauze dressing and
non-irritating tape throughout 24 hour exposure period. After
24 hours, the skinwas washed with lukewarmwater and wiped
with gauze. Rat was observed for every hour up to 24 hours for
any signs of toxicity.

b. Limit test study:The test substance 2000 mg/kg body weight
was applied to exposed skin of next four female rats, after
24 hours the skin was washed with lukewarmwater and wiped
with gauze. Observations were done for every 24 hours up to 14
days for any signs of toxicity.
2.5. Excised Wound Healing Activity [14]

Healthy Male Wistar rats weighing between 150 and 200gm
were divided into three groups containing six rats in each group.
Group 1was control group, Group 2was the test group appliedwith
PK and Group 3 was Standard group applied with 5% Povidone
iodine solution.

Creating excision wound: The excised wounds were created in
the animals as per reference of Morton and Malone Excision wound
model. The dorsal fur of the rats was shavedwith an electric clipper.
Under light ether anesthesia, an impression of 2.5 cmwas made on
the dorsal inter scapular region using a circular seal.Full thickness
skin of 2 mm depth and circular area 2.5cm x 2.5 cm was excised
along the impression. The wound was traced on the polythene
sheet and the animals were housed in individual cages.

Assessment of quantity of Kashaya required for application:
Gauze piece weighed about 400 mgwas taken, and with the help of
dropper Kashaya was dropped on the gauze piece. 6 drops were
sufficient for complete soakage of gauze.

Wound Swab collection e Aseptic precautions were followed
by wearing the sterile gloves and samples of wound swab from the
three groups were collected by identifying a small area(1 cm) of
clean viable tissue and the swab was rotated for 5 s while applying
enough pressure. Swab was carefully inserted into a sterile
container and samples were immediately sent for microbial study
[15,16].

Method of Application: The Kashaya was externally applied
over raw surfaces of wound once daily after cleaning the previous
application with the help of gauze piece. The study was conducted
for the duration of 21 days. The assessment of wound closure was



Table 1
Showing ingredients of 100 ml Pentabark Kashaya.

Sl.No Name of Drug Latin Name Part used Quantity

1 Vata Ficus bengalensis Linn Bark 10 gm
2 Udumbara Ficus racemosa Linn Bark 10 gm
3 Ashwatha Ficus religiosa Linn Bark 10 gm
4 Parisha Thesposia populnea Soland. Bark 10 gm
5 Plaksha Ficus infectoriaRoxb Bark 10 gm
6 ShodhitaKasisa Ferrous Sulphate (FeSO47H2O) 1 gma

7 ShodhitaTutta Copper Sulphate (CuSO47H2O) 25 mga

8 ShodhitaSpatika Potash Alum (K2SO4Al2SO4)324H2O) 2.75 mga

9 Sodium benzoate 10 mg
10 Methyl paraben 100 mg

a Note - Selection of quantity of Shodhita Tutta (0.012%), Kasisa (0.5e1%) and Spatika (1e10%) was made on the basis of text book inorganic pharmaceutical Chemistry by
Bently and Indian pharmacopoeia.
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done by charting the raw wound surface area on every alternate
day by transparent paper until complete wound healing.

These wound tracings were retraced on a millimeterscale graph
paper, to determine the wound area. Calculation of Wound
contraction (WC) was done as per following formula [17].
i:e: Percentage of Wound Closure¼ Initial wound size� specific day wound size
Initial Wound size

� 100
Epithelialization period was monitored by noting the number of
days required for Escher to fall away, leaving no rawwound behind.
Average Wound Closure Day was assessed by measurement and
pictogram. The raw surface of the wound comes to the level of skin
with scab on the upper surface was considered as wound closure
day.The total microbial load was evaluated by taking woundswabs
on the 1st, 3rd, and 12th day. Excisional biopsy of healed skin was
sent for histopathological study to assess the quality wound
healing.

Statistical analysis eThe obtained results were stated in the
form of mean ± SD. One way ANOVA and Tukeys HSD test were
used to assess changes in between three groups at each time point.
All p-value< 0.05 was considered to be statistically significant.
3. Results

3.1. Acute dermal toxicity study

Sighting Study - No Mortality, no changes in behavior pattern,
normal food and water intake, normal urine and stool frequency
and no signs of toxicity were observed in experimental animals
throughout the study tim period. No abnormal change in the body
weight was observed and there was a normal increase in the body
weight, i.e. 5-7 grams over 14 days duration.

Limit test Study e Four animals observed in limit test study did
not exhibit any signs of toxicity and there was no mortality, rest of
the parameters were normal throughout the study.
3.2. Excised wound healing activity

1. Wound contraction rate - The percentage of wound contraction
rate in the test group was significant on 4th day (36.03%), 8th day
(83.87%), 12th day (91.60%), and 16th day (97.50%) when
compared to the standard group on 4th day (30.20%), 8th day
(73.78%), 12th day (86.70%), 16th day (92.93%) and control group
3

on 4th day (25.03%), 8th day (60.92%), 12th day (80.95%), 16th day
(88.07%) (Table 2, Figs. 1 and 2).

The percentage of wound contraction rate in the test group was
significant from 4th to 8th day (75.17%), 4th to 12th day (87.17%) and
4th to 16th day (96.33%) when compared to the standard group on
4th to 8th day (64.33%), 4th to 12th day (81.00%), 4th to 16th day
(90.33%) and control group on 4th to 8th day (47.90%), 4th to 12th day
(74.67%), 4th to 16th day (84.67%) (Table 2).

2. Epithelialization Time (in days)- Significant results were seen in
test group i.e. p ¼ 0.0006 and Mean ± SD (7.500 ± 1.049) when
compared with control group (12.83 ± 1.329) and standard
group (11.50 ± 1.049) (Table 3).

3. Wound Closure Day (WCD) - Significant results were seen in test
group i.e. (p < 0.0001) and Mean ± SD (5.667 ± 0.8165) when
compared with control (11.17 ± 0.9832) and standard group
(9.000 ± 1.265) (Table 3). Total microbial load of wound: There
was a reduction in total fungal count on 1st day, 3rd day and 12th

day in the test group(14 cfu/ml, 14 cfu/ml, 07 cfu/ml) and
standard group (16 cfu/ml, 12 cfu/ml, 05 cfu/ml) when
compared to control group (13 cfu/ml, 24 cfu/ml, 27 cfu/ml).
Reduction in the total bacterial count was seen on 1st day, 3rd

day and 12th day in the test group (66 cfu/ml, 12 cfu/ml, 11 cfu/
ml) and standard group (58 cfu/ml, 10 cfu/ml, 0 cfu/ml) when
compared to control group (64 cfu/ml, 34 cfu/ml, 30 cfu/ml)
(Table 4).

4. Histopathology of healed skin: The healed skin of animals in all
the three groups was excised (1 � 1cm) and specimens were
collected in formalin solution. Staining of specimens were done
with hematoxylin and eosin reagents. 40� magnified images
were obtained through microscope and readings were analyzed
with the help of Microbiologist. Marked increase in the re-
epithelialization, dermal fibroblast, dermal fibrocytes were
seen in test group when compared to control group (Table 4).

4. Discussion

Wound healing is a natural process, which mainly depends on
tissue regeneration [18]. Wound management always aims to
enhance the wound healing process and reduce the risk factor like



Table 2
Showing Comparison of three groups (Control, Standard and Test)with respect to mean area of wound (cm) and percentage of wound contraction at different time points.

Groups (n ¼ 6 in each) Summary Area of wound(cm) % of Wound contraction

4th 8th 12th 16th 4e8th 4e12th 4e16th 8e12th 8e16th 12e16th

Control Mean 25.03 60.92 80.95 88.07 47.90 74.67 84.67 36.83 64.67 36.33
±S.D 6.415 4.196 4.878 5.000 7.831 6.919 5.785 2.317 3.386 2.254

Test Mean 36.03 83.87 91.60 97.50 75.17 87.17 96.33 56.00 83.50 59.00
±S.D 5.003 1.832 2.156 0.5291 2.787 3.189 0.8165 2.280 3.987 2.280

Standard Mean 30.20 73.78 86.70 92.93 64.33 81.00 90.33 47.33 72.50 45.33
±S.D 3.379 3.974 3.065 2.938 7.474 4.648 3.983 2.803 3.584 2.803

F Value 14.26 48.01 17.15 16.61 24.61 12.84 20.93 11.83 9.146 5.005
P Value 0.0065* <0.0001* 0.0020* 0.0042* 0.0009* 0.0025* 0.0011* 0.0021* 0.0155* 0.0382*

(Note: *p < 0.05 C- control, S-standard, T-test).

Table 3
Showing Comparison of three groups with respect to Epithelialization Time and
Wound closure day.

Groups Summary Epithelialization time(days) Wound closure day

Control Mean ± SD 12.83 ± 1.329 11.17 ± 0.9832
Test Mean ± SD 7.500 ± 1.049 5.667 ± 0.8165
Standard Mean ± SD 11.50 ± 1.049 9.000 ± 1.265
F- value 45.22 36.68
P evalue 0.0006 <0.0001
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infection which directly impacts on the wound healing process.
Researches are carried out in this direction with usage of various
medicinal plants which has wound healing properties [19]. Penta-
bark Kashaya is a poly herbo-mineral new formulation, to ensure its
safety acute dermal toxicity study was carried out prior to the
wound healing effect on experimental animals.
4.1. Acute Dermal Toxicity study

There were no changes related to fur, skin, eyes, salivation, and
central nervous system in all the animals of sighting and limit test
study group till the end of study probable reason may be non-
irritating nature of the drug which was absorbed through the
dermal route but did not show any signs of toxicity. The overall
effect of acute dermal toxicity study was drawn at the end of study
based on all parameters. The drug did not show any dermal toxicity
and is safe for external application.
Table 4
Showing Total microbial load of wound and Histopathology of healed skin.

Total Microbial Load

Sl.no Group Total fungal count
1st day 3rd day

1. Control 13 cfu/ml 24 cfu/m
2. Test 14 cfu/ml 14 cfu/m
3. Standard 16 cfu/ml 12 cfu/m

Histopathology of Healed skin

1. MICROPSCOPY Control group
2. Re-epithelialization e

3. Dermal edema þþ
4. Dermal Congestion þþ
5. Dermal Inflammatory Infiltration þþ
6. Neutrophocytic Infiltration þþ
7. Lymphocytic Infiltration þ
8. Macrophages þ
9. Dermal Granulation Tissue þþ
10. Dermal Fibroblasts þ
11. Dermal Fibrocytes þ
12. Dermal Collagen/Fibrosis þ
13. Overall grade of healing Poor
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4.2. Wound Healing study

Wound healing is a complex multi factorial process that results
in the contraction and closure of the wound and restoration of a
functional barrier [20]. An injured tissue always heals in three
phases which consists of inflammation, proliferation, and remod-
elling [20]. There is an extensive loss of cells and tissues in an
excised wound, and this makes the repair process more compli-
cated [21].

a) Wound contraction: Reduction of the wound size is an
attempt to cover the raw surface area by the activity of myo-
fibroblast which exerts centripetal force on wound margins
thus increasing contractility. It is the process of mobilizing the
healthy skin surrounding the wound to cover the denuded
area [22]. In the present study test drug group showed a sig-
nificant wound contraction rate (p < 0.0065) from the 4th day
(Mean �36.03) itself compared to control (Mean - 25.03) and
standard (Mean - 30.20) group. Panchavalkala kashaya is
proved to possess antimicrobial, anti-inflammatory and
wound healing properties. Panchvalakala contains Tannins,
phytosterols and flavonoids which are proved to possess anti-
inflammatory actions, antioxidant and blood purifying prop-
erties. Phytochemicals of Panchavalkala helps to prevent the
prolongation of the initial phase by reducing infection there by
promotes wound contraction, increases the collagen content
and neoangiogenesis in the later phases (Fig. 1 and Fig. 2) [23].
Shodhita Tutta (CuSO4) is one of the ingredients; it clearly
Total bacterial count
12th day 1st day 3rd day 12th day

l 27 cfu/ml 64 cfu/ml 34 cfu/ml 30 cfu/ml
l 07 cfu/ml 66 cfu/ml 12 cfu/ml 11 cfu/ml
l 05 cfu/ml 58 cfu/ml 10 cfu/ml 08 cfu/ml

Standard Group Test Group
þþþ þþþþ
_ _
þ þ
þ þ
_ _
þ þ
_ _
_ _
þþ þþ
þþ þþþ
þþþ þþþþ
Good Very Good



Fig. 1. Wound of Control group 4th day (19/3/2015) and 16th day (31/3/2015).

Fig. 2. Wound of Standard group 4th day (19/3/2015) and 16th day (31/3/2015).
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Fig. 3. Wound of Test group 4th day (19/3/2015) and 16th day (31/3/2015).
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promotes angiogenic responses in wounds in both in vitro
in vivo models [24]. Several copper-dependent enzymes,
mainly amine oxidases, are known to be increased during
wound healing. These copper-dependent enzymes are
important in the remodeling and healing of the wounds [25].
Sphatika (Potash Alum) possess astringent and hemostatic
properties and helps in the tissue contraction and reduces
inflammation there by enhances wound healing [26]. Shodhi-
takasisa is known to possess krimighna (Antimicrobial) and
vranaghna (wound healing) properties [27]. Recent researches
showed similarwound contraction rate of polyherbal fractions
of Clinacanthus nutans and Elephanto pusscaber when
compared to PK [28]. A study conducted on polyherbal
formulation showed similar results on excisionwound healing
model [17,29,30]. This emphasizes that, the test drug has
started showing the wound healing effect from the initial day
of the wound.

b) Epithelialization time: Test group (Mean - 7.5) showed
significant reduction (p < 0.05) in the epithelialization time
compared to standard (Mean - 11.50) and control group
(Mean - 12.83) (Fig. 1 and Fig. 2). Aqueous extract of Ash-
watha (Ficus religiosa), Vata (Ficus benghalensis) Udumbar
(Ficus racemosa), Parisha (Thespesia populnea) showed high
rate of wound contraction, decrease in the period of
epithelialization by collagen synthesis, high skin breaking
strength in excision and incision wound models [29,31e33].
Previous researches on excision wound model using Laghu
panchamula extract showed epithelialization time of 8.5 day
but PK has showed at 7.5 days [34]. A study conducted on
wound healing with roots of Ficus racemosa L. and other
studies has showed similar results [29,35,36].
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c) Wound infection: Infection of the wound is the major
factor which hinders the normal healing process of wounds.
Infection in the wound is due to the presence of necrotic
tissue and disruption of protective barrier to microorgan-
isms. Swab test performed on 1st day (14 cfu/ml), 3rd day
(14 cfu/ml) and 12th day (7 cfu/ml) to see the microbial load
of the wound showed progressive decrease in total bacterial
load and total fungal count compared to control group (13
cfu/ml, 24 cfu/ml, 27 cfu/ml). This may be due to the anti-
bacterial activity of the PK which forms the protective
barrier on thewound [37]. PK showed progressive reduction
in the microbial load with time, during the course of
treatment, indicating the efficacy of the formulation in
reducing the microbial load and thus controlling infection,
facilitating wound healing [23]. Aqueous extract of Pan-
chavalkala is known to possess antimicrobial activity thus
reducing discharge, malodour and slough in the wound
[23]. PK has shown antibacterial activity against selected
gram positive and gram-negative bacteria like Staphylo-
coccus aureus at the concentration of 50 mg/ml in disc
diffusion method and MIC 0.8 mg/ml, E. coli 25 mg/ml in disc
diffusion method and MIC 3.12 mg/ml and Pseudomonas
aeruginosa 25 mg/ml in disc diffusion method and MIC 50
mg/ml [37]. Tuttha (Copper sulfate) has antibacterial activity
against multi drug resistant bacteria [38].

d) Wound closure day: Test group (Mean e 5.667) showed a
significant reduction (p < 0.0001) in the wound closure day
compared to standard (Mean e 9.0) and the control group
(Mean e 11.17). Wound closure is a combination of wound
contraction, mediated by myo fibroblasts, and re-
epithelialization, which is caused by the penetration of the



Fig. 4. Histopathology of healed skin of Control, Standard and Test group (1/4/2015).
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new epithelium into the granulation tissue [39]. Promotion of
collagen synthesis by fibroblast, neoangiogenesis, increases
amount of granulation tissue is due to presence of saponins,
alkaloids, tannins in the panchavalakala which speeds up the
regeneration process [23]. Recent studies on the Jatyadi taila
application on the excision wound model showed wound
healing on 9th day, but PK showed on the 8th day from post
wounding [40] (see Fig. 3).
4.3. Histopathology of skin

A marked increase in the re-epithelialization dermal fibroblast,
dermal fibrocytes was seen in test group (Fig. 4) when compared to
control group which shows that the drug has promoted collagen
synthesis, neoangiogenesis and matrix modelling. The dermal
collagen/fibrosis were increased in test group when compared to
the standard and a control group which shows the minimal scar
tissue formation.

Similar study conducted on wound healing activity showed the
improvement of dermal collagen, neoangiogenesis and re epithelial-
ization which was assessed by histopathology of skin [17,19]. PK
contains panchavalkala which contains Tannins, Alkaloids, Sapo-
nins, Glycosides, Flavonoids, Phytosterols, which possesses anti-
microbial, antioxidant, antiseptic, anti-inflammatory, wound
purifying, healing, astringent properties [23]. Tuttha, sphatika and
kasisa are known to possess astringent, angiogenic, antimicrobial,
haemostatic and wound healing activities [24e27]. Thus PK helped
in all stages of wound healing like inflammatory, epithelialization,
angiogenesis, granulation tissue formation and collagen deposition.

5. Conclusion

Pentabark Kashaya did not exhibit any signs of dermal toxicity on
topical application. PK showed a significant improvement in the
assessment parameters like wound contraction rate, epithelializa-
tion time, wound infection, wound closure day and histo-
pathological changes. The study proves that Pentabark Kashaya is
safe for application, effective inwound healing and readily available
compound for the wound healing.
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Background: Carboplatin is one of the common chemotherapeutic agents in the management of various
malignant conditions. Myelosuppression remains one of the major adverse effects of it that leads to
compromised quality of life and can procrastinate or cease the chemotherapy regimen. Increasing shreds
of evidence suggest the role of Complementary and alternate medicine in palliative cancer care. Ayur-
veda has prescribed Dooshivishari Agada (DVA) as an anti-dote for similar conditions mentioned above
which arise out of sub-lethal toxic substances called Dooshivisha (DV).
Objective: The present study was carried out to evaluate the role of DVA in myelosuppression among rats.
Method: Male Wistar rats weighing 250e275 g were divided into three groups, Group I was adminis-
tered normal saline and acted as Normal control. Group II and III received a single dose of carboplatin
(60 mg/kg through the tail vein) on day one and acted as disease control. Group III received experimental
drug DVA 256 mg/kg orally for the next 18 days. Animals were bled on days 0, 3, 6, 9, 12, 15, 18 for
hematological analysis.
Results: DVA prolonged the nadir time for Hb, RBC, and WBC counts from day 9 to day 12 when
compared to the carboplatin group. In terms of Platelet count, there was no significant difference over
carboplatin. Group III showed a significant increase in Total reticulocyte count in comparison to group II.
Conclusion: Present study showed that DVA may help in delaying the myelosuppression which needs
further evaluation.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Carboplatin is one of the commonly used cytotoxic chemo-
therapeutic agents across the world. It offers considerable effect in
ovarian cancer and cancers of the lung, along with endometrial,
esophageal, breast, head, and neck cancers [1]. However, carbo-
platin comes with a known set of toxicities like nausea, vomiting,
dyspepsia and abdominal pain. Series of studies warn of its hem-
atotoxic association. This toxicity reflects as anemia, neutropenia,
and thrombocytopenia, which leads to compromised quality of life
like dizziness and fatigue [2]. Adverse effects also cause undue
hospitalization due to infection or hemorrhagic episodes, which
ary University, Bangalore.

B.V. on behalf of Institute of Transd
e (http://creativecommons.org/lice
cause out-of-pocket expenses. Nearly 20e40% of patients and more
than 90% of patients experience these toxicities when treated with
conventional and high-dose carboplatin drugs respectively. This
can procrastinate or cease the continuum of chemotherapy regi-
mens [3].

Currently, such events are managed through frequent blood
transfusions, granulocyte colony-stimulating factor [GM-CSF],
erythropoiesis-stimulating agents [ESA], and bone marrow
transplants. These supportive measures come with risks [blood
transfusions leading to reactions and infections, GM-CSF causing
bone pain and ESA carrying the risk of thrombotic events], eco-
nomic burden, and above all, the current guidelines don't
consider all aspects of patient care which makes the situation a
challenging one [4e7]. In such a scenario exploring new thera-
peutic drugs for preventing and improving myelosuppression
induced by chemotherapeutic agents becomes warranted [8].
Increasing evidence suggests the role of Complementary and
isciplinary Health Sciences and Technology and World Ayurveda Foundation. This is
nses/by-nc-nd/4.0/).
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Table 1
Ingredients of Dooshivishari Agada.

Sl.no Plant Scientific name Part used

1. Pippali Piper longum Linn. Phala (Fruit)
2. Pippalimula Piper longum Linn. Mula (root)
3. Dhyamaka Cymbopogon martinii (Roxb.)

Wats.
Patra (Leaves)

4. Jatamamsi Nardostachys jatamamsi
DC(N. grandiflora)

Mula (Root)

5. Lodra Symplocos racemosa Roxb. Twak (Stem Bark)
6. Ela Elettaria cardamomum Maton Phala (Fruit)
7. Suvarchika Tribulus terrestris Linn. Phala (Fruit),
8. Katunnatum Oroxylum indicum (Linn)

Benth.Ex Kurz.
Mulatwak
(Root bark)

9. Natam Valeriana wallichii D.C. Mula (Root)
10 Kusta Saussurea lappa C.B. Clarke. Mula (Root)
11. Yastimadhu Glycyrrhiza glabra Linn. Mula (Root)
12. Rakhtachandana Pterocarpus santalinus Linn. f. Khanda (Heartwood)
13. Gairika Red ochre
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Alternate Medicines like Ayurveda and the Chinese system in
cancer either as therapeutic or palliative care [9e13]. Few studies
indicate that the use of complementary and alternative medicine
can be cost-effective and even cost-saving [14,38].

In Ayurveda, such toxic conditions are explained under Doosh-
ivisha (DV) [15]. DV is a state where poison originating from inan-
imate and animate sources or any artificial poison, is retained in the
body after partial or incomplete expulsion or which has provi-
sionally undergone detoxification by anti-poisonous/antidote
therapy or any poison that's been battered by forest fire, wind or
sun externally and then enters the body or has inherent low po-
tency and settles in body.

DV can produce on and often aliments like Avipaka [Indiges-
tion], Moha [Delirium], Murccha [Giddiness], Paadakarsya Shopa
[Dependent edema], Vishmajwara [fever], Dhatukshaya [Debili-
tation] and Mandala [urticaria], etc [16]. Achayara Charaka says
that rakta [blood] will be the major substrate for disorders arising
out of DV [17]. Chemotherapy-induced side effects are similar to
the symptoms mentioned in DV. In such conditions, it is advised
and treated with Dooshivishari agada (DVA) [an antidote] along
with other panchakarma measures. DV is a herbomineral
compound containing 13 drugs among which few [18] [Table 1]
drugs like Jatamamsi [19], Gokshura, Shyonaka, and Yasthimadhu
[20] have shown bone marrow protective activity against agents
like cyclophosphamide and cisplatin. While others have shown
significant anti-inflammatory and immunomodulatory activities
[21e26].

The involvement of Rakta dhatu [blood] in Dooshivisha and
chemotherapy-induced side effects inspires one to explore Doosh-
ivishari agada for understanding its role in myelosuppression.
Hence the present study is carried out to evaluate the role of DVA in
myelosuppression induced by carboplatin.

2. Materials and methods

2.1. Study drug

Experimental drug Dooshivishari Agada (manufactured by GMP
certified Vaidyaratnam Oushadhi pharmacy bearing batch number:
19C0415) and Honey (vehicle) were purchased from KLE Ayurveda
Hospital.

2.2. Chemicals

Carboplatin [Therapeutic grade] was procured from a licensed
dealer [batch number 8790129A01] manufactured by FRESE
company and marketed by Nexus lifecare Pvt Ltd, Mumbai,
Maharashtra.

2.3. Animals

After Ethical clearance (BMK/IAEC/Res.No.18/2018-01),
healthy adult Male Wistar rats weighing 250-275 gms were
procured from Sri Raghavendra enterprise [Bengaluru, Karna-
taka]. Standard polypropylene cages were used to house the rats.
The bedding was changed every day. Adequate access to rat
pellet food and water was given to the rats throughout
the experimental study. The rats were housed in an air-
conditioned room [24e28 �C] and a 12-h lightedark cycle was
maintained. All the rats were maintained and experimented
under standard conditions as per the guidelines of the committee
for the purpose of control and supervision of experiments
(CPCSEA). All the rats were acclimatized for 7 days before the
experiment was initiated.
2

2.3.1. Experimental design
The rats were randomly divided into three groups [Table 2]

Group I- Normal control group (n ¼ 9) received no intervention.
Group II- active control; was treated with a single dose of Carbo-
platin (60 mg/kg body weight through intravenous.) (n ¼ 18).
Group III- experimental group treated with a single dose of Car-
boplatin (60 mg/kg body weight through intravenous) (n ¼ 18)
followed by administration of Dooshivishari agada in a dose of
256 mg/kg body weight per rat per orally for the next 18 days. The
dose of DVA was extrapolated from the human dose [ classical
human dose is one aksha pramana which weighs approximately
12 gm per day] [27] to the rat dose as per the Paget and Barnes
conversion table, 1964 [28].
2.3.2. Estimation of complete blood count [CBC]
Further the Rats in each group were divided into 3 subsets (six

each) for blood withdrawal purposes, on an alternate rotational
basis on 0, 3rd, 6th, 9th, 12th, 15th and 18th day. A slight modifi-
cation was made in the model where the blood withdrawal was
done through retro-orbital puncture instead of the tail vein [29].
Complete Blood Count [Hemoglobin, Total count, Red blood cell
count, and Platelet count] was carried out at KLE Ayurveda Hospital,
Belagavi, Karnataka using an automated blood cell analyzer.
2.3.3. Estimation of total reticulocyte count percentage
Total Reticulocyte count percentage was assessed on days 0, 9,

and 18 at Jeevan Diagnostics, Belagavi, Karnataka. It was assessed
by adding 3e4 drops of reticulocyte stain to collected blood [EDTA
tube] which was mixed well. Then it was kept in the incubator for
15e20 min at 37 �C. After incubation, the test tube was slightly
shaken to mix well and smears were prepared to for observation e
under a microscope, and the score was calculated in percentage.
2.3.4. Histopathology of femur bone for bone marrow
On day 20th, the femoral bone of rats was collected, fixed,

sectioned, and stainedwith hematoxylin and eosin. The histological
description was made by a pathologist; photographs were taken
under a microscope at 10x and 40x.
2.4. Statistical analysis

All data were statistically analyzed using GraphPad Prism
version 5 for windows. A two-way Analysis of variance and Bon-
ferroni's multiple comparison test [post hoc] was applied to data-



Table 2
Study groups with Induction and Intervention agent.

Group No. of Animals Intervention

Normal Control Group I 9 (divided as 3 subsets of three each as A, B & C) Saline was injected 0.6 ml IV on day
Carboplatin Control Group

II
18 (divided as 3 subsets of six each as A, B & C) Single dose of Carboplatin 60 mg/kg I.V on 1st day of Study

Experimental group or DVA
Treated Group III

18 (divided as 3 subsets of six each as A, B & C) Single dose of carboplatin 60mg/kg I.V on 1st day of Studyþ 270mg/kg/
day DVA per orally for 18 days

Human dose of DVA is one Aksha praman i.e 12 gm/day, based on Paget and Barnes conversation table the dose of rat was extrapolated as 1.08/kg b.wt. Powdered DVA was
mixed with honey as a vehicle and then administered in a divided dose.
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keeping p � 0.05 as a level of significance. Entire data were
expressed in terms of Mean ± S.E.M.

3. Results

3.1. Effect of DVA on hemoglobin [gm/dl] at different time intervals
between the groups

There was no significant difference [p > 0.05] observed in Hb
count between the groups. However, the lowest count was on the
9th day in the carboplatin group [9.53 ± 5.49] and the 12th day in
DVA treated group [9.83 ± 5.30] [Table 3]. Interestingly Hb count
recovered by the 18th day in DVA treated group [13.13 ± 0.80]
which was comparable to the normal group [13.16 ± 1.28], while it
was on the lower side in the Carboplatin group [10.60 ± 0.98].

3.2. Effect of DVA on total count [WBC - 10*9 L] at different time
intervals between the groups

There was no significant difference [p > 0.05] observed in WBC
count between the groups [Table 3]. The count was lowest on the
9th day in the carboplatin group [7.12 ± 6.21] and the 12th day in
DVA treated group [5.99 ± 2.39]. The total count in both the group
came to baseline value by 18th day.

3.3. Effect of DVA on red blood cells [RBC- 10*12 L] at different time
intervals between the groups

There was no significant difference [p > 0.05] observed in RBC
count between the groups. RBC showed bi-phasic decline [Table 3]
on 9th [5.05 ± 2.83] and 15th day [4.58 ± 2.53] in the carboplatin
group, while in the DVA treated group the lowest count was
Table 3
Effects of DVA on Hb, WBC, RBC, Platelet and Total Reticulocyte count at different time p

Parameters Groups Days

0 3 6

Hb (gm/dL) Normal 13.95 ± 4.27 14.93 ± 0.12 15.33 ± 0.32
Carboplatin 14.78 ± 0.42 14.67 ± 0.70 12.17 ± 0.67
Carboplatin þ DVA 15.43 ± 1.34 13.57 ± 4.30 14.93 ± 0.84

WBC (10 x 9) L Normal 10.81 ± 3.57 14.29 ± 1.04 29.88 ± 5.22
Carboplatin 20.96 ± 5.16** 13.62 ± 4.20 8.17 ± 3.96*
Carboplatin þ DVA 11.28 ± 5.60 10.93 ± 3.25 8.90 ± 0.97

RBC (10*12) L Normal 7.73 ± 2.09 7.66 ± 0.06 8.55 ± 0.32
Carboplatin 8.18 ± 0.45 7.91 ± 0.37 6.96 ± 0.59
Carboplatin þ DVA 8.24 ± 0.47 7.017 ± 2.10 8.03 ± 0.27

Platelets (10*9) L Normal 506.50 ± 202.31 499.67 ± 86.93 491.33 ± 68
Carboplatin 631.17 ± 53.30 512.33 ± 64.05 149.67 ± 51
Carboplatin þ DVA 699.67 ± 119.10 541.67 ± 137.29 177.33 ± 20

Total Reticular
count %

Normal 2.25 ± 0.32 e e

Carboplatin 1.96 ± 0.47 e e

Carboplatin þ DVA 2.31 ± 0.68 e e

*p < 0.05, **p < 0.01, ***p < 0.001 compared to normal.
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observed on 12th day [5.09 ± 2.75]. On the 18th day, RBC in each
group was in the recovery phase.

3.4. Effect of DVA on platelets at different time intervals between
the groups

There was no significant difference [p > 0.05] in carboplatin and
DVA treated group on platelet value [Table 3] Both the groups
showed a similar pattern of reduction and rebound increase in
count. However, there was a significant difference [p < 0.001] be-
tween the normal group [Day 9, 686.66 ± 67.00] and Carboplatin
[Day 9, 105.33 ± 76.02] and DVA treated group [Day 9,
79.66 ± 11.37] indicating there is no action of DVA on platelet count.

3.5. Effect of DVA on Total Reticulocyte count at different time
intervals between the groups

There was a significant difference [p < 0.01] observed in the
Total Reticulocyte Count percentage [Table 3] on the 18th day of
study between carboplatin [1.7 ± 0.28] and DVA treated group
[5.8 ± 3.53].

4. Discussion

The present study findings were similar to the results reported
byWoo S et al., 2008, where the Hb, RBC, WBC, and Platelet Counts
reached the lowest by the 9th day of study in the carboplatin group
[Table 3].

No significant difference [p > 0.05] was observed in above pa-
rameters between carboplatin and DVA treated group except the
Total Reticulocyte count percentage [p < 0.05]. However, it is of
interest to note that in the DVA treated group the Hemoglobin, RBC,
oints in carboplatin induced myelosuppression.

9 12 15 18

14.53 ± 0.15 12.93 ± 1.70 13.70 ± 0.78 13.17 ± 1.29
9.53 ± 5.49 12.67 ± 0.40 8.97 ± 4.48 10.60 ± 0.99
12.33 ± 0.50 9.83 ± 5.31 10.40 ± 1.87 13.13 ± 0.81
15.60 ± 6.42 18.16 ± 1.00 13.25 ± 0.25 11.65 ± 4.08

** 7.13 ± 6.21 9.30 ± 2.54 12.63 ± 4.70 18.51 ± 2.05
11.31 ± 2.87 5.99 ± 2.39 13.31 ± 3.53 10.30 ± 1.70
7.63 ± 0.24 6.77 ± 0.87 7.12 ± 0.56 7.38 ± 1.02
5.05 ± 2.84 6.82 ± 0.37 4.58 ± 2.54 5.12 ± 0.11
6.83 ± 0.28 5.10 ± 2.75 5.50 ± 1.27 6.28 ± 0.42

.25 686.67 ± 67.00 761.33 ± 39.58 670.00 ± 77.66 486.00 ± 205.94

.83* 105.33 ± 76.03*** 156.00 ± 45.04*** 608.67 ± 254.72 1303.50 ± 54.45***

.53 79.67 ± 11.37 136.67 ± 144.76 604.67 ± 391.80 1094.33 ± 216.02
4.4 ± 0.26 e e 3.3 ± 0.98
2.53 ± 1.05 e e 1.7 ± 0.28
3.96 ± 0.11 e e 5.8 ± 3.53 **



Fig. 1. Histopathology of bone marrow.
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and WBC count reached the nadir on the 12th day. Subsequently,
these hematological values showed better recovery at day 15 when
compared to the carboplatin group and reached near normalcy by
day 18 when compared to the normal group. While there was a lag
seen in the carboplatin group.

An increase in Total reticulocyte count percentage was seen at
day 9 in all groups, however, on day 18 the count was stable in
normal, decreased in carboplatin, and increased in DVA treated
group indicating that bonemarrowwas active in DVA treated group
4

to replenish the cells and this was also in concordance with drop
and rebound phenomenon [29].

The hematopoietic system delivers through cells like Hemato-
poietic Stem Cells (HSC) which initiate the chain by self-renewal,
proliferation, and differentiation into multiple peripheral blood
cells via hematopoietic progenitor cells (HPC). The HSC is dormant,
in a steady-state, and arrives to serve when there is exhaustion
under various stressful conditions However, they are very less
influenced by chemotherapeutic drugs. In contrast, HPC is self-
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limiting in the renewal phase and rapidly proliferating in case of
normal hematopoietic crises like infection, blood loss, and hemo-
lysis. In the case of Chemotherapy-induced acute myelosup-
pression, the HPC's get depleted and paves way for HSC to drive the
damage control. If HSCs are affected by chemotherapeutic
drugs, then the myelosuppression could be long term like bone
marrow failure. The acute or late myelosuppression could be
due to be apoptosis, senescence, or damage to bone marrow stro-
mal cells [30].

Reticulocytes produced in the bonemarrowmature peripherally
in a day or two. An increase or decrease in reticulocyte count can be
a surrogate for erythropoiesis activity in conditions like anemia and
bone marrow dysfunction [31,32].

The bone marrow assay Fig. 1 showed normal cellularity in
respect to erythroid and myeloid series in DVA treated group with
minimum adipocyte distribution indicating it was active. In the
carboplatin group, the cellularity was comparatively less and
adipocyte distribution was slightly increased.

Delay in Hb, RBC nadir, increasing reticulocyte count percentage
on 18th day and balanced bone marrow cytology in the DVA group
indicates that the test drug might be having a direct or indirect role
in erythropoietin utilization or production since it is a major factor
in utilizing iron stores and leading to erythropoiesis [33].

Among many pathways for cytotoxic effects, the generation of
radical oxygen species (ROS) is considered as the root cause, which
paces up during chemotherapy. It is also established that anti-
oxidants can help to prevent cell death and serve for adequate
cell proliferation [34,35]. Preliminary studies for standardizing DVA
had shown presence of flavonoids and phenolics. Crude water
extract of DVA has shown appreciable anti-oxidant and free radical
scavenging activity, which could be a reason for the DVA treated
group to reach the nadir by the 12th day in comparison to Carbo-
platin group 9th day. Hence the role of antioxidants may be
considered in preventing, preserving, controlling, and improving
myelosuppression.

In DVA treated group, WBC cell counts were well within the
normal range and showed nadir on day 12 [5.99 ± 2.39] but then
returned to the normal range by day 15 [13.30 ± 3.53] and remained
normal until the 18th day [10.3 ± 1.70]. While in the Carboplatin
group the nadir was on day 9 [7.12 ± 6.21] and returned to pre-
treatment values at day 18 [18.51 ± 2.05] which is in agreement
with Siddik et al., [29,36]. Few preclinical studies on DVA have
shown immunomodulatory, anti-microbial and anti-fungal that
indicate it has an undeniable role in managing leucocyte count
which may be attributed to the phytochemical profile of
formulation.

Platelet reached the nadir on day 9 in both carboplatin group
[105.33 ± 76.02] and DVA treated group [79.66 ± 11.37] was sig-
nificant (p < 0.001) in comparison to the normal [686.66 ± 67.00].
However, the drop and rebound were also seen in both the car-
boplatin group and DVA treated group. The platelet returned to pre-
treatment values by day 15 and showed a rebound increase till day
18. This gradual decrease in platelet is due to the cell cycle non-
specific agents like carboplatin which affect the proliferating
platelets precursors rather than mature platelets [37]. However, in
this study, the DVA has no activity in withholding the developing
thrombocytopenia due to carboplatin.

5. Conclusion

In the present study, the DVAwas able to prolong the nadir time
of RBC, WBC, and Hb with early recovery in comparison to carbo-
platin and the normal group. However, further study for revalida-
tion and mode of action through anti-oxidant and erythropoietin
assay can warrant its use. This experimentation takes into account
5

the effect of one dose of chemotherapy agent while a model of
multiple doses can be chosen for better evaluation.
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ABSTRACT
Objectives: The goal of the study was to develop, optimize and in vitro-ex vivo 
investigation of Brimonidine tartrate nanosuspension incorporated in situ gel formulation 
to differentiate with marketed (formulation) eye drops for the efficient treatment of 
glaucoma. Materials and Methods: Nanosuspensions were formulated by solvent 
evaporation method using probe sonication technique. The effect of the independent 
variables Tween 80 and Pluronic F68 concentration on Nanosuspension properties were 
investigated by performing 32 factorial design of experiment. Nanosuspensions were 
characterized by measuring particle diameter and zeta potential, surface morphology, 
drug entrapment efficiency and then nanosuspensions were incorporated in to in situ gel 
base for in vitro release and ex-vivo corneal permeability studies and were differentiated 
with marketed product. Results and Discussion: The most excellent nanosuspension 
formulation system selected via the Design Expert 12 software program was F7 which 
contains 0.5% of Tween 80 and 3 % of Pluronic F68. An optimized nanosuspension 
formulation F7 showed an average particle diameter of 157.4±0.95 nm with PDI of 
0.379 and a zeta potential of -19.1 mV. It had an average entrapment efficiency of 
85.95±1.40%. It also showed 98.36±0.58% of drug being released in vitro when 
incorporated in to in situ gel base over 24 hr. F7 showed significantly greater drug 
permeation in comparison to the marketed eye drop formulation in ex vivo transcorneal 
permeability studies and was able of retaining its stability for 90 days. Conclusion: The 
developed nanosuspension incorporated in situ gel base formulation could be utilized as 
potential delivery system for long time management of glaucoma with once daily dose.
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INTRODUCTION
The bioavailability of ocular drugs from 
normal ocular formulations is generally 
poor due to the pre-corneal loss resulting 
from the withdraw mechanisms like 
unproductive absorption, transient 
residence time in cul-de-sac and respective 
low permeation of the drugs through 
corneal membrane (epithelial).1 A BCS 
class-II drugs face demanding problems in 
ophthalmic formulations; in general ocular 
bioavailability of drugs significantly affects 
ocular efficacy, which could be improved 

by increasing the penetration of drug 
through cornea, enhancing the saturation 
solubility of drugs (poorly soluble) and 
prolonged pre-corneal residence time of 
drugs.2-4 The nano-suspension is a colloidal 
dispersion of drug particles in an aqueous 
external phase with an average particle size 
from 10 and 1000 nm.5,6 The prominent 
characteristic of nanosuspensions is their 
potential to enhance saturated solubility 
and accordingly enhancing dissolution rate 
of specific drugs.7-9 Due to this aspect and 
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for the other benefits that nanosuspension offers over 
conventional ocular formulations, including reduced 
dose size, long-term maintenance of drug release, 
reduction of systemic drug toxicity, prolonged time of 
residence of nano particles on corneal surface, enhanced 
concentration of drug in the infected tissue and 
unsuitability to water-soluble drugs.10 The ophthalmic 
delivery of drugs, more than any other means of 
administration, could take full advantage of the 
characteristics of nanosuspension stabilized by suitable 
and potential stabilizers (surfactants/polymers).11 The 
system in situ gels consists of such a smart polymers 
which exhibits solution to gel transition when inserted 
in to eye due to varying pH, temperature (precorneal 
region) and electrolyte composition in tear fluid. Thus, 
in situ gel incorporated with drug loaded nanosuspension 
could be highly potential ophthalmic drug delivery with 
sustained drug delivery pattern.
Brimonidine tartrate (BRT) is an alpha-2 selective 
adrenergic agonist which is utilized in the treatment of  
glaucoma. It acts by reducing the production of aqueous  
humor and enhancing the uveoscleral outflow.12 In 
some clinical studies, brimonidine tartrate has shown a 
reduction in the efficacy of intraocular pressure similar  
to that of timolol and higher than betaxolol. Literature  
surveys show that very little studies were conducted 
on the prolonged-release components of brimonidine 
tartrate for the treatment of glaucoma. Biodegradable 
ocular insertion of brimonidine tartrate was recently 
developed and studied which confirmed the prolonged 
conduction profile of the insert compared to solution 
of brimonidine tartrate, but these formulations of 
ocular inserts lost patient compliance. However, it is 
clearly necessary to have powerful topical formulations 
capable of promoting drug penetration and preserving 
the therapeutic phases with an economic application 
frequency.13

The aim of present study was to prepare and examine  
Brimonidine Tartrate Nanosuspension incorporated  
in situ gel formulations for ocular delivery. The 
interaction among two factors i.e., percentage of polymer  
and surfactant on nanosuspension properties were 
investigated systematically by applying a 32 full- factorial  
design. The prepared nanosuspensions were characterized 
with respect to their particle size, PDI, zeta potential  
and entrapment efficiency. The nanosuspension 
incorporated in-situ gel formulation was evaluated for  
in vitro drug release, ex vivo transcorneal permeability 
and short-term stability study.

MATERIALS AND METHODS
Materials

Brimonidine Tartrate was obtained as a gift sample 
from Symed Labs Limited, Hyderabad. Pluronic F68, 
was obtained from Ozone Pharmaceutics, Mumbai, 
India. Tween 80, Hydroxypropyl methylcellulose K4M  
and Benzolkonium chloride was obtained from Sigma-
Aldrich chemicals pvt ltd, Bangalore. All other materials  
used were of pharmacopoeial grade.

Methods
Preparation of Nanosuspension (NS) Formulations 
by Solvent Evaporation Technique

Accurately weighed quantity of Brimonidine Tartrate 
and polymer Pluronic F68 was taken and dissolved  
completely in 5ml of methanol. In another beaker 
polymers (Tween 80 and Benzolkonium chloride) were 
added to the water and further sonicated till a clear  
polymeric solution is obtained. The above drug solution  
was then slowly injected with a syringe connected to a 
thin Teflon tube, into 50 mL water containing Tween  
80 and Benzalkonium chloride kept at a low temperature  
in an ice bath. Drug solution was injected with vigorous 
mixing at stirring velocity of 8000 rpm. The obtained  
emulsion was then sonicated by using probe-type 
sonicator for 15 mins. Residues of solvent were left to  
evaporate off with a slow magnetic stirring of the 
nanosuspension at room temperature (25- 27°C) for 
8–12 hr.

Factorial Design

In addition to traditional experimentation, factorial 
design is a recent tool to identify critical parameters of  
the process and also for the optimization of the  
concentrations of respective ingredients.14,15 Thus,  
different nanosuspension formulations containing  
Brimonidine Tartrate were prepared by using 32 factorial 
designs.
The independent variables Pluronic F68 percentage 
(X1) and Tween 80 (X2) percentage were taken in three 
levels for formulations and nine formulations were 
prepared using different levels of variables. Dependent 
variables responses are particle size, zeta potential and 
entrapment efficiency.

Characterization of Nanosuspension Formulations
Particle Size Analysis

Particle size of the prepared nano-suspension was  
determined by Dynamic Light Scattering analyzer.16 
Before analysis, the nanosuspension was diluted 
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with Millipore water in the ratio of 1:5 and further  
sonicated for 2 min. Samples were analyzed in triplicates.

Polydispersity Index

Polydispersity index is also measured using Dynamic  
light scattering analyzer. The obtained PDI values  
give an idea about the particle size distribution of 
nanoparticles. Its value ranges from 0.000-1.000 Mw 
which demonstrates that lower the value, narrower will 
be the size distribution of nanoparticles and vice-versa.

Zeta Potential

Zeta potential provides information about stability of 
the prepared formulation. It was measured by using 
zetasizer.

Percentage Entrapment Efficiency

To know the drug entrapment, 20 ml of freshly prepared 
nanosuspension was subjected to centrifugation (cold)  
at ~ 4°C and 15,000 rpm for 30 min (Sigma 3K  
30 Centrifuge). 1ml supernatant solution was taken for 
proper dilution. The diluted solution was analyzed for  
BRT content using UV-Spectrophotometer and following  
equation was used to calculate % Entrapment efficiency 
(% EE).

% EE

Total amount of drug

Free dissolved drug
Total amount of drug

=

−

×1000

Scanning Electron Microscopy (SEM)

In order to study the external morphology of Brimonidine 
Tartrate nanosuspension, SEM was employed and it 
was performed at SAIF, Cochin. Samples for SEM were 
prepared by initially diluting with Millipore water and 
then a drop of dispersion was placed on carbon coated 
copper grids and stained with phosphotungstic acid. 
The grid was air dried and was observed at different 
magnification under SEM.

Preparation of in-situ Gel Base

To obtain Pluronic gel base 1% HPMC K4M was  
dissolved in distilled with stirring and then Pluronic 
F68 10% was added. The resulting solution was kept in 
refrigerator at 4°C for about 24 hr and subjected for 
terminal sterilization in autoclave. Calculated amount  
of each Brimonidine Tartrate nanosuspensions were 
incorporated in to in-situ gel formulation and used for the 
in vitro release and ex vivo transcorneal permeability studies.

Physicochemical Characterization of Gel Base
Clarity

The clarity of gel base earlier than and after gelling was 
investigated by visual inspection under white and black 
background.

Viscosity

The viscosity of gel base was determined by using 
Brookfield CAP 2000+ Viscometer. The gel base sample 
was taken and settled for 1min later the viscosity was 
determined using spindle number 1 at 100 rpm (shear 
speed=1333) at a temperature of 25 ± 2°C.

Gelling Capacity

The gelling capacity of the gel base was tested by pouring  
1 ml of it in glass test tube containing 10 ml of fresh 
simulated tear fluid with a temperature equal to  
37±2°C. The time taken for the solution to gel transition  
was noted down and the period of time for which the 
gel doesn’t dissolve in the buffer was noted.

In-vitro Drug Release

All of the Brimonidine Tartrate nanosuspension  
formulations equivalent to 1mg of drug were incorporated 
into the prepared gel base before performing their 
release studies. The in-vitro drug release of Brimonidine  
Tartrate was carried out by using the dialysis bag  
diffusion technique. An accurately weighed amount of 
Nanosuspension incorporated in-situ gel formulation 
was filled in to the dialysis bag. The bag was sealed, 
then suspended initially for 1hr in beakers containing 
100ml of artificial tear fluid. Aliquots of 5ml of the 
sample were collected at pre-determined intervals from  
the compartment which was replaced with fresh artificial  
tear fluid. The drug release was determined 
spectrophotometrically after dilution at 248nm.17

Ex-vivo Trans Corneal Permeability Study

Ex-vivo trans corneal permeation studies were performed 
by keeping the Brimonidine Tartrate nanosuspension  
incorporated in-situ gel formulation (optimized 
formulation F7) / marketed eye drop on a freshly excised 
goat cornea.18 From the butcher’s shop fresh, whole goat 
eyeballs were obtained, chilled in to the normal saline 
(4°C) and transported to experimental laboratory. The 
cornea was carefully excised along with 2 to 4 mm of  
surrounding sclera tissue and then with the help of  
normal saline solution it was made free from protein. 
The excised cornea was then fixed in between the clamped 
donor and receptor compartments with its epithelial  
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results in low kinetic constrains within the adsorption 
path and faster diffusion.
Tween 80, a small molecular surfactant that forms a 
thin adsorption phase and its on-site presence leads to  
instantaneous formation of nanosized nanospheres  
dispersed homogeneously attributing to high drug 
loading ability.
The aim at here was not just formulation optimization 
but also to study the effect of selected excipients alone  
or in combination on various NS properties like particle  
size, zeta potential and entrapment efficiency with the 
same accuracy of the percentage of drug released over 
time 24hrs time. Excipients concentrations were taken 
on preliminary studies. Nine batches were prepared by 
using the assumed values of variables X1 and X2 at 
three levels as shown in Table 1.

Evaluation of Formulated Nanosuspension
Particle size and Zeta Potential

All nine BRT NS formulations were evaluated for their 
PDI, particle diameter as well as for zeta potential 
(Table 2). The mean size of particles of all formulations  
were observed to be less than 289 nm which was  
appropriate for ophthalmic use, PDI turned into lower 
than 0.53 and zeta potential values were enough to 
maintain stable nanosuspensions.

Entrapment Efficiency

The determined entrapment efficiency (EE) of BRT with 
NS is listed in Table 2 which was varied in the range 
from 54.04% to 85.85%. It was noticed that, the EE 
was enhanced with higher quantities of Pluronic F68. 
The F7 formulation with 3% of Pluronic F68 shows 
highest EE while F6 formulation with 2% of polymer  
shows least EE. On the contrary, increase in 
concentration of Tween 80 reduces the EE this is 

surface facing the donor compartment in Franz  
diffusion cell.
The corneal area which is available for a drug to diffuse  
was 0.50 cm2. The 10 ml fresh artificial tear fluid  
(pH 7.4) filled in receptor compartment and air bubbles  
were expelled from it. The aliquot of 1ml of the prepared  
nanosuspension incorporated in situ gel formulation/ 
marketed formulation was kept on the cornea and the  
donor cell opening was sealed with a glass cover slip; 
the receptor fluid was constantly kept stirring at 37°C.  
The study was performed for about for 8 hr and samples  
were withdrawn (from the receptor) and analyzed for  
Brimonidine Tartrate content using UV/Visible 
spectrophotometer at 248 nm.

Short Term Stability Studies

Short term stability study was performed on the optimized 
formulation. The formulation was subjected to different 
condition of temperature and relative humidity that 
is 25°C/ 60% RH and 4°C / 65%. RH for a period 
of 3 month in Humidity Control Oven. Samples were 
withdrawn at the interval of 0, 30, 60 and 90 days and 
were evaluated for particle size and % CDR.19

RESULTS AND DISCUSSION
Preparation of Nanosuspension Formulation

To exploit a vision of the formulation of 
Nanosuspension, two stabilizers such as Pluronic F68 
(macromolecular polymer) and a Tween 80 (surfactant), 
at concentration levels unique in their kind. Factorial 
design with two independent variable factors; quantity 
of polymer (X1) and surfactant quantity (X2); at three 
levels have been considered.
Pluronic F68 has been claimed to be the best stabilizer 
for insoluble drugs which was attributed to its smaller 
molecular weight than that of other Pluronics that 

Table 1: Formulation design of Brimonidine Tartrate Nanosuspension using solvent evaporation method.

Formulation 
number

Brimonidine
Tartrate

(mg)

Pluronic F68
{X1}
(%)

Tween 80
{X2}
(%)

Benzolkonium
chloride

(%)

Methanol
(ml)

Water
(ml)

F1 10 1% 0.5% 0.1% 5 50

F2 10 1% 1% 0.1% 5 50

F3 10 1% 1.5% 0.1% 5 50

F4 10 2% 0.5% 0.1% 5 50

F5 10 2% 1% 0.1% 5 50

F6 10 2% 1.5% 0.1% 5 50

F7 10 3% 0.5% 0.1% 5 50

F8 10 3% 1% 0.1% 5 50

F9 10 3% 1.5% 0.1% 5 50
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Table 2: Experimental Condition, Design and Responses of 32 Factorial Design for Preparation of Brimonidine 
Tartrate Nanosuspension.

Formula 
code

Pluronic F68
{X1}
(%)

Tween 80
{X2}
(%)

Particle
Diameter

(nm)

PDI Zeta 
Potential mV

Entrapment 
efficiency (%)

Release 
percentage 

of (%)
F1 1% 0.5% 283.3±0.57 0.494±0.035 -18.8 75.68 85.83±0.70

F2 1% 1% 233.3±2.08 0.446±0.004 -18.2 67.09 80.20±0.90

F3 1% 1.5% 221.3±1.52 0.270±0.008 -18.3 61.84 75.68±0.74

F4 2% 0.5% 179.9±1.05 0.533±0.048 -18.6 79.65 82.16±1.12

F5 2% 1% 269.7±1.36 0.296±0.012 -17.2 78.22 89.08±1.28

F6 2% 1.5% 291.3±1.57 0.312±0.022 -13.4 54.05 89.85±1.62

F7 3% 0.5% 157.4±0.95 0.379±0.076 -19.1 85.85 99.16±0.18

F8 3% 1% 262.6±1.52 0.260±0.011 -14.6 70.91 87.62±0.80

F9 3% 1.5% 289.9±1.00 0.522±0.032 -15 63.4 86.63±1.06

PDI- Polydispersity Index
Data are expressed as Mean ±S.D. (n=3)

Table 3a: ANOVA Table for Response Particle Size.

Source Sum of Squares df
Mean

Square F-value p-value

Model 15144.59 3 5048.20 6.27 0.0379 Significant

A-Pluronic F68 127.88 1 127.88 0.1589 0.7066

B-Tween 80 5442.08 1 5442.08 6.76 0.0482

AB 9574.62 1 9574.62 11.90 0.0183

Residual 4023.57 5 804.71

Cor Total 19168.16 8

Table 3b: ANOVA Table for Response Entrapment Efficiency.
Source Sum of Squares df Mean Square F-value P-value
Model 678.70 2 339.35 15.15 0.0045 Significant

A-Pluronic F68 40.30 1 40.30 1.80 0.2283

B-Tween 80 638.40 1 638.40 28.51 0.0018

Residual 134.35 6 22.39

Cor Total 813.05 8

Table 3c: ANOVA Table for Response Zeta Potential.
Source Sum of Squares df Mean Square F-value P-value
Model 23.27 2 11.63 5.44 0.0449 Significant

A-Pluronic F68 7.26 1 7.26 3.40 0.1150

B-Tween 80 16.01 1 16.01 7.49 0.0339

Residual 12.83 6 2.14

Cor Total 36.10 8

because of an increased concentration of tween 80 
above its CMC (critical micelle concentration).

Factorial Design

The findings of ANOVA for factorial design are  
represented in Table 3. 3a, 3b and 3c. As per ANOVA 

findings, the particle size was observed to be affected 
by the interactions among the X1 and X2 significantly 
(p < 0.01) as represented in surface plot of particle size  
in response to the determined factors; polymer quantity  
and surfactant quantity (Figure 1a, 1b and 1c). While 
the EE as well as zeta potential were significantly 
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Design Expert 12 software, i.e. the quantity of polymer 
effect on the zeta potential and EE is independent on 
surfactant concentration.

Optimization of Formulation

By applying 32 factorial design, the process was optimized 
with respect to particle size, EE and zeta potential 
(response variables). Formulation F7 was selected as an 
optimized formulation as it greatly fitted in the given 
criteria for optimization of formulation. Formulation 
F7 was found to possess less particle size and achieved 
higher entrapment efficiency and high zeta potential.

Scanning Electron Microscope

SEM images of the optimized formulation F7 were 
found to be in nano range as shown in Figure 2. The 
particles were found to be in nano range, spherical in 
shape and evenly distributed.

Preparation of Brimonidine Tartrate in Pluronic in 
situ Gel Base

To reach the goal of enhancing the effectiveness 
of Brimonidine Tartrate in the nanosuspension 
formulations, a suitable dosage form selection plays 
a very important role. Therefore, an in situ gel was 
formulated using Pluronic to prolong the contact time 
of Brimonidine Tartrate nanosuspension formulation 
inside the eye which results in sustained release of drug 
that ultimately enhances drug bioavailability. Prepared 
gel base was evaluated for its physicochemical properties.  
Prepared all Brimonidine Tartrate nanosuspension  
formulations were incorporated into the solution of gel 
before performing their release studies.

Physicochemical Characterization of Gel Base

The pluronic gel base was physiochemically evaluated 
by measuring clarity, viscosity, gelling capacity. The gel 
found clear before and after gelling. The viscosity of  
gel base was found to be 4056±123mPas at physiological  
pH. In case the gel viscosity is high, it reduces drug 

Figure 1a: 3D Graph Representing the Influence of Pluronic 
F68 and Tween 80 on Particle Size.

Figure 1b: 3D Graph Representing the Influence of Pluronic 
F68 and Tween 80 on Entrapment Efficiency.

Figure 1c: 3D Graph Representing the Influence of Pluronic 
F68 and Tween 80 on Zeta Potential.

Figure 2: SEM Images of Optimized Formulation F7.

affected by the concentration of surfactant (p < 0.01). 
The polymer concentration reflected very little effect  
on the zeta potential and EE. There was no any significant  
interaction among the two factors as suggested by the 
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release from the formulation but leads to discomfort 
in patients. If the viscosity is low it leads low corneal  
residence time of formulation. Thus, optimum viscosity  
is needed for effective ophthalmic drug delivery and 
as per literature gels should have a viscosity of about 
50-5000 mPas to achieve desired drug release from 
the in-situ gel formulations. Gelling capacity of in situ 
gel base was formed immediately after it becomes 
accessible to the simulated gastric fluid also, the gels 
formed should remain stable for extended period of 
time. This demonstrates that the in-situ gel base will get 
gelled immediately in tear fluid.

In vitro Release Study

The in vitro release studies of drug from ocular systems  
represents an important parameter for predicting  
bioavailability of drug from various formulations.  
The drug release profile of nanosuspension incorporated  
in-situ gel formulation is as represented in Table 2 and 
Figure 3a, Figure 3b and Figure 3c. The release of drug 

from marketed eye drop formulations was 96% within  
3 hrs whereas, all NS incorporated in-situ gel formulations 
showed ~30 % drug release in 3 hrs and sustained  
release of drug for about 24 hr. The optimized F7  
formulation exhibited maximum drug release in 24 hr. 
From the drug release observations, it can be concluded  
that NS incorporated in situ gel formulations show  
sustained drug release for about 24hr that could 
enhance the corneal permeation and bioavailability of 
drug. Thus, frequency of drug administration can be 
reduced but as eye drops are liquid solutions of drugs 
they need frequent administration due to faster drug 
release in shortest time period.

Figure 3a: In vitro Release Profile of BRT from NS  
Incorporated in situ Gel Formulations F1-F5.

Figure 3c: In vitro Release Profile of BRT from Optimized  
NS Incorporated in-situ gel Formulation and Marketed  

formulation.

Figure 4: Comparative ex-vivo Transcorneal Permeability of 
Optimized Formulation F7 with Marketed Formulation.

Figure 3b: In vitro Release Profile of BRT from NS  
Incorporated in-situ gel Formulations F6-F9.
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Ex-vivo Transcorneal Permeability Study

The result indicated that Nanosuspension incorporated 
in-situ gel formulation system significantly increase the 
drug penetration rate across the cornea. Brimonidine 
Tartrate nanosuspension incorporated optimized 
in situ gel formulation F7 showed a significantly 
greater drug permeation capacity as compared to 
commercial marketed eye drop. Brimonidine Tartrate 
from marketed formulation permeated 94.65% in 
3 hr whereas Brimonidine Tartrate nanosuspension 
incorporated optimized in situ gel formulation F7 
permeated 36.26% in 3 hrs (Figure 4). Prepared in-situ 
gel formulation showed a significantly greater drug 
permeation capacity as compared to commercial 
marketed eye drops in a sustained manner. This 
enhanced permeation of Brimonidine Tartrate across 
the cornea can be attributed to the nanoparticles 
agglomeration in the conjunctival sac and phase transition 
of in-situ gel thus, forming depot from which the drug 
is slowly delivered to the precorneal area.

Short Term Stability Studies

Stability studies were performed on the nanosuspension 
incorporated in-situ gel optimized formulation F7 as 
per ICH Guidelines for a period of 3 months. Physical 
appearance of F7 changed slightly when samples were 
stored at room temperature 25±2°C/ RH 65±5% for 
3 months and a thin layer of sediment was observed.  
However, it disappeared immediately with slight shaking.  
No change in the physical appearance was observed 
when in situ gel formulations were stored in refrigerator 
at 4±2°C/RH 65±5% for 3 months. By comparing 
this data with initial data it was observed that there 
was no significant change in particle size and in vitro 
drug release for the formulation stored at 4±2°C/ RH  
65±5% to that stored at room temperature. Thus,  
formulation stored at 4±2°C/ RH 65±5% showed  
better stability as compared to the formulation stored 
at 25±2°C/ RH 65±5%.

CONCLUSION
The study demonstrated a combined effect of 
concentration of two independent variables; surfactant 
and polymer as an attempt to produce optimized 
nanosuspension formulation (F7) as a promising 
ocular delivery system to enhance the absorption 
and ocular bioavailability of Brimonidine Tartrate. 
Applied 32 factorial design optimized various factors 
to produce spherical and stable nanosuspension with 
smaller particle size, lower PDI and higher EE. The 
sustained or prolonged release BTR in Pluronic in situ 

gel base drug delivery was developed successfully and 
investigated for physicochemical characters of gel base 
and in vitro-ex vivo permeation bioavailability study. The 
experimental data developed suggested that, optimized 
formulation possess better viscosity and gelling ability 
at physiological conditions. Brimonidine Tartrate 
nanosuspension incorporated in-situ gel formulation 
exhibited prolonged drug release relative to the 
marketed eye drop. Ex-vivo permeation bioavailability 
study was carried out using cornea of goat and it shows 
improved transcorneal permeation in comparison to 
the marketed eye drop formulation which decreases 
frequency of dosing. The drug was released in the 
controlled manner for 24 hrs through membrane. 
The nanosuspension incorporated optimized in situ gel 
formulation F7 retained its stability for 3 months.
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SUMMARY

• A total nine formulations with varying polymer 
Pluronic F68 and surfactant and Tween 80 

• By applying 32 full factorial design optimized 
various factors to produce spherical and stable 
nanosuspension with smaller particle size, lower 
PDI and high EE.

• The SEM results showed particles were in nano 
range, spherical in shape and evenly distributed.

• In situ gel base was prepared by using HPMC 
K4M and Pluronic F68 and evaluated for its 
physicochemical properties.

• The prepared in-situ gel base was used to 
incorporate all nanosuspension formulations before 
in-vitro drug release study as to attain the sustained 
drug release of nanoformulations.

• Brimonidine Tartrate nanosuspension incorporated 
in-situ gel formulation resulted sustained drug 
release as compared to marketed eye drop 
formulation.

• Ex-vivo drug permeation study was carried out 
using cornea of goat and it shows improved 
transcorneal permeation in comparison to the 
marketed eye drop formulation which decreases 
frequency of dosing.
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ABSTRACT
Background: The aim of this study was to enhance the solubility of Natamycin, an anti-
fungal agent used in fungal keratitis, through solid dispersion incorporated ophthalmic 
films with the purpose to avoid frequent dosing, enhance the period of retention, and 
sustaining release for better patient compliance. Materials and Methods: Firstly, solid 
dispersions were prepared by the solvent evaporation method and then, the best solid 
dispersion formulation was incorporated into films which were prepared by the solvent 
casting method using retarding polymers Ethyl cellulose, PVA and Chitosan. PEG-400 
was used as a plasticizer. The films were evaluated for their thickness, surface pH, drug 
content, weight uniformity, folding endurance, tensile strength, antimicrobial activity, 
in-vitro and ex-vivo permeation studies, and in-vitro antifungal studies. Results and 
Discussion: The films exhibited good mechanical properties with promising results and 
were in an acceptable range. The optimized formulation NF6 shows more drug release in 
in-vitro studies as compared to ex-vivo. This is due to the varying pore size of the cornea 
and disturbance of other tissues. An ocular irritation test revealed that the prepared 
formulation was non-irritant. Conclusion: Thus, the formulated ophthalmic film seems to 
be a promising formulation for the safe and effective delivery of Natamycin through the 
ocular route in the treatment of fungal keratitis.
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INTRODUCTION
The Ocular Drug Delivery System was an 
advancement that came into existence in 
the past twenty years and combats over the 
utilization of the suspensions, eye drops, 
ointments, and other ocular drug delivery  
systems.1,2 Ocular route serves as a real  
benefit over the conventional dosage 
forms since the drainage of the drug from 
nasolacrimal path; non-corneal absorption 
gets and flushes out from the pre-corneal path  
without reaching the targeted site. The  
cornea is the main part through which 
light gets reflected onto the retina, making 
it a good site for rapid absorption and high 
bioavailability.3

Fungal keratitis, which can lead to blindness, 
is the leading cause of ocular morbidity. 
Fungi are responsible for over 62 percent 
of microbial keratitis in warm, tropical  

climates. Plant trauma is one of the  
predisposing causes of keratitis.4 Candida 
species, Fusarium species, and Aspergillus 
species are the most commonly detected 
fungal causes of keratitis. Antiviral, 
antifungal, and antibacterial treatments are  
given depending on the spread of infection.5  
Polyene antibiotics (Amphoteric B,  
Natamycin (pimaricin), Nystain, and others)  
and Azoles (Imidazole: Clotrimazole, 
Ketoconazole, Miconazole, and others) are 
common tropical antifungals used for eye 
infections.6 Pathogenic fungi can be found 
in filamentous moulds or intracellular 
yeast, and they can infect animals or 
people. Chitin and polysaccharides, which 
function as a barrier to drug penetration, 
are used to make the fungal cell wall stiff. 
Fungi static is the responsibility of the  
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host.6,7 Natamycin is a BCS class -II drug which is now 
marketed as a 5 percent w/v ophthalmic suspension. 
When used in the frontal portion of the eye, conventional 
formulations permeate through the cornea to the 
inner tissues of the eyes in a relatively small amount 
(5%).8 Thus, to enhance bioavailability, the retention 
time of the drug on the administered site should be  
extended.9,10 To enhance the bioavailability of Natamycin,  
various systems have been developed by researchers, 
which include, niosomes,11 solid lipid nanoparticles,12,13 
mixed micelles,14 nanosuspension,15 etc.
Ophthalmic films are polymer-based films that can be 
kept in the outer region of the eye for longer periods of 
time. These are made up of several grades of polymer 
that dissolve when exposed to physical stressors. They 
have numerous advantages over other conventional 
forms since they are biodegradable in nature, retain for 
a longer period of time at the site of action, and are less 
expensive, that leads to enhanced bioavailability and 
patient compliance.16

As a result, the primary goal of this study was to 
develop and evaluate a Natamycin ophthalmic film 
using a solid dispersion approach to improve solubility, 
increase drug retention time on the site, and improve 
bioavailability. As a retarding polymer, PVA, Chitosan, 
and ethyl cellulose were utilized.

MATERIALS AND METHODS
Natamycin IP was procured from Chihong 
biotechnology, china. Ethyl cellulose (M/s Colorcon 
Pvt. Ltd. Goa), Polyvinyl alcohol (Fisher scientific 
Mumbai), Chitosan (Sigma Aldrich, Mumbai) PEG 400 
(MERCK Pvt. Ltd Mumbai), All other chemicals were 
procured from SD fine chemicals Mumbai.

Methods
Solubility Analysis

Natamycin solubility study was carried out in a metabolic  
shaker for 24hr at 37±2°C. The solvents used were 
methanol, phosphate buffer pH 7.5 and a mixture of 
ethanol: 6.8 pH buffer (1:2). The drug content assay 
was performed by UV spectrophotometer (Shimadzu 
UV 1900 Pharmaspec, Japan) λmax 303nm after serial 
dilution within the Beer’s range (2-10µg/ml).

Preparation of Solid Dispersions

The solvent evaporation method was used to prepare 
the solid dispersion product.17 The drug and polymer 
complex were prepared by varying the drug: polymer 
ratio and concentration of polymers (HPMC K100M,  
HPMC K4M and PVA) as shown in Table 1. Natamycin  

and polymers were dissolved in ethanol: acidic buffer 
of pH 6.8 (1:2 ratio) with the aid of a magnetic stirrer 
for 2hr at room temperature. The clear solvents were 
evaporated on water bath at 60°C for 3hr. The dried 
mass was pulverized and passed through 60 mesh and 
stored in an air tight container.

Evaluation of Solid Dispersions
Drug Content and In-vitro Dissolution Study

With continuous stirring on a magnetic stirrer, the 
weighed quantity of solid dispersion was dissolved in 
7.4 pH phosphate buffer, and dilutions were made 
according to the beer’s range. A UV spectrophotometer 
set at 303nm was used to determine the drug content. In  
900 ml of 7.4 pH phosphate buffer, an in-vitro dissolution  
analysis of solid dispersed product was conducted 
using a USP type II apparatus maintained at 37±0.5°C  
temperature with continuous stirring at 50 rpm. At  
predetermined intervals, 5ml of the samples were collected  
from the media and replaced with fresh dissolution 
medium in the same amount. The withdrawn samples 
were filtered via Whatman filter paper and quantified 
at 303 nm using a UV Spectrophotometer.18

Formulation of Natamycin Solid Dispersions 
Incorporated Ophthalmic Films

Six Natamycin ophthalmic films were prepared by using 
the solvent casting method.19 Chitosan, ethyl cellulose, 
and PVA polymers were used as retarding polymers 
along with casting solvents acetic acid + distilled water, 
chloroform, and distilled water respectively. PEG 400 
was used as a plasticizer. The detailed compositions of 

Table 1: Formulation of Natamycin Solid Dispersed 
Product.
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the Natamycin solid dispersion incorporated films are 
given in Table 2. The casting solutions were prepared 
by dissolving the specified concentration of polymers 
in suitable solvents using a magnetic stirrer for 30 min 
to get a uniform dispersion. Natamycin dispersions 
equivalent to 1.44gms of drug and plasticizer (30%) 
were added during constant stirring (600 rpm) in the 
polymeric solution. It was then set aside for ½ hr to 
get rid of the bubbles. The mixture was poured into 
a pre-lubrication petridish with glycerin. The petridish 
was enclosed in an inverted funnel and left untouched 
overnight for regulated evaporation. The films were 
carefully removed and cut into 4x2mm pieces before  
being wrapped in butter paper and stored at room  
temperature. The pictorial representation of the 
method of preparation of Natamycin ophthalmic films 
is shown in Figure 1.

Evaluation of Prepared Films
Physical Appearance and Surface Texture

The prepared formulations were inspected visually for 
their appearance, texture, and clarity.

Surface pH

To swell the film, it was kept in contact with 0.5ml of  
neutral water. The electrode was made to come into  
contact with the ocular film, and the pH was recorded 
in triplicates after one minute of equilibration with a  
pH meter (Elite Scientific Corporation, Haryana, India).20

Thickness of Film

Using a vernier caliper, the thickness of the film was 
measured. The film was folded a certain number 
of times and the measured value was divided by the  
number of folds. This demonstrates the film’s thickness  
uniformity as well as the polymer’s distribution 
homogeneity.21 All measurements were carried out 
three times.

Uniformity of Weight

Five films were chosen at random from each batch of 
the formulation, and their weight was assessed using a 
digital balance.22 The average weight was reported in 
triplicates.

Folding Endurance

The film was folded repeatedly in the same spot until 
it broke at that point. The number of folds required to 
break the film was calculated.20 This was analyzed three 
times and the average was considered. 

Drug Content Uniformity

All ophthalmic film formulations of 4×2mm were  
dissolved in 7.4 pH phosphate buffer, stirred for 1hr on 
a magnetic stirrer, filtered and filtrate was analyzed for 
drug content at 303nm by UV-spectrophotometer. For 
all the formulations, triplicate study was performed.23

Tensile Strength

The 3x4cm ophthalmic film was clamped between two 
clamps spaced 3cm apart. The tensile strength of the 
film was determined by adding weights to the pan until 
the film broke. The total weight was recorded, and the  
tensile strength was calculated in triplicate.20 Using,  
following formula.
Tensile strength g/(cm)2=(Load at failure (g)X100)/
(Cross sectional area ((cm)2))

Percent Moisture Absorption

It is one of the ways of checking the physical stability  
of the ophthalmic film under high humidity conditions.  

Table 2: Composition of Natamycin Solid Dispersion 
Incorporated Ophthalmic Films.

Ingredients
Formulation Code

NF1 NF2 NF3 NF4 NF5 NF6

 Natamycin 
dispersion 
equivalent 
to1.44gms

5.76 5.76 5.76 5.76 5.76 5.76

PVA(gms) 0.2 0.3 _ _ _ _

Ethyl Cellulose 
(gms) _ _ 0.25 0.3 _ _

Chitosan (gms) _ _ _ _ 0.2 0.25

Chloroform (ml) _ _ 10 10 _ _

Distilled Water 
(ml) 15 15 _ _ _ _

Dist water + 
Acetic acid (ml) _ _ _ _ 15+0.5 15+0.5

PEG 400 (% 
W/V) 30% 30% 30% 30% 30% 30%

Figure 1: Representation of method of preparation of Natamycin 
ophthalmic films by solvent casting method.
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The prepared ophthalmic films were weighed and 
stored for three days in the desiccator. As a desiccant, 
aluminium chloride solution is employed (79.5 percent 
humidity).20 All ophthalmic films were weighed, and  
moisture absorption percentages were estimated using 
the formula, in triplicate.
Percent moisture absorption= (Final weight-Initial 
weight )/(Final weight) X 100

Percent Moisture Loss

Anhydrous calcium chloride is present in the dissector. 
The films were weighed and stored for three days. The  
moisture loss was determined using the following  
equation after the films were re-weighed.23

Percent moisture loss=(Initial weight-final weight)/
Initial weight×100

In-vitro Diffusion Study

The Franz diffusion cell was used to determine the 
in-vitro drug release profile of ophthalmic films. The 
donor compartment contained the 8mm films, while  
the receptor compartment held the simulated tear  
solution. The dialysis membrane (molecular weight  
cutoff of 12,000-14,000 Dalton) was fixed as a semi-
permeable membrane between the donor and receptor  
compartments, with the rpm set to 50 and the temperature  
set to 37±1°C. Samples were withdrawn at a specified 
interval of up to 8hr. Sink condition was maintained 
and samples were analyzed at 303 nm.24

In-vitro Transcorneal Permeation Studies

A local sloutry house provided the goat eye. The core 
layer was excised and cleaned with saline, which was 
kept at 4°C until it was used. The cornea was rinsed in 
cold normal saline to remove the protein. The cornea  
was positioned between the donor and receptor  
compartments so that the outer epithelial faced the  
donor compartment. For 8 hr, the receptor compartment  
was filled with simulated tear fluid that was kept at 
37°C with continual stirring at 50rpm using a Teflon  
coated magnetic bead. The cornea in the donor 
compartment was covered with a 4x2mm ophthalmic film, 
and the donor compartment was sealed with a glass cover  
slip. At specified time interval 1ml of fluid was  
withdrawn (from receptor compartment) and replaced 
with fresh simulated tear fluid to maintain the sink 
condition. Withdrawn samples were analyzed at 303nm 
for drug content.25

Ocular Toxicity Study

The Draize test was adapted to assess ocular toxicity in  
accordance with OECD recommendations. The 

Institutional Animal Ethical Committee (IAEC) provided 
ethical clearance for the management of experimental 
animals (albino rabbits of either sex) (Resolution No.  
KLECOP/CPCSEA/Res.No-221/Po/Re/S/2000/ 
CPCSEA. Reg. 27-24-12-2018). The animals were divided 
into 3 groups, each group containing 6 rabbits marked 
as test, control, and placebo groups, respectively.  
Throughout the experiment, they were kept in an animal  
housing at room temperature and supplied with standard  
feed and water. The placebo group received a placebo 
film, whereas the control group received nothing. The  
test group received sterile best formulation. The  
ophthalmic film was placed in the cul-de-sac of the rabbit  
(test group) once a day for 7 days and corneal irritancy 
was tested at specific time intervals of 24 hr, 48 hr, 
72hr. After 1 week, all the animals were observed for 
redness, swelling, discharge, hemorrhaging, cloudiness, 
ulceration and blindness.26

Antimicrobial Activity

A Candida albican media containing Sabouraud dextrose 
agar was used to test antimicrobial activity in vitro. For 
inoculation, the streak method was utilized, and the  
samples were incubated at 35±4°C for 24 hr. The 
autoclave was used to sterilize 60ml of Sabouraud dextrose  
agar, which was then placed into the previously sterilized  
petridish and solidified at room temperature. The fungal  
suspension was made using sterile saline water, and 
1ml of it was placed into a 9cm diameter petridish and  
incubated at 35±4°C temperature. Wells (8mm) were 
made using cork bores. In three petridishes, 4×2mm 
(30mg) optimized ophthalmic film, 0.6ml of marketed 
suspension (5%), and 4×2mm placebo ophthalmic  
films were introduced respectively, in the aseptic condition.  
All petridishes were incubated at 35±4°C for 24h. Zone 
of inhibition was measured after 24hr.27

Kinetic Modeling of the Drug Release

The cumulative amount of drug permeated per square 
centimeter of all the ophthalmic film was fitted into 
zero order, first order, Higuchi kinetic model, and  
Korsmeyer peppas models, to calculate the release  
constant and regression coefficients (R2) using PCP 
DISSO V3 software.

Stability Studies

Stability testing provides information on the shelf-life  
of drugs or dosage forms and their recommended storage  
conditions. The stability study of NF6 formulation 
was carried out at normal condition 25±2°C and RH 
60±5% and accelerated condition at 40 ±2°C and 75 
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RH ±5% in stability chamber for a period of 90days.  
Films were wrapped in a butter paper followed by  
aluminium foil and placed in an aluminium pouch. 
They were evaluated for drug content, tensile strength 
and in-vitro diffusion studies after storage of 15days, 
30days, 60 days and 90 days.

RESULTS AND DISCUSSION

Solubility Studies

The maximum solubility of Natamycin was 5mg/ml in 
a mixture of ethanol and acidic buffer (pH 6.8) in 1:2 
ratio. It is practically insoluble in water and 0.05mg/ml 
was soluble in methanol.

Evaluation of Solid Dispersions

The solid dispersion was prepared by utilizing three 
polymers: HPMC K100M, HPMC K4M, and PVA in 
1:1, 1:2, and 1:3 ratios, respectively. The drug release  
was investigated for each polymer ratio. In comparison  
to different polymers and their ratios, it was discovered 
that drug: HPMC K4M in a 1:3 (SD-6) ratio had the  
maximum drug release. The HPMC K4M solid dispersed  
product was further utilized for film formulation. Table 3  
shows the drug content and percent drug release of all 
solid dispersions.

Evaluation of Natamycin Ophthalmic Films

Physical Appearance, Surface Texture and pH of 
Ophthalmic Films

All the formulations prepared (NF1-NF6) were clear 
and elegant in appearance and the films had a smooth 
surface without any cracks and imperfections. The 
film’s acidity and alkalinity are determined by the pH 
of the film’s surface. The pH of the ocular fluid ranges 
from 6.8 to 7.5. The film’s varied alkalinity may cause  
irritation or harm to the eye. The surface pH of the  
formulation NF1-NF6 was in the acceptable range of  
6.8-7.2 pH indicating films have less potential to irritate  
eyes and are highly acceptable by patients. All prepared 
films possess a surface pH which was compatible with 
simulated tear fluid of pH 7.4. (Table 4).

Thickness, Weight Variation and Folding 
Endurance

The thickness of the formulations NF1-NF6 was in the 
range of 0.0245 ± 0.38mm -0.07031 ± 0.75mm. These  
findings revealed that the polymer and drug were  
distributed uniformly. The average weight of all 
formulations NF1-NF6 was in the range of 126 ± 
1.252mg to 129 ± 2.02 mg which was within the 
acceptable limit. The folding endurance reflects the 
mechanical strength of the film and for (NF1-NF6) 
formulations it was in the range of 260-453 (Table 4).

Drug Content and Tensile Strength

The goal of determining drug content is to ensure that 
the drug is distributed evenly throughout the film. 
Formulations NF1-NF6 showed drug content in the 
range of 95.30 % to 98.28%. Tensile strength of the  
formulations NF1-NF6 were in the range of 29±0.812-
45±0.8779 and was in an acceptable range (Table 5).  
It was observed that, as the concentration of the  
plasticizer increased, gradually there was an increase in 
the folding endurance and tensile strength, the films of 
all the formulations NF1 to NF6 had good mechanical  
strength, flexibility and elasticity at the particular  
concentration of polymer.

Table 3: Evaluation of Natamycin Solid Dispersed 
Products.

Formulation code % Drug content % Drug release 
at 60 mins

SD1 95.67±1.8 74.93±3.4

SD2 96.23±2.1 83.84±2.7

SD3 94.38±0.9 93.52±2.8

SD4 92.64±2.2 82.14±3.5

SD5 95.87±1.5 90.67±3.2

SD6 98.22±2.4 95.11±4.1

SD7 96.09±1.6 61.32±2.6

SD8 93.76±1.8 57.45±3.2

SD9 98.22±0.8 69.03±1.2

Table 4: Evaluation of Natamycin Solid Dispersion Incorporated Ophthalmic Films.
Formulation Code Surface Texture Surface pH Thickness(mm) Weight (mg) Folding Endurance

NF1 Smooth 7.1±0.241 0.024±0.38 126±1.252 260±0.451

NF2 Smooth 6.8±0.152 0.070±0.75 128±2.516 453±1.732

NF3 Smooth 7.3±0.115 0.063±0.10 126±2.081 350±0.577

NF4 Smooth 7.0±0.192 0.043±0.25 127±1.244 345±1.254

NF5 Smooth 7.2±0.210 0.070±0.75 129±2.025 280±1.356

NF6 Smooth 7.2±0.120 0.035±0.42 127±1.527 311±2.645
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Moisture Absorption and Moisture Loss

The moisture absorption and moisture loss of all  
formulations were depicted in Table 5 and were 
found in the range of 2.752±0.348 to 3.96±0.422 and 
2.387±0.768 to 3.821±0.421 respectively, and were in an 
acceptable range.

In-vitro Permeation Studies

In-vitro permeation study for NF1, NF2, NF3, NF4, 
NF5 and NF6 showed the release of 79.48 %, 90.63 %, 
85.147 %, 85.72 %, 82.81 % and 80.21 % respectively. 
Based on the in-vitro study NF1, NF3 and NF5 showed 
faster and complete release in 4 to 5hr and thus were  
rejected. The use of retarding polymers in the 
formulation (PVA, Ethyl cellulose and Chitosan) 
successfully contributed to the sustained release of the 
drug and in-vitro permeability of NF2, NF4 and NF6 for 
8 hr was found to be in the range of 90.63%, 85.14% and  
80.21% respectively. On the basis of the overall evaluation  
parameter, NF6 was determined to be the best of the 
three formulations.
The decreased drug release at higher concentrations of 
PVA (NF1 and NF2) and chitosan (NF5 and NF6) was 
may be due to their tendency to form an intense and 
denser molecular network. Ethyl cellulose (EC) is the 
most utilized polymer in the preparation of sustained  
drug delivery systems because it’s biocompatible, versatile  
and lower cost.28 As the EC concentration ratio increased  
from 0.25gm 0.30gm, (NF3 and NF4) the in vitro drug 
release decreased, refer to Figure 2. The reason for this 
could be longer diffusion pathway of the drug in the 
higher ratio, so the release was retarded. This agrees 
with Yadav et al.29 

Ex-vivo Permeation Studies

Ex-vivo permeation study was conducted using the  
cornea of a goat and at the end of 8hrs percentage 
cumulative drug permeation of optimized formulation 
NF6 was found to be 76.30 %. The permeation of NF6  
by in-vitro was 80.21% and by ex-vivo was 76.30%.  

The drug permeation was high in the in-vitro studies as 
compared to ex-vivo. This is due to the fact that the, real  
cornea is a semipermeable membrane with varying  
pore size and also some other fatty tissues hinder the  
permeation of drugs through the cornea. Also, the  
cornea is made up of the epithelium (lipophilic),  
stroma (hydrophilic) and endothelium (less lipophilic 
than epithelium) which act as a lipophilic–hydrophilic  
barrier for corneal penetration, while the dialysis  
membrane acts as a mechanical barrier.21 The in vitro 
release profile of all formulations (NF1-NF6) is depicted 
in Figure 2 and the comparative in vitro-ex vivo release of 
the optimized formulation is shown in Figure 3.

Antimicrobial Activity Using Cup-let Method

The zone of inhibition observed (24hr) for optimized  
NF-6 film was 9.5mm and for the marketed formulation  
was 10mm and for placebo it was 3mm as shown in 
Figure 4. The results of the optimised formulation were 
satisfactory. Chitosan is an antibacterial agent itself,  
according to a placebo report. After 10-15 days of 
incubation at 35°C±4°C, the ophthalmic film was 
released in a controlled manner. According to the 

Table 5: Evaluation of Solid Dispersion Incorporated Ophthalmic Films.
Formulation code Tensile strength

(g/cm2) ± SD
Drug content

(%) ± SD
Moisture Absorption

(%) ± SD
Moisture Loss

(%) ± SD
NF1 35.0±0.76 96.82±0.28 2.75±0.34 3.82±0.42

NF2 45.0±0.87 97.27±0.41 2.92±0.44 3.70±0.39

NF3 42.5±0.62 95.30±0.38 3.26±0.38 3.11±0.05

NF4 32.0±0.81 98.28±0.47 3.86±0.24 3.67±0.24

NF5 30.4±0.12 95.74±0.41 3.96±0.42 3.55±0.27

NF6 31.2±1.22 96.20±0.46 3.58±0.39 2.38±0.76

Figure 2: In-vitro release profile of all Natamycin ophthalmic 
films.
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findings, there was no microbial development in the 
inhibited area. In-vitro anti-microbial tests showed that 
the zone of inhibition was sustained for 24hr, and the 
same zone size was maintained for upto 15 days.
The eye irritation score from individual rabbits was added 
to get the total irritation score that was subsequently 
divided by the total number of rabbits used for the 
ocular irritancy test to obtain the final eye irritation 
score. The calculated eye irritation score was 0.23 in 
control while for NF6 it was 0.47, which demonstrates 
good ocular tolerance. All the rabbits were kept under  
observation for 24hr. There was no irritation, 
inflammation, and redness found in the placebo with 

respect to optimized formulation NF6 and control eye. The  
ocular irritation test revealed that prepared formulation  
was non-irritant for ocular administration (Figure 5).

Kinetic Modeling of the Drug Release

To obtain the release constant and regression coefficients  
(R2), the release data was fitted into various kinetic 
models. The drug release profile for all formulations  
NF1 to NF6 revealed Higuchi kinetics among the models  
studied. The diffusion mechanism was responsible for 
the release profiles. All of the formulations (NF1-NF6) 
had a diffusion exponent (n) of less than 0.5, indicating 
a Fickian mechanism of drug release.

Short-term Stability Studies

The stability study of the optimized formulations for 
90 days revealed that the formulations were stable at 
room temperature as well as in the accelerated stability  
conditions as there was no significant difference in 
drug content, tensile strength, and in-vitro diffusion 
studies after storage for 90 days, which confirms the 
potentiality of the films for longer storage.

CONCLUSION
This study evaluated the suitability and feasibility of 
delivering Natamycin in the form of an ophthalmic 
film through the ocular route with the goal of avoiding 
the loss of the drug, an increase in the retention time 
of the drug and preventing the frequent dosing, along 
with enhancement in the rate of drug release, diffusion, 
and better patient compliance. Ophthalmic films were 
successfully prepared by using polymers (PVA, Ethyl 
cellulose, and Chitosan) by the solvent casting method.  
It was observed that as the concentration of the plasticizer  
increased, gradually there was an increase in the folding  
endurance and tensile strength. The films of all the  
formulations NF1 to NF6 had with good mechanical  
strength, no deviation in weight, and good folding 
endurance. The optimized formulation NF6 shows  
more drug release in in-vitro studies as compared to  
ex-vivo. This is due to the varying pore size of the cornea 

Figure 3: Comparative in-vitro and ex vivo drug release  
profile of optimized formulation NF-6.

Figure 5: Results of ocular irritation study A-Placebo film  
administered rabbit eye, B -Control group rabbit eye and  

C-Optimized film NF-6 administered rabbit eye.

Figure 4: In-vitro antifungal activity (zone of inhibition) of 
optimized formulation NF-6 against strain Candida albicans.
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and disturbance of other tissues. An ocular irritation  
test revealed that the prepared formulation was non-
irritant. Thus, the formulated ophthalmic film seems  
to be a promising formulation for the safe and effective  
delivery of Natamycin through the ocular route in 
treatment of fungal keratitis.
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SUMMARY

• Natamycin belongs to BCS Class II and currently  
available Natamycin formulation is conventional  
suspension with doses of 5mg, and has several 
disadvantages, such as drug loss during the 
administration and frequent dosing. This leads to 
greater variability in response. 

• In this present study, an attempt was made to  
formulate sustained release formulation of  
Natamycin ophthalmic films to avoid the loss of 
dose and frequent dosing, increase retention time 
and patient compliance.

• The Natamycin solid dispersions were and based 
on percent drug release profile SD-6 formulation 
is selected to incorporate in to ophthalmic films 
which were prepared by solvent casting method 
with PFG 400 as plasticizer.

• Further, the formulations were subjected to  
various evaluation parameters viz. surface pH,  
drug content, weight uniformity, thickness,  
folding endurance, tensile strength, in-vitro and 
ex-vivo permeation studies. 

• The films of all the formulations NF1 to NF6  
were with good mechanical strength, no deviation  
in weight, and good folding endurance. The 
optimized formulation NF6 shows more drug 
release in the in-vitro studies as compared to 
ex-vivo.

• Stability study of the optimized formulations for 
90 days revealed that the formulations were  
stable at room temperature as well as in the 
accelerated stability conditions which confirms the 
potential of the films for longer storage. 

• Thus, it was concluded that the formulated  
ophthalmic films seem to be a promising  
formulation for the safe and effective delivery of 
Natamycin through ocular route in treatment of 
ocular fungal keratitis.
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ABSTRACT
Background: Felodipine is BCS class II drug with poor and variable bioavailability due to 
its insolubility in water (19mg/L) and extensive metabolism in liver and gut. Thus, in the 
study Nanostructured lipid carriers (NLCs) of Felodipine were formulated to improve its 
solubility and bioavailability. Methods: NLCs loaded with Felodipine were prepared by 
high shear homogenization with ultrasonication. The NLCs were characterized for particle 
size, polydispersity index, entrapment efficiency, content of drug, in vitro drug release 
studies, stability studies and in vivo bioavailability studies. Results: The mean particle 
size and polydispersity index for optimized formulation F2 was found to be 187.0±0.06 
and 0.259±0.002 respectively. The drug content achieved was between the ranges of 
51.15± 0.01 to 69.14±003% for F1 to F5 formulations. The zeta potential of optimized 
formulation was found to be -38.2 mV, which showed good stability. Formulation F2 
showed highest percentage entrapment efficiency of 75.15±0.003. In vitro drug release 
studies showed sustained release pattern with maximum drug release of 72.82% by 
F2 formulation at the end of 12h. The bioavailability studies demonstrated significant 
enhancement in bioavailability of Felodipine NLCs in comparison to marketed product. 
Stability studies carried out for optimized formulation F2 showed that the NLCs are more 
stable at 4±2°C. Conclusion: Nanostructured lipid carriers loaded with Felodipine were 
able enhance the bioavailability of drug by 2.0 folds in comparison to marketed product 
and also demonstrated sustained drug release pattern for longer period of time.

Key words: Felodipine, Oleic acid, Compritol ATO 888, High shear homogenizer, Oral 
bioavailability.
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INTRODUCTION
Hypertension is defined as a systolic blood 
pressure ≥ 140 mmHg and/or a diastolic 
pressure ≥ 90 mmHg, is one of the most  
common chronic disease.1 Calcium channel  
blockers are primarily utilised for the  
therapy of systemic arterial hypertension.  
A dihydropyridine calcium channel blocker  
Felodipine, has been extensively used in  
the treatment of hypertension.2 Felodipine  
is BCS class II drug and is practically 
insoluble in water (19mg/L). It is extensively  
metabolized in liver and gut as well as  
entirely excreted as metabolites. Felodipine  
has poor and variable bioavailability  
(15-20%).3 Various studies were conducted 

by researchers to increase the solubility  
and oral bioavailability of Felodipine. For 
instance, Dong HW et al., prepared solid  
dispersions (SD) of Felodipine by supercritical 
anti-solvent precipitation method 
which showed higher dissolution rate of  
drug over 90 % in 2 h.4 Cong L et al.,  
prepared nanocrystals of Felodipine resulting  
in an increased dissolution rate with AUC0-t  
value of 1.6-fold higher than that of the 
commercial tablets.5 Sahu et al., prepared 
and evaluated Felodipine nanosuspensions  
showing up to 79.67 % release in 4 h.6  
Grandhi S et al., formulated matrix tablet 
from solid dispersions of Felodipine 
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by wet granulation technique. These tablets showed 
extended drug release of 87.84 % in 8 h.7 Anusha A, 
developed self micro emulsifying drug delivery system 
(SMEDDS) of Felodipine, where the dissolution from 
liquid SMEDDS and solid SMEDDS was significantly 
high (P<0.0001) compared to drug suspension.8 Many 
solid dispersions of Felodipine with varying polymers 
or methods of preparations were also tried to increase 
the solubility of drug.
Pharmaceutical nanotechnology has taken the advantage 
of the advent of nanotechnology; new pharmaceutical 
dosage forms are under development to deliver many  
pharmaceutical drug molecules.9 Poor intrinsic dissolution  
rate and aqueous solubility of drug greatly influence  
the oral drug delivery. Recently, NLCs have been  
widely attracting researchers for the oral delivery of 
lipophilic drugs.10 NLCs with unique characteristics  
can be formulated by combining solid and liquid lipids 
which provide firm loading of drug molecule inside 
the matrix during the shelf life.11 Solubility of drug 
is higher in liquid lipid as compared solid lipid. Due 
to this, NLCs can achieve high drug loading and slow 
drug release thereby, avoids drug loss prior to the solid 
lipid decomposition.12 By review of literature, it was  
understood that high shear homogenization is the  
simple, rapid and easy method to prepare NLCs. Thus, 
the present study attempts to design and evaluate 
Nanostructured lipid carrier of Felodipine with an aim 
to enhance its solubility and oral bioavailability.

MATERIALS AND METHODS
Materials

Felodipine pure drug was obtained as a free gift sample  
from Cipla Pvt. Ltd. Bangalore, India. Compritol 
ATO 888 was obtained by Gattefosse, France. Oleic  
acid was purchased from S.D Fine Chemicals, Mumbai,  
India. Poloxamer 188 was purchased from Ozone 
International, Mumbai, India. Dialysis membrane with 
molecular weight cut off of 12000-14000 Dalton was  
purchased from Hi Media Laboratories Pvt. Ltd.  
Mumbai, India. All the other chemicals used were of 
analytical grade.

Methods
Preliminary Lipid Screening

Selection of the suitable lipids to develop lipid 
nanoparticles is one of the crucial parameter. Thus, 
Felodipine solubility was determined in various 
solid and liquid lipids, to select the suitable lipid to 
encapsulate the large quantity of drug. Lipid screening 
was done by dissolving drug with increasing quantity 

in different melted solid lipids (Approximately 100mg) 
and determined the maximum amount of drug 
dissolved in every lipid.

Optimization of Process Parameters

For process optimization, homogenization speed, 
homogenization time, ultrasonication time and surfactant  
concentrations were varied (Table 1) and evaluated for 
particle size and size distribution.

Preparation of NLCs by High Shear Homogenization 
Followed by Ultrasonication Method

NLCs were prepared by high shear homogenisation 
and ultrasonication method.13 In the method, lipids 
were melted (10 °C above their melting point) and to 
the melted mass drug was added slowly. The dispersion  
was kept at the same temperature until it becomes  
optically clear. The aqueous phase of surfactant solution  
was prepared separately by dissolving Poloxamer 188 
with distilled water and heated to the same temperature 
as that of lipid solution. Hot solution of surfactant  
was added in to the lipid phase dropwise with continuous  
stirring on magnetic stirrer for 10 min. The mixing 
was further continued with high shear homogenizer at 
12000 rpm for about 30 min following ultrasonication 
for 15 min. The prepared formulation was then stored 
at 4°C. The composition of NLCs formulations F1 to 
F5 is given in Table 2 as well as the method is depicted 
with schematic representation in Figure 1.

Evaluation of Felodipine NLCs Formulations

Determination of Particle Size, PDI and Zeta 
Potential

The size distribution of the formulations was measured 
by Dynamic Light Scattering Particle Size Analyzer 
(Nanotrac Particle Size Analyzer). The zeta potential 

Table 1: Formulation Design of Felodipine  
NLCs Using Solid/ Liquid Lipids and Surfactant.
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F1 1:1 10 10 10 1.0

F2 1:1.5 10 15 15 1.0

F3 1:2 10 20 20 1.0

F4 1:2.5 10 25 25 1.0

F5 1:3 10 30 30 1.0

Drug: Felodipine, Solid lipid: Compritol ATO 888, liquid lipid: Oleic acid, surfactant: 
Poloxamer 188
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was determined by Malvern Zetasizer and the average 
values of triplicates were taken.14

Drug Content

NLCs loaded with 1mg equivalent amount of Felodipine  
was added to 10ml of methanol: phosphate buffer  
pH 6.8 (1:10) with continuous stirring for 2hr. Obtained  
colloidal suspension was subjected to ultracentrifugation 
at 10,000 rpm for 30 min. Then, supernatant was 
collected, suitably diluted and further analyzed for 
drug content spectrophotometrically at 363 nm.15

Entrapment Efficiency

The entrapment efficiency of NLCs was determined by 
ultracentrifugation method. The obtained supernatant 
after ultracentrifugation of NLCs (30,000 rpm at 
25°C) for 30 min was suitably diluted with pH 6.8 

phosphate buffer and analysed for unassociated drug 
spectrophotometrically at 363 nm.16 The Felodipine 
encapsulation efficiency of the nanoparticles was 
calculated as follows:

% Efficiency

Total amount of drug

Total amount of unbounded drug
To

=

−

ttal amount of drug
×100

Transmission Electron Microscopy (TEM)

External morphology of prepared nanosuspension was 
determined by using transmission electron microscopy.  
Samples of the nanosuspension were prepared by  
placing a drop onto copper grid. Digital Micrograph 
and Soft Imaging Viewer software were used to perform 
the image capture and analysis, including particle sizing.

In vitro Drug Release

Suspension of NLCs equivalent to 10mg of Felodipine 
was transferred to a dialysis bag (mol. weight cut off 
12,000–14,000 Dalton) and sealed. The bag was then 
immersed for 2hrs in dissolution apparatus containing 
900 ml of 0.1 N HCl pH 1.2 buffer followed by pH 
6.8 phosphate buffer for about 12hr with a constant 
speed of 50 rpm at 37°C± 0.5°C. Required quantities 
of test samples were withdrawn at regular intervals and 
the same quantities were replaced with fresh solution of 
buffers. The samples were suitably diluted and analyzed 
spectrophotometrically at 363 nm.17,18

Kinetics of Drug Release

To study the release mechanism and release rate kinetics  
of NLCs, the obtained data was fitted in to Zero order, 
First order, Higuchi matrix, Hixson Crowell and 
Korsmeyer- Peppas model. On the basis of R2 values  
obtained, the best fit model was chosen by using  
Microsoft excel Windows version 7.

In vivo Bioavailability Studies

Ethical approval was received from the Institutional 
Animal Ethics Committee prior to the beginning of 
research work. The animals were procured from in vivo  
Biosciences, Bengaluru by Institutional Animal Ethics  
Committee and provided for the study. Healthy male  
Wistar rats weighing 150-200gms were housed in 
polypropylene cages and maintained at room temperature  
under 12 h dark/light cycles. They were fed with  
standard pelleted diet and water. The animals were 
acclimatized for one week under laboratory conditions 
before experiments on the animals. The animals were  
fasted overnight and had free access to water throughout  
the experimental period. Twelve healthy male wistar  
rats were selected and divided into 2 groups each group  

Table 2: Optimization of Process Parameters.
Parameters Speed Particle size PDI

Homogenization speed 
(rpm)

9000 968.25 1.95

12000 729.36 1.25

14000 310.18 0.43

Homogenization time 
(mins)

10 754.63 0.48

20 567.27 0.36

30 420.32 0.28

Ultrasonication time 
(mins)

5 432.4 0.46

10 329.8 0.32

15 221.4 0.21

Surfactant concentration
(%w/v)

0.5 233.5 0.94

1 229.6 0.41

1.5 342.2 0.89

2 386.7 0.97

Figure 1: Representation of NLC’s preparation by high shear 
homogenisation followed by ultrasonication method.
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were as follows; homogenization speed-1400rpm, 
homogenization time-30 min, ultrasonication time -15 
min and surfactant concentration-1.0%. The results are 
shown in Table 2.

Evaluation of Felodipine NLCs Formulations
Particle size and size distribution

The mean particle size for formulation F1 to F5 varied  
in the range of 187.0±0.06 nm to 321.9±0.01 nm. The 
NLCs mean particle size was found to be reduced with 
increasing the concentration of lipid up to certain 
range. Further increase in lipid concentration showed 
an increase in the mean particle size of NLCs. The 
mean Polydispersity index of NLCs loaded with drug  
(F1 to F5) varied between the ranges of 0.259±0.002 to 
0.382±0.004 as tabulated in Table 3.

Zeta Potential

It has been reported that the value of zeta potential 
less than -30 mV or higher than +30 mV predicts good 
physical stability of nanoparticles dispersion. Zeta 
potential of F1-F5 are given in Table 3 which are in the 
range of -22.9 to 38.2 mV and Figure 2 shows the zeta 
potential of F2 formulation.

Drug Content and Entrapment Efficiency

The percent drug content and encapsulation efficiency 
for formulations F1 to F5 were ranged between 51.15% 
to 69.13% and 53.33% to 80.15% respectively (Table 3). 

SEM and TEM Analysis

SEM and TEM images of optimized NLCs formulation 
F2 indicated that, the prepared NLCs were in nano size 
range. SEM and TEM images of the optimized NLCs  
formulation F2 is shown in the Figure 3 A and Figure 3 B  
respectively.

In vitro Drug Release

The drug release at the end of 2h for F1-F5 was found to 
be in the range of 17.69% -20.01%, this release is due to 
the drug present on the surface of nanoparticles. At the 
end of 12h the mean cumulative release of drug from 

containing 6 rats. Group 1 received marketed product of 
Felodipine 0.108 mg in normal saline by oral route. 

Group 2 received NLCs containing equivalent to 
0.108mg of Felodipine for 6 animals in normal saline 
through oral route. After 0.5, 2, 4, 6, 8, 10, 12 and 24 hr, 
0.5ml of blood was collected from eye by retro-orbital  
puncture into eppendorf tube with 10µl of EDTA.  
The samples were centrifuged at 5000 rpm for 20min. 
Supernatant plasma was taken and filtered through 
0.45µm membrane into clean vials and then analyzed 
in UV Spectrophotometry.19

Short Term Stability Studies

The stability studies were conducted according to ICH  
guidelines. Samples were stored in glass vials for  
60 days at 4°C and at room temperature (25 ± 2°C). 
After 30, 60 and 90 days samples were evaluated for % 
entrapment efficiency and in vitro drug release studies.20

Statistics

The data as described in the experimental sections was 
statistically analysed by performing two-way analysis of 
variance (ANOVA) using GraphPad Prism 7.0 software; 
a value of P<0.05 were found to be statistically significant  
in all the cases.

RESULTS
Preliminary Lipid Screening

For solid lipid, Felodipine has shown maximum solubility  
in Compritol ATO 888 and solubility was in an order  
of Compritol ATO 888>stearic acid > Glyceryl  
monostearate. For liquid lipid Felodipine has shown 
maximum solubility in oleic acid and solubility was in 
an order of Oleic acid> Ethyl Oleate> Olive oil.

Optimization of Process Parameters

Optimization of process parameters was done by varying  
homogenization speed, homogenization time, 
ultrasonication time and surfactant concentration as 
shown in Table 1. Based on desired particle size, PDI and 
reproducible results the optimized parameters selected 

Table 3: Particle Size and Polydispersity Index, %Drug Content, % Entrapment Efficiency and Zeta Potential.
Formulation Particle size* PDI* Percent Drug 

content*
Percent Entrapment 

efficiency*
Zeta potential (mV)

F1 203.0±0.06 0.282±0.032 51.15± 001 53.33±0.004 -24.1

F2 187.0±0.01 0.259±0.002 69.14± 003 80.15±0.003 -38.2

F3 192.3±0.004 0.274±0.005 66.12± 002 74.0±0.005 -22.9

F4 253.5±0.02 0.349±0.003 55.24±007 62.27±0.003 -22.5

F5 321.9±0.01 0.382±0.004 54.13±004 58.33±0.006 -24.0
*Results are expressed as mean ± standard deviation (mean±SD) n=3
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optimized NLCs formulation F2 with the marketed 
product which were given orally with normal saline. 
Comparative graph of plasma concentration v/s time 
of optimized formulation F2 and marketed product 
was plotted (Figure 6). AUC of Marketed product was 
found to be 81.1 µg/ml. h, Cmax of 4.569 µg/ml and  
Tmax of 4 h when given orally, whereas optimized  
formulation F2 showed AUC of 222.7 µg/ml. h, Cmax 
of 13.040 µg/ml and Tmax of 8 h, which was calculated 
by Trapezoidal method. AUC 0-t of Marketed product  
81.1 µg/ml. h was increased up to 222.7 µg/ml. h for 
optimized formulation F2 when given through oral route.

Statistical Correlation

For the statistical correlation of in-vivo bioavailability, 
the number of animals in each group (n) = 6 were  
taken. Two-way ANOVA was applied for the statistical  
comparison of data. Degree of freedom was taken  
5%. *p<0.05 and ***p<0.001 compared to marketed 
formulation. If the hypothesis is 95% of confidence 
then degree of freedom is 5% (p≤0.05). If the hypothesis 
is 99% of confidence then the degree of freedom 1% 

Figure 2: Zeta potential of formulation F2.

Figure 3: A) Scanning Electron Microscopy B) Transmission 
Electron Microscopy of optimized formulation F2.

Figure 4: In vitro dissolution profile of the formulations  
F1 to F5.

Figure 5: Comparative in vitro drug release profile of  
optimized formulation F2 and pure drug.

F1-F5 was found to be in the range of 50.60-72.82%. 
The in-vitro release profiles of formulations F1-F5 are 
shown in Figure 4 and the release profile of optimized 
F2 formulation and pure drug is compared in Figure 5. 
All formulations F1 to F5 showed biphasic drug release 
profile, with beginning burst release of drug which was 
due to surface drug adsorption, this phase is followed 
by a phase of slower drug release. In the second phase, 
the mechanism of drug release is diffusion of entrapped 
drug from inside the NLCs in to the release medium. 
Pure drug release profile showed ~50% drug release in 
12hrs, whereas the optimized NLCs formulation F2 
showed drug release of about 72.82% up to 12hrs which  
indicates increase in bioavailability of nano formulation  
(shown in Figure 4). 

In-vitro Kinetics of Drug Release

The release data obtained was fitted in to different 
kinetic models to determine the release constant as well 
as regression coefficient (R2). Based on the obtained 
regression coefficients, the drug release profile of NLCs 
formulations (F1-F5) were best fitted with Higuchi 
Matrix model.

In vivo Studies

The study was carried out on male Wistar rats for 
the comparison of plasma drug concentration of 
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drug, thereby increasing the dissolution rate and hence 
the oral bioavailability. It was also aimed to provide 
sustained manner of drug release for prolonged period 
of time, thus reducing the dosing frequency.
Preliminary lipid screening was performed with different  
solid and liquid lipids to select a suitable lipids in the  
formulation of NLCs. Felodipine has shown maximum 
solubility in Compritol ATO 888 and Oleic acid, this  
might be due to structural convenience between  
Compritol ATO 888, Oleic acid and Felodipine. On 
the basis of Lipid screening Compritol ATO 888 and 
Oleic acid were selected for formulation of NLCs. Also, 
for better and reproduceable results, process parameters 
such as homogenization speed, homogenization time, 
and ultrasonication time and surfactant concentration 
were optimized in the preliminary study.
A total five formulations (F1-F5) were formulated by 
using solid lipid Compritol ATO 888, liquid lipid oleic 
acid and a surfactant poloxamer 188 with the use of  
high shear homogenization followed by ultrasonication  
method and evaluated. Among all formulations of  
NLCs, F2 formulation with drug: lipid ratio of 1:1.5 
shows lower particle size (nano range) of 187.0 ± 0.06 nm.  
Polydispersity index suggests the width of particle size 
distribution that ranges between 0 to 1. If a PDI value 
is neared to 0 indicates the monodispersion of sample.  
However, PDI< 0.2 is considered as narrow size  
distribution whereas a PDI>0.5 indicates a very broad 
distribution. Therefore, PDI measurement was essential  
to confirm the size distribution of the particles and  
F2 NLCs formulation showed lower PDI indicating 
homodispersion. Zeta potential is used to demonstrate 
the charge stability of dispersed systems. Zeta potential 
of NLCs F2 was found to be –38.2 mV which indicates 
good stability of formulation. This is due to surfactant  
that reduces the electrostatic repulsion among the  
particles and sterically stabilizes the particles by  
forming a coat around their surface. Formulation F2  
demonstrated maximum drug content as well as  
entrapment efficiency of 69.14±003% and 80.15± 
0.003% respectively. Also, formulation F2 which has 
a lowest mean particle size has resulted in maximum 
percent release of drug (72.82%) at the end of 12h. This is  
because, smaller the particle size greater will be the  
surface area compared to their volume, thus, almost  
all drug will be at or near the particle surface which  
can be easily released. In contrary, larger particles  
possess large cores which leads to more drug encapsulation  
but slowly diffuses out. Based on these all findings of 
NLCs evaluation, F2 formulation can be considered as 
optimized formulation.

(p≤0.01). Here null hypothesis is not working so that 
alternative hypothesis comes into existence.

Short Term Stability Studies

The results of stability studies show no significant 
difference with respect to entrapment efficiency and 
cumulative percentage drug release of F2 formulation 
stored at 4 ± 2°C/65 ± 5% RH compared to that stored 
at room temperature. Thus, formulation stored at 
4±2°C/65±5% RH showed better stability as compared 
to the formulation stored at 25±2°C/65 ± 5% RH.

DISCUSSION
A new form of NLCs comprising of lipid matrix and 
having a unique nanostructure have been developed.  
These carriers enhance drug loading as well as incorporate 
drug firmly during its storage. Solid-lipid nanoparticles 
(SLN) can be exploited as efficient delivery systems in  
commercial production but these show certain 
limitations like, higher water content in the nanolipid 
and possibility of drug expulsion during storage.21 
Mainly to avoid drug expulsion, combination of 
lipids that does not form highly ordered crystalline 
arrangements is required. Thus, NLCs come in to 
existence as they consist of combination of solid and 
liquid lipids, which results in matrix with higher 
imperfections to accommodate higher drug molecule 
than SLN. 
Around 40% of the APIs face solubility problems 
which lead to their low oral bioavailability. Felodipine, 
an antihypertensive drug that belongs to BCS Class II 
i.e. low solubility and high permeability and have oral 
bioavailability of only 15%. In order to overcome this  
problem, Felodipine loaded nanostructured lipid carrier  
was formulated so as to reduce the particle size of the 

Figure 6: Comparative in-vivo release profile of Optimized 
formulation F2 and marketed product by oral administration.
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Encapsulation efficiency and drug content were 
enhanced with increasing concentration of solid lipid 
(up to 15 mg), further increase in concentration of  
solid lipid (up to 30 mg) leads to decrease in the entrapment 
efficiency. This is because, in NLCs molecules of lipid 
(solid and liquid) distributed in lipid matrix and an 
imperfect structured nanoparticle were formed, that  
enhances drug entrapment in structure. At higher  
contents of lipids, increasing drug to lipid ratio reduces  
entrapment efficiency due to reduced drug- lipid  
miscibility.22,23

The in vivo study was performed on male Wistar rats 
and plasma drug concentration of optimized F2 
formulation of NLCs was compared with that of 
marketed product plasma drug concentration. As the 
AUC0-t obtained for marketed product was 81.1 µg/ml. 
h and that of optimized formulation F2 was 222.7 µg/
ml. h (calculated by Trapezoidal method), the NLCs of 
Felodipine were capable of enhancing the bioavailability 
by 2.0 folds when compared to the bioavailability of 
marketed product and efficiently sustain the release of 
drug for prolonged time period. Thus, from the present 
study it can be concluded that NLCs prepared with 
proper process and formulation optimization could 
significantly enhance the bioavailability of poorly 
water-soluble drug Felodipine.

CONCLUSION
Five formulations of Felodipine loaded Nanostructured  
lipid carriers were successfully prepared with high  
shear homogenization and ultrasonication method. 
Based on evaluation results of NLCs, F2 formulation 
was considered as optimized formulation for further 
evaluation. SEM and TEM images suggested that the 
particle size of F2 formulation were in nano range.  
Zeta potential was found to be between -22.5 to -38.2 
which predict good physical stability of nanoparticles 
dispersion. The dissolution rate depends upon the 
mean particle size. Therefore, F2 formulation showed 
maximum release i.e. 72.82±0.002%. For in vivo 
bioavailability study male Wistar rats were subjected 
to the pharmacokinetic study. Stability studies carried 
out for optimized formulation F2 showed that 
the NLCs were more stable at 4±2°C. In conclusion, 
Nanostructured lipid carriers loaded with Felodipine 
were capable of enhancing the bioavailability of drug 
by 2.0 folds in comparison to marketed product and 
also demonstrated sustained drug release pattern for 
longer period of time.
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SUMMARY

• Nanostructured lipid carriers of Felodipine were successfully prepared by using high shear homogenization 
and ultrasonication teqniques.

• Preformulation study to determine drug-excipient compatibility was carried out by FTIR and DSC, which 
revealed that, the drug sample was pure and the lipids and surfactant used were compatible with Felodipine. 

• A total five formulations (F1-F5) were prepared by using Compritol ATO 888 as solid lipid, oleic acid as 
liquid lipid and poloxamer 188 as a surfactant.

• Felodipine loaded NLCs were characterised for their particle size, polydispersity index, % drug content, 
% entrapment efficiency, zeta potential , surface morphology, in-vitro drug release studies, in-vivo 
bioavailability and stability studies. 

• Based on evaluation results of NLCs, F2 formulation was considered as optimized formulation for 
further evaluation.

• Zeta potential of optimized formulation F2 was -38.2 showed good stability. 
• In vitro drug release study showed initial burst effect, this may be due to drug present on the surface of 

NLC followed by sustained release. 
• Developed UV method was used for determination of Felodipine in rat plasma for bioavailability and 

pharmacokinetic evaluation. 
• The relative bioavailability of NLC formulation showed an enhanced bioavailability of 2.0 times greater 

than that of Marketed product.
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ABSTRACT
Ticagrelor is a new generation Adenosine diphosphate receptor inhibitor drug which is 
highly lipohilic having poor aqueous solubility used in the treatment of Acute Coronary 
Syndrome and prevention of Thrombotic events like Stroke and Heart Attack. An approach 
has been made to develop Chewable tablets of drug loaded on Self-microemulsifying 
drug delivery systems (SMEDDS), screen suitable adsorbent for solidification of 
formulated SMEDDS and to study the effect of superdisintegrants in chewable tablets. 
Methods: On basis of Pseudoternary diagrams constructed for selected oil, surfactant 
and cosurfactant, SMEDDS formulation was formulated using Capmul MCM EP oil with 
surfactant (Cremophor RH 40) and co-surfactant (PEG 400) which was solidified using 
selected adsorbent. Chewable tablets were compressed by direct compression method 
using superdisintegrants. Results: IR Studies and DSC studies revealed compatibility 
and stability of drug in formulation. Compression blend containing Solidified SMEDDS 
possessed good flow and compressibility. Chewable tablets compressed using Soy 
Polysaccharides as super disintegrant showed least wetting and disintegration time, drug 
release of 97.68% within 30 min. Short term stability studies revealed no significant 
change in physical and chemical properties. Conclusion: These results suggest that the 
Ticagrelor loaded self microemulsifying chewable tablets can be a promising oral drug 
delivery system to improve the solubility and dissolution profile of Ticagrelor.
Key words: Ticagrelor, SMEDDS, Adsorbents, Chewable tablets, Acute coronary 
syndrome.
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INTRODUCTION
Cardiovascular diseases (CVD) are the 
leading cause of  death in the disease category 
around the world. According to WHO, it is 
estimated that 17.9 million people succumb 
to CVD each year.1 According to the Global 
Burden of  Disease study, India has an  
age-standardized CVD fatality rate of  272 
per 100,000 people, which is higher than the 
world average of  235 per 100,000 people.2 

Coronary artery disease and Acute coronary 
syndrome (ACS) are examples of  CVDs 
that damage the heart and arteries. ACS has 
a greater risk of  morbidity and mortality 
than other illnesses which is been treated 
with medications that prevent ischemia 
and angina by limiting the extent of  the 
infarct (the area of  the myocardium that is  

affected), as well that prevent clot formation 
due to aggregation of  cellular blood 
components.3,4

Self-Micro emulsifying drug delivery 
systems (SMEDDS) approach has gained 
potential as a viable method to enhance 
solubility, permeability and there by improve 
bioavailability of  poorly soluble drugs.5 
SMEDDS are isotropic combinations of  
natural or synthetic oils, surfactants, and 
cosurfactants that have the distinctive 
capacity to create fine oil-in-water (o/w) 
microemulsions with modest agitation 
followed by dilution in aqueous media.6,7 

The employment of  two or more oil soluble 
emulsifiers and water soluble surfactant is 
commonly used to reduce interfacial tension, 
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which is the main driving force for microemulsion 
generation.8 To address handling, storage and stability 
issues there is a need for conversion of  liquid SMEDDS 
to solid SMEDDS which can be accomplished by 
adsorption onto solid carriers.9 The adsorbents can 
adsorb up to 70% w/w of  their weight when they are 
loaded with liquid SEDDS /SMEDDS.10

Ticagrelor is a new generation ADP (Adenosine 
diphosphate) receptor inhibitor drug, used in the 
treatment of  ACS which acts by preventing clot 
formation due to aggregation of  platelets. It belongs 
to Biopharmaceutical Class IV with very low aqueous 
solubility of  approximately 3.5mg/L and moderate 
intrinsic permeability characteristics which poses a 
challenge to formulate an optimal oral solid dosage 
form with desired bioavailability.4 Conventional dose 
of  Ticagrelor have a drawback of  slow inhibition of  
platelet aggregation due to its low solubility and oral 
bioavailability leading to its slow onset of  action.11 In 
order to address these issues Ticagrelor was formulated 
using approaches like solid dispersion,12,13 sublingual 
tablets,14 and Film coated tablets.15 The drug has been 
administered orally at 90 mg dose twice a day for a year, 
followed with 60 mg doses twice a day, due to which 
patient experience dysphagia.16

With the objective to enhance drug solubility and 
thereby oral bioavailability an attempt has been made to 
develop Chewable tablets of  Ticagrelor using formulated 
SMEDDS. For solidification of  liquid SMEDDS 
adsorbents were screened. Effect of  super disintegrants 
on drug release in chewable tablet formulation was also 
investigated.

MATERIALS AND METHODS
Materials

Ticagrelor and Virgin coconut oil was purchased from 
Sigma Aldrich, Mumbai. Capryol PGMC(propylene 
glycol monocaprylate, type I), Mysine 35-1, Labrafil 
M 2125 C (linoleoyl macrogol-6 glycerides), Labrasol 
(caprylocaproyl macrogol-8 glycerides), Lauroglycol 
FCC (propylene glycol monolaurate, type I), Transcutol P 
(diethylene glycol monoethyl), Transcutol HP (Diethylene 
glycol monoethyl ether) were gifted from Gattefosse India 
Pvt. Ltd. Capmul MCME P (glycerylcaprylate/caprate), 
Capmul MCM C8 (Glyceryl Monocaprylate), Capmul 
PG-8 EP (Propylene Glycol Monocaprylate), Acconon 
MC8-2 EP (Caprylocaproyl Macrogolglycerides EP), 
Captex 170 EP (CocoylCaprylocaprate EP), Captex 
200 P (Propylene Glycol Dicaprylocaprate EP) were 
gifted by IMCD India private limited, Mumbai. Natural 

Vitamin E oil was gifted by Matrix Fine Science Pvt.Ltd. 
Aurangabad. Kolliphor EL and Kollisolv MCT-70  
was gifted by BASF India Limited, Navi Mumbai 
India. Castor oil, Oleic acid, and Propylene glycol 
were procured from LobaChemiePvt. Ltd. Mumbai. 
Cremophor RH 40 (PEG-40 Hydrogenated Castor Oil), 
Tween 80 (Polyoxyethylene sorbitan monooleate) were 
purchased from HiMedia Laboratories Pvt. Ltd. Nashik. 
Tween 20, Tween 60, Isopropyl Alcohol, Methyl Alcohol 
were procured from S D Fine-Chem Limited. Mumbai, 
India. Spherolac 100 (sieved lactose monohydrate USP) 
and Sorbolac 400 (milled lactose monohydrate USP) was 
gifted by Signet excipients Pvt. Ltd. Mumbai. Vivasol 
GF LM (Croscarmellose Sodium), Emcosoy STS IP 
(soy polysaccharides), Vivapharm PVP K30 (Polyvinyl 
pyrrolidone) and Prosolv ODT G2(orally disintegrating 
tablet matrix) were gifted by Rettenmaier India PVT. 
LTD. A member of  the JRS group. Pharmatose 200M 
(Lactose Monohydrate) was purchased from Lepid life 
sciences (P) Limited, Alwar, Rajasthan. MICCEL-101 
(Microcrystalline Cellulose 101) and MICCEL-112 
(Microcrystalline Cellulose 112) were gifted by Ankit 
pulps and boards PVT. LTD Mumbai, India. All the 
chemicals used were Pharmaceutical and analytical 
grades.

Methods
Formulation of Self Emulsifying Drug Delivery 
systems(SMEED)
Screening of oil, surfactant and co-surfactant based on 
solubility studies

The saturation solubility of  drug was determined by 
solubilising drug in various oils (Capryol PGMC, Virgin 
Coconut oil, Natural Vitamin E Oil, Maisine 35 – 1, 
Labrafil M-2125 CS, Castor Oil, Oleic acid, Labrafac 
PG, Isopropyl Myristate, Kollisolv MCT-70, Capmul 
MCM EP, Capmul PG 8,Captex 200p, Captex 170p, 
Capmul MCM C8 and Acconon MC8 – 2), surfactants 
(Kolliphor EL, Cremophor RH 40, Labrasol, Brij 35  
30% w/v, Tween 20, Tween 60, Tween 80) and 
co-surfactants (PEG 400, Propylene glycol, Lauroglycol 
FCC, PEG 600, PEG 200, Transcutol P and Transcutol 
HP). An excess amount of  drug was dissolved in 1ml 
of  oil, surfactant and co-surfactant respectively. The 
mixture was stirred continuously for 24 hr at room 
temperature on a magnetic stirrer. After equilibrium 
was attained the mixture was centrifuged at 15000 rpm 
for 15 to 20 min. The supernatant layer was filtered 
through the PTFE syringe filter by using 0.45µm filter 
disk. The filtered solution was diluted with Isopropyl 
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alcohol and absorbance was measured at 221 nm using 
UV Spectrophotometer.17-20

Construction of pseudoternary phase diagram

Based on solubility studies of  Ticagrelor in oil, surfactant 
and co-surfactant, the excipient mixture of  oil, surfactant 
and Co-surfactant were selected. The pseudoternary 
phase diagram of  oil (Capmul MCM Ep) surfactant 
(Cremophor RH 40) and Co-surfactant (Polyethylene 
glycol 400) were constructed using aqueous titration 
method. Surfactant and co-surfactant were mixed in 
different volume of  ratios (1:1, 1:2, 2:1, 1:3 and 3:1). 
For each phase diagram, oil was mixed with selected Smix  
(oil: Smix) in different volume ratios from 1:9, 2:8, 3:7, 
4:6, 5:5, 6:4, 7:3, 8:2 and 9:1 respectively in glass vials. 
The obtained mixture was then subjected to titration 
wherein distilled water was added dropwise, vigorously 
stirring the mixture on magnetic stirrer until the mixture 
turned turbid. For each phase diagram visual observation 
were reported. These values were used to determine the 
microemulsion region correlated with the selected value 
of  oil and Smix ratio and Degree of  Emulsification was 
evaluated.21-25

Preparation of SMEDDS

With reference to the constructed pseudoternary phase 
diagram, the mixture having higher microemulsion 
region was selected for SMEDDS formulation. The 
composition of  microemulsion formulation was 
Capmul MCM EP as an oil phase (5%), Cremophor RH 
40 as surfactant (63.2%) and Polyethylene glycol 400 as 
co-surfactant (31.6%) and 90mg of  drug. An accurately 
weighed amount of  drug was dissolved in the measured 
volume of  oil with continuous stirring on magnetic 
stirrer. Surfactant was mixed with co-surfactant in 
another beaker to give Smix (2:1). The oil phase was 
added into the Smix with constant stirring until the drug 
was completely dissolved. The mixture was stored at 
room temperature for further use. The composition of  
microemulsion formulation was Capmul MCM EP as an 
oil phase (5%), Cremophor RH 40 as surfactant (63.2%) 
and Polyethylene glycol 400 as co-surfactant (31.6%) 
and 90mg of  drug.

Characterization of SMEDDS
Determination of Droplet size and viscosity

Formulation mixture of  about 0.5 ml of  was diluted 
with 20 ml of  milli pore water and stirred gently at 
100 rpm using magnetic stirrer. The Droplet size of  
the solution and polydispersity index were analysed 
using Nanotrack.26,27 Viscosity of  the microemulsion 

formulation was determined using Brookfield 
Programmable DV-II I + Rheometer.28,29

Drug content

1 ml of  microemulsion formulation was dissolved in 100 
ml of  Isopropyl alcohol. Aliquot of  1 ml was further 
serially diluted to get absorbance within beer’s range of  
drug. The drug content of  microemulsion formulation 
was determined using UV Spectrophotometer at 221 nm.30

Percent Transmittance

The microemulsion of  about 0.1 ml was dissolved in 
10 ml of  Millipore water. The percent transmittance of  
the resulting microemulsion was determined at 221 nm 
using UV Spectrophotometer.31

Solidification of Liquid SMEDDS

Silica based and Non-silica based adsorbents were 
screened. Selection of  adsorbent was based on flow 
properties, droplet size and % drug loading. Ticagrelor 
loaded SMEDDS formulation (TCG-SM) was prepared 
by adding drug (90 mg) to prepared SMEDDS (300 mg). 
Adsorbent was then added, blended to obtain solidified 
nongreasy product (Sol-TCG-SM), passed through #20 
mesh and stored at room temperature in a closed vessel.

Bulk Characterization of Solidified SMEDDS

Flow properties of  Ticagrelor loaded SMEDDS- 
adsorbent mixture was evaluated by determining its bulk 
density, tapped density, angle of  repose, hausner’s ratio 
and carr’s index.32

Particle size of Ticagrelor loaded SMEDDS

0.5 gm of  formulation mixture was diluted with 20 ml 
of  milli pore water and stirred gently at 100 rpm using 
magnetic stirrer. The particle size of  the solution and 
polydispersity index was analysed using Nanotrack.27

Drug Content

Primary stock solution was prepared by dissolving 1 g of  
solidified SMEDDS-adsorbent mixture containing 90 mg 
of  Ticagrelor in 100 ml of  Isopropyl alcohol. Aliquot 
of  1 ml sample was withdrawn from the above solution 
and diluted to 10 ml with Isopropyl alcohol. Further,  
1 ml sample of  aliquot was diluted with 10ml of  Isopropyl 
alcohol. Then the drug content was determined using 
UV Spectrophotometer at 221 nm using Isopropyl 
alcohol as blank.33

Formulation of Chewable Tablets loaded with 
SMEDDS

Compression blend for compression of  Ticagrelor 
loaded Self  microemulsifying chewable tablets was 
prepared by lubricating the solidified SMEDDS with 
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removed and dusted. Percentage friability of  tablets was 
calculated by noting the difference in initial weight of  
tablet (W1) and final weight of  tablet (W2). 

Drug Content

Five tablets were randomly selected, weighted, crushed 
and powder equivalent to one was dissolved in 10 ml of  
isopropyl alcohol which was diluted to100 ml using pH 
buffer 1.2. 1 ml of  stock solution was further diluted to 
100 ml with 1.2 pH buffer. Absorbance was measured at 
λmax 221 nm using UV- spectrophotometer.34,35

Wetting time

A piece of  tissue paper (12 cm × 10.75 cm) folded 
twice was placed in a small petri dish (ID = 6.5 cm) 
containing 6 ml of  distilled water. A tablet was placed 
on the paper, and the time for complete wetting of  
tablet was measured using a stopwatch. Three trials for 
each batch was recorded, the standard deviation was 
determined.36,37

Disintegration studies

Disintegration apparatus (LabtronicsLT-74) containing 
a basket rack assembly with six open glass tubes with 
a wire mesh #10 on lower side was used for the test. 
In each tube one tablet is placed over which a plastic 
stud is placed to avoid overflow of  tablet during test. 
The basket is raised and lowered in the medium of   
900 ml of  pH 6.8 phosphate buffer which is maintained 
at 37±2°C. Time required for complete passage of  
tablet fragments through the sieve #10 was considered 
as the disintegration time of  the tablet.38,39

In-vitro dissolution studies

In-vitro dissolution studies were performed using USP 
Dissolution Test Apparatus Type –II (paddle method) 
in four different dissolution media pH buffer 1.2, 4.5, 
6.8 and distilled water respectively. The tablet was placed 
in 900 ml of  respective buffers, at regular intervals of  
time 5 ml of  sample was withdrawn, replaced with fresh 
sample maintained under sink condition. 1ml was above 
aliquot was filtered, diluted to 10 ml with respective 
buffer and absorbance measured at λmax 221 nm using 
UV-spectrophotometer.39,40

Short term stability studies

Stability studies were performed for optimised tablets 
at room temperature and accelerated temperatures. 
Tablets were placed in amber coloured tightly plugged 
bottles and stored at 25±2°C and 60 % RH and 40±2°C 
and 75±5 % RH for 30 days. At regular time interval 
tablets were collected and analysed for its hardness, 

Magnesium stearate and talc to improve the flow 
property. Super disintegrant was added to blend and 
tablets compressed by direct compression method using 
15 mm punch, single punch tableting machine (Rimek 
Mini Press-I Ahemdabad, India.). Composition of  
formulations is tabulated in Table 1.

Evaluation of Chewable tablets
Thickness and diameter test

Thickness and diameter of  10 tablets from each batch 
was measured respectively using Vernier calliper. 
Dimensions (mm) were measured in triplicate.34,35

Hardness test

Hardness of  tablet was determined using Monsanto 
hardness tester. Hardness was expressed in kg/cm2, 
measured in Triplicate.34,35

Weight variation test

Randomly 20 tablets from each batch were selected 
and weighed individually. Averageweight and percent 
deviation of  each tablet was calculated. A limit for 
percentage deviation is±5 % for tablets weighing 250 mg 
and ±10 % for 300 mg tablets.

Friability test

Friability was determined using Roche Friabilator. 
Randomly 5 tablets were selected and placed in drum 
and rotated for 100 revolutions at 25 rpm, tablets were 

Table 1: Formulation design of Ticagrelor loaded self 
microemulsifying chewable tablets.

Ingredients (mg) Formulation code 
 F1 F2 F3 F4 

Ticagrelor 90 90 90 90 

Capmul MCM EP 15 15 15 15 

Cremophor RH 40 190 190 190 190 

PEG 400 95 95 95 95 

Microcrystalline Cellulose 102 200 200 200 200 

Microcrystalline Cellulose 112 100 100 100 100 

Soy Polysaccharides 5 - - - 

Crospovidone - 5 - - 

Croscarmellose Sodium - - 5 - 

Prosolv ODT G2 - - - 95 

Mannitol 85 85 85 - 

Magnesium stearate 5 5 5 5 

Talc 5 5 5 5 

Aspartame 5 5 5 - 

Vanillin 5 5 5 5 

 mg: milligrams
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disintegration time, drug content and in-vitro drug 
release.41

RESULTS AND DISCUSSION
Formulation of Self Emulsifying Drug Delivery 
systems (SMEED)
Screening of oil, surfactant, and co-surfactant based on 
solubility studies

Solubility studies of  drug in various oils, surfactant 
and cosolvent showed maximum solubility in Capmul 
MCM oil (116.82 mg/ml), Cremophor RH 40 surfactant  
(119.652 mg/ml) and Polyethylene glycol 400 solvent 
(117.92 mg/ml).Selection of  components in formulation 
of  SMEDDS is critical. Oils solubilize hydrophobic 
drugs and can improve the lipophilicity of  drug, 
surfactants lower the surface energy and allow oil to 
disperse into small droplet size in the aqueous phase 
and cosurfactants aid in increasing drug solubility by 
forming micelles in the aqueous phase preventing 
precipitation of  drug. The solubility of  Ticagrelor in 
above solvents was shown in Figure 1.

Construction of Pseudoternary phase diagram

The concentrations of  oil, surfactant, and co-surfactant 
for formulation of  SMEDDS was selected by 
construction of  pseudo-ternary phase diagram using 
water titration method in the absence of  drug. A large 
microemulsion region was formed by combining Capmul 
MCM oil with Cremophor RH 40, and PEG 400 in a 
2:1 ratio compared to other S Mix ratios. Pseudoternary 
diagrams for each mixture was constructed using 
Grapher software, shown in the Figure 2. Mixture of  
Oil and Smix were emulsification-graded from Clear to 
slight bluish solution to gel formation upon mixing with 
the water, shown in Table 2.

Figure 1: Solubility of Ticagrelor in various oils, surfactants 
and co-surfactants.

Figure 2: Pseudoternary diagram of SMEDDS mixture.

Table 2: Emulsification grade of SMEDDS mixture: 
SMix 2:1 ratio.

Capmul 
MCM EP 

(ml) 

Cremophor 
RH 40 (ml) 

PEG 400 
(ml) 

Water added 
(ml) 

Grade 

0.05 0.6332 0.3166 3.8 A 

0.1 0.600 0.300 3.1 A 

0.15 0.566 0.2833 3.0 A 

0.2 0.533 0.266 2.0 B 

0.25 0.5 0.25 1.6 C 

0.3 0.466 0.233 1.2 C 

0.35 0.433 0.2166 1 C 

0.4 0.4 0.2 0.6 C 

0.45 0.366 0.1833 0.2 C 

0.50 0.33 0.166 0.2 D 

0.55 0.300 0.15 0.2 D 

0.60 0.266 0.133 0.1 D 

0.65 0.233 0.116 0.1 E 

0.70 0.2 0.1 0.1 E 

0.75 0.166 0.0833 0.1 E 

0.80 0.133 0.066 0.1 E 

0.85 0.1 0.05 0.1 E 

0.90 0.033 0.033 0.1 E 

Grade A - Clear to slight bluish solution 
Grade B - Slight clear to bluish solution 
Grade C – Almost white precipitation 
Grade D – White precipitation to complete turbid solution 
Grade E – Gel

Preparation of Ticagrelor loaded SMEDDS

The ideal mixture ratio for the formulation based on 
the Pseudoternary diagram and Emulsification grade 
evaluation was of  5 % Capmul MCM EP, 63.2 % 
Cremophor RH 40, and 31.6% of  PEG 400. Drug is 
readily soluble in the above mixture which of  found to 
be 128.6 ±2.00273.
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of  mixtures was found to be in range of  1.145±0.039 
to 1.38±0.008 respectively. Angle of  repose was found 
to be in range of  23.18˚ ± 1.12 and 42.09˚ ± 0.11 
respectively, Results tabulated in Table 5,6. The values 
indicated that the solidified SMEED possessed good 
flow and compressibility.

Evaluation of Ticagrelor loaded SMEDDS – 
Adsorbent Mixture
Determination of droplet size of Ticagrelor loaded SMEDDS

The droplet size of  solidified SMEDDS was observed 
to be in the range of  74.12 ± 1.4–133.8 ± 3.2 nm. with 
no aggregation. As a result, the solidified SMEDDS 
would be sufficiently desorbed from the adsorbent and 
hence into the media. Results shown in Table 6.

Determination of Ticagrelor content in solidified 
Ticagrelor loaded SMEDDS

Drug content in solidified Ticagrelor loaded SMEDDS-
Adsorbent mixture was found to be 84.6 to 99.7 percent, 
indicating that TCG-SM was efficiently adsorbed to the 
adsorbent, shown in Table 6.

Formulation and evaluation of Ticagrelor loaded 
self microemulsifying chewable tablets

Chewable tablets of  solidified Ticagrelor loaded 
SMEDDS was formulated using super disintegrants and 
tablet excipients. Compression blend possessed good flow 
properties and compressibility. Results shown in Table 7.
Compressed chewable tablets were evaluated post 
compression; tablets were found to be of  uniform 
weight, size, and thickness with good mechanical 
strength. Results tabulated in Table 8. Drug content 
was found to be in range of  97.09±0.9 to 98.5 ± 0.2 %, 
formulations showed quick wetting, due to ability to 
swell and capacity of  absorb water. Tablets formulated 
using Soy polysaccharides and mannitol as diluent 
disintegrated rapidly within 2 min. Hence, batches of  
formulated chewable tablets satisfied the criteria of  
chewable tablets as specified by FDA. Results are shown 
in Table 9.
The in-vitro dissolution studies of  formulated chewable 
tablets and marketed conventional tablet was performed 
in pH buffer 1.2, 4.5, 6.8 and distilled water respectively. 
The cumulative drug release of  all formulations in 
above dissolution media varies from 85.12 ± 0.33 % 
to 97.68±0.71 %. Formulation F1 showed maximum 
cumulative drug release of  about 97.68±0.71 % and 
conventional tablet showed cumulative drug release of  
about 67.3 ± 0.33 %. It can thus be concluded that, drug 
release increases with addition of  super disintegrants and 

Characterization of SMEDDS
Droplet size and Viscosity of SMEDDS

The droplet size of  microemulsion was found to be 
54.0333 ±3.852 nm exhibiting viable range limit of  
Self  microemulsifying drug delivery system, shown 
in Table 3. Small droplet size provides a large surface 
area for rapid dissolution, absorption of  the drug and 
increases the drug’s permeability through the intestinal 
membrane. The viscosity of  formulation was found to 
decrease upon dilution with distilled water indicating 
increased absorption of  Ticagrelor loaded SMEDDS, 
shown in Table 4. For increased absorption of  drug 
in stomach the SMEDDS formulation should exhibit 
lower viscosity when diluted with gastric contents 
compared to undiluted SMEDDS.

Percent Transmittance of SMEDDS

The percentage transmittance of  Ticagrelor loaded 
SMEDDS formulation was found to be 98.7167 ±0.235 
indicating the formulation is clear, transparent, free from 
precipitation and hence stable, shown in the Table 4.

Preparation of solidified Ticagrelor-loaded self-
microemulsifying drug delivery formulation

From the various Silica and Non-silica-based adsorbents 
screened it was found that Microcrystalline cellulose 
102 and Microcrystalline cellulose 112 (2:1 ratio) 
readily solidified Ticagrelor loaded liquid SMEDDS. 
Solidified SMEDDS was evaluated for micromeritic 
properties; Bulk density was found to be in the range 
of  0.345±0.018 to 0.764±0.021 g/ml., The tapped 
density of  the mixtures was found to be in the range of  
0.415±0.011 to 0.977±0.028 g/ml, The Hausner’s ratio 

Table 3: Droplet size, PDI and % Transmittance of 
SMEDDS Mixture SMix 2:1 Ratio.

Trials Mean size in nm PDI %Transmittance 
1 52.9 0.789 98.25 
2 48 0.522 99.14 
3 61.2 0.819 98.9 

Avg 54.0333 ±3.852 0.71 ±0.0944 98.7167 ±0.235 

PDI: Poly Dispersibility Index
Data are expressed as Mean ±S.D. (n=3)

Table 4: Viscosity of SMEDDS mixture: SMix 2:1 ratio 
upon dilution with distilled water.

Sample Viscosity in cP 
Drug + SMEDDS Mixture 503.1 

Drug + SMEDDS Mixture Diluted up to 10 
times in Distilled water 

5 

Drug + SMEDDS Mixture Diluted up to 100 
times in Distilled water 

3.2 

cP = Centipoise
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Table 5: Evaluation of physical parameters and flow properties of Ticagrelor loaded  
SMEDDS – adsorbent mixture.

Sample Bulk Density  
(g/cm3) 

Tapped Density 
(g/cm3) 

Angle of Repose 
(°) 

Hausner Ratio Carr’s Index 

Non-Silica Based Adsorbents      
Pharmatose 200M 0.764±0.021 0.977±0.028 42.1± 2.8 1.278±1.2 23.84±0.32 

MICCEL-102 0.382±0.018 0.512±0.026 41.2±1.1 1.340±0.098 25.39±1.8 
MICCEL 112 0.393±0.023 0.540±0.021 42.9±1.43 1.374±0.061 27.22±1.2 

MICCEL 102-112 (2:1) 0.378±0.012 0.523±0.028 40.1±2.1 1.38±0.008 27.72±2.1 
Sorbolac – 400 (M.L) 0.362±0.032 0.621±0.019 38.1±1.8 1.715±0.0052 41.7±1.0 
Spherolac – 100 (S.L) 0.721±0.048 0.890±0.032 41.6±2.3 1.234±0.042 18.9±2.4 

Silica Based Adsorbents      
Aerosil 200 0.412±0.068 0.472±0.016 23.1±1.12 1.145±0.039 12.711±1.6 

Calcium Silicate 0.345±0.018 0.415±0.011 31.8±1.82 1.20±0.052 16.86±1.2 

Data are expressed as Mean ±S.D. (n=3)

Table 6: Droplet size and drug content of Ticagrelor 
loaded SMEDDS adsorbent mixture.

Sample Droplet Size (nm) Drug content (%) 
Non-Silica Based 

Adsorbents 
  

Pharmatose 200M 133.8±3.2 93.4±1.3 
MICCEL-102 125.24±2.1 95.1±0.98 
MICCEL 112 129.32±1.7 94.2±1.8 

MICCEL 102-112 (2:1) 124.45±1.2 97.9±0.8 
Sorbolac – 400 (M.L) 89.43±1.9 90.1±0.6 
Spherolac – 100 (S.L) 130.6±2.4 92.8±2.3 

Silica Based 
Adsorbents 

  

Aerosil 200 74.12±1.4 94±1.2 
Calcium Silicate 133.48±2.8 84.6±1.6 

Data are expressed as Mean ±S.D. (n=3)

Table 7: Evaluation of pre compression parameters 
of Ticagrelor loaded self microemulsifying chewable 

tablets.
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F1 0.63 ± 
0.018 

0.73 ± 
0.025 

35.2 ± 
0.55 

1.18 ± 
0.062 

13.79 

F2 0.63 ± 
0.037 

0.72 ± 
0.024 

35.3 ± 
0.76 

1.14 ± 
0.037 

12.32 

F3 0.61 ± 
0.010 

0.69 ± 
0.023 

34.1 ± 
1.04 

1.19 ± 
0.070 

12.84 

F4 0.64 ± 
0.020 

0.72 
±0.025 

30.4 ± 
0.22 

1.11 ± 
0.004 

10.69 

Data are expressed as Mean ±S.D. (n=3)

Table 8: Evaluation of post compression parameters of Ticagrelor loaded self microemulsifying chewable tablets.
Formulation code Hardness(kg/cm2) Thickness (mm) Friability (%) Weight variation (mg) Drug content (%) 

F1 3.4 ± 0.05 3.9 ± 0.05 0.5 ± 0.04 801.3 ± 1.23 98.17 ± 0.60 

F2 3.3 ± 0.23 3.8 ± 0.05 0.5 ± 0.05 800.5 ± 1.56 97.77 ± 0.35 

F3 3.8 ± 0.25 3.8 ± 0.05 0.5 ± 0.01 801.2 ± 0.46 98.78 ± 0.60 

F4 2.8 ± 0.05 3.8 ± 0.05 0.6 ± 0.01 806.0 ± 0.76 98.18 ± 0.00 

Data are expressed as Mean ±S.D. (n=3)

formulated chewable tablets exhibit higher cumulative 
drug release compared to conventional tablet. An in-vitro 
drug release result has been depicted in Figure 3.

Stability studies

The optimized chewable tablet formulation F1 subjected 
to short term stability studies was found to be stable 
since no significant change in physical and in vitro drug 
performance characteristics as shown in Table 10.

Table 9: Post compression evaluation of Ticagrelor 
loaded self microemulsifying chewable tablets.

Formulation 
Code 

Wetting Time in 
sec 

Disintegration Time 
in sec 

F1 44 67 ± 2 

F2 47 79 ± 4 

F3 54 70 ± 2 

F4 39 69 ± 1 

 sec: seconds 
Average data is expressed are of triplicate (n=3)
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CONCLUSION
A successful attempt has been made to develop 
Ticagrelor loaded self-microemulsifying chewable 
tablets for the treatment of  acute coronary syndrome. 
Ticagrelor loaded SMEDDS was formulated based on 
solubility studies in SMEDDS mixture and constructed 
pseudoternary phase diagram. Ticagrelor loaded 
SMEDDS consisting of  5 % of  Capmul MCM EP,  
63.2 % of  Cremophor RH 40, and 31.6% of  PEG 400 
was solidified using adsorbent Microcrystalline cellulose 
which was further compressed with addition of  Soy 
Polysaccharides as super disintegrant. Formulated 
chewable tablets of  SMEDDS showed high drug release 
in comparison to conventional marketed tablet. Short 
time stability studies indicated formulation to be stable 
on storage. These results suggest that the Ticagrelor 
loaded self  microemulsifying chewable tablets can be 
promising as oral drug delivery system, to improve the 
solubility and dissolution profile of  Ticagrelor.
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SUMMARY

• Ticagrelor loaded self  microemulsifying chewable tablets were successfully produced by using direct 
compression method

• Preformulation study to determine drug-excipient compatibility was carried out by FTIR and DSC, which 
revealed that, the drug sample was pure and the excipients used were compatible with Ticagrelor.

• Solubility studies of  Ticagrelor in various oils, surfactants and co surfactants was carried out and it was 
found to be Ticagrelor was highly soluble in Capmul MCM oil (116.82 mg/ml), Cremophor RH 40 
surfactant (119.652 mg/ml) and Polyethylene glycol 400 co surfactant (117.92 mg/ml).

• Based on the Pseudoternary diagram and Emulsification grade evaluation the SMEDDS Mixture consisting 
of  5 % of  Capmul MCM EP, 63.2 % of  Cremophor RH 40, and 31.6% of  PEG 400 is considered as ideal 
mixture ratio for the formulation.

• Ticagrelor loaded SMEDDS formulation is evaluated for droplet size, %transmittance, and viscosity. 
Obtained results were within the limit required for SMEDDS system

• Ticagrelor loaded SMEDDS was solidified using silica and non-silica based adsorbents, the mixture of  
TCG-SMEDDS with Microcrystalline cellulose 102 and Microcrystalline cellulose 112 (2:1) ratio exhibited 
better drug release compared to other adsorbent mixture. 

• Ticagrelor loaded self  microemulsifying chewable tablets were prepared by direct compression method. 
Four formulations were prepared, each containing different super disintegrants and formulation F4 
contained PROSOLV ODT G2 a functional excipient matrix was also prepared.

• Before chewable tablets prepared the granules were subjected for pre compression evaluation and they 
possessed good flow properties 

• Ticagrelor loaded self  microemulsifying chewable tablets were then subjected for post compression 
evaluation for hardness, friability, weight variation, drug content and results were in within the limit.

• The percentage cumulative drug release from the F1 formulation containing Soy Polysaccharides as super 
disintegrant was found to be 97.68 %, which was highest among all the formulations. Thus, this formulation 
was considered as optimized formulation which resulted in better Disintegration time (67 sec), wetting time 
(44 sec), and had better stability.

• F1 formulation was subjected for short time stability study for 30 days as per ICH guidelines in normal 
and accelerated conditions. The results showed no significant changes in characteristics of  formulated 
Chewable tablets. It may be concluded that, formulation was found to be safe and retains its original 
characteristics on storage.

Prof. Rajashree S. Masareddy is an Professor and Head in the department of Pharmaceutics, KLE 
College of Pharmacy, K.L.E Academy of Higher Education and Research, Belagavi. She is working 
in the area of Solubility enhancement techniques, gastroretentive systems and novel drug delivery 
systems.
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ABSTRACT
Background: Glyburide is an oral antidiabetic agent with a shorter half-life and is 
practically insoluble in water. As a result, there is a need to enhance the drug solubility 
with a aim to improve drug absorption via the oral route. The goal of this study was to 
formulate, optimize and evaluate the liquisolid tablets of Glyburide using a suitable liquid 
vehicle in order to enhance the solubility, and bioavailability of the Glyburide. Materials 
and Methods: The liquisolid compacts of Glyburide were prepared by direct compression 
method using approved excipients. Using central composite design, the amount of 
Transcutol HP and carrier: coating ratio to be added in the formulations of Glyburide 
liquisolid compact has been theoretically generated by the software. The liquisolid tablets 
were evaluated for thickness and diameter, hardness, weight variation, friability, content 
uniformity, disintegration time, in-vitro dissolution study and compared with marketed 
product. Results: The prepared liquisolid system exhibited good flow-properties. The all-
post compression parameters were well within the specified limits. The release profile 
of optimal formulation revealed higher drug release compared to marketed formulation. 
Increases in the concentration of liquid vehicle and carrier: coating material ratio resulted 
in an increase in the dissolution rate. Conclusion: The liquisolid compact method was 
discovered to be a potential method to enhance the dissolution profile, thereby enhancing 
the solubility of the Glyburide.
Key words: Liquisolid technique, Glyburide, Central composite design, Aerosil200, 
Transcutol HP, Avicel PH-102.
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INTRODUCTION
The oral route has been one of  the most 
favoured routes of  drug delivery because 
of  its greater patient compliance, ease 
of  administration, low cost with flexible 
dosage forms design.1 However, the poor 
bioavailability of  oral dosage forms is the 
major challenge in their development. The 
oral bioavailability of  drugs depends on 
various factors, but the most important and 
frequent cause includes aqueous solubility 
of  the drug where dissolution may be the 
rate determining step for drug availability.2,3 
It has been reported that about 40% of  
the existing drug molecules are water 
insoluble; this makes the formulation a 
challenging task.4 Drugs with poor solubility 
when administered orally, exhibit poor 
bioavailability due to poor wettability and 
slow rate of  dissolution.5

The Liquisolid approach is a recent and 
potentially effective way for increasing the 
rate of  dissolution of  medications that are 
poorly water soluble. The rate limiting step 
in the oral absorption of  poorly soluble 
medications is the dissolution rate. Liquisolid 
compacts have improved wettability and 
a larger surface area of  the medication 
available for dissolution. As a result, they 
are projected to improve oral bioavailability 
and boost drug release patterns for weakly 
water-soluble medicines.6 Combining liquid 
medications with suitable carrier and 
coating materials to form non-sticky, free-
flowing, dry, and compressible powder 
admixtures is the Liquisolid technique. 
Liquid medication once been absorbed into 
the interior structure of  carrier, a layer of  
liquid is produced on the carrier particles’ 
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surface, which is promptly adsorbed by the tiny coating 
materials. As a result, a powder mixture that looks to be 
dry, free-flowing, and compressible is produced.7

Glyburide (Glibenclamide) is an oral antidiabetic 
medication that is most commonly used to treat 
non-insulin-dependent diabetes mellitus (type II). 
Furthermore, its ability to deter cerebral ischemia and 
hemorrhagic stroke has recently been demonstrated,8-10 
and since 2015, it has been on the World Health 
Organization’s model list of  Essential Medicines.11 Its 
biological half-life is 4-6hrs. Glyburide is practically 
insoluble in water and is a BCS class–II drug. Clinical 
studies have shown that Glyburide from different 
commercial tablets has variable in vivo bioavailability, in 
vitro dissolution, and a hypoglycemic effect.12,13 These 
observations were related to Glyburides unsatisfactory 
and variable dissolution behavior, giving credence to 
previously reported issues with formulation-dependent 
oral absorption of  the drug.14

To improve Glyburide solubility, a number of  formulation 
techniques have been investigated. The micronization 
approach is the most often used method for improving 
drug solubility,15 but micronized hydrophobic pharmaceu-
ticals tend to agglomerate, making it less efficient in 
overcoming drug solubility issues, particularly in the form 
of  tablets16 Solid dispersion (SD) is another approach 
that has gained popularity for enhancing drug solubility 
profiles,17-19 but it has poor storage stability due to a lack 
of  solid-state structure recognition. Other techniques 
employed are gastro retentive multi-particulates system,20 
self-microemulsifying drug delivery system,21-23 micellar 
solubilization, etc.24

The goal of  this study was to formulate, optimise, and 
analyse Glyburide liquisolid tablets using a suitable liquid 
vehicle so as to improve the drug’s solubility and its 
bioavailability. Also, the optimized liquisolid tablets were 
tested for their release profile with marketed formulation.

MATERIALS AND METHODS
Materials

Glyburide was purchased from Prudence pharmachem, 
Gujarat. Transcutol HP and Labrafil M2125CS were 
obtained from Gatteffosse, France. Avicel PH and 102 
Aerosil 200, were purchased from Ozone International, 
Mumbai and Sisco Research Laboratories Pvt. Ltd., 
Mumbai respectively. 

Methods
Solubility Studies

The optimum non-volatile solvent for dissolving 
Glyburide in liquid medication was determined 

through solubility tests. The solubility experiments 
were performed by creating saturated drug solutions 
by mixing excess medication with non-volatile solvents, 
stirring for 48 hr, and then sonicating for 1 hr at 
constant vibration. The supernatant was collected and 
analyzed spectrophotometrically at 231nm. The drug’s 
saturation solubility was investigated in distinct non-
volatile solvents: PEG 400, PEG 600, Transcutol HP, 
Labrafil M2125CS, water.25 

Flowable Liquid-Retention Potential Calculation 
(Φ-value)

To make powder admixture, a motor pestle was used 
to combine an increasing amount of  the liquid vehicle 
into 5g of  Avicel-PH 102 or Aerosil 200. For each 
liquid vehicle concentration, the angle of  repose was 
estimated. The flowable liquid-retention potential (Φ) 
was then calculated using equation.26,27

CA max CO maxm /Q m /qΦ = Φ =

Where; ΦCA- Flowable liquid-retention potential of  
carrier material, ΦCO-Flowable liquid-retention potential 
of  coating material, mmax- Maximum mass of  non-
volatile solvent, Q- Mass of  carrier material and q- Mass 
of  coating material.
The acquired Φ-values were plotted against the relevant 
angle of  repose, which was estimated to be around 33°.

Liquid Load Factor (Lf) Calculation

The success of  a liquisolid system with good flow velocity 
and compressibility is determined by the liquid load 
factor (Lf) and excipient ratio (R). The Lf determines the 
maximum amount of  liquid loads that can be carried on 
the carrier material.28,29 It was calculated using equation;

CA COL (1/R)= Φ + Φf

The required quantity of  carrier as well as coating 
material was then calculated using the Lf  factor:

L W/Qq Q/R= =f

Where; W-weight of  liquid medication, Q-quantity 
of  carrier material, q-quantity of  coating material and 
R-excipient ratio.

Design of Experiment

The ratio of  carrier and coating material (X1) and drug 
concentration in Transcutol HP (X2) were used as 
formulation independent variables, while disintegration 
time in min (Y1) and cumulative percentage drug release 
at 60 min (Y2) were used as dependent variables for 
the optimization of  Glyburide liquisolid compacts.  
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The formulation design or experimental runs were based 
on central composite design (Table 1). The response 
surface method was used to evaluate the response 
variables. The results were then analysed using multiple 
regression analysis to see if  there was any correlation 
between the responses and the factors that were used.

Preparation of Liquisolid Tablets

Glyburide was suspended in Transcutol HP, a liquid 
vehicle used to prepare the glyburide suspension. Here, 
Avicel PH 102 was utilized as carrier material and 
Aerosil 200 was utilized as a coating material and the 
mixture of  these excipients were incorporated in to the 
drug suspension and mixed in a mortar. The mixing 
should avoid the reduction of  particle size and over 
trituration. There are three different stages of  mixing in 
this technique: firstly, slow mixing was done to achieve 
steady mixing of  drug suspension in the system; then, 
the mixture was evenly spread on the mortar surface  
(to form a layer) and kept aside for a couple of  min. Finally, 
2% disintegrant (Na-starch glycolate) and 1% lubricant 
(Mg-stearate) were added and mixed thoroughly.30,31 

Tablets were made from the final combination. 
Glyburide liquisolid compacts (LSC: LSC-1 to LSC-9) 
were compressed into tablets using a direct compression 
approach (each tablet contains 5 mg of  drug). The 

working formula for all 9 liquisolid systems are shown 
in Table 2.
All 9 (LSC-1 to LSC-9) formulations of  liquisolid 
compacts were prepared with software generated 
quantities of  Transcutol and carrier: Coating ratio. The 
response variables, disintegration time and % cumulative 
drug release (CDR) at 60 min are experimentally 
obtained. The obtained experimental values were then 
compared with that of  predicted values generated by 
software. Response variables were analyzed by ANOVA 
at 0.05. A checkpoint batch and optimized formulation 
LSC-10 was prepared by using optimized solutions 
(quantities) for X1, X2 and Y1, Y2.

Evaluation of Pre-Compressible Blend of Liquisolid 
System

The angle of  repose, and Carr’s index, were used to 
determine the flow parameters of  liquisolid systems. For 
the calculation of  Hausner’s ratio and Carr’s Index, the 
bulk density and tapped densities were calculated.32,33

Evaluation of Liquisolid Tablets

The following parameters were assessed in the prepared 
liquisolid tablets:.34

Thickness and Diameter

Vernier caliper was used for determining the thickness 
and diameter of  a tablet. The tablet was placed in 
between the movable jaw and the stationary jaw. Then 
the screw was rotated, so as to fit the tablet in between 
the jaws. Then, reading shown was noted and the average 
thickness and hardness were determined in mm.

Hardness

Tablets should be as firm as possible to avoid shattering 
during handling and transit. Also, it should be sufficiently 
soft to disintegrate accurately after swallowing. A 
Monsanto hardness tester was used to determine the 
hardness of  manufactured liquisolid compact tablets.

Friability

The friability test denotes the ability of  tablets to 
resist abrasion and chipping of  the compacts during 

Table 1: Amount of X1, X2generated by the software 
tobe added in 9 formulations.

Run Component 1
Drug Concentration in 
Transcutol HP(%w/w)

Component 2
Carrier: Coating Ratio 

(mg)
1 7.5 10

2 7.5 20

3 5 20

4 10 10

5 10 15

6 10 20

7 7.5 15

8 5 10

9 5 15

Table 2: Working formula using software generated theoretical amount of X1, X2 added in LSC-1- LSC-9.
Ingredients LSC-1 LSC-2 LSC-3 LSC-4 LSC-5 LSC-6 LSC-7 LSC-8 LSC-9
Drug (mg) 5 5 5 5 5 5 5 5 5

Transcutol HP (mg) 66.6 66.6 100 50 50 50 66.6 100 100

Ca:Co (mg) 10:1 20:1 20:1 10:1 15:1 20:1 15:1 10:1 15:1

Avicel PH102 238.9 269.9 404.8 179.21 193.79 202.4 258.4 358.4 387.5

Aerosil 200 23.89 13.49 20.24 17.92 12.91 10.12 17.22 35.84 25.83

*All formulation consist of 2% SSG and 1% Mg.stearate.Ca:Co= Carrier material: Coating material
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PEG 600>PEG 400>Labrafil M2125CS> Water. Thus, 
Transcutol HP was chosen as non-volatile solvent to 
solubilize the drug and also it has a long history of  
strong solubilizer with less toxicity which is used as a 
solvent in pharmaceuticals and food applications.37

Determination of Φ-value and

The Φ-value of  carrier (Avicel PH 102) as well as 
coating material (Aerosil 200) in Transcutol HP were 
shown in Table 3. It was observed that as the carrier: 
coating ratio (R) decreases (20, 15 and 10), the liquid 
load factor (0.247, 0.258 and 0.279) increases.

Preparation of Liquisolid Tablets

The direct compression method was used to prepare 
tablets from Liquisolid compact systems of  Glyburide 
(LSC-1 to LSC-9). The liquisolid systems contained 
Avicel PH 102 and Aerosil 200 were used as carrier 
material and coating material respectively, at different 
powder excipient ratio (R) i.e., 10, 15 and 20. Transcutol 
HP is a liquid vehicle used to produce liquid medications 
with drug concentrations of  5, 7.5, and 10% (w/w). 
Finally, in all systems, 2% disintegrant and 1% lubricant 
were utilised Table 2.
The mechanism of  liquisolid technique involves the 
incorporation of  drug dissolved liquid vehicle into 
carrier material. On carrier material, both adsorption 
and absorption processes take place as its interior surface 
is porous with closely matted fibers. Initially, absorbed 
liquid at the interior surface of  particles is encapsulated 
by the internal structure of  particles and when 
absorption gets saturated, adsorption process of  liquid 
initiates on both internal as well as external surfaces of  
carrier particles (porous particles). The expedient flow 
characteristics for the liquisolid system were achieved 
by large specific surface area of  the selected coating 
material and greater adsorptive properties.38

Evaluation of Pre-Compressible Blend of 
Liquisolid System

Particle size, shape, porosity, and density all influence 
bulk powder flow characteristics. Angle of  repose, 

packaging, handling and shipping. Samples of  tablets 
corresponding to 6.5 g were used to conduct a friability 
test since the total weight of  tablet is < 650 mg as per IP. 
A Roche friabilator set to 25 rpm and 100 rotations was 
used to determine the friability of  tablets. The tablets 
were then dedusted and reweighed, and those with a 
weight drop of  less than 1% were considered compliant. 
A formula was used to calculate the % weight reduction 
in tablets.

Initial Final

Initial

W W
F

W
−

=

Weight Variation Test

For this, 20 tablets were individually weighed, and 
their weights were contrasted to the average weight of  
all twenty tablets. The tablets pass the test if  no more 
than two tablets are outside the % limit and no tablet 
differs by more than twice the % limit.

Disintegration Time

Each tube (six tubes) of  the disintegration test apparatus 
was filled with single tablets and discs. The water was 
held at 37± 2°C, and amount of  time it took for the 
complete tablet to disintegrate was recorded.35

Content Uniformity

The average weight of  ten tablets was calculated. 
The tablets were then pulverized and the powder 
approximately equivalent to 5mg of  Glyburide was 
dissolved in 5ml of  methanol and further diluted. 
Absorbance of  the solution was taken at 231nm by  
using UV spectrophotometer with 0.1N HCl as a 
blank. Using the slope from the calibration curve, the 
drug content was then estimated.36

Dissolution Study

The test was conducted with 900 ml of  0.1N HCl as 
the dissolution media (USP Type II dissolution unit) 
at a temperature of  37°C ± 0.5°C temperature and a  
stirring speed of  50 rpm. At 5, 10, 15, 30, 45, and 
60 min, 10ml of  medium was withdrawn and replaced 
with fresh medium to keep the volume steady. The 
absorbance of  the withdrawn media was analyzed by 
UV spectrophotometer.35

RESULTS AND DISCUSSION
Solubility Studies

The results of  a saturation solubility study of  the drug 
in various nonvolatile solvents revealed that the drug 
was most soluble in Transcutol HP and least soluble 
in water. The order of  solubility was Transcutol HP> 

Table 3: Liquid retention potential (Φ-value) of  
carrier and coating material inTranscutol HP.

Carrier Material-Avicel PH 102 Coating Material-Aerosil 200
Θ Φ-value Θ Φ-value

28.8 0.11 27.2 0.21
33.74 0.215 29.1 0.431
29.1 0.15 31.8 0.52
31.7 0.41 33.03 0.63
31.5 0.45 31.2 0.55

*Where, θ= Angle of repose; Φ value= liquid retention potential.
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bulk density, tapped density, Hausner’s ratio as well as 
Carr’s index, were all established prior to compression 
(Table 4) because these influences compressibility, tablet 
porosity and dissolution. All of  the metrics are within 
acceptable limits, indicating that the liquisolid compact 
system has good flow properties and compressibility. 
The enhanced flowability can be attributed to higher 
porosity as well as specific surface area of  the excipients, 
which allows liquid to penetrate into the pores of  the 
particle that ultimately increases the weight of  individual 
particle with improved flow characteristics. The carrier 
material used for liquisolid system should have a porous 
surface and high absorption properties. Because the 
moisture content of  carriers decreases the flowability of  
powder, coating material is required to cover the surface 
of  the carrier material. Accordingly, the coating material 
should be extremely fine and absorbent.30,39

Evaluation of Liquisolid Tablets

The post-compression parameters of  liquisolid tablets 
revealed that all tablets were white, flat, and free of  

physical defects. The pharmacotechnical qualities of  
the produced tablets were satisfactory (Table 5). The 
thickness of  liquisolid tablets was between 3.7± 0. 057 
to 4.35 ± 0.0 57mm while, the diameter was found to 
be between 8 to 11 mm. The prepared liquisolid tablets 
ware reported to have hardness ranging from 3± 0.009 
to 5±0.29 kg/cm2, that indicates that the liquisolid 
tablets were hard enough to withstand packing and 
shipping. Friability for the formulations was found to 
be in the range of  0.27 ± 0.97% to 0.44± 0.6%  which 
indicated that the liquisolid tablets possessed good 
mechanical strength. The weight variation test was 
passed on all of  the tablets because the variations were 
less than 5%. The result of  in vitro disintegration time 
for all formulations was reported to be in the range of  
1.97 ± 0.024 to 4.72 ± 0.061mins. Since all the tablets 
disintegrated in less than 15 min, all the formulations 
passed the disintegration test.
According to USP, Glyburide tablets contain not less 
than 90% and not more than 110% of  the stated 
amount of  Glyburide. For all formulations from LSC-1 

Table 4: Flow properties of the liquisolid systems from LSC-1 to LSC-9.
Formulation Angle of repose (0) Buk density (g/cc) Tapped density (g/cc) Carr’s index (%) Hausner’s ratio

LSC-1 34.50±0.34 0.313±0.025 0.400±0.007 21.75±1.2 1.28±0.067

LSC-2 32.78±0.25 0.345±0.009 0.455±0.017 20.18±0.9 1.32±0.021

LSC-3 33.74±0.65 0.385±0.019 0.476±0.021 19.12±1.9 1.23±0.009

LSC-4 30.96±0.89 0.272±0.036 0.346±0.011 18.38±0.97 1.27±0.011

LSC-5 32.00±0.52 0.250±0.014 0.330±0.006 18.24±1.7 1.32±0.006

LSC-6 28.80±1.02 0.267±0.023 0.324±0.019 17.59±2.1 1.21±0.024

LSC-7 28.80±0.35 0.345±0.011 0.416±0.005 17.27±0.6 1.21±0.006

LSC-8 33.20±0.75 0.274±0.008 0.322±0.020 15.62±0.18 1.18±0.025

LSC-9 34.30±0.25 0.355±0.013 0.455±0.017 21.97±0.97 1.28±0.290

*Data are expressed as mean ± SD (n=3)

Table 5: Evaluation parameters of liquisolidtablets LSC-1 to LSC-9.
Formulation Weight 

Variation (mg)
Thickness 

(mm)
Friability (%) Hardness (kg/

cm2)
Disintegration 

Time (min)
Drug Content 

(%)

LSC-1 347.01±6.34 3.7±0.018 0.40±0.12 3.5±0.067 3.45±0.05 98.40±1.0

LSC-2 351.80±6.25 4.0±0.017 0.40±0.90 3.0±0.021 2.96±0.04 97.78±0.5

LSC-3 550.30±7.65 4.35±0.021 0.29±1.90 3.0±0.009 1.97±0.024 99.0±0.8

LSC-4 249.38±0.89 4.0±0.011 0.27±0.97 3.19±0.011 4.72±0.061 98.8±1.2

LSC-5 269.80±8.52 4.15±0.006 0.36±0.07 3.90±0.006 4.41±0.11 98.6±0.56

LSC-6 276.80±4.02 4.25±0.019 0.34±0.21 3.21±0.024 3.93±0.07 101.4±1.9

LSC-7 345.17±9.35 3.90±0.005 0.44±0.60 4.9±0.016 3.16±0.04 99.2±0.87

LSC-8 522.12±3.75 4.10±0.02 0.276±0.18 3.9±0.025 2.76±0.025 100.02±0.8

LSC-9 538.80±5.25 4.20±0.017 0.089±0.97 5.0±0.29 2.29±0.09 96.34±0.7

*Data are expressed as mean ± SD
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solutions) of  factors with desired responses to give 
optimized formulation.

Statistical Analysis of Response (Y1) Disintegration 
Time in Min

The model has an F-value of  106.52, indicating that it 
is significant. A, B, and A2 are important model terms. 
The model terms are significant if  the “probability 
values > F” 0.0500. The discrepancy between the 
“Predicted R-Squared” of  0.9375 and the “Adjusted 
R-Squared” of  0.9851 is less than 0.2. The signal-to-
noise ratio is calculated using “Adequate Precision.” It is 
preferable to have a ratio of  more than four. 
Polynomial equation of  response:

Y1= 2.78-1.01*A-0.35*B-0.016*AB+0.56*A2+0.012*B2

Response Surface Plots in 3 Dimensional (3D), Y1: 
Disintegration time in Min

Response surface can be visualized with the help of  
surface plot. With the decrease in the amount of  
Transcutol HP, there is a decrease in disintegration 
time, whereas carrier: coating ratio has little effect on 
disintegration time. The response surface plot for Y1 is 
shown in Figure 2 (A).

Statistical Analysis of Response (Y2) % CDR at  
60 Min

The model significance is indicated by the Model 
F-value of  144.5. A, B, and A2 are important model 
terms. The significance of  the model terms is shown by 
the “Probability values> F” < 0.0500. The “Predicted 
R-Squared” of  0.9383 and the “Adjusted R-Squared” of  
0.9890 are in good agreement; the difference is <0.2. 
The signal-to-noise ratio is calculated using “Adequate 
Precision.” It is preferable to have a ratio of  more than 
four. Polynomial equation of  response:

Y2= 85.11+9.44*A+2.68*B-0.012*AB-3.07*A2+0.71*B2

to LSC-9, the drug content was found to be in the range 
of  96.34 ± 0.7 to 101.4 ± 1.9%. These results indicate 
that the drug is uniformly mixed with the excipients. 
According to USP, the content uniformity test was 
passed by all formulations.

Dissolution Study

It was observed that in-vitro dissolution study that all 
the 9 formulations showed satisfactory drug release. 
The results for formulations LSC-1 – LSC-9 at 60 min 
were in the range of  70.76±1.7% – 94.23±1%. Among 
the 9 formulations, LSC-3 showed the highest release 
of  94.23± 1% containing 100mg of  Transcutol HP and 
20:1 carrier: coating ratio, LSC-4 showed the lowest 
drug release and contained 50mg of  transcutol HP and 
10:1 carrier: coating ratio. Hence, these results indicate 
that high concentration of  Transcutol HP and carrier: 
coating ratio increases the dissolution rate. The in-vitro 
dissolution of  formulation LSC-1 – LSC-9 is shown 
in Figure 1. The compact wettability by the dissolution 
media is another suggested mechanism for describing 
the improved dissolution rate of  the liquisolid compacts. 
In liquisolid systems, the nonvolatile solvent increased 
drug particle wettability by reducing interfacial tension 
between the dissolving media and the tablet surface.38

ANOVA (Analysis of variance) for Disintegration 
Time in Min (Y1), % CDR at 60 Min (Y2)

After Responses Y1, Y2 are obtained experimentally, 
analysis of  variance (ANOVA) is done, Actual 
values (experimental values) and predicted values are 
compared to evaluate the model and after complete 
analysis, software generates optimal formula (predicted 

Figure 1: In-vitro release profile of Glyburide from liquisolid 
tablets from formulations LSC-1 to LSC-9.

Figure 2: 3D Response surface graph showing effect of  
independent factors on Disintegration time and B. 3D  

Response surface graph showing effect of independent  
factors on %CDR.
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Response Surface Plots in 3 Dimensional (3D), Y1: 
Disintegration Time in Min

With an increase in the amount of  transcutol HP, there 
is an increase in % CDR at 60min, whereas carrier: 
coating ratio has little effect on % CDR. The response 
surface plot for Y2 is shown in Figure 2 (B).

Optimization

The quadratic model fit’s regression analysis revealed 
that disintegration time and % CDR were 97 % 
associated with the components X1, X2. For the 
generation of  optimal formula, a numerical optimization 
technique by desirability function was adopted with 
certain constraints on the response. The software 
predicted one solution for independent variables X1, 
X2 with desired responses Y1, Y2 based on optimization 
findings, ANOVA (p<0.05), and desirability = 1. 
Optimized solutions for independent variables as well 
as response variables are depicted in Table 6. Finally, 
to demonstrate the validity of  the evolved approach, 
a checkpoint batch LSC-10 (optimal formulation) was 
created using optimum values, and the working formula 
of  the optimized formulation is provided in Table 6. 
Pre-compression parameters for optimised formulation 
LSC-10, such as angle of  repose, carr’s index, hausner’s 
ratio, and percent porosity, demonstrated that the 
liquisolid system had good flow properties within 
the passable limit. Post compression parameters 
evaluated for optimized formulation LSC-10 thickness, 
uniformity, hardness, weight variation, friability, and the 
drug content were reported to be uniform and within 
the permissible limit. The values are depicted in Table 6. 
The software generated optimal formulation LSC-10 
containing 98.165mg of  Transcutol HP, 19.574:1 carrier: 
coating ratio and showed experimental prominent 
drug release of  93.19% ±1.5 at 60 min with a shorter 
disintegration time of  2.017±0.01 min.

Validation of Design
Comparison of Experimented Values (E) and 
Predicted Values (P) For the Optimized Formulae

The experimented values were in close agreement with 
the projected response, showing appropriate fitting 
and validation of  the formula created, according to the 
results in Table 6.

Comparison of Optimized Formulation with Pure 
Drug and Marketed Formulation

A comparative study for in-vitro release profile of  
optimized formulation LSC-10 with pure drug and 
marketed product having the same strength of  5mg 
Glyburide showed 93.19% ±1.5 (LSC-10), 27.10% ±0.63 

Table 6: Predicted solutions (optimized) by the  
software: Factors and responses, Working formula, 

Flow properties and Evaluation parameters of  
optimized formulation LSC-10.

Predicted Solutions (Optimized) by The Software: Factors 
and Responses

Factors Response
X1 (mg) X2 (mg) Y1 (mins) Y2(%)
98.165 19.574:1 2.006 94.163
Working Formula for Optimized Formulation LSC-10

Formulation Ingredients Quantities (mg)
Glyburide 5.0
Transcutol 98.165
Ca:Co (mg) 19.574:1

Avicel PH102 395.82
Aerosil 200 20.22

Flow Properties of The Optimized Liquisolid System (LSC-10)
Angle of repose (0) 31.8±1.03
Bulk density (g/cc) 0.274±0.02

Tapped density (g/cc) 0.322±0.011
Carr’s index (%) 15.62±2.79
Hausner’s ratio 1.18±0.045

Evaluation Parameters of Optimized Liquisolid Tablets 
(LSC-10)

Weight variation (mg) 541±2.3
Diameter (mm) 11.1

Thickness (mm) 4.25±0.05
Friability (%) .31±0.253

Hardness (kg/cm2) 4±0.2
Disintegration Test (min) 2.017±0.01

Drug content (%) 99.0±0.5

*Data are expressed as mean ± SD (n=3)

and 53.28% ±0.48 drug release respectively at the end 
of  60min. The optimized formulation shows a higher 
% CDR than the pure and marketed product. The 
comparative graph is shown in Figure 3.

Figure 3: Comparative studies between optimized formulation 
LSC-10, pure drug and marketed formulation.
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CONCLUSION
Two independent variables (factors) concentration of  
Transcutol HP and carrier: coating ratio were selected 
to optimize the response variables, i.e., disintegration 
time (min), % CDR at 60 mins. The prepared liquisolid 
system showed good flow properties. The prepared 
liquisolid tablets have good mechanical strength, 
according to the hardness and friability values. All 
of  the formulations’ weight variation, disintegration 
time, and drug content were substantially within the 
prescribed limits. The cumulative percent drug release 
for formulations LSC-1 to LSC-9 was in the range of  
70.76% to 94.23% at 60 min. A checkpoint batch is 
created based on the optimization results to demonstrate 
the validity of  the evolved approach. Thus, it may be 
concluded that the results demonstrate the feasibility 
of  the model in the development of  an oral drug 
delivery system for liquisolid compacts of  Glyburide. 
The experimented values were found to be closer to the 
anticipated values, indicating that the model is valid and 
reproducible. The optimized formulation LSC-10 was 
compared with pure drug and marketed formulation 
and showed better in-vitro dissolution release study of  
the drug. Hence, the liquisolid technique was discovered 
to be a potential strategy for optimising the dissolution 
profile and thereby increasing the drug’s solubility.
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PICTORIAL ABSTRACT

SUMMARY

• Diabetes mellitus (type II) was chosen as a model drug as it is practically insoluble in water and low dissolution 
rate, while high permeability. The aim of the study was to formulate and evaluates liquisolid compacts of 
glyburide by using optimization technique.

• The development and formulation of liquisolid tablets, Transcutol HP was used as the non-volatile solvent, 
Avicel PH 102 as the carrier material and Aerosil 200 as the coating material.

• Nine formulations LSC-1–LSC-9 were prepared and experimentally responses were obtained, the two responses 
(Y1) disintegration time, (Y2)% CDR at 60 min were subjected to one way ANOVA (statistical analysis) using 
software Design-Expert for the construction of polynomial equation.

• In addition, the formulations were evaluated using a variety of parameters, viz thickness uniformity, friability, 
hardness, weight variation and the drug content and all were within the approvable limit. The formulations were 
also subjected for in vitro dissolution study.

• The software generated one solution for independent variables X1, X2 with desired answers Y1, Y2 using ANOVA 
(p<0.05) and desirability = 1. To validate the model, optimized formulations LSC-10 was prepared using the 
predicted solutions and evaluated.

• LSC-10 was compared to both the pure medication and the commercial formulation. When comparing the 
optimal formulation LSC-10 to the pure and commercialised formulation, it was discovered that the in-vitro 
dissolution profile of the optimised formulation LSC-10 was higher.

• Thus, the developed liquisolid technique was proven to be a potential technique for enhancing the dissolution 
profile and thereby increasing the drug’s solubility.
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ABSTRACT
Background: Chrysin is a phytoconstituent which has anticancer activity. The study 
aims to formulate, characterize and evaluate the cytotoxic effect of chrysin loaded 
phytosomes against HT29 cells. Materials and Methods: Antisolvent precipitation 
technique was employed to prepare phytosomes. Particle size, polydispersity index, 
zeta potential, entrapment efficiency, scanning electron microscope and Fourier 
transform infrared spectroscopic analysis were carried out for the characterization of 
chrysin loaded phytosomes. Cell viability was done to evaluate the cytotoxic effect of 
developed phytosomes comparing with plain chrysin. Results: The developed chrysin 
loaded phytosomes showed the particle size of 94.40nm, polydispersity index of 0.31, 
and zeta potential -1.33 mV. The entrapment efficiency was 74.28 %. Chrysin loaded 
phytosomes showed increased cytotoxic effect on HT-29 cells. Conclusion: This research 
work produces confirmative indication for the use of Chrysin loaded phytosomes in 
experimental animals to further gain in depth analysis for anticancer activity of chrysin 
loaded phytosomes against colon cancer.
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INTRODUCTION
As per the data provided by GLOBOCAN, 
it is found that colorectal cancer (CRC) 
is being the 3rd most fatal cancer and also 
4th most diagnosed cancer throughout 
the world.1 An elevation in the incidence 
rate of  CRC has being reported in both 
the developed and developing countries 
due to the consumption of  artificial foods 
which contain low fiber diet and also due 
to sedentary lifestyle.2 Treatment for CRC is 
available using chemotherapy if  diagnosed 
with CRC at an earlier stage. But it has been 
found that these chemotherapy drugs possess 
many adverse effects due to which the risk is 
more than the benefits. To avoid the adverse 
effects of  the chemotherapeutic drugs, it is 
recommended to use alternative medicines 
which include the herbal drugs either in 
the form of  extracted crude drugs or pure 
phytoconstituents. Chrysin also known as 

5’7 dihydroflavone is one phytoconstituent 
which falls under flavonoid category and is 
also known to possess anticancer properties 
against various types of  cancer. Chrysin is 
a phytoconstituent mainly found in honey, 
propolis and passion flower.3 Reviews from 
scientific literature which were previously 
published have revealed that chrysin 
exhibited enhanced cytotoxic effect against 
various colorectal cancer cell lines,4 and 
also in vivo studies.5 One study was done in 
Wistar rats and it revealed that the goblet 
cells in the crypts of  colon had deteriorated 
due to cis-diamminedichloroplatinum 
which was protected by phytoconstituent 
chrysin through breakdown of  oxidative 
stress and apoptosis.6 However, 
phytoconstituent Chrysin is found to be 
beneficial in the treatment of  colorectal 
cancer.7 Studies revealed that Chrysin had 
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very low bioavailability due to which the dose required 
to treat the colorectal cancer was more.8 Phytosomes 
is a novel nanoformulation which aids in reducing the 
size of  the phytoconstituent which in turn improves 
the surface area and thus better permeability.9 Studies 
also suggest that the stability of  the drug is enhanced 
by incorporating into phytosomal form.10 Since there 
are no studies that are being carried out to check the 
anticancer potential of  chrysin in phytosomal form, 
the primary objective of  this study is to enhance the 
pharmacokinetic and pharmacodynamics profile of  
chrysin by incorporating it into phytosomal form and to 
characterize and pharmacologically evaluate anticancer 
activity of  chrysin loaded phytosomes for the treatment 
of  colorectal cancer in Wistar rats.

MATERIALS AND METHODS
Materials

Soya lecithin and Chrysin (95%) was obtained from 
Tokyo chemical industries limited (Japan). The other 
chemicals and reagents used were of  analytical grade.

Formulation of Chrysin Loaded Phytosomes

Chrysin loaded phytosomes (CLP) were prepared by 
antisolvent precipitation technique.11 The required 
quantity of  soy lecithin and chrysin were taken in 250ml 
round bottomed flask and refluxed in the presence of  
dichloromethane in the temperature 60°C for 3 hr. The 
resultant solution was concentrated to about 5-10ml and 
hexane was administered to the concentrated solution 
with continuous stirring till a precipitate (ppt) was 
formed. Then the ppt was filtered out. It was kept under 
desicator for complete drying. The dried ppt was sieved 
in 100 mesh and stored in ambor coloured bottles.

Formulation and Structural Characterization of 
Chrysin Loaded Phytosomes
Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

10mg of  chrysin loaded phytosomes was added in 
100ml phosphate buffer saline along with rapid shaking 
and it was observed in the presence of  white light 
for the presence of  particle aggregates and also for a 
characteristic opalescence. Particle size of  chrysin loaded 
phytosomes was measured with the help of  Nanotrac. 
Here 1mg of  the formulation were added with 10ml 
of  water and this was ultrasonicated for an hour. After 
sonication, the solution was administered in nanotrac 
for determining particle size and polydispersity index. 
Zetasizer (Malvern Instruments, United Kingdom) was 
utilized for determining the zeta potential. The prepared 

formulation (1mg) was added in 10ml of  water by 
shaking rapidly. 0.5 ml of  chrysin loaded phytosome 
was administered in disposable zeta sizing cuvette. It was 
analyzed at 25°C at a measurement angle of  90°. 

Entrapment Efficiency

The amount of  phytoconstituent Chrysin present 
in the phytosomal form was determined using High 
performance thin layer chromatography (CAMAG, 
Switzerland).

Scanning Electron Microscopy (SEM)

Scanning electron microscope (Hitachi S3400 Japan) 
was utilized to check the surface morphology of  chrysin 
and chrysin loaded phytosomes. Photomicrographs 
were obtained by placing the dried samples which was 
coated with 5 nm gold.

FTIR Analysis

FTIR spectroscopy was utilized to determine molecular 
states of  CLP, pure chrysin and soya lecithin (Shimadzu, 
Japan). After collecting the background, sufficient 
quantity of  samples was administered above the crystal 
surface and gripper was set down on above the sample 
by turning it until a ‘click’ sound was heard to verify the 
gripper is in constant contact with the sample. Scanning 
was performed and the process was repeated for every 
individual sample respectively.

In vitro activity on HT-29 Cells
Cell Culture

Cell line of  human colorectal cancer that is HT-29 was 
procured from NCCS Pune and grown in McCoys 
5A+2mM medium at 37°C and a pH of  7.4 supplemented 
with 0.25% trypsin under humidified atmosphere of  5% 
carbon dioxide. These cells were then subcultured in 
McCoys 5A+2mM medium with an average density of  
1-3x10,000 cells/cm2.

Cell viability

MTT [3- (4,5-dimethylthiazol-2-yl) - 2,5- diphenyltet-
razolium bromide] assay were carried out according 
to previously published method. A 96-well plate was 
taken and 200 μl of  HT-29 cells was seeded. It was then  
incubated at a temperature of  37°C for 48 hr under 5% 
CO2. Solution of  pure chrysin and chrysin loaded 
phytosome solution were administered into the wells in 
the concentrations of  20,40,60,80,100 and 200μM. MTT 
solution (2ml) that is 5 mg/ml was added to individual 
well. It was incubated at temperature of  37°C under 5% 
CO2. The medium which was present in the well was 
replaced with 2 ml of  dimethyl sulfoxide after incubating  
it for 4 hr and the optical density was measured at 
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570 nm. Calculation of  percentage of  cell viability with 
pure chrysin and CLP was carried out.

RESULTS
Formulation and Structural Characterization

The composition of  phospholipid: phytoconstituent 
that soya lecithin and pure chrysin in the ratio of  2:1 
showed better formulation.

Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

The dispersion of  CLP in water appeared to be yellow 
coloured with a slight turbidity. Suspended particulate 
matter was absent in the dispersion. Chrysin loaded 
phytosomes exhibited a particle size of  94.40nm. The 
polydispersity index showed uniformity in the particle 
size distribution that is 0.31. Zeta potential of  CLP was 
found to be -1.33 mv.

Drug Entrapment

The quantity of  chrysin embedded within the 1ml 
of  chrysin loaded phytosome was found to be 
164.9 microgram respectively and the percentage of  
entrapment efficiency was found to be 74.28%.

Scanning Electron Microscopic Examination

The morphology of  chrysin (Figure 1a) and chrysin 
loaded phytosomes (Figure 1b) was revealed by scanning 
electron microscopy.

Fourier Transformed Infrared Spectroscopy

Evaluation of  the molecular states of  pure chrysin, soya 
lecithin and chrysin loaded phytosomes was done using 
FTIR analysis. The bands at 1649.19, 1579.75, 3529.85-
3287.11 in chrysin is assigned to C=O stretch, C=C 
and OH group. Similar peaks were seen in CLP and is 
shown in Figure 2.

In vitro study on HT-29 Cells

Cell Viability

MTT assay showed that pure chrysin solution and 
CLP (p< 0.05) showed the cytotoxic effect on HT-29 
cells when compared with normal control group. 
The inhibition of  cell viability significantly increased 
in CLP when compared to chrysin solution under all 
concentrations that is 20–200 μM with p < 0.05. Both 
the treatment group showed a raise in HT-29 cell viability 
in a dose dependent manner. IC50 value for chrysin and Figure 1a: SEM image of chrysin.

Figure 1b: SEM image of chrysin loaded phytosome.

Figure 2: FTIR Image of chrysin, soya lecithin and chrysin 
loaded phytosomes.
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CLP was found to be 53.21 and 17.92 respectively and 
is shown in Table 1.

DISCUSSION
Nowadays the prevalence rate of  colorectal cancer is 
increasing vigorously.12 This might be because of  various 
factors like consumption of  processed food,13 which 
contains low fiber diet and also contains preservatives 
which is also known to be a cause of  colon cancer,14 and 
sedentary lifestyle.15 Oxidative stress is another factor 
known to produce colon cancer.16 Thus it important 
to come up with a treatment for colon cancer. Now 
there are number of  drugs which are being used for 
the treatment of  colorectal cancer such as 5-flurouracil, 
capacitabine etc.17 But there are multiple adverse effects 
observed when using such drugs like hepatotoxicity.18 
Thus it is of  utmost importance to come up with a 
treatment for colon cancer which does not cause any 
adverse or toxic effect. Through literature review,19 we 
found that herbal constituents play a crucial role for 
the treatment of  cancer,20 and therefore we selected a 
phytoconstituent that is chrysin which is an flavonoid 
and known to have anticancer effect on colon cancer. 
The major problem seen with respect to chrysin 
administration was that it had poor bioavailability due 
to its low lipid soluble property.21 Thus it is of  utmost 
importance to increase the bioavailability of  chrysin 
so that a better therapeutics effect can be achieved. 
To encounter this low bioavailability problem, we 
incorporated chrysin into the phytosomal form. In 
the current study, the chrysin loaded phytosomes were 
prepared by anti-solvent precipitation technique,22 by 
incorporating soya lecithin and pure chrysin in the 
ratio of  2:1. Characterization of  the chrysin loaded 
phytosomes was done. However, in the present work, 

we prepared phytosomes by incorporating pure chrysin 
and soya lecithin. Formulation of  chrysin loaded 
phytosomes was done in the molar ratio of  1:1, 1:2 and 
2:1. Better results were obtained in the molar ratio of  
2:1 (phospholipid: chrysin). Nanotrac was utilized to 
determine the size of  the formulation and polydispersity 
index and it was found to be 94.40 nm and 0.31 which 
revealed that the prepared formulation was within the 
nano range and also there was reduced prevalence 
rate of  flocculation. Zeta potential of  Chrysin loaded 
phytosomes was determined using Zetasizer Ver. 
7.11 (Malvern) and it was found to be -1.33mv which 
determines better stability in acidic medium.
As seen in the present research study, smaller particle 
size were observed for chrysin loaded phytosomes than 
chrysin alone.
In scanning electron microscope, an irregular 
arrangement of  bright particles were observed in pure 
chrysin (Figure 1a) with an less defined morphology 
and scattered distribution of  particle size. In case of  
chrysin loaded phytosomes (Figure 1b), a well- defined 
arrangement in the structure was seen in which bright 
particles that is chrysin were engulfed by phospholipids.
FTIR analysis was carried out to determine molecular 
states of  CLP and pure chrysin. Bands at 1649.19, 
1579.75, 3529.85-3287.11 in chrysin was assigned to 
C=O stretch, C=C and OH group. Similar peaks were 
observed in CLP. From the given spectra, it can be 
concluded that pure chrysin and CLP had no difference 
in the internal structures and the confirmation of  these 
samples at the molecular level.
In this study, HT-29 cell lines were selected as colorectal 
cancer cells and in order to examine the efficiency 
of  pure chrysin and chrysin loaded phytosome, the 
cytotoxicity test that is MTT assay was done. In HT-29 
cells, the chrysin loaded phytosomes showed IC50 
value of  17.92 µg/ml whereas pure chrysin showed 
IC50 value of  53.21 µg/ml. Similar result was observed 
in the study.23 They also found that cytotoxicity of  
phytoconstituent loaded in phytosomal form was 
more when compared to the free drug24 and it may be 
because of  the reduced particle size of  chrysin loaded 
phytosomes which enhanced the penentration of  chrysin 
loaded phytosomes through the cell wall because of  
which there was maximum inhibibitory cytotoxicity was 
observed in the solution of  chrysin loaded phytosomes 
when compared with pure chrysin alone.

CONCLUSION
The purpose of  this research was to formulate, 
characterize and evaluate the cytotoxic effect of  chrysin 

Table 1: Result of MTT assay.
Compound Concentration % Viability IC 50 value

Chrysin

200 46.4264082

53.21

100 57.3894609

80 64.3549364

60 79.0732889

40 81.5263477

20 82.1017565

Chrysin 
loaded 

phytosomes

200 38.5466617

17.92

100 43.7845813

80 54.9612689

60 57.1007008

40 63.1132423

20 74.6587975
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loaded phytosomes against HT29 cells. Looking into the 
results, we can say that formulation of  chrysin loaded 
phytosomes in the ratio of  2:1 showed better cytotoxic 
effect against HT29 cells and this provides indication for 
the use of  Chrysin loaded phytosomes in experimental 
animals to further gain in depth analysis for anticancer 
activity of  chrysin loaded phytosomes against colorectal 
cancer.
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SUMMARY

Chrysin loaded phytosomes were formulated by 
antisolvent precipitation technique. Particle size 
distribution, polydispersity index and zeta potential 
were determined. The amount of  phytoconstituent 
entrapped within phytosomes was determined 
using High performance thin layer chromatography. 
Photomicrographs of  chrysin and chrysin loaded 
phytosomes were obtained by scanning electron 
microscopy. FTIR spectroscopy was utilized to 
determine molecular states of  Chrysin loaded 
phytosomes, pure chrysin and soya lecithin. Cytotoxicity 
of  chrysin and chrysin loaded phytosomes were 
determined using MTT assay on colorectal cancer cell
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Introduction 
Diabetic Mellitus is rapidly increasing 

worldwide. The deficiency of insulin leads to people 
suffering from diabetes and causes an elevated level of 
glucose in the blood. Anti-diabetic activity of the plants 
may follow one or the other mechanism such as their 
ability to restore the pancreatic tissue function or 
increase in insulin output or inhibiting the intestinal 
absorption of glucose or inhibiting the pancreatic 
enzymes like alpha-amylase, alpha-glucosidase, etc. (1). 

The polyphenolic compounds and their 
estimation can be helpful in the exploration of the 
pharmacological effects of medicinal plants. Phenols 
are the major group of nutritional compounds of plants 
and are classified as secondary metabolites such as 
tannins and flavonoids. Compounds like catechins, 
resveratrol, quercetin, procyanidins, and anthocyanins 
are taken into consideration by researchers for 

investigating their potentials against inflammation, 
metabolic disorder, viruses, cancer, and other ailments 
(2, 3). The characterization of medicinal plants and 
derived medicines utilizing marker compounds or 
biochemical profiling of bioactive has become essential 
as some of which displays significant pharmacological 
actions. This phenomenon has directed to a faster and 
improved evaluation of the quality of plant products (4). 
One of the tools playing an essential part towards 
characterizing the plant material quality used in 
medicine is the simultaneous determination of marker 
compounds using HPLC. 

Accurate identification and analyte quantification 
are particularly linked to the separation of the analyte. 
Because of this phenomenon, the RP-HPLC method is 
previously recognized to separate and measure the 
active constituents from complex matrices such as food 
products, beverages, plant extracts, and its formulations 
(5, 6). To ensure the presence of polyphenols in Acacia 
suma and Ayurvedic formulations, we aim to develop 
the RP-HPLC method for simultaneous determination 
of Epigallocatechin (EGC), Fisetin (FT), and Quercetin 
(QT).   

Genus Acacia is known for the most prominent 
source of polyphenols, belongs to the family 
Leguminosae (Fabaceae) and approximately 800 
species are documented globally (7). The heartwood of 
Acacia suma (Roxb) Buch.-Ham., commonly known as 
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Abstract
Anti-diabetic activity of the plants may follow one or the other mechanism such as their ability to restore the 

pancreatic tissue function or increase in insulin output or inhibiting the intestinal absorption of glucose or inhibiting 
the pancreatic enzymes like alpha-amylase, alpha-glucosidase, etc. The alpha-amylase and alpha-glucosidase 
inhibition assays were performed to analyze the anti-diabetic potential of Acacia suma. RP-HPLC method was 
developed and validated for simultaneous estimation of Epigallocatechin (EGC), Fisetin (FT), and Quercetin (QT) in 
hydroalcoholic extract (HAE) of Acacia suma and formulations. The simultaneous estimation was performed using 
the Luna C18 column with 20µl sample injection volume. Whereas, acetonitrile and phosphate buffer (0.1%, 30:70 v/
v, pH 2.7) was used for resolution as mobile phase with column temperature 40 OC and flow rate 1 ml/min. The IC50 
for alpha-amylase inhibition and alpha-glucosidase inhibition activity was found to be 12.5µg/ml and 93.79µg/ml 
respectively was compared with standards. The developed method was found simple, specific, precise and linear with 
regression coefficient (R2 = 0.999) over the selected range of concentration (2.5-160 µg/mL) having detection limits 
0.076, 0.012, 0.010 µg/mL and quantification limits 0.231, 0.038, 0.031 µg/mL for EGC, FT and QT respectively. In-
vitro alpha-amylase and alpha-glucosidase inhibition assay support the traditional claim of the plant in the treatment 
of metabolic disorders. The established RP-HPLC method demonstrates the precise and easy determination of EGC, 
FT, and QT and is effectively studied by a gradient elution system.
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‘Shwet khadir’ or ‘White catechu’ has a broad range of 
significance in the treatment of obesity and diabetics 
(8). Previously we have reported anti-lipase activity for 
Acacia suma where EGC, FT, and QT were predicted 
for significant anti-lipase activity with IC50 46.07 µg/ml 
(9). 

Some of the studies have been previously 
established for simultaneous estimation of polyphenols. 
A study by Fernando CD et al. on tea polyphenols - 
gallic acid, caffeine, epicatechin, and epigallocatechin 
gallate (EGCG) were simultaneously estimated utilizing 
an isocratic elution system and suggested that EGCG 
with more retention time i.e. 15.49 min (10). Another 
study by Zuo Y et al. has described simultaneous 
estimation of catechins, caffeine, and gallic acids in four 
tea verities and suggested 10 min retention time for 
epigallocatechin at 280 nm (11). Furthermore, a study 
by Dimcheva V. et al. indicated the simultaneous 
determination of nine polyphenols: (Epicatechin gallate, 
catechin, epigallocatechin, rutin, quercetin, myricetin, 
kaempferol, gallic acid, and vanillic acid); among them, 
EGC and QT displayed 17 and 23 min retention time 
respectively (12) even though there are many studies on 
simultaneous estimation of polyphenols (13)  none has 
been performed for isosbestic point-based simultaneous 
estimation of EGC, FT and QT in Acacia suma and 
Ayurvedic drugs.  

Therefore, we aim to investigate the anti-diabetic 
potential of hydroalcoholic extract of Acacia suma and 
standardization of plant by isosbestic point-based RP-
HPLC method. The developed method was validated 
with system suitability, intraday and interday precision, 
accuracy, repeatability, linearity, recovery, and 
robustness/ruggedness parameters. In addition, a forced 
degradation assay was performed to confirm the 
suitability of the developed method. Furthermore, the 
applicability of the developed method was analyzed in 
Ayurvedic drugs. 

Material and Methods 
α- amylase inhibition assay 

Phosphate buffer solution (1ml) was mixed with 
0.5 ml of different concentrations (12.5, 25, 50, 100 & 
200 µg/ml) of samples with the standard solution and 
200µl of 0.5mg/ml α-amylase was added followed by 
200µl of 5mg/ml starch solution and incubated for 10 
minutes at room temperature. Starch was taken as 
control. Then the reaction was stopped by adding 400µl 
of DNS solution boiled for 5 min and cooled. The 
absorbance was measured at 540 nm. The percent of 
enzyme inhibition was calculated using the following 
formula:  

% of α-amylase inhibition = [(Ac − As)/Ac] × 100 
Where, Ac and As is absorbance of control and sample, 
respectively. Metformin was used as standard (14). 

α- glucosidase inhibition assay 
The α-glucosidase inhibition activity was 

performed as described by Li et al., 2005. 3 mM p-
nitrophenyl α-D-glucopyranoside (PNPG) was used as 
substrate and prepared by dissolving in 50 mM 
phosphate buffer (pH 6.5). Samples were prepared at 

50, 100, 150, 200 and 250 µg/ml concentration in 5% 
DMSO. 30 µL of each concentration was added with 36 
µL phosphate buffer pH 6.8 and 17 µL p-nitrophenyl-α-
D-glucopyranose (5 mM). The mixture was incubated 
for 5 min at 37°C. To this solution, 17 µL of α-
glucosidase 0.15 unit/mL was added again incubated for 
15 min at 37°C. Once the second incubation was 
finished, 100 µL of Na2CO3 (267 mM) was added to the 
solution to stop the enzymatic reaction. The absorbance 
was measured at 405 nm. Acarbose was tested as a 
standard drug. The concentration of samples that 
inhibited α-glucosidase activity by 50% was defined as 
the IC50 value. The percentage inhibition was calculated 
by following the formula (15).  

Inhibition Percentage =  
OD of Blank-OD of Sample/OD of Blank X 100. 

RP-HPLC Method development and validation  
Reagents and solvents  

EGC was procured from Yarrow Pharma, 
Mumbai, India. FT was purchased from Sigma-Aldrich; 
and QT was obtained from ACTIN Pharmaceuticals, 
China. HPLC-grade acetonitr i le (ACN) and 
orthophosphoric acid (OPA) were purchased from 
Fisher Scientific Mumbai, India. HPLC analytical-grade 
water (Merck, Mumbai, India) was used. All the other 
solvents or reagents used were of pharmaceutical or 
analytical grade. Ayurvedic marketed formulations were 
procured from KLE’s BMK Ayurveda Pharmacy, 
Belagavi, India. 
  
RP-HPLC instrument and conditions 

Shimadzu HPLC prominence instrument system 
(LC-20AD, Japan) equipped with SPD-M20A 
prominence diode array detector (PDA), LC- 20AD 
pump, a SIL-20AC HT auto sampler, DGU-20A5 online 
degasser, rheodyne injection value with 20 µL loop, and 
CTO-10AS VP column oven. The data interpretation 
and analysis were done using the software Shimadzu 
LC solution (version 1.25). Chromatographic separation 
and analysis were carried out using Phenomenex Luna 
C18 analytical column C-18(2) 100 A (250×4.60 mm 
internal diameter, 5 µm particle size, Phenomenex Inc., 
Canada, USA) at a column temperature of 40 °C. The 
optimized mobile phase ACN: Phosphate buffer (0.1% 
OPA) 30:70 v/v ratio was adjusted to pH 2.7 with 
sodium hydroxide and pumped through the column at a 
flow rate of 1 mL/min. Before use, the mobile phase 
was filtered through PVDF filter membrane (0.45 µm; 
Millex HV®, Millipore, USA) and ultrasonically 
degassed. The injection volume was 20 µL for the 
sample analysis. 
  
Preparation of standards 

Stock solutions of EGC, FT, and QT were 
individually prepared at a concentration of 1 mg/mL in 
methanol. The standard preparation of EGC, FT, and 
QT were prepared in the concentration range of 2.5-160 
µg/mL, by the dilution of stock solution using the 
HPLC grade water. All standard preparations were 
stored in the amber-colour and tightly-stopper 
volumetric flask at 4 °C, before the analysis. 
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Preparations of hydroalcoholic extract (HAE) 
The plant material was made in the coarse powder 

form [100 g] for the preparation of hydroalcoholic extract 
using ethanol: water [70:30 v/v] by cold maceration 
method. Further, the liquid extract was filtered and 
concentrated under a vacuum at 45ºC using a rotary 
evaporator. The extract was lyophilized to obtain a fine 
powder of crude extract. 

Preparation of test sample 
Hydroalcoholic extract of Acacia suma (10 mg) 

was transferred in 10 ml of distilled water and sonicated 
for five min to develop better dissolution.  

Khadiradivati (100 mg) and Khadirarista (1 ml) 
were dissolved in 10 ml of distilled water followed by 
filtration through filter paper to avoid un-dissolved 
particles and re-filtered through syringe filters before 
sample injection. 20 µl of both the samples were injected 
for better peak resolutions.  

Method development 
The development of the method for simultaneous 

analysis of EGC, FT, and QT was done by using different 
mobile phase ratios, concentration and pH values of 
OPA, flow rates, and column oven temperature (16, 17). 

Method validation 
The specificity of the method was validated 

according to ICH guidelines to ensure that the developed 
method is acceptable and reliable for the proposed work. 
The method was validated with different validation 
parameters such as system suitability, linearity, accuracy, 
precision, LOD, LOQ, robustness, and ruggedness (18, 
19). 
  
System suitability 

The developed method ensured the resolution and 
reproducibility by system suitability study. The percent 
RSD of different parameters such as peak area, retention 
time (tR), theoretical plates, and tailing factor were 
determined. The percent RSD of peak area (<2), tailing 
factor (<2), and theoretical plates (N>2000) were within 
the acceptable limits. The peaks obtained for EGC, FT, 
and QT were found to be sharp, well separated, and with 
high resolution. 

Linearity 
The linearity of the method was checked with 

EGC, FT, and QT standards with the calibrated curve of 
seven different concentrations in six replicate with the 
range of concentrations 2.5-160 µg/mL. The limit of 
detection (LOD) and limit of quantification (LOQ) were 
calculated from the standard deviation and slope of the 
calibrated curve using the formula 3.3*σ/s and 10*σ/s 
respectively. σ - standard deviation of intercept and s - 
slope. 

Accuracy 
Preanalysed standards EGC, FT, and QT were 

spiked with a low, medium, and high concentration in the 
calibration range. The assay was repeated three times to 
check the recovery of the injected standards. 

Precision 
The measures of repeatability of each analytical 

standard were validated by intraday and interday 
precision. Three concentrations of each standard were 
verified by three times on the same day (Intraday) and the 
three different days (Interday). 

Robustness and Ruggedness 
       The susceptibility of the optimized method was 
determined with the small changes in the mobile phase 
composition, temperature, flow rate, pH, and 
concentration of OPA (20, 21). At each condition, the 
mixture of standard EGC, FT, and QT was administered 
to the chromatographic system in triplicates, and % RSD 
of the peak area was calculated for each standard. 
Further, ruggedness was measured for intermediate 
precision using pre-determined conditions by considering 
similar measurement procedures, same optimized system, 
on the same location, and replicate measurements on the 
same objects over a prolonged period by preparing three 
individual samples. 

Forced degradation study 
A forced degradation study was performed using 

various stress conditions. Each standard was employed 
for acidic, alkaline, temperature, oxidative, and 
photolytic degradation states in individual and mixture 
form. Hydrolytic degradation was performed by using 1 
N HCl and 1 N NaOH, oxidative degradation was done 
by 30% hydrogen peroxide, 800C temperature was 
maintained for thermal degradation and photolytic 
degradation was by exposing the samples to sunlight for 
1 hr. The 1 ml of the final sample was prepared using 
mobile phase and 20 µl of injection was run through a 
chromatographic system (22). 

Results 
α-amylase inhibition assay 

The IC50 values of the Acacia suma for alpha-
amylase activity were found to be 12.5µg/ml and for 
standard alpha-amylase inhibition i.e. Metformin was 
52.09µg/ml depicted in (Fig.1.A). 

α-glucosidase inhibition assay 
The IC50 values of the Acacia suma for alpha-glucosidase 
activity were found as 93.79µg/ml and for standard 
alpha-glucosidase inhibition i.e. Acarbose was 79.74µg/
ml depicted in (Fig.1.B). 

 
Figure 1: Enzyme inhibition assays for Acacia suma 

extract [A] alpha-amylase inhibition [B] Alpha-
glucosidase inhibition. 
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Method development and optimization 
The method optimization was initiated with 

various mobile phase systems with their different 
compositions. The stock solution for each standard 
compound was prepared in methanol (1 mg/ml) and 
further dilutions were prepared using the mobile phase. 
Good selectivity was achieved by modification in 
mobile phase composition with different solvents; 
column temperature was set at 400C and 450C, flow rate 
as 1 ml/min and 0.9 ml/min, and pH of orthophosphoric 
acid at 2.7 and 6 was tested. Finally, the composition of 
ACN and OPA (0.1%) in the ratio 30:70 was fixed with 
pH 2.7 and temperature 400C to achieve better 
resolution. 

Method validation 
The developed method was validated to ensure 

the acceptability and reliability of the developed RP-

HPLC method. System suitability study, linearity, 
accuracy, precision, LOD, LOQ, robustness, and 
ruggedness are the parameters to validate the RP-HPLC 
method as per ICH guidelines. 

System suitability 
To assure the specificity of the optimized method 

system suitability was performed. The resolution and 
reproducibility of the HPLC technique, 50 µg/mL 
mixture concentrations of EGC, FT, and QT were 
injected, % RSD was evaluated by considering peak 
area, retention time, theoretical plates, and tailing 
factors. The peak obtained for EGC, FT and QT were 
sharp; the number of theoretical plates is >2000, tailing 
factor is <2. The % RSD of each parameter was found 
<2. The system suitability of each analyte is represented 
in (Table 1). 

Table 1: System suitability  

SD: Standard deviation, tR: Retention time, RSD: relative standard deviation 
Linearity 

The targeted standards were found linear in the concentration range 2.5-160 µg/mL. Calibration curves were 
calculated for slope/intercept and correlation coefficient (R2), represented in (Table 2). Further, the LOD of the method 
was evaluated considering the analyte concentration having S/N value 3; the LOQ represents the analyte concentration 
having S/N value 10. The LOD and LOQ values of targeted analytes are illustrated (Table 2). 

Table 2: Linear regression data and sensitivity parameters of the RP-HPLC method 

R2: Regression coefficient, LOD: limit of detection, LOQ: limit of quantification  
Precision 

The precision of the optimized chromatographic system for the selected standard was studied by the mean of 
intraday and interday multiple injections of sample mixture than checking the % RSD value obtained from found 
concentration is listed in the (Table 3). 

Table 3: Precision intraday and interday 

RSD: relative standard deviation, SD: Standard deviation 

Parameters EGC FT QT
Mean ± SD % RSD Mean ± SD % RSD Mean ± SD % RSD

tR (min.) 3.51 ± 0.002 0.04 6.98 ± 0.001 0.06 12.1 ± 0.03 0.24
Peak area 195410 ± 3020.6 1.55 4935729 ± 39946 0.81 3179821 ± 7201 0.23

Plate count 4531 ± 60.5 1.33 7620 ± 78.4 1.03 8293.5 ± 79.01 0.95
Tailing factor 1.33 ± 0.01 0.79 1.31 ± 0.00 0.18 1.3 ± 0 0.15

Standard 
compounds

Concentration
Range (µg/mL) Slope Intercept R2 LOD

(µg/mL)
LOQ

(µg/mL)
EGC 2.5-160 6802 35670 0.999 0.076 0.231
FT 2.5-160 143642 276370 0.999 0.012 0.038
QT 2.5-160 90074 158303 0.999 0.010 0.031

At Isosbestic Point 287 nm
EGC 2.5-160 1605 28455 0.999 0.054 0.162
FT 2.5-160 38239 54749 0.999 0.008 0.025
QT 2.5-160 29016 36200 0.999 0.007 0.021

Standards
Active 
content
(µg/mL)

Intraday (n=3) Interday (n=3)
Found ± SD

(µg/mL)
% 

RSD
1st day 2nd day 3rd day

Found ± SD
(µg/mL)

% 
RSD

Found ± SD
(µg/mL)

% 
RSD

Found ± SD
(µg/mL)

% 
RSD

EGC
5 4.97 ± 0.02 0.48 4.98 ± 0.09 1.82 4.95 ± 0.01 0.20 4.89 ± 0.08 1.72
10 10.06 ± 0.11 1.06 10.15 ± 0.10 0.97 9.75 ± 0.10 0.99 9.86 ± 0.11 1.07
20 20.10 ± 0.18 0.91 20.03 ± 0.02 0.10 20.05 ± 0.24 0.69 20.08 ± 0.12 0.58

FT
5 4.93 ± 0.01 0.27 5.06 ±  0.07 1.43 5.03 ± 0.02 0.3 4.99 ± 0.04 0.88
10 10.04 ± 0.06 0.60 9.83 ±  0.11 1.12 9.69 ± 0.18 1.83 10.01 ± 0.19 1.93
20 20.06 ± 0.06 0.31 19.94 ± 0.04 0.19 19.96 ± 0.05 0.23 19.90 ± 0.07 0.35

QT
5 5.02 ± 0.10 1.90 4.53 ± 0.02 0.51 4.54 ± 0.02 0.44 4.57 ± 0.40 0.88
10 10.07 ± 0.03 0.58 10.18 ± 0.11 1.12 10.32 ± 0.10 0.97 10.26 ± 0.14 1.33
20 20.12 ± 0.13 0.63 19.76 ± 0.08 0.38 19.93 ± 0.16 0.79 19.89 ± 0.10 0.51
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Accuracy 
The recovery study was performed to check the accuracy of the optimized method for all three standards in 

triplicates. The known quantity of each standard was spiked with three concentrations of the standard compound of the 
linearity range and the percentage of recovered quantity was calculated. The recovery values obtained were close to 
98.20 - 102.8 % for all three standards presented in (Table 4). Therefore, the developed RP-HPLC method can be 
considered accurate. 

Table 4: Recovery studies 

Experiments were performed in triplicates (n=3), % RSD: Percent relative standard deviation 

Robustness and ruggedness 
The susceptibility and intermediate precision were evaluated by robustness and ruggedness assay. Minor 

modifications were made in optimized HPLC parameters and influences of those changes in the developed method are 
described (Table 5). Hence, the developed RP-HPLC method confirms the robustness of the developed method for 
EGC, FT, and QT.  

Table 5: Robustness and ruggedness 

% RSD: Percent relative standard deviation, SD: Standard deviation 

Isosbestic point determination  
The isosbestic point was determined for the mixture of EGC, FT, and QT by UV spectrophotometer as well as 

on HPLC and the isosbestic point was confirmed at 287 nm. The UV spectrophotometer graph and chromatogram of 
isosbestic point are described in (Fig. 2) and (Fig. 3) respectively. 

 
Figure 2: Isosbestic point on UV spectrophotometer. 1) EGC, 2) FT, 3) QT and 4) Isosbestic point. 

Standards Active content
(µg/mL)

Level 
(%)

Spiked quantity
(µg/mL)

Recovered quantity
(µg/mL)

Recovery
(%) RSD (%)

EGC
10 50 6.23 ± 0.08 6.12 ± 0.10 98.20 0.67
10 100 8.53 ± 0.12 8.51 ± 0.06 99.80 1.19
10 150 11.25 ± 0.08 11.10 ± 0.02 98.40 0.82

FT
10 50 7.40 ± 0.09 7.55 ± 0.01 101.75 0.54
10 100 9.52 ± 0.10 9.85 ± 0.00 102.8 1.05
10 150 12.37 ± 0.06 12.63 ± 0.06 101.81 0.92

QT
10 50 7.40 ± 0.04 7.52 ± 0.06 101.72 1.19
10 100 9.67 ± 0.01 9.65 ± 0.05 99.72 0.43
10 150 12.40 ± 0.02 12.54 ± 0.10 101.13 0.69

Parameters Changes 
made

Epigallocatechin Fisetin Quercetin
Retention 
time ± SD

RSD 
(%)

Retention 
time ± SD

RSD 
(%)

Retention time 
± SD

RSD 
(%)

Mobile phase 
Composition 

[ACN:OPA 0.01%]
30:70
32:68

3.35 ±  0.029
3.31 ± 0.008

0.86
0.23

6.98 ±  0.009
6.96 ± 0.020

0.14
0.28

12.05 ±  0.02
11.91 ± 0.13

0.17
1.06

Concentration of 
OPA

0.1%
0.01%

3.35 ± 0.029
3.28 ± 0.003

0.86
0.00

6.98 ±  0.009
6.95 ± 0.004

0.14
0.06

12.05 ± 0.02
11.93 ± 0.01

0.17
0.10

Flow rate 1 ml/min
0.9 ml/ml

3.35 ± 0.029
3.30 ± 0.010

0.86
0.24

6.98 ±  0.009
6.96 ± 0.020

0.14
0.28

12.05 ± 0.02
11.96 ± 0.05

0.17
0.42

Column oven 
temperature

400C
450C

3.35 ± 0.029
3.28 ± 0.020

0.86
0.46

6.98 ± 0.009
6.87 ± 0.060

0.14
0.95

12.05 ± 0.02
11.57 ± 0.06

0.17
0.48

pH of OPA 2.76 3.35 ± 0.029
3.30 ± 0.002

0.86
0.07

6.98 ± 0.009
6.94 ± 0.000

0.14
0.008

12.05 ± 0.02
11.89 ± 0.006

0.17
0.05

Wavelength
(λ max) nm

at Isosbestic point

285
287
289

3.31 ± 0.003
3.31 ± 0.004
3.31 ± 0.004

0.11
0.11
0.11

6.98 ± 0.008
6.97 ± 0.011
6.95 ± 0.009

0.12
0.16
0.13

12.11 ± 0.056
12.10 ± 0.036
12.11 ± 0.015

0.46
0.30
0.13
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Figure 3: HPLC chromatograms. A) EGC (269 nm), B) FT (359 nm), C) QT (370 nm), D) Isosbestic point (287 nm) 

 

Forced degradation study 
The standards were further tested for forced degradation; acidic, alkaline, thermal, sunlight, and oxidative 

stressed conditions in individual and mixture forms of the compounds. The percent degradation of EGC, FT, and QT 
was observed with higher photolytic degradation i.e. 24.81 ± 12.09, 38.72 ± 5.4, and 39.82 ± 6.16 respectively since 
all three selected marker compounds are light-sensitive they had shown drug degradation and their chromatograms are 
represented in (Fig. 4). 

Figure 4: HPLC Chromatogram of EGC, FT, and QT in forced degradation study A) Normal B) Sunlight C) 
Oxidative D) Basic E) Thermal and F) Acidic stress conditions. 
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Applicability of optimized method on HAE of Acacia suma and Ayurvedic formulations  
The HPLC chromatograms were obtained for Acacia suma extract (Fig. 5) and Ayurvedic marketed 

formulations such as Khadirarista (Fig. 6) and Khadiradivati (Fig. 7) revealed the retention time of EGC, FT, and QT 
at 3.26 min; 6.93 min; and 11.85 min. respectively. The developed method was able to quantify EGC, FT, and QT in 
Acacia suma extract and Ayurvedic formulations. It has been observed with a similar retention time as standard 
compounds. The quantitative estimation of EGC, FT, and QT was calculated based on the peak area (Table 6). 

Figure 5: HPLC Chromatogram of Acacia suma: A) EGC; B) FT; C) QT; D) Isosbestic point 

 
Figure 6: HPLC Chromatogram of Khadirarista: A) EGC; B) FT; C) QT; D) Isosbestic point 

 

47

http://ijam.co.in





Nikita Kanbarkar et.al., Acacia suma against postprandial hyperglycemia

Published online in http://ijam.co.in ISSN No: 0976-5921

Figure 7: HPLC Chromatogram of Khadiradivati: A) EGC; B) FT; C) QT; D) Isosbestic point. 

 
Table 6: Drug content estimation 

Discussion  
Diabetes mellitus (DM) is categorized by defects in 

insulin secretion, impaired insulin action, or both by 
metabolic dysregulation primarily of carbohydrate 
metabolism manifested by hyperglycemia. DM can lead to 
complications in the vascular system, eyes, nerves, and 
kidneys leading to peripheral vascular disease, 
nephropathy, neuropathy, and retinopathy (23). Oral anti-
diabetic agent metformin comes underclass of biguanides 
and is used in type 2 diabetics, also can be used in 
combination with any other oral anti-diabetic drug. In the 
case of the mechanism of action, this drug works by its 
hepatic sensitivity to insulin secretion thereby reducing 
gluconeogenesis as well as glycogenolysis, leading to 
reduce plasma glucose. The α-glucosidase inhibitors act on 
glucosidase enzymes in the intestine. Acarbose is the 
glucosidase inhibitor it has a beneficial effect in reducing 
postprandial hyperglycemia by reducing insulin secretion 
(24). In the present study hydroalcoholic extract of Acacia 
suma had shown significant alpha-amylase and alpha-
glucosidase inhibition and was compared with metformin 
and acarbose as standard anti-diabetic agents. In Ayurvedic 
Pharmacopoeia of India, the heartwood of Acacia suma is 
duly mentioned for the treatment of metabolic disorders 
(25). 

The marker phytochemicals selected in this study 
are previously reported for anti-diabetic potential. 
Quercetin is a flavonoid with antioxidant properties that 
helps in the regeneration of the pancreatic cells and 
increases insulin release in streptozocin-induced diabetic 

rats it has beneficial anti-diabetic potential (26). Fisetin 
enhances the enzymatic activities of hexokinase, pyruvate 
kinase, glucose-6-phosphate dehydrogenase whereas 
restraining the activities of lactate dehydrogenase, G6Pase, 
fructose-1,6-biphosphatase in hepatic and renal tissues of 
STZ-diabetic rats. Oral administration of fisetin reduces 
blood glucose levels and increases plasma insulin 
concentrations (27). Further, in the oral glucose tolerance 
test (OGTT) epigallocatechin had high glucose tolerance 
ability it suppresses the b-cell destruction by inhibition of 
NF-kB activation in RINm5F cells (28). 

Natural products are the starting point for future 
bioactive product development. Herbal extracts involve a 
large number of phytochemicals and few may present in 
less concentration. Retention of solute is based on the 
nature of the compounds, the components with high 
affinity towards mobile phase elute faster whereas low-
affinity compounds take more time for retention (29). The 
main advantage of this optimized method is that it takes a 
short retention time for the resolution of all three marker 
compounds also instead of using three different 
wavelengths only one wavelength i.e. 287 nm as an 
isosbestic point can be used to confirm the presence of 
EGC, FT, and QT in the herbal extracts. The applicability 
of the optimized method was evaluated for the presence of 
selected standards in the Ayurvedic formulation and HAE 
of Acacia suma (30, 31) and was identified with retention 
time. 

Further, in the degradation study, FT and QT were 
shown degradation in presence of alkaline and thermal 

Standards HAE of A. suma (µg/mL) Khadiradivati (µg/mL) Khadirarista (µg/mL)
EGC 107.2 ± 0.22 459.5 ± 0.22 161.1 ± 2.2
FT 1.71 ± 0.03 1.30 ± 0.02 1.69 ± 0.05
QT 1.72 ± 0.07 1.46 ± 0.01 1.70 ± 0.02
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stress conditions. FT and QT are well-known flavonoids 
having 4 and 5 hydroxyl groups respectively. The presence 
of hydroxyl groups leads to flavonoids being less stable 
and therefore, study findings indicate instability of FT and 
QT in alkaline and thermal conditions (32) on the other 
hand, EGC was observed with degradation in presence of 
oxidation and sunlight (33). The developed RP-HPLC 
method justifies concerning specificity, sensitivity, and 
efficiency. The usage of EGC, FT, and QT are considered 
for disease management such as anti-cancer, anti-diabetic, 
anti-inflammatory, hepatoprotective, anti-obesity, anti-
oxidant, anti-microbial, cardio-protective, and anti-viral 
activities as documented previously (34-36).  

The selected marker compounds have been 
predicted for their anti-lipase activity by the in-silico 
method and extract had shown lipase inhibition potential 
by the in-vitro method. The study had predicted the 
presence of EGC, FT, and QT in Acacia suma as lipase 
inhibitors with the highest docking score hence it could be 
helpful to explore the anti-diabetic potential of Acacia 
suma along with standardization of the plant by RP-HPLC 
method to confirm the presence of these phytomarkers in 
the extract. 

From the perspective of this study, herein we 
suggest performing the network pharmacology and 
molecular docking of Acacia suma in tracing the protein-
phytoconstituents interaction as detailed previously for 
various traditional medicinal plants (37- 40) and tracing 
the lead hit to assess the gene ontology of the lead 
bioactives (epigallocatechin, fisetin, and quercetin) as 
demonstrated previously (41). 

Conclusion 
The study findings revealed the significant anti-

diabetic potential of the extract by in-vitro alpha-amylase 
and alpha-glucosidase inhibition assays, which support the 
traditional claim of the plant in the treatment of metabolic 
disorders. The established RP-HPLC method demonstrates 
the precise and easy determination of EGC, FT, and QT 
and is effectively studied by a gradient elution system. The 
developed method is simple and specific for the estimation 
and quantification of polyphenols from herbal extract 
having the presence of EGC, FT, and QT. The method was 
validated to ensure acceptable and reliable considerations 
such as system suitability, linearity, accuracy, precision, 
LOD, LOQ, and robustness/ruggedness. Further, the 
applicability of the developed method was analyzed on 
HAE of Acacia suma and in Ayurvedic formulations. 
Hence, this study concludes that extract had the presence 
of EGC, FT, and QT along with its anti-diabetic potential. 
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ABSTRACT
Aim: The objective of present investigation is to develop and validate  
UV-Spectrophotometric method for estimation of Berberine hydrochloride in marketed 
formulation and Poly lactic co glycolic acid nanoparticles. Materials and Methods: 
Methanol was used for the development of UV-Spectrophotometric method. Berberine 
hydrochloride was detected using a 422nm wavelength. According to ICH requirements, 
the developed method was validated in terms of, selectivity, linear range, precision, 
robustness, ruggedness, and reproducibility. The developed method was further 
successfully used to estimate berberine hydrochloride in marketed formulations and poly 
lactic co glycolic acid nanoparticles. Results: Berberine hydrochloride has a maximum 
absorption wavelength of 422nm. Beer’s law was followed at concentrations ranging 
from10-50µg/ml. The limit of detection and limit of quantification were found to 2.81µg/
ml and 8.54µg/ml respectively. The precision and repeatability scores were all within 
acceptable limits. Berberine hydrochloride recovery in marketed formulations was 
found to be between 100-105%. The precision and repeatability values were within a 
2% tolerance range. Berberine hydrochloride was found to have a purity of 92.27 %. 
Conclusion: The method was found to be easy, environmentally friendly, repeatable, and 
cost-effective, and it can be used for Berberine hydrochloride analysis on a regular basis.
Keywords: Berberine HCl, Beer’s law, Methanol, Water, Validation, Poly lactic  
co-glycolic acid nanoparticles.
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INTRODUCTION
Berberine hydrochloride is an isoquinoline 
alkaloid found in a variety of  medicinal 
plants, mainly in the Berberis genus and 
the Berberidaceae family. Berberis vulgaris, 
goldenseal, goldthread, Oregon grape, 
rosid dicot genus and turmeric, Guduchi, 
and other plants contain this chemical 
component.1,2

Berberine alkaloids have a wide range 
of  pharmacological activities, including 
bactericide, antiviral, blood pressure reducing, 
hypoglycaemic, medicine, and tumour 
metastatic effects.3,4 Glyco-X 500 capsules, 

Bio-Berberine capsules, Berbeshine tablet, 
and other formulations with Glyco-X 
500 capsules, Bio-Berberine capsules, and 
Berbeshine tablet, for example. In some 
malignant cells, it inhibits cell proliferation 
while encouraging programmed cell death.
Biodegradable and biocompatible polymers 
are supported by natural and artificial 
components in nanoparticles for drug 
delivery applications. Poly lactic co glycolic 
acid nanoparticles have also demonstrated 
their efficacy as drug delivery vehicles for a 
variety of  medicinal treatments.5
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Different researchers employ only a few UV-Spectro-
photometric techniques to examine berberine 
hydrochloride in commercial formulations, nano-
particles, and other food products.6-16 The reported 
methods have their own limitation such as use of  costly 
and hazardous solvent and also reported method have 
not fully validated the results. The reported methods 
have their own set of  limitations, such as the use of  a 
pricey and hazardous solvent, and the results have not 
been completely confirmed.
As a result, a UV-Spectrophotometric method for 
estimating Berberine hydrochloride in marketed  
formulations must be developed and standardized.

MATERIALS AND METHODS
Instrumentation

For analytical method development of  berberine 
hydrochloride, Shimadzu UV-1900 with scientific 
laboratory solutions software system and Shimadzu 
UV-1800 with UV Probe software system were utilized.

Drug Sample

Berberine hydrochloride was provided as a free sample 
by Biomed Ingredients Pvt Ltd in Goa, and the marked 
formulation was obtained from the market.

Reagents and Chemicals

Methanol was bought from Fisher Scientific, Mumbai.

Selection of Wavelength

Berberine hydrochloride was employed throughout 
the study since it is soluble in methanol. Berberine 
hydrochloride 10 µg/ml of  working standard solution 
was scanned in the UV – Spectrophotometer between 
800 nm and 400 nm, with the highest absorption at  
422 nm (Figure 1).

Preparation of stock solution

A precisely weighed 10mg of  berberine hydrochloride 
was dissolved in methanol in a clean and dried 10ml 
volumetric flask, and the volume was calculated using 
the same. This was considered a standard stock solution 
with a 1000µg/ml concentration. Further dilutions were 
made using this standard stock solution.

Preparation of calibration curve

Serial dilutions of  10, 20, 30, 40, and 50 µg/ml were made 
from the standard stock solution. The absorbance of  the 
solution was measured at 422nm, and a standardization 
curve was produced with concentration on the X-axis 
and absorbance on the Y-axis, and a linear regression 
equation was calculated.

Method development and validation17-19

In methanol, berberine hydrochloride was shown 
to be soluble. As a result, this solvent was utilized to 
determine the detection wavelength and standard 
dealing concentration. The International Conference on 
Harmonization (ICH) has issued validation guidelines 
for analytical techniques, which characterize this 
method as characteristic performance verified through 
laboratory research. The developed technique was 
validated in accordance with ICH recommendations. 

Specificity and selectivity

Berberine hydrochloride has the highest absorbance at 
422nm, indicating that the procedure is selective. And 
because the spectra of  the solvent revealed no absorbance 
at the wavelength of  berberine hydrochloride, 422nm, 
this approach was determined to be selective.

Linearity

Linearity was tested in the 10 - 50 µg/ml range. After 
accurately weighing 10 mg of  Berberine hydrochloride 
into a clean and dried 10 ml volumetric flask, the volume 
was brought up to the mark using methanol as the 
solvent. Pipette 1 mL of  the above-mentioned solution 
into a 10 mL volumetric flask, which was then filled with 
methanol to make the volume. Dilutions of  this solution 
were prepared to assess the linearity. The detection and 
quantification limits were found to be 2.81 µg/ml and 
8.54 µg/ml, respectively.

Precision

To determine system precision, three replicates of  a 
solution containing 10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were produced, with the 
absorbance of  each solution measured at 422nm and 
the percentage Relative Standard Deviation (%RSD) 
was calculated.

16,17-dimethoxy-5,7-dioxa-1azoniapentacyclol[11.8.0.02,10,04,8,015,20]henico-
sa-1(13),2,4(8),9,14,16,18,20 - octaene ;chloride.

Figure 1: Structure of Berberine Hydrochloride.
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The precision of  the method was determined by 
performing a sample assay under the conditions of  the 
tests. Intraday precision and Interday precision are two 
types of  precision. In Intraday, three replicates of  a 
solution having concentrations of  10µg/ml, 30µg/ml, 
and 50µg/ml of  Berberine hydrochloride were evaluated 
for intraday precision, and percent RSD was calculated 
at completely distinct time intervals on the same day. 
In Interday, three replicates of  a solution comprising 
concentrations of  10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were evaluated for Interday 
precision, and percent RSD was calculated on three 
successive days.

Ruggedness

Ruggedness was determined by using a comparable 
planned procedure on a separate instrument and 
checking the reproducibility with multiple analysts.

Robustness

Robustness is done by doing the sonication for 10min 
and by varying the wavelength.

Accuracy

Accuracy was confirmed by doing recovery experiments 
in which the percent mean recovery of  the sample was 
calculated using a standardization approach at three 
distinct levels: 50%, 100%, and 150 percent of  the 
sample solutions. Any dilutions are made from the above 
solution. Three replicates of  the concentration solution 
were prepared for each level, and a recovery study was 
conducted.

Analysis of marketed formulation

Berberine Hydrochloride in marketed formulations was 
determined using the established method.

Poly lactic co glycolic acid (PLGA) Nanoparticle 
preparation and characterization

Sonication for 20 min with poly lactic co glycolic acid 
polymer, surfactants and drug (20 mg). The particle 
size, PDI, and entrapment efficiency of  the developed 
poly lactic co glycolic acid nanoparticles were tested. 
The developed UV technique is used to determine the 
amount of  berberine present in poly lactic co glycolic acid  
nanoparticles. Centrifugation nano formulation 15000 rpm 
for 3 min was used to measure entrapment efficiency.

RESULTS AND DISCUSSION
Method development

Using the UV-1800 equipment and methanol as a solvent, 
a UV-spectrophotometric technique was devised. The 
details of  the method established are shown in Table 1.

Method validation

According to ICH requirements, the developed 
method was validated in terms of  specificity, selectivity, 
linear range, precision, robustness, ruggedness, and 
reproducibility.

Specificity and Selectivity

Berberine hydrochloride has the highest absorbance 
at 422nm, indicating that the technique is specific and 
selective (Figure 2).

Linearity

Dilutions are made for the linearity range of  10-50µg/ml, 
as specified in the aforementioned technique. Figure 3 
depicts the linearity graph, Table 2 depicts the linearity 
and range, and Figure 4 depicts the calibration curve.

System precision

As stated in the procedure, three replicates of  a solution 
containing 10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were created and the absorbance of  each 
solution was measured at 422nm to determine system 
precision. The percent RSD was calculated, and it was 
found to be less than 2%. (Table 3).

Table 1: Developed method parameters
S. No. Method Spectrometric

1 Instrument UV

2 Model 1800

3 Make Shimadzu

4 Software UV Probe

5 Drug Berberine Hydrochloride

6 λ max 422nm

7 Solvent Methanol

Figure 2: UV spectra of Berberine Hydrochloride.
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Interday precision

Three replicates of  a solution comprising concentra-
tions of  10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were evaluated for Interday precision, 
and percent RSD was calculated on three consecutive 
days. Furthermore, the %RSD was determined to be 
less than 2%. (Table 5).

Ruggedness

Ruggedness was determined by repeating the suggested 
method on two different instruments (UV-1800 and 

Figure 3: Linearity graph of Berberine Hydrochloride.

Figure 4: Linearity of Berberine Hydrochloride.

Table 2: Linearity and range data of Berberine  
Hydrochloride.

S. No. Concentration (µg/ml) Absorbance
1 10 0.157

2 20 0.311

3 30 0.474

4 40 0.645

5 50 0.813

r2 = 0.9996
Slope = 0.016
RSD = 0.014
LOD = 2.81
LOQ = 8.54
r2 = linear regression 
RSD=Relative standard deviation 
LOD=Limit of detection
LOQ=Limit of quantitation

Intraday precision

For intraday precision three replicates of  solution 
containing concentration 10µg/ml, 30µg/ml, 50µg/ml 
of  berberine hydrochloride analyzed and %RSD was 
calculated at different time intervals on same day and 
%RSD was found to be less than 2% (Table 4).

Table 3: System precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* 
(nm)

Standard 
Deviation

% Relative 
Standard 
Deviation

10 0.16 0.0006 0.36

30 0.53 0.0012 0.22

50 0.78 0.0038 0.49

* = Average absorbance of three replicates (n=3)

Table 4: Intraday precision data of Berberine  
Hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Abs 1hr 0.13 0.0020 1.55

Abs 4hr 0.12 0.0021 1.67

30 Abs 1hr 0.56 0.0038 0.67

Abs 4hr 0.57 0.0025 0.44

50 Abs 1hr 0.64 0.0021 0.33

Abs 4hr 0.78 0.0052 0.67

* = Average absorbance of three replicates (n=3)

Figure 5: Marketed formulation UV.
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Table 5: Interday precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Day 1 0.16 0.0017 1.12

Day 2 0.16 0.0006 0.36

Day 3 0.12 0.0023 1.95

30 Day 1 0.52 0.0006 0.11

Day 2 0.53 0.0015 0.29

Day 3 0.46 0.0006 0.12

50 Day 1 0.78 0.0006 0.07

Day 2 0.72 0.0021 0.29

Day 3 0.68 0.0012 0.17

* = Average absorbance of three replicates (n=3)

Table 6: Ruggedness data of Berberine  
Hydrochloride.
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10 Change in 
wavelength

421 0.16 0.0010 0.63

423 0.16 0.0006 0.37

30 Change in 
wavelength

421 0.50 0.0021 0.41

423 0.50 0.0025 0.50

50 Change in 
wavelength

421 0.78 0.0040 0.52

423 0.78 0.0035 0.45

* = Average absorbance of three replicates (n=3)

Table 7: Robustness data of Berberine  
Hydrochloride.
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10 µg/ ml Analyst 1
UV-1800

0.15 0.0015 1.00

Analyst 2
UV-1900

0.17 0.0006 0.33

30 µg/ ml Analyst 1
UV-1800

0.51 0.0012 0.23

Analyst 2
UV-1900

0.52 0.0012 0.22

50 µg/ ml Analyst 1
UV-1800

0.71 0.0012 0.16

Analyst 2
UV-1900

0.63 0.0006 0.09

* = Average absorbance of three replicates (n=3)

Accuracy and Recovery

The accuracy of  the sample was tested by executing 
recovery experiments in which the percent mean recovery 
of  the sample was calculated using a standardization 
approach at three distinct levels: 50%, 100%, and 150% 
of  the sample solutions were created. The amount 
of  medication in the sample was consistent with the 
formulation’s label claim. The percent assay resulted in a 
result of  92.27%. And the percent recovery ranges from 
100 to 112% (Table 8), the data of  Characterization of  
PLGA nanoparticles and estimation of  Berberine in 
marked formulation  were presented in Table 9.
The data of  comparison between previously published 
UV methods  and newly developed method was 
presented in Table 10.

Table 8: Recovery data of Berberine Hydrochloride.
Total 

concentration
Standard 

concentration 
(µg/ ml)

Sample 
concentration

(µg/ ml)

Absorbance (206nm) Concentration 
(µg/ ml)

Sample 
concentration 

difference (µg/ ml)

% Recov- ery

Standard Sample
10 µg/ ml

(50%)
5 5 0.161 0.163 10.12 5.12 102.4

5 5 0.161 0.164 10.18 5.18 103.6

5 5 0.161 0.163 10.12 5.12 102.4

20 µg/ ml
(100%)

5 15 0.334 0.339 20.29 15.29 101.93

5 15 0.334 0.341 20.41 15.41 102.73

5 15 0.334 0.339 20.29 15.29 101.93

30 µg/ ml
(150%)

5 25 0.508 0.508 30 25 100

5 25 0.508 0.509 30.05 25.05 100.2

5 25 0.508 0.510 30.11 25.11 100.44

 * = Average absorbance of three replicates (n=3)

UV-1900) and having independent analysts check the 
repeatability, which revealed a percent RSD of  less than 
2%, indicating that the method developed is ruggedness 
(Table 6,7).
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Table 9: Characterization of PLGA nanoparticles and estimation of Berberine in marked formu-
lation.

PLGA Nanoparticles Particle Size (nm) PDI Entrapment Efficiency (%)
Blank PLGA Nanoparticles 216.3 0.29 _

Berberine Loaded PLGA 
Nanoparticles

311.0 0.444 90%

Table 10: Comparison between previously published UV methods.18-22

S. No. Developed UV method Wavelength (nm) Limitation Reference
1 Validated HPLC-UV method for 

the determination of berberine in 
raw herb Daruharidra (Berberis 
aristata DC), its extract, and in 

commercially marketed Ayurvedic 
dosage forms.

346 nm Good linear relationship, 
reliability, simplicity, 
reproducibility, and 

speed

Ali M, Sharma SK. Heterocyclic 
constituents from B. lyceum 

roots. Indian J Chem. 1996; 6:127–30.

2 Quantitative analysis of berberine in 
homeopathic formulation containing 

berberis vulgaris L. by UV.

428nm Simple, rapid, precise, 
accurate

Anonymous, Bheshaj Samhita 
(Ayurvedic Pharmacopeia), (1966). 

Swasthya Mantralaya, Gujarat, 
Ahmadabad, 574

3 Development and validation of 
first order derivative spectroscopic 

method for simultaneous estimation 
of mangiferin and berberine HCl in 

bulk and synthetic mixture

257 nm (λmax of mf) 
and 265 nm (λmax of 

berberine)

Precise, fast Chawla R: Evidence based herbal 
drug standardization approach in 
coping with challenges of holistic 

management of diabetes: a Dreadful 
lifestyle disorder of 21st JDMD 2013; 

12-35.

4 Solvent effect on the UV/Vis 
absorption and fluorescence 
spectroscopic properties of 

berberine

421–431 nm Constant M. L. Freile, F. Giannini, G. Pucci, 
A. Sturniolo, L. Rodero, O. Pucci, 

V. Balzaretti and R. D. Enriz, 
Antimicrobial activity of aqueous 
extracts and of berberine isolated 

from Berberis heterophylla, 
Fitoterapia, 2003, 74, 702–705.

5 Development and Validation of UV 
spectrophotometric method for 

the estimation of Curcumin in Bulk 
Drug and Pharmaceutical Dosage 

Forms

421nm A rapid, simple, 
selective, precise

Ahuja S, Scypinsk S. 2001. 
Handbook of modern pharmaceutical 
analysis. 5th ed., London: Academic 

Press. p 345-442.

CONCLUSION
It may be stated that the developed method for estimating 
berberine hydrochloride in marketed formulations 
was simple, sensitive, precise, and consistent. The 
marketed sample evaluated had no excipients that 
interfered with the analysis, demonstrating the 
specificity of  the methods for this formulation. In 
comparison to previous methods, this newly developed 
UV methodology allows for straightforward berberine 
hydrochloride quantification. The validation of  the 
established technique was carried out in accordance with 
ICH guidelines.
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ABBREVIATIONS
UV: Ultraviolet; BBR HCI: Berberine Hydrochloride; 
PLGA: Poly Lactic Co-Glycolic Acid; ICH:  
International Conference on Harmonization; LOD: 
Limit of  detection; LOQ: Limit of  Quantification; 
RSD: Relative standard deviation; PDI: Poly Dispersity 
Index; EE: Entrapment Efficiency; RPM: Revolution 
Per Minute; HPLC: High Performance Liquid 
Chromatography.
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PICTORIAL ABSTRACT SUMMARY

For berberine hydrochloride, a UV technique was 
successfully developed and verified. Berberine 
hydrochloride Poly lactic co-glycolic acid nanoparticles 
was successfully evaluated using the proposed UV 
technique. The applicability of the developed method 
was also found in berberine hydrochloride and 
marketed available items.
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ABSTRACT
Aim: The objective of present investigation is to develop and validate  
UV-Spectrophotometric method for estimation of Berberine hydrochloride in marketed 
formulation and Poly lactic co glycolic acid nanoparticles. Materials and Methods: 
Methanol was used for the development of UV-Spectrophotometric method. Berberine 
hydrochloride was detected using a 422nm wavelength. According to ICH requirements, 
the developed method was validated in terms of, selectivity, linear range, precision, 
robustness, ruggedness, and reproducibility. The developed method was further 
successfully used to estimate berberine hydrochloride in marketed formulations and poly 
lactic co glycolic acid nanoparticles. Results: Berberine hydrochloride has a maximum 
absorption wavelength of 422nm. Beer’s law was followed at concentrations ranging 
from10-50µg/ml. The limit of detection and limit of quantification were found to 2.81µg/
ml and 8.54µg/ml respectively. The precision and repeatability scores were all within 
acceptable limits. Berberine hydrochloride recovery in marketed formulations was 
found to be between 100-105%. The precision and repeatability values were within a 
2% tolerance range. Berberine hydrochloride was found to have a purity of 92.27 %. 
Conclusion: The method was found to be easy, environmentally friendly, repeatable, and 
cost-effective, and it can be used for Berberine hydrochloride analysis on a regular basis.
Keywords: Berberine HCl, Beer’s law, Methanol, Water, Validation, Poly lactic  
co-glycolic acid nanoparticles.
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INTRODUCTION
Berberine hydrochloride is an isoquinoline 
alkaloid found in a variety of  medicinal 
plants, mainly in the Berberis genus and 
the Berberidaceae family. Berberis vulgaris, 
goldenseal, goldthread, Oregon grape, 
rosid dicot genus and turmeric, Guduchi, 
and other plants contain this chemical 
component.1,2

Berberine alkaloids have a wide range 
of  pharmacological activities, including 
bactericide, antiviral, blood pressure reducing, 
hypoglycaemic, medicine, and tumour 
metastatic effects.3,4 Glyco-X 500 capsules, 

Bio-Berberine capsules, Berbeshine tablet, 
and other formulations with Glyco-X 
500 capsules, Bio-Berberine capsules, and 
Berbeshine tablet, for example. In some 
malignant cells, it inhibits cell proliferation 
while encouraging programmed cell death.
Biodegradable and biocompatible polymers 
are supported by natural and artificial 
components in nanoparticles for drug 
delivery applications. Poly lactic co glycolic 
acid nanoparticles have also demonstrated 
their efficacy as drug delivery vehicles for a 
variety of  medicinal treatments.5
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Different researchers employ only a few UV-Spectro-
photometric techniques to examine berberine 
hydrochloride in commercial formulations, nano-
particles, and other food products.6-16 The reported 
methods have their own limitation such as use of  costly 
and hazardous solvent and also reported method have 
not fully validated the results. The reported methods 
have their own set of  limitations, such as the use of  a 
pricey and hazardous solvent, and the results have not 
been completely confirmed.
As a result, a UV-Spectrophotometric method for 
estimating Berberine hydrochloride in marketed  
formulations must be developed and standardized.

MATERIALS AND METHODS
Instrumentation

For analytical method development of  berberine 
hydrochloride, Shimadzu UV-1900 with scientific 
laboratory solutions software system and Shimadzu 
UV-1800 with UV Probe software system were utilized.

Drug Sample

Berberine hydrochloride was provided as a free sample 
by Biomed Ingredients Pvt Ltd in Goa, and the marked 
formulation was obtained from the market.

Reagents and Chemicals

Methanol was bought from Fisher Scientific, Mumbai.

Selection of Wavelength

Berberine hydrochloride was employed throughout 
the study since it is soluble in methanol. Berberine 
hydrochloride 10 µg/ml of  working standard solution 
was scanned in the UV – Spectrophotometer between 
800 nm and 400 nm, with the highest absorption at  
422 nm (Figure 1).

Preparation of stock solution

A precisely weighed 10mg of  berberine hydrochloride 
was dissolved in methanol in a clean and dried 10ml 
volumetric flask, and the volume was calculated using 
the same. This was considered a standard stock solution 
with a 1000µg/ml concentration. Further dilutions were 
made using this standard stock solution.

Preparation of calibration curve

Serial dilutions of  10, 20, 30, 40, and 50 µg/ml were made 
from the standard stock solution. The absorbance of  the 
solution was measured at 422nm, and a standardization 
curve was produced with concentration on the X-axis 
and absorbance on the Y-axis, and a linear regression 
equation was calculated.

Method development and validation17-19

In methanol, berberine hydrochloride was shown 
to be soluble. As a result, this solvent was utilized to 
determine the detection wavelength and standard 
dealing concentration. The International Conference on 
Harmonization (ICH) has issued validation guidelines 
for analytical techniques, which characterize this 
method as characteristic performance verified through 
laboratory research. The developed technique was 
validated in accordance with ICH recommendations. 

Specificity and selectivity

Berberine hydrochloride has the highest absorbance at 
422nm, indicating that the procedure is selective. And 
because the spectra of  the solvent revealed no absorbance 
at the wavelength of  berberine hydrochloride, 422nm, 
this approach was determined to be selective.

Linearity

Linearity was tested in the 10 - 50 µg/ml range. After 
accurately weighing 10 mg of  Berberine hydrochloride 
into a clean and dried 10 ml volumetric flask, the volume 
was brought up to the mark using methanol as the 
solvent. Pipette 1 mL of  the above-mentioned solution 
into a 10 mL volumetric flask, which was then filled with 
methanol to make the volume. Dilutions of  this solution 
were prepared to assess the linearity. The detection and 
quantification limits were found to be 2.81 µg/ml and 
8.54 µg/ml, respectively.

Precision

To determine system precision, three replicates of  a 
solution containing 10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were produced, with the 
absorbance of  each solution measured at 422nm and 
the percentage Relative Standard Deviation (%RSD) 
was calculated.

16,17-dimethoxy-5,7-dioxa-1azoniapentacyclol[11.8.0.02,10,04,8,015,20]henico-
sa-1(13),2,4(8),9,14,16,18,20 - octaene ;chloride.

Figure 1: Structure of Berberine Hydrochloride.
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The precision of  the method was determined by 
performing a sample assay under the conditions of  the 
tests. Intraday precision and Interday precision are two 
types of  precision. In Intraday, three replicates of  a 
solution having concentrations of  10µg/ml, 30µg/ml, 
and 50µg/ml of  Berberine hydrochloride were evaluated 
for intraday precision, and percent RSD was calculated 
at completely distinct time intervals on the same day. 
In Interday, three replicates of  a solution comprising 
concentrations of  10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were evaluated for Interday 
precision, and percent RSD was calculated on three 
successive days.

Ruggedness

Ruggedness was determined by using a comparable 
planned procedure on a separate instrument and 
checking the reproducibility with multiple analysts.

Robustness

Robustness is done by doing the sonication for 10min 
and by varying the wavelength.

Accuracy

Accuracy was confirmed by doing recovery experiments 
in which the percent mean recovery of  the sample was 
calculated using a standardization approach at three 
distinct levels: 50%, 100%, and 150 percent of  the 
sample solutions. Any dilutions are made from the above 
solution. Three replicates of  the concentration solution 
were prepared for each level, and a recovery study was 
conducted.

Analysis of marketed formulation

Berberine Hydrochloride in marketed formulations was 
determined using the established method.

Poly lactic co glycolic acid (PLGA) Nanoparticle 
preparation and characterization

Sonication for 20 min with poly lactic co glycolic acid 
polymer, surfactants and drug (20 mg). The particle 
size, PDI, and entrapment efficiency of  the developed 
poly lactic co glycolic acid nanoparticles were tested. 
The developed UV technique is used to determine the 
amount of  berberine present in poly lactic co glycolic acid  
nanoparticles. Centrifugation nano formulation 15000 rpm 
for 3 min was used to measure entrapment efficiency.

RESULTS AND DISCUSSION
Method development

Using the UV-1800 equipment and methanol as a solvent, 
a UV-spectrophotometric technique was devised. The 
details of  the method established are shown in Table 1.

Method validation

According to ICH requirements, the developed 
method was validated in terms of  specificity, selectivity, 
linear range, precision, robustness, ruggedness, and 
reproducibility.

Specificity and Selectivity

Berberine hydrochloride has the highest absorbance 
at 422nm, indicating that the technique is specific and 
selective (Figure 2).

Linearity

Dilutions are made for the linearity range of  10-50µg/ml, 
as specified in the aforementioned technique. Figure 3 
depicts the linearity graph, Table 2 depicts the linearity 
and range, and Figure 4 depicts the calibration curve.

System precision

As stated in the procedure, three replicates of  a solution 
containing 10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were created and the absorbance of  each 
solution was measured at 422nm to determine system 
precision. The percent RSD was calculated, and it was 
found to be less than 2%. (Table 3).

Table 1: Developed method parameters
S. No. Method Spectrometric

1 Instrument UV

2 Model 1800

3 Make Shimadzu

4 Software UV Probe

5 Drug Berberine Hydrochloride

6 λ max 422nm

7 Solvent Methanol

Figure 2: UV spectra of Berberine Hydrochloride.
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Interday precision

Three replicates of  a solution comprising concentra-
tions of  10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were evaluated for Interday precision, 
and percent RSD was calculated on three consecutive 
days. Furthermore, the %RSD was determined to be 
less than 2%. (Table 5).

Ruggedness

Ruggedness was determined by repeating the suggested 
method on two different instruments (UV-1800 and 

Figure 3: Linearity graph of Berberine Hydrochloride.

Figure 4: Linearity of Berberine Hydrochloride.

Table 2: Linearity and range data of Berberine  
Hydrochloride.

S. No. Concentration (µg/ml) Absorbance
1 10 0.157

2 20 0.311

3 30 0.474

4 40 0.645

5 50 0.813

r2 = 0.9996
Slope = 0.016
RSD = 0.014
LOD = 2.81
LOQ = 8.54
r2 = linear regression 
RSD=Relative standard deviation 
LOD=Limit of detection
LOQ=Limit of quantitation

Intraday precision

For intraday precision three replicates of  solution 
containing concentration 10µg/ml, 30µg/ml, 50µg/ml 
of  berberine hydrochloride analyzed and %RSD was 
calculated at different time intervals on same day and 
%RSD was found to be less than 2% (Table 4).

Table 3: System precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* 
(nm)

Standard 
Deviation

% Relative 
Standard 
Deviation

10 0.16 0.0006 0.36

30 0.53 0.0012 0.22

50 0.78 0.0038 0.49

* = Average absorbance of three replicates (n=3)

Table 4: Intraday precision data of Berberine  
Hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Abs 1hr 0.13 0.0020 1.55

Abs 4hr 0.12 0.0021 1.67

30 Abs 1hr 0.56 0.0038 0.67

Abs 4hr 0.57 0.0025 0.44

50 Abs 1hr 0.64 0.0021 0.33

Abs 4hr 0.78 0.0052 0.67

* = Average absorbance of three replicates (n=3)

Figure 5: Marketed formulation UV.
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Table 5: Interday precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Day 1 0.16 0.0017 1.12

Day 2 0.16 0.0006 0.36

Day 3 0.12 0.0023 1.95

30 Day 1 0.52 0.0006 0.11

Day 2 0.53 0.0015 0.29

Day 3 0.46 0.0006 0.12

50 Day 1 0.78 0.0006 0.07

Day 2 0.72 0.0021 0.29

Day 3 0.68 0.0012 0.17

* = Average absorbance of three replicates (n=3)

Table 6: Ruggedness data of Berberine  
Hydrochloride.

C
on

ce
nt

ra
tio

n 
(µ

g/
m

l)

Absorbance* (nm)

St
an

da
rd

 
D

ev
ia

tio
n

%
 R

el
at

iv
e 

St
an

da
rd

 
D

ev
ia

tio
n

10 Change in 
wavelength

421 0.16 0.0010 0.63

423 0.16 0.0006 0.37

30 Change in 
wavelength

421 0.50 0.0021 0.41

423 0.50 0.0025 0.50

50 Change in 
wavelength

421 0.78 0.0040 0.52

423 0.78 0.0035 0.45

* = Average absorbance of three replicates (n=3)

Table 7: Robustness data of Berberine  
Hydrochloride.
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10 µg/ ml Analyst 1
UV-1800

0.15 0.0015 1.00

Analyst 2
UV-1900

0.17 0.0006 0.33

30 µg/ ml Analyst 1
UV-1800

0.51 0.0012 0.23

Analyst 2
UV-1900

0.52 0.0012 0.22

50 µg/ ml Analyst 1
UV-1800

0.71 0.0012 0.16

Analyst 2
UV-1900

0.63 0.0006 0.09

* = Average absorbance of three replicates (n=3)

Accuracy and Recovery

The accuracy of  the sample was tested by executing 
recovery experiments in which the percent mean recovery 
of  the sample was calculated using a standardization 
approach at three distinct levels: 50%, 100%, and 150% 
of  the sample solutions were created. The amount 
of  medication in the sample was consistent with the 
formulation’s label claim. The percent assay resulted in a 
result of  92.27%. And the percent recovery ranges from 
100 to 112% (Table 8), the data of  Characterization of  
PLGA nanoparticles and estimation of  Berberine in 
marked formulation  were presented in Table 9.
The data of  comparison between previously published 
UV methods  and newly developed method was 
presented in Table 10.

Table 8: Recovery data of Berberine Hydrochloride.
Total 

concentration
Standard 

concentration 
(µg/ ml)

Sample 
concentration

(µg/ ml)

Absorbance (206nm) Concentration 
(µg/ ml)

Sample 
concentration 

difference (µg/ ml)

% Recov- ery

Standard Sample
10 µg/ ml

(50%)
5 5 0.161 0.163 10.12 5.12 102.4

5 5 0.161 0.164 10.18 5.18 103.6

5 5 0.161 0.163 10.12 5.12 102.4

20 µg/ ml
(100%)

5 15 0.334 0.339 20.29 15.29 101.93

5 15 0.334 0.341 20.41 15.41 102.73

5 15 0.334 0.339 20.29 15.29 101.93

30 µg/ ml
(150%)

5 25 0.508 0.508 30 25 100

5 25 0.508 0.509 30.05 25.05 100.2

5 25 0.508 0.510 30.11 25.11 100.44

 * = Average absorbance of three replicates (n=3)

UV-1900) and having independent analysts check the 
repeatability, which revealed a percent RSD of  less than 
2%, indicating that the method developed is ruggedness 
(Table 6,7).
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Table 9: Characterization of PLGA nanoparticles and estimation of Berberine in marked formu-
lation.

PLGA Nanoparticles Particle Size (nm) PDI Entrapment Efficiency (%)
Blank PLGA Nanoparticles 216.3 0.29 _

Berberine Loaded PLGA 
Nanoparticles

311.0 0.444 90%

Table 10: Comparison between previously published UV methods.18-22

S. No. Developed UV method Wavelength (nm) Limitation Reference
1 Validated HPLC-UV method for 

the determination of berberine in 
raw herb Daruharidra (Berberis 
aristata DC), its extract, and in 

commercially marketed Ayurvedic 
dosage forms.

346 nm Good linear relationship, 
reliability, simplicity, 
reproducibility, and 

speed

Ali M, Sharma SK. Heterocyclic 
constituents from B. lyceum 

roots. Indian J Chem. 1996; 6:127–30.

2 Quantitative analysis of berberine in 
homeopathic formulation containing 

berberis vulgaris L. by UV.

428nm Simple, rapid, precise, 
accurate

Anonymous, Bheshaj Samhita 
(Ayurvedic Pharmacopeia), (1966). 

Swasthya Mantralaya, Gujarat, 
Ahmadabad, 574

3 Development and validation of 
first order derivative spectroscopic 

method for simultaneous estimation 
of mangiferin and berberine HCl in 

bulk and synthetic mixture

257 nm (λmax of mf) 
and 265 nm (λmax of 

berberine)

Precise, fast Chawla R: Evidence based herbal 
drug standardization approach in 
coping with challenges of holistic 

management of diabetes: a Dreadful 
lifestyle disorder of 21st JDMD 2013; 

12-35.

4 Solvent effect on the UV/Vis 
absorption and fluorescence 
spectroscopic properties of 

berberine

421–431 nm Constant M. L. Freile, F. Giannini, G. Pucci, 
A. Sturniolo, L. Rodero, O. Pucci, 

V. Balzaretti and R. D. Enriz, 
Antimicrobial activity of aqueous 
extracts and of berberine isolated 

from Berberis heterophylla, 
Fitoterapia, 2003, 74, 702–705.

5 Development and Validation of UV 
spectrophotometric method for 

the estimation of Curcumin in Bulk 
Drug and Pharmaceutical Dosage 

Forms

421nm A rapid, simple, 
selective, precise

Ahuja S, Scypinsk S. 2001. 
Handbook of modern pharmaceutical 
analysis. 5th ed., London: Academic 

Press. p 345-442.

CONCLUSION
It may be stated that the developed method for estimating 
berberine hydrochloride in marketed formulations 
was simple, sensitive, precise, and consistent. The 
marketed sample evaluated had no excipients that 
interfered with the analysis, demonstrating the 
specificity of  the methods for this formulation. In 
comparison to previous methods, this newly developed 
UV methodology allows for straightforward berberine 
hydrochloride quantification. The validation of  the 
established technique was carried out in accordance with 
ICH guidelines.
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ABBREVIATIONS
UV: Ultraviolet; BBR HCI: Berberine Hydrochloride; 
PLGA: Poly Lactic Co-Glycolic Acid; ICH:  
International Conference on Harmonization; LOD: 
Limit of  detection; LOQ: Limit of  Quantification; 
RSD: Relative standard deviation; PDI: Poly Dispersity 
Index; EE: Entrapment Efficiency; RPM: Revolution 
Per Minute; HPLC: High Performance Liquid 
Chromatography.
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PICTORIAL ABSTRACT SUMMARY

For berberine hydrochloride, a UV technique was 
successfully developed and verified. Berberine 
hydrochloride Poly lactic co-glycolic acid nanoparticles 
was successfully evaluated using the proposed UV 
technique. The applicability of the developed method 
was also found in berberine hydrochloride and 
marketed available items.



Tavade, et al.: UV-spectrophotometric Method for Estimation of Berberine

880 Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 | Jul-Sep, 2022

Cite this article: Tavade S, Patil K, Kurangi B, Suryawanshi S. Development and Validation of UV-spectrophotometric 
Method for Estimation of Berberine Hydrochloride in Marketed Formulation and Poly Lactic Co-Glycolic Acid 
Nanoparticles. Indian J of Pharmaceutical Education and Research. 2022;56(3):873-80.

Ms. Snehal Tavade Completed her M. Pharmacy (Pharmacognosy and Phytochemistry) from KLE 
College of Pharmacy, KAHER, Belagavi and currently working as research trainee in ICMR-NITM, 
Belagavi. Her area of interest includes preparation and characterization of Nano formulations 
of herbal extracts and their constituents. Her area of interest also covers gene set enrichment 
analysis of compounds modulated molecular pathway identification, compound-protein-pathway 
network analysis, molecular docking and dynamics studies. Further, she is interested in evaluating 
herbal extract nanoparticles for in vivo evaluation.

Dr. Kalpana Patil is presently working as a Professor & HoD, Department of Pharmacognosy, 
College of Pharmacy, Belagavi. She has published over 70 scientific papers in national and 
international journals and presented 80 papers at national and international conferences. She has 
successfully guided 47 M. Pharm. and 3 Ph.D. students.

About Authors

Dr. Bhaskar Kurangi is a Ph.D scholar at KLE College of Pharmacy, Belagavi, and working at Dr. 
Prabhakar Kore Basic Science Research Center, KLE Academy of Higher Education and Research, 
Belagavi. His current research interest are development and evaluation of novel drug delivery 
systems, Analytical method development, Nanoparticulate drug delivery and its application to 
target cancers.

Mr. Shailendra Suryawanshi is presently working as Assistant Professor, Department of 
Pharmaceutical Chemistry, KLE College of Pharmacy, Belagavi, KLE Academy of Higher Education 
and Research, Belagavi, Karnataka, India. He completed his B. Pharm (2014) and M. Pharm in 
Pharmaceutical Chemistry (2016), from Rajiv Gandhi University of Health Sciences (RGUHS), 
Bengaluru, Karnataka. He is pursuing his Ph D. from, KLE Academy of Higher Education and 
Research, Belagavi, Karnataka, India. 
He has qualified GPAT examination and secured 9th University Ran in Pharmaceutical Chemistry 
stream in the year 2016 in RGUHS. He worked as Officer Bioanalytical in Bioanalytical Research 
and Development Department, Lotus Labs Pvt. Ltd. Bengaluru. He also worked as Research 
Assistant in Analytical Research and Development unit of Apotex Research Pvt. Ltd. Bengaluru. 
Mr. Suryawanshi has published over 35 scientific papers in national and international journals and 
presented over 17 posters in various conferences and symposiums. He have published a book 
entitled “Quality Control and Standardization of Phytomedicines” in Nirali along with Dr. Sunil 
S. Jalalpure, Principal, KLE College of Pharmacy, Belagavi and Dr. Bhaskar Kurangi, Assistant 
Professor, Department of Pharmaceutics, KLE College of Pharmacy, Belagavi.



Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 | Jul-Sep, 2022 865

Original Article

www.ijper.org

Development and Validation of Stability Indicating 
UV-Spectrophotometric Method for the Estimation 
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ABSTRACT
Introduction: In present work attempt has been made to develop and validate a simple 
and sensitive UV spectrophotometric method for estimation of Hesperidin from bulk 
drugs, plant extract, Ayurveda formulation and novel nanoformulation.  Hesperidin is a 
heteropolycyclic aromatic bioflavonoid found abundance in citrus plants that has been 
developed into a topical nanoformulation for the treatment of anti-inflammatory activity. 
It has numerous anti-inflammatory, anti-cancer, and anti-arthritis effects. Objectives: To 
develop simple, precise, robust, sensitive and accurate UV-Spectrophotometric method 
for the estimation of hesperidin in bulk drugs, Plant extract, Ayurveda formulation and 
nanoformulation. Materials and Methods: The optimum condition for the analysis of the 
drug was established with methanol and water as solvent (1:1).  Maximum absorption 
wavelength was found to be 284 nm with line equation y = 0.0672x +0.003. It showed 
linear response between the concentration ranges of 2-10 µg/ml. The linear regression 
coefficient was found to be 0.999. The method was validated for linearity, precision, 
ruggedness, specificity, sensitivity as per ICH guidelines and all the values of validation 
was found to be within the acceptance. Conclusion: The developed method was proved 
to be new, simple, consistent, and accurate it can be used in the pharmaceutical industry 
as a routine quality control parameter for raw material and formulation.
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INTRODUCTION
Hesperedin (Figure 1), (7-O—rutinoside) and 
its aglycone hesperetin (4’-methoxy3’,5,7-
trihydroxyflavanone) are flavonoids plentiful 
in citrus fruits as grapefruits, lemons, and 
oranges.1 It has anti-inflammatory, antiviral, 
anticancer, and antidepressant like activities 
in animal studies and has been shown to 
help treat many different types of  central 
nervous system illnesses.2 Hesperidin was 
used in a variety of  Ayurvedic formulations 
marketed to health-care providers.3 In 
Ayurveda formulations, quality monitoring 
of  hesperidin-containing formulations is 
critical. Analytical methods for estimating 
hesperidin in various plant extracts have 

been published in the literature, including 
spectrophotometric,4 HPLC,5 and HPTLC6 
approaches. The listed methods have 
their own limitations, such as taking more 
time and requiring the use of  expensive 
and complex chemicals. According to 
the literature review, there is no FDA-
approved UV spectrophotometric method 
for evaluating hesperidin in its pure form, 
Ayurveda formulation, or novel topical 
nanoformulation. As a result, a UV 
spectrophotometric method is used to 
estimate hesperidin must be developed 
and validated using a suitable solvent 
system. The goal of  this study is to create 
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and validate a new UV-spectrophotometric method 
for estimating hesperidin in bulk powder, plant 
extracts, Ayurveda formulation, and a novel topical 
nanoformulation. For diosmin, hesperetin, rutin, 
and quercetin in conjunction with hesperidin drug, 
many assays have been published, including HPLC, 
HPTLC, GC-MS, and UV-Spectroscopy. To date, no 
UV-Spectrophotometric approach for single Hesperidin 
has been reported. As a result, the current study aimed to 
design and validate a simple, rapid, sensitive, precise, and 
accurate UV-Spectrophotometric process for assessing 
Hesperidin.

MATERIALS AND METHODS
Materials

Hesperidin was obtained as a generous gift sample from 
Shaanxi Yi an Biologicals, China, and Himalaya Wellness 
Company, Makali, Bengaluru.  Phospholipid, (LIPOID 
90G) was obtained as gift sample from Lipoid GmbH, 
Ludwigshafen, Germany. Dimethyl sulfoxide, Methanol 
was procured from Merck, Mumbai and Fisher Scientific 
Mumbai, India. Other chemicals used for the experiment 
were of  Analytical grade.

Instruments

UV-Spectrophotometer of  Shimadzu make and 1800 
model having UV probe software were used for analysis.

Method development

The development of  a new UV Spectrophotometric 
method was confirmed after selecting the suitable 
solvent combination and identifying the wavelengths in 
the literature. Different solvents were used to assess the 
solubility of  the samples, including methanol, acetone, 
chloroform, dimethyl sulfoxide, 1N NAOH, and 0.1N 
HCL.7 Methanol and water were selected as solvents 

after considering solubility conditions. Using methanol 
and water (1:1) as a solvent samples were scanned in the 
UV region between 200 and 400 nm. Hesperidin had the 
highest absorption at 284 nm.

Preparation of standard stock solution

10 mg of  Hesperidin was accurately weighed and 
transferred to a volumetric flask of  10 ml, and the 
volume was made up to 10 ml with a solvent mixture 
of  methanol and water, obtaining a concentration of   
1000 μg/ml of  analyte. 1 ml of  Hesperidin solution 
has been pipette out from the volumetric flask and 
passed to a 10 ml volumetric flask, and the volume was 
made up to 10 ml with methanol and water to achieve a 
concentration of  100 μg/ml for Hesperidin.

Preparation of Plant extracts and Ayurveda 
formulation for estimation of hesperidin

The proposed UV spectrophotometric method was 
utilized to quantify the hesperidin concentration 
in Madhiphala rasayana, a commercial Ayurvedic 
preparation, and orange peel, bitter lime peel. To 
achieve a fine powder, orange and bitter lime peel were 
powdered with a mortar and pestle.8 Weigh precisely 
10 g of  powdered drug and dissolve in 1 mg/ml 
stock solution of  methanol and water. The volumetric 
flasks containing the above-mentioned solutions were 
sonicated for 15 min. The stock solutions were then 
filtered with a 0.45 m syringe filter, diluted with solvent 
phase, and the hesperidin content was estimated using 
a UV spectrophotometric method.3 The same method 
was used for Ayurveda formulation. 2 mL Ayurveda 
formulation, dissolved in methanol and water to obtain 
1 mg/mL stock solution. The procedure for assessing 
hesperidin content using the UV spectrophotometric 
method remains the same as outlined above.

Nanoformulation for hesperidin estimation9-13

Thin film hydration was used to create a hesperidin-
entrapped topical nanoformulation. Briefly, Weigh 
the exact amount of  drug (30mg) and dissolve in 5ml 
of  methanol before sonication. In a suitable beaker, 
accurately weigh phospholipid choline 90G (800mg) and 
tween 80 (100mg) with 10 ml chloroform and vigorously 
mix with a sonicator for 5 min. This mixture was then 
added to a rotary flask for thin film for 60 min at  
60 rpm. After hydrating the thin film with phosphate 
buffer under vacuum for an overnight period and 
reducing the particle size of  the nanoformulation with 
a probe sonicator, the UV spectrophotometric method 
was used to estimate hesperidin.

Figure 1: Structure of Hesperidin.
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Forced degradation studies14

To assess the stability of  the developed UV-Spectroscopic 
method, samples were subjected to acid, base, oxidation, 
and photolytic degradation. Percentage degradation was 
calculated in all studies. The forced degradation study’s 
limit is acceptable and within limits

Acid degradation study15,16

Weighing 10 mg of  Hesperidin in 10 ml of  volumetric 
flask resulted in acid degradation. 1000 μg/ml 
concentration obtained by dissolving in methanol 
and water. Secondary stock solutions containing 100 
μg/ml for Hesperidin were prepared. This 10 μg/ml 
Hesperidin solution was stressed for 2 hr in 0.1 N HCl 
on a water bath at 80°C. Spectra were observed after 
scanning samples in the UV range of  200-400 nm.

Base degradation study17-18

For Base degradation study Hesperidin solution (10 μg/ml)  
was prepared from primary and secondary stock 
solutions and diluted with 0.1 NaOH. Both solutions 
were stressed for 2 hr at 80°C and their spectra were 
scanned.

Oxidation degradation study

Hesperidin solution (10 μg/ml) was prepared from 
primary and secondary stock solutions and diluted with 
30% hydrogen peroxide. Both solutions were stressed at 
80°C for 2 hr and their spectra were scanned.

Photo degradation study

The photo degradation study involved exposing 10 mg 
of  Hesperidin drug to UV light at 284 nm for 24 hr. 
After that, solutions were prepared with methanol and 
water to achieve a final concentration of  10 μg/ml of  
Hesperidin and then scanned to obtain appropriate 
spectra.
Formula to calculate % degradation

(Initial deg radation Final deg radation)
% Degradation 100

adation
−

= ×

Method Validation

The method was developed and validated in accordance 
with ICH guidelines in order to determine Linearity, 
Specificity and selectivity, Precision, Ruggedness, 
Stability, LOD, and LOQ.19-20 Hesperidin has a linearity 
range of  2-10 μg/ml. The calibration curve was created 
by plotting the area versus the concentration. The 
precision study was performed in system, intraday, and 
interday precision, and the results were expressed in 
percent RSD. Ruggedness was measured by changing 

the analyst and recording the instrument’s percent 
RSD. The solution was stabilised in bench and freeze 
conditions for 72 hr. The linearity slope was used to 
calculate the LOD and LOQ.21-22

RESULTS AND DISCUSSION
The solvent development method utilizes methanol and 
water, and hesperidin demonstrated a spectrum with 
maximum absorbance at 284 nm. The parameters for 
method development and validation were presented in 
(Table 1).

Specificity and selectivity

By obtaining solvent spectrum there was no interference 
of  absorbance at 284 nm hitch highlighted the specificity 

Table 1: Parameters of method development.
Parameters Specifications

Analytes Hesperidin

Solvents Dimethyl sulfoxide, Methanol, Water

Lamda max of Hesperidin 284 nm

Figure 2: UV-Spectrum of methanol: water

Figure 3: UV-Spectrum of Hesperidin
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and method selectivity. The UV spectrum of  solvent and 
hesperidin is represented in Figure 2, and the spectrum 
of  Hesperidin was absorbed at 284 nm it was showed 
in Figure 3. 

Specificity and selectivity

The lack of  interference of  absorbance at 284 nm in 
the solvent spectrum highlighted the specificity and 
method selectivity. Figure 2 depicts the UV spectrum 
of  the solvent and hesperidin, while Figure 3 depicts the 
spectrum of  Hesperidin absorbed at 284 nm.

Linearity range Response

Linearity and range for Hesperidin were determined by 
analysing 2-10 μg/ml for Hesperidin in triplicate, which 
were estimated at 284 nm with a correlation coefficient 
R2 > 0.999. Figure 4 shows graphs of  absorbance and 
calibration curves.

Limit of quantification (LOQ) and Limit of detection 
(LOD)

LOD and LOQ are the lowest detectable and quantifiable 
concentrations of  analytes, resulting in signal-to-noise 

ratios of  3:1 and 10:1, respectively. The detection 
and quantification limits for hesperidin were found 
to be 0.214 and 0.648 μg/ml at 284 nm, respectively, 
indicating that the developed UV spectrometric method 
was sensitive to determining hesperidin concentration 
in bulk drugs, plant extract, Ayurveda formulation, and 
topical nanoformulation (Table 2).

Precision

Precision was investigated by performing system, 
intraday, and interday precision tests. The system 
precision was determined by examining six replicates 
of  each drug solution. The solution was analysed on 
the same day at three different intervals and on three 
different days to determine intraday and interday 
precision. The absorbance was measured, and the 
percent RSD was calculated (Table 3-5).

Stability

The solution’s stability was tested by exiting it in unstable 
conditions for 72 hr and afterwards checking it once 
again (Table 6).

Figure 4: Linearity curve for Hesperidin.

Table 2: Linearity and range data of Hesperidin.
Sl. No Concentration (µg/ml) Absorbance of 

Hesperidin at 284 nm
1 2 0.139

2 4 0.274

3 6 0.415

4 8 0.539

5 10 0.677

R2 0.999

Slope 0.067

LOD 0.214 µg/ml

LOQ 0.648 µg/ml

Table 3: System Precision of Hesperidin.
Sl. No Concentration (µg/ml) Hesperidin % RSD

1 2 0.144

1.408452 2 0.142

3 2 0.14

4 6 0.419

0.604475 6 0.416

6 6 0.414

7 10 0.736

0.911688 10 0.723

9 10 0.732

Table 4: Data for Intraday Precision of Hesperidin.
Sl.no Concentration

(µg/ml)
Hesperidin 
(Morning)

Hesperidin
(Afternoon)

Hesperidin
(Evening)

1 2 0.162 0.157 0.159

2 2 0.157 0.159 0.16

3 2 0.16 0.155 0.156

%RSD 1.57616 1.27388 1.31473
4 4 0.291 0.319 0.32

5 4 0.295 0.312 0.316

6 4 0.303 0.309 0.31

%RSD 1.81063 1.6079 1.58714
7 6 0.454 0.452 0.457

8 6 0.441 0.466 0.449

9 6 0.447 0.464 0.451

%RSD 1.45448 1.64367 0.92041
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Accuracy

Accuracy data was collected at three different levels: 
50 percent, 100 percent, and 150 percent, and the 
percentage recovery were found to be within the 
acceptable limit, indicating a good recovery value and 
the method’s accuracy (Table 8).

Robustness

The robustness Method was established to be Robust 
because the change in analyst and instrument made little 
difference and the percent RSD for the drug was within 
limits. The Robustness data for hesperidin is shown in 
(Table 9).

Table 5: Interday Precision data for Hesperidin.
Sl. 
no

Concentration
(µg/ml)

Hesperidin 
(DAY 1)

Hesperidin
(DAY 2)

Hesperidin
(DAY 3)

1 2 0.147 0.141 0.144

2 2 0.143 0.143 0.149

3 2 0.146 0.145 0.147

%RSD 1.43233 1.38860 1.71587
4 4 0.26 0.263 0.252

5 4 0.265 0.261 0.26

6 4 0.257 0.255 0.257

%RSD 1.55042 1.60333 1.57663
7 6 0.393 0.387 0.39

8 6 0.396 0.382 0.383

9 6 0.399 0.379 0.378

%RSD 0.75757 1.05612 1.57108

Table 6: Solution stability data of hesperidin.

Solution stability
Fresh stock 

dilutions
Old stock 
dilutions

Replicates Concentartion Hesperidin Hesperidin
1 2μg/ml 0.15 0.149

2 2μg/ml 0.151 0.152

3 2μg/ml 0.147 0.148

4 2μg/ml 0.149 0.151

5 2μg/ml 0.15 0.147

6 2μg/ml 0.154 0.15

RSD % 1.542690375 1.25139043

Table 7: Data for Ruggedness of Hesperidin.
Sl. 
no

Concentration 
(µg/ml)

Change in analyst Change in 
instrument

Hesperidin Hesperidin
1 2 0.15 0.149

2 2 0.152 0.152

3 2 0.147 0.147

% RSD 1.681477603 1.685230901
4 4 0.282 0.272

5 4 0.279 0.267

6 4 0.272 0.276

% RSD 1.848115765 1.659846535
7 6 0.384 0.395

8 6 0.376 0.386

9 6 0.384 0.382

% RSD 1.211224341 1.717539497

Ruggedness

The ruggedness parameter was tested by changing in an 
analyst and changing in an instrument, and the percent 
RSD was calculated (Table 7).

Table 8: Accuracy data for Hesperidin.
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50% 0.141 1.015 101.1±0.4
0.139 0.986

0.136 0.987

100% 0.278 3.029 101±0.6
0.275 3.014

0.281 3.058

150% 0.401 4.95 99.9±0.4
0.406 4.92

0.403 5.01

Table 9: Robustness data for Hesperidin.
Sl. 
no

Concentration 
(µg/ml)

Change in 
Wavelength

Change in 
solvent make

(methanol: 
distilled water)

Hesperidin Hesperidin
282 nm 286 nm (8:2)

1 0.141 0.155 0.151 0.153

2 0.142 0.157 0.154 0.155

3 0.145 0.152 0.157 0.156

%RSD 1.45911 1.62711 1.94805
4 4 0.265 0.287 0.282

5 4 0.257 0.279 0.286

6 4 0.264 0.281 0.29

%RSD 1.66370 1.47461 1.39860
7 6 0.397 0.422 0.423

8 6 0.384 0.432 0.432

9 6 0.392 0.42 0.437

%RSD 1.67709 1.51391 1.64735
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Analysis in orange, bitter lime, Ayurveda 
formulation and topical nanoformulation23-24

The newly developed analytical method was used 
to estimate the content of  hesperidin in bulk, plant 
extract, Ayurveda formulation, and novel topical 
nanoformulation. The hesperidin content in orange 
peel, bitter lime peel, Ayurveda formulation, and 
nanoformulation was found to be 98.15, 98.25, 98.32, 
and 97.19 percent, respectively, which was within the 
appropriate range as stated on the label. The lack of  
other peaks observed for the UV spectrum of  orange 
peel, bitter lime peel, Ayurveda formulation, and 
nanoformulation indicated that other drugs and active 
ingredients used in the marketed formulation and 
new topical nanoformulation can’t interfere with the 
parenting spectrum of  hesperidin, denoting that this 
established analytical method is applicable for routine 
hesperidin evaluation in quality control industries  
Figure 5. (Figure A summarises the UV spectrum of  
a standard drug; Figure B depicts the UV spectrum 
of  orange peel; Figure C depicts the UV spectrum of  
bitter lime peel; Figure D depicts the UV spectrum of  
an Ayurveda formulation; and Figure E depicts the UV 
spectrum of  a topical nanoformulation.)

Forced degradation study

The results of  forced degradation study using methanol 
as a solvent were summarized in Figure 6.

Acid degradation study 

The drug was found extreme acid degradation. 0.1 N 
HCl heating at 80°C for 2 hr showed more than 10% 
degradation and slightly change in spectra were found 
Figure 6 A.

Base degradation study

In base degradation heating at 80°C by using 0.1 N 
NaOH shows degradation of  Hesperidin is more as 
compare to other Figure 6 B.

Oxidation Degradation study

Oxidation degradation by using 30% Hydrogen 
peroxide showed very less degradation compared to the 
other degradation Figure 6 C.

Photolytic degradation study

Photolytic degradation showed very slight changes in 
the spectra and level of  the degradation was very less 
compared to other degradations Figure 6 D.

CONCLUSION
A simple, specific, selective, linear, precise, rugged, and 
stability indicating UV Spectrophotometric method 
for hesperidin estimation in orange peel, bitter lime 
peel, Ayurvedic formulation, and nanoformulation was 
successfully developed and evaluated. The developed 
method made good results in less time. As an outcome, 
it was illustrated that the method was simple, precise, 
rugged, and stable for the analysis of  hesperidin in 

Figure 5: UV spectrophotometric spectrum for Normal (A), 
orange (B), bitter lime (C), Ayurveda formulation (D), topical 

nanoformulation (E). 

Figure 6: UV spectra of hesperidin (10 μg/ml) obtained in the 
stress degradation assays using Acidic (A), Basic (B), Oxida-

tive (C), Photolytic (D)



Chimagave, et al.: UV Spectrophotometric Method Development and Validation of Hesperidin

Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 | Jul-Sep, 2022 871

bulk, plant extract, Ayurvedic formulation, and novel 
nanoformulation can be used for quality control analysis. 
According to the results of  the forced degradation study, 
hesperidin was stable in acidic, oxidative, and photolytic 
conditions. As a result, hesperidin was susceptible to 
degradation in the existence of  basic stress conditions. 
As a result, this straightforward UV spectrophotometric 
method for indicating stability is useful for routine 
quality control analysis. This method could thus have 
been used to estimate hesperidin in vitro and in vivo.
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SUMMARY

The UV-Spectrophotometric method was developed 
and validated for the estimation of Hesperidin in bulk 
drug, plant extracts, Ayurveda formulation, as well as 
nanoformulation. The method was validated according 
to the ICH Q2 guidelines. Hesperidin has low solubility 
and is soluble in DMSO. Many studies on HPLC and 
HPTLC analysis for Hesperidin have been reported, 
but to date, a UV Spectrophotometric method for 
Hesperidin isolated compound and nanoformulation 
has not been reported. The solvent used for the 
detection was methanol and water (1:1), and the 
detection wavelength was found at 284 nm. The 
forced degradation study was carried out in acidic, 
basic, oxidative, and photolytic conditions, and all the 
values were within the limit. Estimation of hesperidin 
from bulk, plant extract, Ayurveda formulation as 
well as nanoformulation was found to have a good 
percentage recovery. All the values of the validation 
parameters were found to be within the acceptance 
limit as per the ICH guidelines. Hence, the developed 
and validated UV-Spectrophotometric method can be 
used for routine quality control of Hesperidin.
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ABSTRACT  

Introduction: Plant products are important and attractive in field of scientific 

investigation are considered a rich source of pharmacologically active molecules and 

for new drug development. The current research aimed to assess anticancer effect of 

herbal extract on colo-205 cancer cell lines.  .  

Here, we investigated anti-cancer effects of three herbal drug extracts-Ixora coccinea 

family Rubiaceae flower and Piper longum family Piperaceae, vitis vinifere family 

vitiaceae-Grape seed (GSE) root extract to treat against colon cancer .  

Method: Several qualitative phytochemical tests were performed on Ixora 

coccinea,Piper longum and vitis vinifere by using standard phytochemical procedures 

to assessment of cytotoxic MTT assay using standard biochemical methods in Colo-

205 cells .With supplement of 1% penicillin,of 10% inactivated Fetal Bovine  

Serum,cells were cultured in DMEM , using 5% CO2 at humidified atmosphere(37oC).  

Results:The percentage inhibition(IC50 value) of Piper longum (0–640 µg/ml),vitis 

vinifera (0–640 µg/ml) and Ixora coccinea (0–640 µg/ml) treatment of cells were 
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showed following result, 57% (636 µg/ml), 52% (366µg/ml) and 58% (244µg/ml) 

growth inhibition respectively. Decreased cell proliferation in time-dependent manner 

was observed.   

Conclusion: Results showed cytotoxic activity on colon (Colo-205) cells and it could 

be a potential anticancer drug.   

Key words: Colo-205 cells, Ixora coccinea and Piper longum,vitis viniferae.  

  

  

1.Introduction.  

Since olden days Natural products, plants and animals were considered 

therapeutically valuable for research activities.Certainly,isolation carried out using 

many drugs from plants and natural sources.1However, some pharma companies have 

focus on purified synthetic chemical compounds rather than  isolated derivatives and 

natural products for investigations.2 unfortunately chemical derivatives do not meet 

patient expectations of pharmaceutical companies.3 Therefore due to harmful side 

effects, drug-drug interactions and contraindications numbers of novel medications 

are decreasing to approach pharmaceutical market.4 Because of  these reasons, 

interests diverted toward natural product-based drugs by pharmaceutical company, 

and many natural products investigations into have been carried out.5  

Colon cancer is one of the commonest disease in comparison with other 

cancer.Cancer is characterized by local tissue invasion and uncontrolled growth of 

body cells6.Breast cancer is globally ranked two amongst all cancers7.Total around 

5,77,190 deaths from cancer in USA in 2012 were projected.Around 5,55,000 people 

died of cancer in India in 2010.8 In either activating signal transduction pathways or 

inhibiting cells, Polyherbal formulation play important role9. In earlier report all three 

plants  Ixora coccinea flowers, vitis vinifera seeds and Piper longum roots ethanolic 

extract reported anticancer activity10,11,12 as because of flavonoids, phenolic and 

alkaloid constituents. These.Some reports also proved effective in suppressing 

tumour formation not only in Colo-205 cells but also in LNCaP  androgen-dependent 

human prostate carcinoma cells13,14,15. The study aimed to find herbal extracts 

analytical and invitro activity on Colo-205 cells.  
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2.0.Methods  

2.1.Preparation of Plant material  

Ixora coccinea (Flowers) were collected from Peechi dam flower garden, kerala and 

Piper longum (Roots) were collected from forest seed centre, Peechi, Trissur, Kerala, 

in the month of August and Vitis vinifera (Seeds) from the farms of Grape growers, 

Doddaballapur, Bangalore in the month of September 2016 and authenticated by Prof.  

M. D. Rajanna having register number - MD7829a (Ixora coccinea flowers), MD7829b 

(Piper longum roots), MD7829c (Vitis vinifera seeds) respectively at the Botanical 

garden,  agricultural sciences university,Bangalore, Karnataka, specimen deposited 

Bangalore herbarium at the GKVK University.  

 Plant parts were dried In shade and powdered, stored in airtight containers at room 

temperature . Then ethanolic extraction was carried out .  

2.2:Extraction.  

Powdered material extracted with water, ethanol at 50-60 0C by soxhlation. Under 

vacuum, extract was evaporated to dryness and the resulted extracts were calculated 

for percentage yield and stored in refrigerator for further use. Based on extractive 

value, extracts (water and ethanol) showed high % yield  was subjected for 

phytochemical evaluation.16.  

2.3.Qualitative Phytochemical examination.  

Phytochemical tests were performed for both aqueous and ethanolic extracts and found 

the presence of metabolic products in it. According to the standard protocol these tests 

were performed. Presence and absence of the constituents are expressed these 

qualitative phytochemical tests are.17 Details of extraction was published in my earlier 

research article18,19.  

The constituents present in the extract were identified with below tests..  

A)Alkaloids test (Mayer’s test)  

Alkaloid reagent such as dragendroff’s with few drops of hydrochloric acid was added 

to the extract, formation of orange or red precipitate indicats the presence of alkaloids.  

B)Flavonoids test (Alkaline reagent test)  
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The presence of flavonoids observed in the extract with dilute NaOH and dilute acid 

due to presence of intense yellow color .  

C)Test for glycosides   

Extract with anthrone and concentrated sulphuric acid blended and spreaded in a thin 

film in a watch glass and after warming observed dim green shading affirms the 

glycosides  

D)Test for saponins   

Formation of foam of around a cm layer shows the presence of saponins when extract 

agitated with distilled water .   

E)Tannins and phenols test  

The extract with 1% lead acetate which shows the formation of white precipitate 

indicates the presence of Phenols whereas yellow precipitate indicating the presence 

of tannins.  

F)Test for proteins (Biuret test)   

The appearance of red shading indicates the presence of proteins observed upon 

mixing of Millon's reagent .  

2.4: The HPLC study20   

Standard solution   

 10mg of Piper longum,Vitis vinifera and Ixora coccinea extract was prepared by 

dissolving in methanol17.  

Samples: Test extracts (Ethanolic 10mg/ml) was injected for HPLC analysis.  

  

HPLC condition for Piperine and Reveratrol      

IShimadzhu LC- Prominence 20AT,  5µ particle , Column: C18 column 250 mm x 4.6 

mm,Mobile Phase used Acetonitrile (50%),HPLC water (50%),1 ml/min flow Rate , 

10µL injection volume and 345nm for Piperine and 306nm for resveratrol is the 

absorbance range.  

HPLC condition for Ursolic acid   
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The analytical column is Kromasil C18 column (4.6 × 150 mm,10μm particle, mobile 

phase is methanol- phosphate buffer (90:10 with 3 pH). At 0.5 ml/min flow rate and 

effluent was observed at 214nm absorbance.  

  

2.5:Cytotoxicity assay and cell culture.21,22   

MTT Powder, Ethanol(70%), CO2 incubator, Microplate reader (Tecan), cell 

lines,Dulbecco's Modified Eagle's Medium and culture medium and . at atmosphere of 

5% CO2 at 37 oC in DMEM stock cells was cultured , supplemented with  penicillin 

,(FBS), and streptomycin. The cell was dissociated with Trypsin Phosphate Versene 

Glucose solution Using trypan blue(dye), after centrifugation at atmosphere of 5% CO2 

at 37 oC in DMEM, the viability of the cells were checked . Later  around 50,000 cells 

in a well of L929  incubated  at specified atmosphere for about 24 hrs.  

Cell line: Colo-205 was procured from Cell line centre Pune. In culture, 96 well plate, 

test samples were placed . The cell count was made after trypsinizing L929 cells with 

FBS and DMEM .23,24   

The suspensions of 100 µl of the diluted cell seeded on each of 96 well microtiter plate 

and at atmospheres of 37oCin 5% CO2 incubated for a day . Test solutions in the wells 

were discarded after a day ,MTT was added to each well and incubated at 37o C in 5% 

CO2 atmosphere for 4 h. Purple formazan formation represent presence of viable cells 

.DMSO(100 µl) was added afetr supernatant seperation to dissolve the formazan and 

absorbance was measured at the wavelength of 590 nm.  

3.Statistical analysis.25,26   

 By constructing a dose-response curve, IC50 value of a drug can be determined at 

different concentrations and calculated to find concentration needed to observe 

biological response.  

By using using Graph Pad Prism IC50 values for cytotoxicity tests were derived from 

sigmoid dose response curve (variable) .  

  

4. Results.  

  

Table 1: Extractive values of herbal extracts  
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Extract  
Nature  of 

extract   

Colour  Ethanol         

  

Water  

Vitis vinfera  Semi liquid  Brown  20gms  25gms  

Piper longum  Viscous  Brownish-black  18gms  20gms  

Ixora coccinea  Viscous  Ruby red  22gms  24gms  

Extractive values of all extracts.  

4.1.Qualitative assessment:  

  

Preliminary phytochemical screening results suggests that all three aqueous and 

ethanolic extract of Ixora coccinea,Vitis vinifere and piper longum observed the 

presence of phytochemicals shown in table 2.  

  

  

  

  

  

Table 2:Qualitative tests of Aqueous and ethanolic extract of Ixora coccinea,  

Vitis viniferae  and Piper longum  

  

Tests for  Ixora co ccinea  Vitis vin iferae  Piper longu 

  

m  

  Aqueous  Ethanol   Aqueous  Etthanol  Aqueous  Ethanol  
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Alkaloids  +  +  +  +  +      +  

Tannins  +  +  +  +  +  +  

Flavonoids  +  +  +  +  +  +  

Phenols  +  +  +  +  +  +  

Saponin  +  +  +  +  -  -  

Glycoside  +  +  +  +  +  +  

  

  

Note : ‘+’ = Present; ‘-’ = Absent  

  

  

4.2.The HPLC study:  

Analytical methods such as HPLC were carried out for extracts and compared with 

respective standard.  

  

2.4.1.Piperine chromatogram  

HPLC chromatogram of sandard piperine observed at the wavelength of 254 nm 

showed area of 7418 and retention time 24.0 minutes(Figure 3),HPLC chromatogram 

of tested piperine sample at 254 nm showed  90.720 area with the retention time 24.1 

minutes(Figure 4).  

  

Fig 3. HPLC chromatogram of standard(Piperine)  
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Fig 4 .HPLC chromatogram of test (ethanolic extract)  

  

  

2.4.2.Resveratrol chromatogram    

  

HPLC chromatogram of sandard Resveratrol at the wavelength of 306 nm showed area 

of 4718 and retention time 5.6 minutes(Figure 5), HPLC chromatogram of tested 

resveratrol sample at 306 nm showed 52720 area with the retention time 5.67 

minutes(Figure 6).  
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Fig.5.HPLC chromatogram of  standard(Resveratrol)  

  

  

Fig 6.HPLC chromatogram of  test sample(ethanolic extract)  

  

  

2.4.3:Chromatogram of Ursolic acid   

  

HPLC chromatogram of sandard Resveratrolat the wavelength of 210 nm showed area 

of 0.999 and retention time 22 minutes(Figure7),HPLC chromatogram of tested 

resveratrol sample at 210 nm showed 0.889 area with the retention time 21.9 

minutes(Figure 8).  
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Fig 7.HPLC chromatogram of  standard(Ursolic acid)  

  

  

  

Fig 8.HPLC chromatogram of test (ethanolic extract)  

  

  

  

4.3:Cytotoxicity assay.  

MTT assay: Cytotoxic activity of all three extracts on human colon cancer cells (Colo-

205) using MTT was evaluated. IC50 values were identified. Table 3 shows invitro 

results on colo-205 and Figure.1(Tabular graph) and 2(Dose response curve) shows 

that Ixora coccinea having highest percentage inhibition (58.57% ) than Vitis vinifera 

(52.23%) and Piper longum (57.44%) at the dose of 244 μg/ml,366.6μg/ml and 

636.1μg/ml, respectively.  
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Table 3:In-vitro studies on colon cancer cell lines(COLO-205)  

  

COLO 205    Invitro results on Colo-205  

Conc.  %   
Sample  OD at 590nm  IC50 µg/ml µg/ml  Inhibition  

Control  0  0.595  0.00  

636.1  
Piper longum   

640 

 0.253 

 57.44  

10   0.588   1.17   

20   0.575   3.36   

40   0.543   8.72   

80   0.529   11.11   

160   0.458   23.10   

320   0.364   38.81   

          

 

          

10  0.578  2.81  

Ixora coccinea 20 

 244.6  

40  0.536  9.98  

80  0.492   17.35   

160  0.390   34.48   

320  0.341   42.66   

640  0.247  58.57  

Vitis vinifera    

  10   2.76   0.579 

366.6   

0.573 3.66   20     

40     8.25   0.546 

  0.501   15.78 80   

160   0.444   25.36   

320   0.376   36.75   

640     52.23   0.284 

0.567   4.70   
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Figure 1:Percentage cytotoxicity  

  

Figure 2: Dose response curve   

 

  

  

5.Discussion:  

Many important familiar medicaments are plants origin. Derived drugs from herb may 

have therapeutic improtance in illness .27,28  Polyherbal formulations are collection of 
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therapeutic entities and are prepared based on healing properties. Such herbal 

constituents work together to produce maximum therapeutic benefits26. compared to 

multiple herbs,individual active constituents are not desirable . On the basis of healing 

properties these are formulated, which work in a dynamic way to produce therapeutic 

effect with minimum side effects29.Individual plant phytochemical constituents are 

insufficient to achieve the desirable therapy. On multiple herbs with different category 

of compounds will give a significant effect with less toxicity30.Based on the above 

statement three different plant parts such as Vitis vinifera seeds, Piper longum roots 

and Ixora coccinea flowers,which found effective in treating different types of cancer.    

  

Phytochemical analysis  

1.Extraction  

The above selected Indian plants were extracted successively with solvents of 

increasing polarity by hot continuous extraction. By compared the percentage yield, 

the aqueous and ethanolic extract were found to contain more soluble compounds 

(more percentage  yield). So ethanolic and aqueous extracts of all selected parts of 

plants were subjected to phytochemical test.  

2.Preliminary phytochemical test  

The presence of phytoconstituents was observed.  

3.Analytical studies  

3.1.HPLC study  

Analytical methods such as HPLC were carried out for ethanolic extract was compared 

with standard for presence of bioactive compound.  

Analytical data of tested extracts in High performance liquid chromatography and 

found to contain few of the matching peaks in the chromatogram in comparison with 

standard chromtogram.  

  

4.In-vitro cell line assay  

In this study in-vitro cytotoxic activity of three plant extract were tested by MTT 

method. It was carried out to find the inhibitory efficacy of the extracts on cancer cell 

lines. Colon cancer cell lines were selected for the activity (COLO-205) based on the 
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literature review 31. Cancer cell lines were procured from the national centre for cell 

sciences,Pune and cytotoxicity study on COLO-205 cell lines was performed for both 

aqueous and ethanolic extracts. IC50 values were not found significant for the aqueous 

extract compared to which ethanolic extract showed significant effect. Hence 

Ethanolic extract was chosen for further studies. The efficacy among ethanolic extracts 

was determined by IC50 values. The treatment of ethanolic extact on COLO-205 cells 

resulted significant reduction in cell proliferation at IC50 values of Ixora coccinea 

(244.6μg/ml) than the Piper longum (636.1μg/ml), Vitis vinifera (366.6μg/ml) 32,33.  

The exact mechanism to produce anticancer activity is unknown,however 

phytoconstituents presence was reported as antioxidant and anticancer activities.  

  

  

CONCLUSION  

Significant results observed by selecting herbal extracts with increasing cytotoxicity 

without causing toxicities, all three extracts could render appropriate candidate. 

Further more studies with specific methods needed to find out the constituents 

responsible for the activity.  
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ABSTRACT 
The present study was designed to synthesize and characterize the phyto-chemical and chemical AgNps (Silver 
Nanoparticles) and their in vivo genotoxicity assessment along with silver ion in Swiss albino mice. Phytosynthesis 
(Green synthesis) of AgNps was achieved by using the hydro extract of A.indica leaves, whereas chemical synthesis of 
AgNps was achieved by reduction of sodium citrate. The AgNps were characterized by advanced analytical methods like 
DLS, TEM and FT-IR spectroscopy. Toxicity of AgNps on gene was assessed by the alkaline comet assayand the 
Chromosomal Aberration (CA) assay. It was observed that there was a significant impairment in nuclear DNA and 
chromosomal aberrations which indicate AgNps interaction with DNA. Bone marrow cells exhibit diverse susceptibility 
towards genotoxicity mediated by both investigated green and chemically synthesized AgNps. Chemical AgNps possess 
high susceptibility to induced DNA break, genome instability and more toxic in low dose at 40 mg/kg body weight than 
green AgNps. From the results of present study, it can be concluded that the chemical AgNps have potential genotoxicity 
than that of phyto-synthesized green silver nanoparticles. Thus, green AgNps can be preferred in anticancer activities 
and possible health aspects of AgNps can be monitored. 
Keywords: Silver nanoparticles, Phyto-synthesis, Nanotoxicology, Genotoxicityand Comet assay. 
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INTRODUCTION 
Nanotechnology is solitary of the rapidly increasing interdisciplinary areas of science and technology. 
This technology has extensive applications in the fields including electronics, pharmaceutical industry 
and cosmetics preparation. The application of nanomaterials in various medicinal formulations and 
industrialized products is increased with a due concern for theirpossible toxic effects on biological 
systems. The reasons which might have acollision on interactions between the metal nanoparticles and 
bio-molecules have remarkably increased though not solved [1]. It is reported that AgNps exhibit 
potential antimicrobial activity [2,3] and because of this effect these were used in consumer products of 
textiles and shoes including, personal care, cosmetics, clothing, food storing products and skin cares as 
subcategories, which gets exposed to the human beings by dermal application or by oral administration 
[4]. Furthermore, silver nanoparticles were instantaneously used for various medicinal applications such 
as surgical sutures and silver-coated medical diagnostic devices [5] however at the point of time literature 
supposed that silver nanoparticles produce cytotoxicity and genotoxicity in-vitro [6]. Phytochemicals 
includes first and secondary metabolized products from plant physiology, such as, flavonoids, flavones, 
isoflavones, alkaloids, anthrocyanids, steroids, carotenoids, carbohydrates and polyphenols which 
arepotential materials for biological activities and are recognized as essential natural resources for the 
synthesis of metallic nanoparticles. Hence, Green synthesis of nanomaterials are harmless to the 
environment and also one can obtain stable nanoparticles [7]. The plant leaf extract of Cinnamomum 
camphoraI[8],Emblica offcinalis[9], Aloe vera [10] and root extract of Alfalfa [11] were considered as a 
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reducing agent for the preparation of metal nanoparticles. Large number of active substances present in 
Azadirachta indica played an important role as reducing agent and capping agent. The important 
considerations in green synthesis are utilization of non-toxic chemicals, use of eco-friendly solvents and 
use of renewable materials. In recent years, biocompatible metal nanoparticles synthesized by green 
method are gaining considerable attraction in the field of biomedicine, due to utilization of natural 
resource, rapid rate of synthesis and being eco-friendly and safer method of nanoparticle synthesis. 
Therefore, it would be of great interest to take an advantage and explore these plants for green synthesis 
of silver nanoparticles [12]. From the literature phyto-chemical AgNps were observed to be safe and less 
toxic when compared with the chemical silver nanoparticles in cellular studies [13-16]. To date 
comparative in vivo genotoxicity of green silver nanoparticles with chemical silver nanoparticles was not 
yet proved. Thus, in this study, the phyto-chemical and chemical AgNps were synthesized, characterized 
and there in vivo genotoxicity was assessed along with silver ion in Swiss albino mice for the safety, 
efficacy and application of the green silver nanoparticles. 
 
MATERIAL AND METHODS: 
Materials 
Silver nitrate ≥ 99% and Colchicine 95% were purchased from Sigma Aldrich, Triton X-100 and Ethidium 
bromide were purchased from Himedia, Sodium citrate and other analytical liquids, de-mineralized water 
were purchased from Fisher Scientific, India. 
Preparation of Silver Nanoparticles 
Silver nanoparticles were prepared with slight modifications in chemical synthesis [17]. 500 mL of 
sodium citrate (1% w/v) was heated and when it starts boiling 2mM silver nitrate (50 mL) was added 
drop wise. For green synthesis of AgNps, extract of Azadirachta indica leaves was prepared by decoction 
method, where 15g of dried leaves powder was boiled with 100 mL of de-mineralized water. The purified 
and supernatant extract of 500 mL was slowly added drop by drop to 100 mL of 2 mMAgNo3 solution. 
Formation of AgNps were observed by visible color change, precipitation and also confirmed by UV 
spectroscopy (Hitachi Inkarp 2300 SICAN, Japan). The AgNps solution was filtered and finally purified by 
frozen centrifuge (Kubota 6500, Japan) at 4 °C with 17000 rpm (36,873 RCF) for 20 min. The pellets of 
AgNps were re-dispersed in a fresh de-ionized water for purification and repeatedly centrifuged for two 
times to separate the unwanted material of plant extract and excess of coating agent. Silver nanoparticles 
prepared by green synthesis method were referred as Green AgNps (G.AgNps) and those prepared by 
chemical method were referred as Chemical AgNps (C. AgNps). 
Characterization of Silver Nanoparticles 
Surface Plasmon resonances of synthesized Silver nanoparticles were analyzed by UV-Vis 
spectrophotometer. Suitably diluted AgNps were scanned between 350 to 500 nm. Nanotrack was used to 
measure the particle size and particle size distribution. Morphology of Synthesized AgNps was studied by 
TEM (Philips-CM 200, Tokyo, Japan), for this drop of AgNps was placed on the coated grid copper and 
subjected to TEM analysis. FTIR (Shimadzu-0815, Japan) was carried out to determine functional group 
adsorbed and bonded onto the shell of AgNps. The spectra were recorded over the wavelength region 
from4000 to 400 cm−1 at ambient temperature by KBr pellet method [18-19]. 
Animals and Conditions 
Mice animals were procured from enterprises of Sri Venkateshwara, Bangalore. Ethical clearance was 
obtained from animal ethical committee of the institute with Resolution No. KLECOP/IAEC/Res.17-31,34 
/08/2014 and lodged in individual cages with well environmental conditions (20 to 22°C, humidity 50 to 
60%, 12 hlight and dark photoperiod), after 10 days of acclimatization the animals were divided in to six 
groups each group containing five male mice. Every group involve specific treatment group with single 
dose administered by intra-peritoneal route. Group i: chemical AgNps 20 mg/kg; Group ii: chemical 
AgNps 40 mg/kg; iii: Group chemical AgNps 80 mg/kg; Group iv: green AgNps 20 mg/kg; Group v: green 
AgNps 40 mg/kg; Group vi: green AgNps 80 mg/kg; Group vii: Silver ion 20 mg/kg and Normal group., 
after 18 hr scarified respective groups. 
Chromosome Aberration Assay (CA) 
For chromosomal aberration assay, after 16.5 hr of induction the test compounds were injected with 
0.04% of colchicine intraperitoneally to the animals based on individual body weight (1mL 100g−1) and 
subsequently, after 90 min mice were sacrificed. By using phosphate buffer (pH 7.4) samples of bone 
marrow were collected after 18 hr exposure to AgNps, when the cells were in their first metaphase 
[20,21]. Mice femur bones were flushed with PBS and transferred in to two centrifuge tubes, assessed 
each for comet assay and CA assay. Centrifuged cells were incubated in 0.075 M KCl at 37OC for about 30 
min. Subsequently they were fixed in ice-cold which was prepared with admixture of 3:1methanol: glacial 
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acetic acid respectively, for10 minutes. Incubated sample was cleaned two times in fixative, prepared 
slides were air dried and stained with 8% Giemsa in Sorenson’s phosphate buffer pH 6.8. 
Metaphase cells were analyzed from each animal as per the treatment randomly. Aberrations were 
marked and recorded strictly following the standard method. The metaphase cells were graded at high 
magnification; each chromosome aberrations were showing the following characteristics like chromatid 
and isochromatid gaps and chromatid rearrangement. Results were calculated as per the damaged 
metaphase cell (% DC) and the number of aberrations per cell.  
Comet Assay  
Alkaline comet assay was performed to determine the DNA damage by AgNps in lymphocytes with minor 
modifications [22]. The slides were prepared by combining around 100 μL of cells (2X 104) to 100μL of 
LMP (low melting point) agarose.  About 100 μL of this cell suspension was roofed onto pre-coated 
normal melting point (NMP) agarose on roughed glass slides and then immediately cover slip was placed. 
The agar slide was kept on ice for solidification. Then the agar slides were immersed vessel containing 
freshly prepared lysis solution [10 mM Trizna, 100 mM EDTA, 2.5 M NaCl, 1%Triton-X-100, 10% (v/v) 
DMSO] in the refrigerated for 2h. The lysed cells were subjected to electrophoresis in buffer (pH > 13) for 
30 min. Initially, electrophoresis was kept at 25 V for 30 mins. Subsequently pH of agar slides was 
dropped down to pH 7.0 by using 0.04 M Tris–HCl with pH 7.5 and slides were kept aside for10 min at 
attain the required pH. Just prior to analysis of image, the slides were stained with ethidium bromide 
(2μg/mL) and DNA relocation was retrieved by fluorescence microscope (Olympus, CKX41, and Japan, 
excitation filter 515–560 nm and filter of 590 nm). The pictures were analyzed by auto-image analysis 
using software Komet5.5 copy version. The DNA damage and the median values of comet parameter in 
tail DNA (%) were processed. Images of 150 (50×3) cells of each concentration were calculated. 
 
RESULTS 
Preparation of Silver Nanoparticles 
AgNps prepared by green chemistry method showed change in colour from pale yellow to brown visually. 
It indicates that AgNps were successfully synthesized using an A.indica leaves extract as a reduction and 
coat formation agent. Whereas in chemical method, where sodium citrate was used as reducing agent 
showed colour change from colourless to greenish grey.  

Fig. 1 UV–vis absorption spectrum of silver nanoparticles. From (Figure 1a) A. indica plant extract 
(Figure 1b) Tri sodium citrate 

 
Characterization of Silver Nanoparticles 
UV-Visible spectroscopic method also used to confirm synthesis of AgNps. Sharp peaks were obtained at 
420 and 430 nm for G.AgNps and C.AgNps respectively (data not showed), which confirms AgNps were 
formed in both methods of preparation. The average size distribution of G.AgNps and C.AgNps were found 
to be 94nm and105nm respectively (Figure 1). Zeta potential values (Data not shown) indicate that the 
phyto-synthesized (green synthesized) AgNps have a reasonable stability. The diameter of the G.AgNps 
nanoparticles was found to be 20 nm to 60 nm with few particles having greater diameter (~90 nm); 
while C. AgNps with spherical shape showed average particle diameter of about 90 nm (Figure 2).  
In the (Figure 3a. (i-iii) FTIR spectrum of G.AgNps O-H stretching, phenolic groups, and H-bonded 
alcoholics are represented by peaks at 3490-3500 cm−1. The presence of (N-H) aromatic secondary 
amine and N-H stretching accounts for the peak at 1400-1550 cm−1. The stretching vibrations of (–C=O) 
and (–C=C) are represented by the bands (medium intensity) at 1450 and 1500 cm1, respectively. Finally, 
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the yield of the green AgNps was observed to be 152 mg from the 150 g of Azadirachta indica leaves and 
240 mg of silver nitrate. FTIR spectra of C. AgNps (Figure 3b (i-iii)), shows bands at 3224 and 3298 
cm−1corresponds to OH stretch denoting carboxylic acid group. A sharp band at 1591 cm−1 corresponds to 
stretching of (C ̶ C) aromatic and (N ̶ H) bend of primary amines. 

 
Fig. 2 Size distribution and Morphology of: a: green synthesized AgNps and b: chemically 

synthesised AgNps by TEM and Nanotrac. 

 
Fig. 3a FT-IRspectrum of: i: Phyto-mediated AgNps; ii: supernatant of leaves extract of A indicaand 

iii: AgNO3. 

 
Fig. 3b FT-IR spectra of i: Chemically synthesized AgNps; ii: Tri sodium citrate and iii: AgNO3. 

 
Comet Assay 
The increased DNA damage in AgNps and silver ion treated groups was clearly observed. The tail 
intensity (% tail DNA) was higher in the silver ion group as well as in chemical AgNps treated groups 
when compared control. The comet (% tail DNA) of chemical AgNps (20 mg kg−1 and 80 mg kg−1) 
increases gradually when the concentration increases. In case of green AgNps the tail intensity was sharp 
at high concentration only (Figure 4). Responses were statistically significant (P≤0.05) at concentrations 
20, 40 and 80 mg kg−1of chemical AgNps, 80 mg kg−1of green AgNps and in silver ion (20 mg kg−1).  
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Fig. 4 Photomicrographs of Comet assay: i: chemical AgNps 20 mg/kg;ii: chemical AgNps 40 mg/kg; 
iii: chemical AgNps 80 mg/kg; iv: green AgNps 20 mg/kg; v: green AgNps 40 mg/kg; vi: green 
AgNps 80 mg/kg; vii: Silver ion 20 mg/kg. 

 
Fig. 5 Effect of green and chemical silver nanoparticles on Number of chromosome aberration/cell i: chemical AgNps 
20 mg/kg; ii: chemical AgNps 40 mg/kg; iii: chemical AgNps 80 mg/kg; iv: green AgNps 20 mg/kg; v: green AgNps 40 
mg/kg; vi: green AgNps 80 mg/kg; vii: Silver ion 20 mg/kg. 
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Fig. 6 Effect of green and chemical silver nanoparticles on % Tail DNA i: chemical AgNps 20 mg/kg; ii: chemical AgNps 
40 mg/kg; iii: chemical AgNps 80 mg/kg; iv: green AgNps 20 mg/kg; v: green AgNps 40 mg/kg; vi: green AgNps 80 
mg/kg; vii: Silver ion 20 mg/kg. 
 
DISCUSSION 
The silver ion bonded with trisodium citrate according to the reaction expressed below [22]. Negative 
charge of nanoparticles and repulsion forces prevent aggregation and their mutual electrostatic 
repulsion. Therefore, particles were stable without stabilizing agent. While in phyto-mediated silver 
nanoparticles, the extract act as a capping agent. 
C6H5O7Na3 +4Ag+   2H2O → C6H5O7H3+4Ag0 + 3Na+ + H+ + O2↑ 
The morphology of AgNps was observed by TEM (Figure 2). It reveals that the phyto-chemical AgNps 
were monodispersed and spherical shape. Morphology and structure of AgNps were due to numerous 
reasons, such as pH, concentration of reducing agent, concentration of Ag ion, incubation time, the 
method of preparation [23,24] and categorization [25,26]. In FTIR, bands corresponding to (–C=C) and (–
C=O) bonds are derived from flavonoids and terpenoids that may be held responsible for efficient capping 
and stabilization of obtained green AgNps. Earlier reports were also evidenced the stability of C. 
Camphora leaf extract AgNps due to the presence of proteins which coated the surface of AgNps [27,12]. 
In our previous study, the green AgNps effect on apoptosis in fibroblast cells were studied and observed 
apoptotic cells and viable cells in the microscopic fields and subsequently % apoptotic cells were 
calculated [12]. A number of previous studies employing various kinds of cultured cells and animal 
models suggest that both genotoxicity and apoptosis are important mechanisms for AgNps induced 
toxicity. In the current study genotoxicity of AgNps was evident in bone marrow cells by comet assay. 
Statistically high significant nucleic acid damage was found at high dose level in cells during exposure 
period. These results are in concomitance with other studies showing molecular and biochemical changes 
linked to genotoxicity initiated by AgNps in cultured cells. AgNps induced DNA breakage was detected in 
cell lines using the DNA comet assay. Furthermore, DNA double-stranded breaks, similar results were 
found in AgNps treated human hepatoma cells, dermal cells, fibroblasts and stem cells. [28,29] 
The integrity of genomic DNA is always under threat, even in healthy cells. Evidence of present study and 
comparable previous studies indicate AgNps possesses the potential to interact with DNA and cause 
alterations in biological cells. Dangerous alterations within the genetic material include chromosomal 
aberrations and mutations involving an amendment in an exceedingly single base. Errors in replication or 
recombination, as well as environmental toxicants can also damage cellular DNA [29]. The main 
molecular mechanism of nanomaterials induced DNA damage is considered to be the induction of 
oxidative stress resulting from the generation of ROS. Silver nanoparticles have capable of develop 
reactive oxygen species when they reacted with cell components in vitro [30] and in vivo studies [31,32]. 
Metal nanoparticles increased the production of Rad51, a DNA damage repair super protein [33]. 
Damaged DNA activates a signaling network that controls cell cycle checkpoints and DNA repair. 
Damaged DNA accumulates in cells during the gap 1 (G1), DNA synthesis (S), or gap 2/mitosis (G2/M) 
phases. In the sub-G1 phase, DNA damage causes an accumulation of apoptotic cells. Silver nanoparticles 
concentration and time dependent increase in the damage of DNA is reported with the A549 cells. [34,35] 
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According to an ANOVA test (Figure 5), the frequency of aberrant cells and the number of breaks per cell 
were significantly higher (P ≤ 0.05) than in the control group. 
We performed In vivo genotoxicity of AgNps in mouse bone marrow cells. Compared to control, the 
percentage of aberrant cells induced by Chemical AgNps (20-80 mg/kg body weight) and green AgNps 
(80mg/kg) were significantly higher Figure 5.  The chromosome aberrations were calculated that 
indicates strand breaks. Therefore, AgNps may be classified as a clastogen. According to the Kim et al. 
Genotoxicity was negatively reported in Sprague-Dawley rat bone marrow cells after exposing twenty-
eight days and these results didn’t effect on polychromatic erythrocytes. An increase DNA damaging effect 
of AgNps was observed at certain concentrations (20 mg kg−1) of chemical AgNps as well as phyto-
synthesized AgNps (80mg kg−1). Previous studies in an A. cepa have revealed that AgNps might enter 
plant system, have an effect on cellular separation exhibiting cyto-toxic response and cause aberrations 
[36,37]. Numbers of studies have co-jointly shown that AgNps enhance and break the DNA damaging on 
aquatic organism [37,38] and plant cells [36] with impairment of cellular division. 
 
CONCLUSION 
Present study revealed that synthesis, characterization and genotoxicity of biosynthesized AgNps from A. 
indica against in vivo models. We have noticed that significant impairment in nuclear DNA and 
chromosomal aberrations indicating that AgNps interacted with DNA. Bone marrow cells exhibit diverse 
susceptibility toward genotoxicity mediated by both investigated green and chemically synthesized 
AgNps. Chemical AgNps were highly susceptible to induced DNA break, genome instability, and Chemical 
AgNps are more toxic at dose of 40and 80 mg kg−1 body weight than green AgNps. Collectively, our data 
suggests that C. AgNps possess superior cytotoxic activity and genotoxicity compared to the G.AgNps from 
A. indica aqueous extract. Present study also suggests that at the dose of 20 mg kg−1   green silver 
nanoparticles can be safely used in anticancer and antimicrobial and antiviral therapy. 
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 Abstract: Oral squamous cell carcinoma is a malignant disease that is causing considerable mortality 
worldwide. Conventional treatment approaches, like surgery, cause destructive alterations in facial ap-
pearance and oral function impairments associated with psychological and social functioning. Chemo-
therapy exhibits low bioaccessibility of the anticancer drugs, multiple drug resistance, higher dose ne-
cessities, which elevate toxicities to the normal cells, low therapeutic index, and non-specific targeting. 
Radiation therapies significantly affect the well-being of the patient and impair the quality of life. 
Therefore, chemotherapeutics are developed that can either actively or passively target the carcinomas, 
reduce the adverse side effect, and improve therapeutic efficacy. Innovations in novel drug delivery 
systems deliver the drugs to the desired site of action with better treatment approaches with reduced 
toxicities to the normal cells and improve the health and survival rate of the patient. Cancer chronother-
apy enhances the treatment proficiency by administration of the drugs at the best time, considering bio-
logical timings to improve the treatment profiles. Chronotherapy provides benefits to the current anti-
cancer therapies, with minimum adverse effects to the healthy cells. This review discusses the risk fac-
tors for oral carcinomas, targeted therapy by nanocarriers, nanotechnology approaches, the role of circa-
dian rhythm in the management of oral cancer, and advances in controlled drug delivery. 
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1. INTRODUCTION 

 Cancer is a disease that arises from the unregulated 
growth of malignant cells, which can invade or spread to 
other parts of the body. There are various treatment strate-
gies like chemotherapy, surgery, therapy with radiation, or a 
suitable combination of the treatment strategy. Conventional-
ly, chemotherapy is most widely implemented as it alters the 
DNA synthesis. This leads to the destruction of fast-growing 
new cells and rapidly dividing cancerous cells. Various 
antineoplastic drugs used in the treatment cause undesirable 
side effects like loss of appetite, nausea, and diarrhoea and 
also show adverse effects on healthy normal tissues and or-
gans, which is the reason for the high mortality rate of cancer 
patients [1]. 
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 Oral cancer is a destructive disease that is observed glob-
ally. The disease involves the uncontrolled growth of cancer 
cells in the oral cavity [2]. They can proliferate and metasta-
size [3, 4]. Oral cancer is the sixth most common cancer oc-
curring worldwide [5, 6]. It estimates for about 5% of all 
cancers worldwide. Approximately 60,000 new oral cancer 
cases are reported in India every year. 
 Oral tumours start progressing in the lips, hard palate, 
tongue, buccal mucosa sublingual area, upper and lower al-
veolar ridges, and floor of the mouth [7]. Oral carcinomas 
that arise from the mucosal epithelium are called Oral Squa-
mous Cell Carcinomas (OSCCs) [8]. The location of the dis-
ease, progression, and treatment affect the quality of life of 
the patient, which involves the disability of vital functions, 
such as taste, speech, and swallowing. Self-appearance will 
also be impaired even when the cancer is cured [9]. 
 Alcohol and tobacco consumption are hazardous factors 
for OSCC. Human Papilloma Virus (HPV) is one of the ma-
jor etiological causes of the onset of Head and Neck Squa-
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mous Cell carcinoma (HNSCC). Most of the HPV-driven 
cancers are oropharyngeal squamous cell carcinomas, which 
comprise the tongue and tonsils [10-12].  

2. RISK FACTORS FOR ORAL CARCINOMAS 

2.1. Epigenetic Factors  

 Tobacco: Consumption of tobacco is the most important 
cancer risk as it individually contributes to millions of cancer 
deaths annually. Smoking causes neoplasms of various or-
gans like cancers of the oral cavity, pharynx, lungs, larynx, 
oesophagus, and urinary bladder. The important carcinogenic 
materials in tobacco smoke are the tobacco-specific nitrosa-
mines, namely N’-Nitrosonornicotine and 4- (nitroso methyl 
amino) -1- (3-pyridyl) -1-butanone and aromatic hydrocar-
bon benzo-pyrene [13]. 
 These metabolites bind covalently to deoxyribonucleic 
acid (DNA) of the keratinocyte stem cells, leading to the for-
mation of DNA adducts, which cause critical mutations in-
volved in the replication of DNA. Metabolism of the carcino-
gens takes place through oxygenation by P450 enzymes in 
cytochromes and conjugation by glutathione-S-transferase 
[14]. Genetic polymorphisms in the genes coding for these 
enzymes are suspected of playing a key role in the genetic 
predisposition to tobacco-induced head and neck cancers [15].  
 Bhang or ganja, popularly known as Marijuana, is ob-
tained from the dried flowering leaves of the plant Cannabis 
sativa and is smoked as cigarettes. Potent carcinogens like 
phenols, phytosterols, acids, benzopyrene, and terpenes 
(cannabinoids) are released when burnt. Smokeless tobacco 
(tobacco consumed without combustion) is placed inside the 
oral cavity, which comes in contact with the mucous mem-
branes; here, nicotine gets absorbed to provide the desired 
effect [16].  
 Betel quid: Betel quid is most commonly chewed in the 
Indian subcontinent. Betel quid (also referred to as pan or 
paan) usually contains betel leaf (leaf of Piper betel vine), 
areca nut, slaked lime, and tobacco. Many studies reveal that 
tobacco chewing is associated with oral cancer and pre-
cancers like erythroplakia, leukoplakia, and oral submucous 
fibrosis. The carcinogenic and mutagenic effects of betel 
quid ingredients, particularly areca nut and tobacco, are stud-
ied in various studies. Betel quid ingredients were revealed 
to cause cytotoxicity and genotoxicity. They were also found 
to stimulate cell proliferation. This was confirmed by in vitro 
studies on oral mucosal fibroblasts. It has been shown that 
methylating agents, reactive oxygen species (ROS), and re-
active metabolic intermediates from betel quid cause DNA 
damage [17]. 

2.2. Other Essential Factors of Oral Cancer 

 Oral cavity and pharyngeal tonsil cancers are caused by 
Human Papilloma Virus 16 (HPV16). HPV18 causes oral 
cancer mainly associated with carcinoma of the oropharynx 
[18]. Human Papilloma Virus affects (HNSCC) the tonsils 
and base of the tongue within the oropharynx. The presence 
of HPV is considered to be a prognostic biomarker for local-
ly advanced oropharyngeal cancers [19]. HPV causes carcin-
ogenesis by two virus-encoded proteins: E6 protein, which 
promotes the degradation of p53 tumor suppressor gene 
product and E7 protein, which promotes the degradation of 

the tumor suppressor gene product retinoblastoma protein 
[20], thus, causing deregulation of the cell cycle, which also 
leads to an overexpression of the inhibitor of cyclin-
dependent kinase p16Ink4a. Lip cancers are also caused by 
ultraviolet radiation. 

3. TARGETED THERAPY BY NANOCARRIERS 

3.1. Active Targeting 

 Active targeting involves modifying the surface of the 
carrier by specific ligand aptamers, peptide chains, and anti-
bodies, which help to identify special receptors on the tu-
mour cells. Their microenvironment can be studied through 
ligand-receptor interaction. Molecules to be targeted com-
bine with receptors present on the tumour cell surface. This 
helps in the targeted delivery of drugs, enhanced anti-tumour 
effects, lesser drug toxicity, and fewer side effects on normal 
tissues (Fig. 1) [21]. 

3.2. Passive Targeting  

 Passive targeting is based on the principle of enhanced 
permeability and retention effect in tumour tissue. This helps 
the drugs reach specific tumor sites by modifying and adjust-
ing nano-carriers and prolongs the drug distribution time and 
retention time. It also exerts a better anti-tumour effect by 
reducing drug resistance in tumour tissues. The vascular en-
dothelium in the normal tissues is arranged tightly, orderly, 
and completely; therefore, the macromolecules and lipid 
particles do not pass easily through the vascular wall. Neo-
vascular permeability is higher in tumour tissue. Therefore, the 
nano-carriers can easily pass through the vascular wall and can 
reach the tumour tissue. Passive targeted therapy is effective 
due to physical and chemical characteristics of nanoparticles, 
such as surface hydrophobicity or hydrophilicity of nanoparti-
cles, electrostatic effect, magnetic force effect, nanoparticle 
diameter size, and surface pH value. The drug must be encap-
sulated within the nanoparticle and must not diffuse out until 
the nanoparticle binds to the target (Fig. 2) [22]. 

3.3. Immune Targeting  

 Vaccine infusions containing a tumour antigen are ad-
ministered to cancer patients. This stimulates the body to 
produce antibodies that can specifically immunize tumour 
cells. Passive immunity involves the introduction of foreign 
substances, which exert an anti-tumor effect on the body. 
Dendritic cells can stimulate the proliferation of T cells with 
the action of an immune sensitizer which will increase the 
identification of tumour antigenicity and ultimately enhance 
the T cell-mediated anti-tumour effect (Fig. 3) [23].  

3.4. Magnetic Targeting 

 It involves the delivery of magnetic nanoparticles along 
with chemotherapy drugs to the tumour cells to increase the 
chemotherapy effect [24]. 

4. NANOTECHNOLOGY APPROACHES FOR THE 
TREATMENT OF ORAL CANCER BY USING VARI-
OUS CARRIERS 

4.1. Nanoparticulate Drug Delivery System 

 Nanotechnology is one of the selective and safe drug 
delivery systems for the treatment of oral squamous cell 
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Fig. (1). Active targeted drug delivery by nanoparticles. (A higher resolution / colour version of this figure is available in the electronic copy of 
the article). 

 
Fig. (2). Passive targeted drug delivery by nanoparticles. (A higher resolution / colour version of this figure is available in the electronic copy of 
the article). 

 
Fig. (3). Nanotechnology approach for cancer immunotherapy. (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 
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Fig. (4). Advantages of nanotechnology as drug delivery systems. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article). 

 
carcinoma (Fig. 4) [25]. Nanoparticles have a large surface-
to-volume ratio and enhanced bioactivity [26]. Gold nano-
particles, magnetic nanoparticles, polymeric micelle, and 
liposomes are the most explored nanoparticles in oral cancer 
[27, 28]. Nanoparticles deliver the entrapped or encapsulated 
drug to the cancer cells and kill them [29]. Furthermore, na-
noparticulate drug delivery systems deliver the chemothera-
peutic agents in a sustained and controlled manner. Nanopar-
ticles also prolong drug release at a specific site and reduce 
systemic toxicity (Table 1 and Fig. 5) [30]. 

4.2. Hydrogel-based Drug Delivery Systems  

 Hydrogels have a three-dimensional structure, and they 
are cross-linked networks of water-soluble polymers. They 
imbibe water and swell in an aqueous medium. They can 
encapsulate drugs and complex macromolecules, such as 
genetic materials and proteins [31]. There are two types of 
hydrogels depending on their gelation mechanism, i.e., phys-
ical gelation and chemical gelation. Chemical gelation is 
irreversible as it forms permanent and stable hydrogels 
through chemical bonds. Physical gelation is reversible and 
not permanent [32,33]. Hydrogels can be formulated as 
slabs, microparticles, nanoparticles, coatings, and films. 
Nanofibers in the hydrogel can control drug release for sev-

eral months by density alterations [34]. Decreased drug re-
sistance and synergistic anti-cancer effects can be achieved 
with the co-administration of multiple drugs in the form of 
hydrogels [35]. Hydrogels are biocompatible with low cyto-
toxicity. They can be used as a drug delivery platform. Sev-
eral studies have assessed them with cancer cell lines, in-
cluding HepG2 and A549, and normal cell line COS7. Hy-
drogels are also called ‘intelligent gels’ or ‘smart hydrogels’ 
[36]. They can be administered orally as their polymeric 
chains closely interact with saliva glycoproteins. Further-
more, they exhibit the mucoadhesion phenomenon. Paclitax-
el, doxorubicin, tamoxifen, and cisplatin have been studied 
and explored for use as hydrogels [37-46]. 
 SAHA (Suberoylanilide Hydroxamic Acid) and DDP 
(Cisplatin) were successfully loaded into a PECE (Poly (eth-
ylene glycol)-poly(ε-caprolactone)-poly (ethylene glycol)) 
biodegradable and thermosensitive hydrogel. PECE hydrogel 
has also been shown to be biocompatible, bioabsorbable, and 
temperature-sensitive. The thermosensitive hydrogel tech-
nology was effectively used for honokiol, 5-Fu, and BFGF 
controlled delivery in cancer treatment, and the findings val-
idated its excellent sustained drug release characteristics. 
Observations showed that the SAHA combined DDP admin-
istered by PECE hydrogel exhibited high therapeutic efficacy 
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Table 1. Advantages and disadvantages of various nanocarriers for drug delivery. 

Nanocarriers for Drug 
Delivery 

Advantages Disadvantages 

Mesoporous Silicon-
based Materials 

The structure is more stable; harmonized and uniform pore size; 
imparts controlled release of the drug. 

Inorganic, Non-biodegradable, 

Silanol group interacts with a lipid membrane, which caus-
es cell lysis. 

Solid Lipid Nanoparti-
cles (SLNs) 

Solubility enhancement of hydrophobic cargo in water; possi-
bility of preparing hydrophilic nanoparticles; comparatively 

inexpensive to manufacture; scale-up is feasible; biodegrada-
ble/biocompatible 

Load capacity is low. Encapsulation efficiency is low. 

Water content is approximately 70-99.9% which is high. 

During storage, there are chances of premature drug re-
lease. 

Nano-Emulsions 

Stability is superior when it comes to gravitational separation 
and aggregation; solubility enhancement of hydrophobic cargo 

in the water; biodegradable/biocompatible; lipophilic drug 
candidates are suitable; comparatively inexpensive to manufac-

ture; increased efficiency of antimicrobial drugs. 

To achieve oil droplets of nanometric size, a very high 
quantity of surfactants are needed. 

Dendrimers 

Targeted drug delivery is much more efficient as peripheral 
functional groups determine solubility; both lipophilic and 
lipophobic drugs can be incorporated; some dendrimers are 
relatively resistant to hydrolysis; increased surface area and 

drug loading capacity. 

In cationic dendrimers, there are cases of cytotoxicity. 

Surface amine groups determine toxicity. Pharmacodynam-
ics and pharmacokinetics of some dendrimers are not un-

derstood. Complex synthetic route. 

Nanocrystals 
They are carrier-free nanoparticles (almost 100% drug); en-
hanced bioavailability and solubility of the water-insoluble 

drug; improved stability of particles in suspension. 

Control of morphology with respect to crystallinity is diffi-
cult. Time-consuming and less cost-effective method as the 
requirement of organic solvents is high. Possibility of some 

residues of surfactants/solubilizers/stabilizers. 

Hydrogels 

Site-specific delivery; at physiological temperature and pH, 
increased dissolution velocity; 

even after retaining a large amount of water, they are reliably 
stable in relation to integrity and elasticity; relatively inexpen-

sive manufacturing; easy to build. 

Highly technical equipment is required. 

Heterogenicity of polymers causes batch-to- 
batch variation. 

Very fine tuning is required for forming a stable  
formulation. 

Polymeric Nanoparticles 
Controlled and sustained release formulations may be prepared 

with better therapeutic effects and minimum adverse effects; 
they are biodegradable and biocompatible. 

Stability issues due to particle-particle aggregation. 

Cytotoxicity was observed in cells upon degradation. 

Inorganic Nanoparticles 
By attaching ligand to nanoparticles, site targeting can be 

achieved; photostability is high in comparison to organic dyes. 
Penetration depth is low for photothermal therapy. Macro-

molecules (e.g., proteins) cannot be delivered. 

Liposomes Circulation time is more; biocompatible. Triggers immune response. 

Carbon Nanoparticles 
Multiple functions as chemical modifications are possible; 

improved bioavailability as they are water-soluble; enhanced 
loading capacity. 

Toxic in nature. 

Polymeric Micelles 
Suitable for hydrophilic drugs; site-specific targeting can be 

achieved; functional modifications are possible; biodegradable 
and biocompatible. 

Sporadic cytotoxicity. 

Metallic nanoparticles 

Gold nanoparticles 

Uniform in size and shape; follow the principles of pharmaco-
kinetics and pharmacodynamics; site-specific targeting can be 

achieved; increased surface area and loading capacity. 
Toxicity. 
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Fig. (5). Controlled drug delivery nanocarriers for cancer treatment. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article). 

 
in the mouse model. This technique demonstrated a great 
potential to be used in the treatment of oral squamous cell 
cancer [47]. 

4.3. Polymeric Nanoparticles for Drug Delivery System  

 Polymeric nanoparticles exhibit better therapeutic effica-
cy in delivering antineoplastic drugs like paclitaxel. Lipid 
nanoparticles are in the form of micelles and liposomes. Lip-
osomes are spherical in shape and comprise a lipid bilayer 
loaded with an aqueous phase to store the drugs. Hydropho-
bic and hydrophilic drugs are delivered through lipid bilayers 
with hydrophobic interactions. Commercial liposomes, like 
doxorubicin encapsulated liposomes (Doxil), have been ap-
proved by Food and Drug Administration (FDA) as they are 
proven to be effective against various cancers [48]. Polymer-
ic nanoparticles can deliver lower molecular weight drugs 
and macromolecules, like proteins and genes. Poly Ethylene 
Glycol (PEG), a hydrophilic polymer, stabilizes the nanopar-
ticles and enhances site targeting. A stealth layer is formed 
around the particles, which non-specifically reduces the drug 
uptake by the cells [49]. Reticulo Endothelial System (RES) 
prevents rapid clearance of biodegradable polymers, enhanc-
es plasma half-life, and reduces the drug dose [50]. Polymer-
ic nanoparticles are less toxic and highly stable, demonstrat-
ing sustained drug release and better loading of water-
insoluble drugs [51]. 

 Biodegradable nanomaterials degrade naturally in biolog-
ical environments. Their degradation does not produce acidic 
byproducts. They exhibit a slow and controlled release pro-
file and targeted delivery, resulting in better therapeutic ef-
fects and reduced side effects and cytotoxicity to the body. 
They remain stable in the circulation system and are non-
toxic and non-immunogenic in nature. They can avoid the 
reticuloendothelial system, which is part of the body's im-
mune system that takes up and clears foreign objects, thus 
prolonging their circulation time.  
 Polymeric nanoparticles are solid colloidal carriers with a 
size ranging from 10 to 500 nm that can be employed to 
transport therapeutic molecules by either encapsulat-
ing/embedding the drug within their polymeric matrix or 
conjugating/ adsorbing them on the surface [52]. 

4.4. Micelles 

 Micelles are spherical in shape, with lipid nanostructures 
having a size of 10-80 nm. They show shorter circulation 
time in the body because of smaller particle sizes [53]. 
Paclitaxel loaded amphiphilic diblock copolymer micelles 
have been formulated to treat lung cancer, breast cancer, and 
advanced pancreatic cancer [54].  

4.5. Dendrimers 

 They are monodispersed, unimolecular, multi-branched, 
three-dimensional structures having a size of 1-10 nm. Wa-
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ter-soluble and water-insoluble drugs can be delivered as 
dendrimers because of their branching, providing a larger 
surface area [48, 55]. In a study, methotrexate and trans-
retinoic acid were chained with 5 poly (propylene amine) 
dendrimers, and this conjugation showed better efficacy than 
the free drug. This study was carried out on HeLa cell lines 
[56].  

4.6. Carbon Nanotubes 

 Carbon nanotubes are hollow nanotubes that are well 
organized. They are fabricated by rolling graphene sheets to 
form a cylindrical shape [57]. They can enter the living cells 
without causing any damage. However, their toxicity aspect 
is yet not confirmed as no clinical trials have been done us-
ing carbon nanotubes [29, 58]. 

4.7. Gold Nanoparticles 

  They are novel in particle-based tumor-targeted drug 
deliveries [59]. Gold nanoparticles attach themselves to Tu-
mour Necrosis Factor (TNF) alpha. They further get accumu-
lated in a particular cancer site and do not disperse to the 
various parts of the body. Therefore, there are minimum tox-
ic effects of TNF on healthy cells [60]. Gold nanoparticles 
exhibit various benefits, like variety in size ranges. They can 
be formulated with an easy preparation method, they are 
biocompatible, and they can conjugate with other biomole-
cules without altering their biological properties. They are 
non-cytotoxic and are highly dispersive. They are smaller in 
size, inert in nature, and have a high surface-area-to-volume 
ratio. Hence, they can be used in drug delivery systems [61]. 

4.8. Magnetic nanoparticles  

 Magnetic nanoparticles are gearing up as a newer drug 
targeting delivery system to treat malignant tumours. In-vivo 
administration of magnetic nanoparticles (ferrofluids) bound 
to mitoxantrone (antineoplastic drug) was carried out and 
made to concentrate in the tumour cells with the help of a 
magnetic field. The accumulation of these particles in the 
tumours can be visualized utilizing MRI [62]. 

4.9. Exosomes 

 Exosomes are vesicles whose size ranges between 40–
120 nm. They are smaller in size and are naturally secreted 
by dendritic cells, macrophages, mesenchymal stem cells, 
endothelial and epithelial cells into the extracellular space. 
They can be used as targeted drug deliveries as they can ad-
here to proteins and ligands. When the plasma membrane 
fuses with the multivesicular body, exosomes are secreted in 
the body [63]. Chemotherapeutic agents, such as curcumin, 
doxorubicin, and paclitaxel, are delivered through exosomes, 
reducing side effects and increasing therapeutic efficacy [64-
66]. However, adverse immune reactions were observed in a 
study upon exosome administration to the patients [67]. Puri-
fication, analysis, and administration of exosomes are still 
challenging [68]. 

4.10. Combinational (Polymeric-Inorganic) Nanoparti-
cles 

 Oil-in-water emulsion method was used to formulate 
stable PLGA-based quinacrine –silver hybrid nanoparticles. 
They were subjected to their antitumour activity on oral can-

cer cell lines. PLGA/quinacrine/silver nanoparticles showed 
a better effect on OSCC-derived stem cells and reduced neo-
angiogenesis. Therefore, this drug delivery system can be 
considered helpful in the treatment of oral cancers [69-70]. 
 Recent studies have indicated that AGNPs do not harm 
humans and kill viruses, bacteria, and other eukaryotic mi-
cro-organisms without causing any adverse effects at low 
concentrations. Silver nanoparticles have therapeutic uses in 
cancer as anticancer agents. However, toxicological data 
related to nanoparticles cause an adverse perception of their 
use. On the other hand, toxicity may be useful in cancer 
treatments since the cytotoxic effect is desirable for cancer 
cells. Furthermore, green biosynthesis of silver nanoparticles 
is an easy, cost-effective, and ecologically sustainable meth-
od [71]. 

4.11. Solid Lipid-based Nanoparticles (SLNs) 

  They exhibit better stability, penetrate cancer cells, and 
provide drug release in a controlled manner. Chemical deg-
radation of the drug is prevented by SLNs. Furthermore, they 
are the best carriers for lower aqueous solubility drugs [29-
72]. Nanostructured lipid particles loaded with curcumin 
revealed enhanced bioavailability. It is one of the emerging 
drug deliveries used to treat OSCC [73]. Moreover, 
nanostructured lipids loaded with chemotherapeutic agents, 
such as docetaxel and etoposide, have been proven useful in 
treating oral cancer [74-76]. 

4.12. Phytosomes  

 Various plant products are explored for their phytochem-
ical, phytopharmacological, and health benefits. Flavonoids, 
tannins, terpenoids, etc., are water-soluble phytoconstituents. 
Phytosomes are lipid-based vesicular delivery systems pro-
duced by encapsulating phyto-constituents and herbal ex-
tracts into phospholipids, improving their absorption and 
bioavailability. Phytosomes are formed by molecular com-
plex through chemical bonds of phosphatidylcholine and the 
plant components in a ratio of 1:1 or 2:1. In liposomes, the 
phosphatidylcholine molecules surround the water-soluble 
substance without any chemical bond. Phytosomes exhibit 
better bioavailability in comparison to many herbal extracts. 
This facilitates their ability to cross the lipid bilayer and fi-
nally reach the systemic circulation [77]. 

5. ROLE OF CIRCADIAN RHYTHM IN MANAGE-
MENT OF ORAL CANCER. 

 Circadian rhythm is defined as an internal process that 
naturally regulates our biological processes within a 24-hour 
time frame. The word circadian is derived from the Latin 
word “Circa” which means “around,” and “diēm” means 
“day;” therefore, “Circadian” as a single word means 
“around the day” [78]. 
 In human beings, the physiological and behavioural func-
tions are rhythmically occurring throughout the days and 
nights [79]. At the beginning of a new day, our body pre-
pares to boost heart rate, temperature, and blood pressure. 
These parameters also subside when the day ends [80]. 
 Circadian rhythms play an important role in cancer 
prevalence and its development. The circadian clock controls 
many activities like hormone release, eating, sleeping, and 
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homeostasis in the body. Cancer-related processes, such as 
cell division, apoptosis, and DNA repair, are synchronised 
by circadian rhythm [81]. Circadian controls nearly 50% of 
the genome, including genes involved in metabolism, growth 
factors, and cell cycle. The disturbances in the circadian 
rhythm are key factors for oncogenesis and its development. 
Clinical studies have revealed that circadian clocks are 
linked to tumourigenesis [82-84].  

6. CANCER CHRONOTHERAPY  

 The main aim of chronotherapy in cancer management is 
to enhance treatment efficacy and reduce toxicity. Therefore, 
the administration of the drug at the best time is a key prin-
ciple in anticancer therapy [85].  
 Chronotherapy cancer research considers biological tim-
ings to improvise on the treatment profiles. This helps in 
implementing new therapeutic approaches for cancer treat-
ment [86]. Cell proliferation and metabolism of various 
drugs are controlled by circadian clocks through circadian 
physiology [87]. Research reveals that the toxicity and effi-
cacy of antineoplastic drugs depend on the dosing time [88]. 
Clinical trials have been carried out to compare chrono-
modulated chemotherapy versus conventional therapy for 
biliary duct and head and neck cancers. The antineoplastic 
drug will be best tolerated if administered at a circadian time, 
exhibiting the best antitumour activity. 5-fluorouracil, doxo-
rubicin, melphalan, or cisplatin have been studied. Automa-
ton model results were obtained by numerical simulations for 
the cell cycle, indicating that the least cytotoxic patterns of 
oxaliplatin and 5-FU circadian administration matched with 
those used clinically [89]. Circadian mutant mice and wild-
type mice were used to carry out a study on anticancer drug 
cyclophosphamide, which revealed noticeable differences in 
their responses. The time of drug administration influenced 
the sensitivity of wild-type mice. Clock mutant and Bmal1 
knockout mice were found to be highly sensitive to the 
treatment. The favourable time for drug administration can 
be extrapolated by determining the circadian rhythm of the 
DNA repair capacity of cancer and normal tissues. The exci-
sion repair activity in cancer tissues and the repair activity in 
normal tissues need to be determined. Optimal chronomodu-
lated drug delivery and cancer chronotherapy can be im-
proved by multiple preclinical models utilizing circadian 
clock genes with different properties [90]. 

7. CIRCADIAN CLOCKS AND CANCER PROGNOSIS 

 The molecular clock and tumour in the host determine 
patient outcome. In a study on mice, clock-controlled tran-
scription factors, albumin D-binding protein, transcription 
enhancer factor, rhythmic tolerability to the alkylating agent 
cyclophosphamide, and the topoisomerase II inhibitor mito-
xantrone, were found to control by the clock genes CLOCK 
and BMAL1 and homing endonuclease-like function [91, 
92].  
 In a few human cancers, clock gene expression altera-
tions were observed compared to corresponding healthy tis-
sues due to promoter methylation. Improper regulated 
CLOCK and/or CLOCK-controlled pathways in both host 
and malignant cells are identified to develop a novel tumour-
based approach to cancer chronotherapeutics [93]. 

7.1. Antineoplastic Agents Developed as Various Drug 
Delivery Systems for the Treatment of Oral Carcinomas  

  Novel polymeric nanoparticles bound with cisplatin 
were synthesized for the treatment of oral cancer. For prepar-
ing nanoparticles, N-vinylpyrrolidone and acrylic acid were 
used as polymers, and azo initiator (V50) and bisacrylamide 
were used as crosslinking agents. Accumulation of cisplatin 
in HN22 cells was determined by death induction mecha-
nism, cytotoxicity, and in vitro intracellular studies. Gingival 
fibroblast cells did not reveal toxicity with the nanoparticles. 
Nanoparticles loaded with cisplatin exhibited a slower and 
safer cancer-inhibiting effect with high cellular deposition at 
an earlier stage. They showed a higher percentage of apop-
totic cell death [94]. 
  The role of cancer cell-derived extracellular vesicles was 
investigated in mediating the action of oral squamous cell 
carcinoma (OSCC) cells to cisplatin. The Extracellular Vesi-
cles (EVs) were isolated from OSCC and characterized by 
imparting different sensitivities to cisplatin. The production 
of EV was enhanced in both de novo (H314) and adaptive 
(H103/cisD2) resistance lines compared to sensitive H103 
cells. Differences in the proteome of EVs secreted by H103 
and H103/cisD2 indicated significant changes with the adap-
tion to cisplatin. A highly similar EV protein profile was 
noticed for both resistant H103/cisD2 and H314 cells, in-
cluding downregulation of the metal ion transporter, 
ATP1B3, in the EVs, implicating altered drug delivery. 
Higher levels of cisplatin were detected in EVs compared to 
resistant cells. Hence proton pump inhibitor was used to in-
hibit the secretion of EVs, which increased drug sensitivity 
in cisplatin-resistant H314 cells [95]. 
 Bleomycin (BLM) A2–poly (lactic-coglycolic acid) 
(PLGA) microspheres were prepared by multiple emulsion 
solvent evaporation methods and investigated for their in 
vitro release, pharmacokinetics, pharmacodynamics, and 
toxicological effects. When microspheres were administered 
to dogs via intramuscular injection, it was detected that ble-
omycin A2 was completely released from the microspheres 
over 24 days. Acute toxicity study on rats revealed that dur-
ing the period from dosing till the end of the study, all rats 
remained in good condition, with smooth and bright hair, 
normal activity, and formed faeces until the end of the study. 
No significant chronic toxicity was observed during the 
study. A comparison study of conventional formulation and 
BLM microsphere concluded that the BLM microsphere 
showed less pulmonary toxicity. BLM A2–PLGA micro-
spheres showed a significant slow-release effect that might 
provide a new clinical medication option for patients with 
oral cancer [96]. 
 Temperature-sensitive Doxorubicin-Methotrexate-loaded 
Nanoparticles (DOX-MTX NPs) with down-regulation of 
MMP-2 mRNA (Matrix Metalloproteinase 2 Expression) 
profile were evaluated for safety and efficacy. 4-
nitroquinoline-1-oxide was induced to generate OSCC in the 
rats. Both intravenous and oral dosages of DOX-MTX NP 
caused a significant decrease in mRNA levels of MMP-2 
compared to the untreated group. Intravenous dosage of 
MTX-DOX was found to be more effective than free DOX 
(12fold) in inhibiting the activity of MMP-2 in OSCCs. Sig-
nificant histopathological changes in MMP-2 mRNA expres-
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sion were observed in DOX-MTX treated group. No patho-
logical changes were observed in healthy controls treated 
with oral and IV dosages of DOX-MTX NPs and no signifi-
cant change in MMP-2 amount. The cancer group showed a 
high level of MMP-2 expression compared to healthy con-
trols. These results indicated that DOXMTX NPs in IV or 
oral forms are a safe chemotherapeutic nano-drug approach 
and possess potent anti-cancer properties on aggressive tu-
mours like OSCC that drive tumour invasion and metastasis 
[97]. 
 Methotrexate (MTX) - loaded liposomes were prepared 
using the thin-film hydration method and casted in an opti-
mized mucoadhesive film. This film was evaluated for its 
thickness, sustained-release pattern, and percentage swelling 
index. A remarkable decrease in the half-maximal inhibitory 
concentration of methotrexate was observed when the cyto-
toxicity study on methotrexate - entrapped liposomal film in 
HSC-3 cells was performed using an MTT assay. A signifi-
cant mitochondrial membrane potential disruption with 
MTX-entrapped liposomal film compared to the plane drug 
was reported when evaluated for the mitochondria-dependent 
intrinsic pathway. Apoptosis rate was increased in HSC-3 
cells by almost 3-fold in MTX-entrapped liposomal film. 
The film exerted a pro-oxidant effect in HSC-3 cells, which 
was concluded by elevated levels of reactive oxygen species 
[98]. 
 Conjugated gold nanoparticles were prepared as a multi-
functional drug-delivery of Polyethylene glycol-stabilized, 
PDPN antibody (PDPN Ab), and Doxorubicin (DOX) loaded 
gold nanoparticles (AuNPs) and investigated for their cyto-
toxicity and antitumour efficacy in both chemotherapy and 
photothermal therapy. The formulated nanoparticles showed 
low toxicity, high drug loading capacity, and cellular uptake 
efficiency. Nanoparticles showed enhanced antitumour effi-
cacy in both in vitro and in vivo experiments. Considering 
this, it can be concluded that (PDPN Ab)-AuNP-DOX sys-
tem can be used as a multifunctional and versatile drug-
delivery nanoplatform for combined chemo-photothermal 
and targeted therapy against oral cancers [99]. 

8. ADVANCES IN CONTROLLED DRUG DELIVERY 
FOR THE TREATMENT OF ORAL CANCER 

 Advanced OSCC treatment regimen is restricted. Widely 
used therapeutic approaches include surgery, chemotherapy, 
and radiotherapy. They remarkably show an impact on the 
quality of life and wellbeing of the patient. Therefore, new 
drug deliveries have to be developed with minimum side 
effects. Parenteral administration of chemotherapeutic agents 
causes systemic toxicity. Hence, various new controlled drug 
deliveries are designed. The different techniques include 
photo-thermal administration of drug-loaded nanoparticles, 
local delivery, and intra-tumoural injection (Fig. 6). 

8.1. Intra-tumoural Drug Delivery in Oral Cancer 

 Intra-tumoural drug delivery in oral cancer involves the 
local administration of anticancer drugs [100-101]. A con-
trolled release system was designed with a combination of 
cisplatin and suberoylanilide hydroxamic acid. They were 
loaded into a hydrogel for the treatment of oral carcinomas 
[102]. 

8.2. Local Drug Delivery in Oral Cancer  

 Local delivery of antineoplastic agents to the oral cavity 
is a convenient and safe route of administration. Chitosan 
can be used as a mucoadhesive polymer in the local drug 
delivery for OSCC. Chitosan nanoparticles loaded with El-
lagic acid (anticancer drug having poor water solubility and 
lower oral bioavailability) were formulated, and their thera-
peutic efficacy was evaluated in a cell line derived from hu-
man oral cancer (i.e., KB cells). These nanoparticles showed 
better cytotoxicity. Local therapeutic benefits are obtained 
by targeted local delivery to cancer cells with reduced sys-
temic adverse effects [47]. 

8.3. Photo-Thermal Therapy (PTT) 

 Phototherapy is a minimum invasive method and is used 
to treat cancers. Photo Dynamic Therapy (PDT) involves 
photosensitizing agent administration that follows irradia-
tion. These radiations are then absorbed by the agent at a 

 
Fig. (6). Delivery of chemotherapeutic drugs by nanoparticle to tumour cells. (A higher resolution / colour version of this figure is available in 
the electronic copy of the article). 
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particular wavelength. Reactive Oxygen Species (ROS) are 
generated by the photosensitizer followed by Near-Infrared 
(NIR) light. It causes apoptosis of cancer cells. This method 
effectively kills the carcinogenic cells, but photosensitizer 
accumulation in the tumour is low [103, 104]. In photothera-
py, various agents absorb light and generate heat, thus de-
stroying the neoplastic cells and removing the tumour [105-
109]. 

CONCLUSION 

  Novel drug delivery systems minimize the adverse ef-
fects exhibited by conventional anticancer therapies. The 
drug delivery systems designed for oral cancer consist of the 
antineoplastic drugs and drug encapsulating carriers with 
effective drug delivery methods to the tumours. The different 
carriers used are natural, synthetic, or a combination of the 
materials. They are designed as micelles, hydrogels, den-
drimers, carbon nanotubes, magnetic nanoparticles, and 
nanolipids. Intratumoral, photothermal, and ultrasound-
mediated microbubbles are novel approaches for oral can-
cers. Novel and controlled drug delivery systems are de-
signed to improve drug release profiles and minimize the 
side effects of the drugs; however, it remains a challenge. 
The main obstacle is commercializing the novel delivery 
systems and reproducing them to a larger scale. A personal-
ized drug delivery system by understanding the histological, 
molecular and circadian profile of a particular tumour is de-
sired to be a better approach to treating patients with oral 
cancer.  
 Chronotherapeutic approaches can enhance treatment 
strategies for cancer with the study of the circadian system. 
Disturbances in the circadian rhythm also affect the immune 
system and increase tumor formation. Tumour growth can be 
minimised by restoring normal circadian rhythmicity. Ad-
ministering the cancer therapies at the proper time will en-
hance treatment efficacy and improve patient outcomes. The 
co-relation of circadian rhythms and cancer interactions has 
to be studied to develop newer treatments.  

LIST OF ABBREVIATIONS 

OSCC = Oral Squamous Cell Carcinomas 
HPV = Human Papilloma Virus 
HNSCC = Head and Neck Squamous Cell carcinoma 
RES = Reticulo Endothelial System 
TNF = Tumour Necrosis Factor 
MRI = Magnetic Resonance Imaging 
EV = Extracellular Vesicles 
BLM = Bleomycin 
ROS = Reactive Oxygen Species  
MTX = Methotrexate 
PDT = Photo Dynamic Therapy 
NIR = Near-Infrared 
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Aim: Ivabradine hydrochloride is a hyperpolarized activated channel blocker used for symptomatic
treatment of chronic angina pectoris. However, due to its short half-life it is rapidly eliminated from
systemic circulation. Materials & methods: Floating in situ gel was formulated using sodium alginate and
HPMC K 100 M by pH induced ion gelation technique employing 32 factorial design for optimization and
evaluated. Results: The in situ formulation remained buoyant in gastric environment for 12 h. Optimized
formulation sustained and prolonged drug release in comparison with marketed product. Kinetic analysis
of drug release indicated non Fickian mechanism. Short term stability studies showed no significant
changes indicating good formulation stability. Conclusion: Formulated in situ solution shows potential
effective sustained release over a prolonged period of time.
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Over the last few decades, as technology in the pharmaceutical industry has advanced, Innovations in drug delivery
have advanced with technology in the field of pharmaceutical product development [1,2]. Oral route of drug delivery
is considered to be most preferred because of its several advantages such as ease of administration, flexibility in
designing, ease of production and cost efficacy [3–5].

Ivabradine hydrochloride is a hyperpolarization activated cyclic nucleotide gated channel blocker used for
symptomatic treatment of chronic angina pectoris and chest pain, which is characterized by insufficient and
inadequate supply of oxygen to diminish the pain [6]. Hence, immediate and sustained balance of oxygen is the
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requirement to diminish chest pain. Ivabradine is the drug that decreases the oxygen demand and hence balancing
oxygen supply and demand. Ivabradine hydrochloride has the plasma half-life of 2 h, hence rapidly eliminated
from the circulatory system.

The following events may occur when ivabradine hydrochloride fast release formulations are used in clinical
practice: The heart rate lowers very quickly (below 50 beats/mins) or the patient develops symptoms of bradycardia
as the plasma drug concentration rises very quickly. When the blood level is too high, there are detrimental effects,
and when it is too low (below the therapeutic range) there are no therapeutic effects. Hence, a sustained release
formulation of ivabradine or pharmaceutically acceptable salts therein is need of the hour to reduce the peak-valley
occurrence of ivabradine plasma drug concentration, which leads to quick increase in drug concentration in blood
followed by quick elimination [7].

Literature reports various approaches of delivery systems to overcome drawbacks associated with ivabradine
hydrochloride by oral route like orodispersible tablet, matrix tablet [8], gastro-retentive floating tablet [9], press
coated tablets for floating pulsatile drug delivery of ivabradine [10].

In situ gel forming technologies have received a lot of attention as vehicles for long-term drug administration due
to the advantages offered like ease and convenience of administration and reduced dosing frequency [11–13]. Oral drug
delivery methods with in situ gel formation are a game changer. These hydrogels are liquid at ambient temperature,
but they gel when they come in touch with bodily fluids or change in pH, and they have a temperature-dependent
and cation-induced gelation feature [14–16]. Also, in situ solution increases residence time due to gel formation, can
be easily administered to unconscious patients and does not lead drug accumulation [17]. Thus, in the present study
an attempt was made to formulate and evaluate floating oral in situ gel of ivabradine hydrochloride to achieve
sustained drug release for prolonged period of time.

Due to the practicability of sodium alginate and HPMC K 100 M, which leads to the formation of a stable
sol/suspension system to hold the dispersed drug with other excipients, the pH induced ion-gelation technique
was utilized in the current investigation. The gelling of the sol/suspension system is to be accomplished in a
stomach environment, induced by ionic complexation as a result of pH shift, enabling rapid and sustained drug
administration. The formulation contains sodium alginate with calcium carbonate (as a source of Ca2+) and
sodium citrate to prevent ex-vivo gelation, which complexes the free Ca2+ ions and releases them only in the acidic
environment of the stomach, which facilitates the formulation to remain in liquid state until it reaches the acidic
environment of the stomach, where sodium alginate gels instantly [16,18,19]. To achieve the goal, a 32-factorial design
was used, and the resulting formulation was tested for floating lag time, viscosity and in-vitro drug release.

Materials & methods
Materials
Ivabradine hydrochloride was received as research gift sample from Simson Pharma Ltd, Mumbai, India. Sodium
alginate and trisodium citrate were purchased from S.D. Fine-Chem. Ltd, Mumbai, India. HPMC K100M from
Otto Chemie Pvt. Ltd, Bangalore, India. Calcium carbonate from Loba Chemie Pvt. Ltd, Mumbai and methyl
paraben from Hexon Laboratories Private Ltd, Ahmedabad, India.

Differential Scanning Calorimetry study
The Differential Scanning Calorimetry (DSC) is a sensitive technique to study the thermotropic effect of pharma-
ceutical ingredients and drug [20]. The pure API as well as the physical mixtures of drug-excipients was weighed
about 4 mg and crimped separately in two aluminium pans and placed appropriately in the DSC 60 apparatus
against an empty pan (i.e., Reference pan). The nitrogen gas constantly supplied with the sample at the rate of
30 ml/min with a simultaneous increase in the temperature from 30–350◦C. Obtained DSC spectra was interpreted
for drug stability [21,22].

Method of preparation of in situ gelling solution
Sodium alginate solution of 0.5, 0.75, 1% w/v concentration was prepared respectively using deionized water
containing 0.4% w/v; sodium citrate to which HPMC K100M of 0.35, 0.5, 0.75% w/v was added respectively
with continues stirring to form a homogenous solution at 60◦C on magnetic stirrer [18]. Then, the solution was
cooled to below 40◦C and appropriate amount of calcium carbonate (1% w/v), ivabradine hydrochloride (0.1%
w/v) and sodium propyl paraben (0.09% w/v) were added and final volume as made up to 100 ml with deionized
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Table 1. Composition table for formulated ivabradine hydrochloride in situ solution.
Ingredients Formulations (W/V)

F1 F2 F3 F4 F5 F6 F7 F8 F9

Ivabradine hydrochloride (mg) 100 100 100 100 100 100 100 100 100

Sodium alginate (mg) 500 500 500 750 750 750 1000 1000 1000

HPMC K100M (mg) 350 500 650 350 500 650 350 500 650

Tri-sodium citrate (mg) 450 450 450 450 450 450 450 450 450

Calcium carbonate (mg) 1000 1000 1000 1000 1000 1000 1000 1000 1000

Methyl paraben (mg) 90 90 90 90 90 90 90 90 90

Deionized water Qs (ml) 100 100 100 100 100 100 100 100 100

water [23–26]. Schematic presentation of preparation of in situ gelling solution has been depicted in graphical abstract
and composition of formulation is shown in Table 1.

Experimental design
A 32-factorial design has been applied to optimize the best fit polymer for in situ gel formation, as well as the quantity
of polymer needed to achieve the necessary strength, floating lag time and drug release. Nine different variants
of experimental formulation were chosen using a 32factorial design. The study design includes two independent
variables: X1 represents the quantity of sodium alginate, and X2 represents the quantity of HPMC K100M. The
dependent variables Y1, denotes percentage drug release at 10th h, Y2 effect on lag time and Y3 effect on viscosity
of formulation. Supplementary Table 1 represents the investigated variables according to experimental design. The
major impacts were derived after statistical analysis of the experimental data using Design Expert version 13 (State
Ease). The influence of independent factors on responses was evaluated using a contour plot and a 3D response
surface plot. The desirability technique was used to optimize the formulation, which was assessed for responses and
the experimental data was compared with the anticipated values provided by software [14,20,27].

Evaluation of in situ gelling solution
Physical appearance & pH measurement

Color, smell and clarity of prepared solutions were visually assessed against a dark and white background. A
previously calibrated digital pH meter was used to determine the pH. All pH measurements were carried out in
triplicate.

Measurement of viscosity

The viscosity of prepared formulation was measured by using Brook field viscometer (Viscolead RVD) using S21
spindle at 50 r.p.m. All measurements were done in triplicate [26,28].

In-vitro buoyancy studies
The determination of floating lag time

The time needed for the gel to float after oral administration of the solution is measured by visual examination
using a USP Type II apparatus containing 900 ml simulated gastric fluid (0.1 N HCl pH 1.2) at 50 r.p.m. and a
temperature of 37◦C [29].

Determination of duration of floating

The time period for which the formulation constantly floats on the surface of dissolution medium is known as
the duration of floating which is determined by using a dissolution test apparatus USP Type II (Paddle apparatus)
containing 900 ml of 0.1 N HCl pH 1.2 at temperature 37 ± 0.5◦C [30].

Drug content

To estimate the quantity of drug in the formulation, 10 ml of in situ gel (equivalent to 10 mg of drug) was accurately
measured in a 100 ml volumetric flask, 70 ml of 0.1 N HCl (pH 1.2) was added, and the mixture was shaken for
30 min on a mechanical shaker (REMI), followed by 15 min of sonication. Visually, complete dispersion of the
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contents was ensured, and volume was adjusted up to 100 ml using the same buffer. After filtering the solution
with Whatman filter paper, the UV absorbance was measured at 286 nm with 0.1 N HCl, pH 1.2 as a blank [15,20].

In-vitro gelling capacity

The 1 ml of formulation was placed in glass test tubes containing 10 ml of gelling medium (0.1 N HCl pH 1.2)
equilibrated at 37 ± 0.5◦C to evaluate the in-vitro gelling capability. The formulation solution was added to the
gelation medium using a micropipette, and the time it took for the created gel to dissolve was visually measured.
The gelling capability was divided into three groups based on the stiffness of the produced gel and the time duration
for which it retains its integrity into three categories [16,31]. (I) Gel after a few minutes, but disperse quickly (+)
(II) immediate gelation that lasts for a few hours (++) (III) immediate gelation that lasts for a long time (+++).

Density measurement

Water displacement method was used for determination of density of in situ gel. About 10 ml of formulation was
transferred to 0.1 N HCl, pH 1.2 so that it turned into gel. After draining the excess HCl, the gel was weighed.
Before recording the volume occupied, the weighed gel wastransferredinto a 50 ml measuring cylinder and left to
settle to the bottom. The density was estimated using the mass-to-volume ratio of the gel [32,33].

Density =
Mass

Volume

Measurement of water uptake studies by gel

The solution was added into 10 ml 0.1 N HCl, pH 1.2 to obtain a gel. The remaining 0.1 N HCl was then
drained and gel was weighed using the electronic weighing balance. The initial weight of gel was noted, further,
the obtained gel was transferred to 10 ml of distilled water, placed aside for 1 h and weighed again. The process
was continued by replacing the water every hour along with weighing of the gel for a period of 6 h and difference
between the initial weight and final weight was reported [34,35].

Water Uptake =
Final Weight − Intial Weight

Intial Weight
× 100

In-vitro drug release

The drug release studies for formulation was performed using a USP type 2 paddle type apparatus, at 50 r.p.m.,
required to prevent the gelled formulation from breaking. The dissolving media was 900 ml of simulated stomach
juice (0.1 N HCl, 1.2 pH) and the temperature was set at 37 ± 0.5◦C [36]. About 5 ml of formulation (equivalent to
5 mg of drug) was transferred into the dissolution vessel without disturbing the dissolution medium till it converts
into gel. After every specified time of interval 5 ml sample was removed and replaced with the same amount of
buffer solution. Then the sample was filtered using Whatman filter paper no 41 suitably diluted and analyzed using
UV spectrophotometer at 286 nm [14,37].

Kinetic analysis of drug release

To comprehend the sequence and mechanism of drug release following formulation, the in-vitro release data were
subjected to mathematical model analyses using PCP DISSO V3 software. The best fit model was optimized based
on obtained R2 value [38–40].

Statistical analysis

The experimental data was analyzed using one-way analysis of variance (ANOVA) and polynomial equations using
Design Expert software V13 (State Ease). To match the mixed design, these equations are modified from generic
polynomial equations by removing the intercept and squared terms [41]. Effect on lag time, viscosity and drug release
at 10th h were all fitted to linear, cubic and quadratic models at the same time. p-value (should be 0.05) which
indicates that model terms are significant, lack of fit (F-value), adjusted R2, predicted R2, adequate precision and
residual sum of square [42–44].
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Table 2. In vitro evaluation of formulated in situ gel of ivabradine hydrochloride.
Formulation
code

pH Viscosity
(cps)

Floating lag
time (s)

Floating
duration (h)

% Drug
content

Gelation time (s) Gelling
capacity

Gel density
(gm/cm3)

Water
uptake (%)

F1 73 ± 0.094 33 ± 0.942 00 ± 0.816 �12 79 ± 0.733 00 ± 0.816 +++ 596 ± 0.083 66

F2 96 ± 0.041 33 ± 0.942 00 ± 0.816 �12 62 ± 0.543 66 ± 0.471 +++ 665 ± 0.076 80

F3 33 ± 0.276 66 ± 1.247 00 ± 1.414 �12 51 ± 0.449 66 ± 0.942 +++ 841 ± 0.044 95

F4 43 ± 0.120 66 ± 0.471 66 ± 0.471 �12 99 ± 0.257 66 ± 0.471 +++ 726 ± 0.078 44

F5 59 ± 0.032 33 ± 0.942 66 ± 0.471 �12 67 ± 0.338 33 ± 0.471 +++ 742 ± 0.093 88

F6 65 ± 0.024 66 ± 1.247 66 ± 0.942 �12 03 ± 0.485 33 ± 0.471 +++ 775 ± 0.089 08

F7 14 ± 0.218 00 ± 1.414 33 ± 1.247 �12 37 ± 0.349 00 ± 0.816 +++ 787 ± 0.117 06

F8 38 ± 0.190 00 ± 0.816 00 ± 0.816 �12 44 ± 0.506 33 ± 0.471 +++ 784 ± 0.067 97

F9 53 ± 0.083 00 ± 1.632 00 ± 0.816 �12 58 ± 0.167 00 ± 0.816 +++ 891 ± 0.056 10

Optimization

The numerical optimization was carried out utilizing the desirability method to indicate the optimal setting of
formulation variable. Setting limits on each response led to the development of an optimal formulation. The
constraints was set to minimize the effect on Lag time and effect on viscosity, while maximize the drug release at
10th h. For each response, the created formulation was assessed, and the experimental results were compared with
the anticipated values using a polynomial equation to determine the residual error [45–47].

Comparison study with marketed product

The optimized formulation of in situ gel was compared with the conventional marketed product (ivabeat 5 mg per
day tablet) for in-vitro drug release [48,49].

Stability study

According to ICH standards, a stability analysis of an optimized formulation was conducted. The prepared
formulation was sealed in an amber-colored glass container and maintained in a stability chamber for 6 months at
40 ± 2◦C and 75 ± 5% relative humidity. At a specified time interval, the samples were collected and analyzed for
statistical changes in physical appearance, pH, drug content, viscosity, lag time and in-vitro dissolution profile [50,51].

Results & discussion
Compatibility study by DSC
Thermograms of pure ivabradine hydrochloride; physical mixture (API with sodium alginate, HPMC K100 M,
calcium carbonate, sodium citrate); and the optimized ivabradine hydrochloride-loaded in situ solution are illus-
trated in Supplementary Figure 1. The thermogram of pure ivabradine hydrochloride showed a sharp endothermic
peak at 196.43◦C, corresponding to its melting point and indicates the crystalline nature of the drug [39]. Physical
mixture had sharp endothermic peak at 168◦C. There was no appreciable change in the melting endotherm of
drug in physical mixture which indicates that the drug and polymers are compatible with each other. Thermogram
of the optimized ivabradine hydrochloride loaded in situ solution showed broad peak revealing drug and polymer
in solution form.

Evaluation of in situ gelling formulation
Physical evaluation of in situ gel

In situ solution formulations when observed against contrast light showed clear solution free from aggregates, with
a calcite odor due to presence of CaCO3. Sol to gel transformation in pH 1.2 formed appeared white, translucent
with rigid structure.

pH of the in situ formulation

The pH range of formulation was observed to be in 7.73–8.65, which is considered as acceptable range. This pH
range is suitable for oral consumption, and facilitates gel formation which floats when comes in contact with gastric
fluid. Measured pH values are reported in Table 2.
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Measurement of viscosity
An acceptable formulation must have an optimal viscosity that allows for easy consumption as a liquid, and it must
instantly gel in gastric pH. The concentrations of sodium alginate and HPMC K100 M were set for this purpose in
order to optimize the formulation. The viscosity was reported to be between 64.33 and 590 cps. F1 containing low
concentration of sodium alginate as a gelling polymer and HPMC K100 M as a thickening polymer showed least
viscosity while, F9 showed highest viscosity of 590 cps due to the high concentration of both polymers. Viscosity
was found to be directly proportional to polymeric concentration. The rheological assessment of all formulations
has been tabulated in Table 2.

In-vitro buoyancy studies
In-vitro buoyancy studies in pH 1.2 revealed the lag time between the range 16 ± 0.816 and 73 ± 0.816 s. That
floats for more than 12 h. When the formulation was poured in the medium, the CO2 generated by the formulation
was trapped in the gel network, resulting in a buoyant formulation. Further, when calcium ions react with sodium
alginate, a crosslinked 3D gel network forms, which swells and traps additional CO2. The buoyancy and flotation
were induced by the entrapment in the network structure over a longer period of time. In-vitro buoyancy studies in
pH 1.2 reported lag time between in the range 16 ± 0.816 and 73 ± 0.816 s and floating duration for more than
12 h. In addition, the gel network slows drug release, resulting in a prolonged release pattern and showed that all of
the formulations had a very minimal floating lag time. In situ gel formulations floating time and floating durations
are shown in Table 2.

Drug content
To ensure uniform distribution of drug in liquid formulation drug content was determined. Because the produced
formulations are liquids, consistent drug dispersion is required for optimal dose delivery. All formulations reported
a percent drug concentration in the range of 92.03 ± 0.485 to 98.37 ± 0.349 % and the same is tabulated in
Table 2, demonstrating homogeneous drug distribution in the formulations of in situ gel.

In-vitro gelling capacity
All of the formulations immediately gelled, and the gel structure remained intact for more than 12 h. All of the
formulations gelled within 10 s, indicating that calcium ions were released when the formulation was exposed to
an acidic environment. These cations create a complex network with sodium alginate, resulting in the formation of
a strong gel. Because drug molecules must travel through complexed 3D structures of polymer chains to reach the
physiological milieu, the gel’s stiffness is crucial for delayed drug delivery. In-vitro gelling capacity of formulated
in situ solutions is shown in Table 2.

Density measurement
The density of the in situ gel should be less than 1.004 gm/cm3 for the formulations to float in the stomach region.
All formulations had densities less than 1 gm/cm3. As a result, they floated for an extended period of time. It
was observed that as the polymeric concentration increased, the densities of the formulations gradually increased.
The weight of the gel increased as a result of increased water absorption. Table 2 reports the densities for various
formulated gels.

Water uptake studies by gel
The amount of water present in the system influences drug release from the polymer matrix. Water uptake studies
indicate that formulation F9 has the highest water uptake of 38.1% because it has the highest concentration of
sodium alginate and HPMC K100, which expands as it absorbs water, while formulation F4 showed the lowest
water uptake of 19.44% owing to the lowest concentration of polymers. The results of the water uptake has been
reported in Table 2.

In-vitro drug release
Prepared formulations were studied for in-vitro drug release, results revealed concentration of polymers influenced
drug release. Increase in polymer concentration resulted in a significant decrease in the rate and extent of drug
release. This could be due to an increase in the density of the polymeric system, which causes the drug molecules
to travel a longer diffusional path. In addition, HPMC K100M acts as a swelling agent, retards drug release to a
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Table 3. Actual design formulation as per 32 full factorial design using Design Expert software V13 (state ease).
Run Sodium alginate (X1) Hpmc K100 m (X2) Effect on lag time (Y1) Effect on viscosity (Y2) Drug release At 10 h (Y3)

Concentration Coded level Concentration Coded level

F1 750 0 650 +1 28.66 319.66 85.33

F2 500 -1 350 -1 16.00 640.33 94.07

F3 1000 +1 350 -1 56.33 467.00 93.31

F4 1000 +1 650 +1 73.00 590.00 67.96

F5 750 0 350 -1 22.66 204.66 88.78

F6 750 0 500 0 24.66 229.33 84.39

F7 500 -1 500 0 19.00 168.33 91.12

F8 500 -1 650 +1 22.00 307.66 92.82

F9 1000 +1 500 0 64.00 516.00 75.02

Table 4. 32 full factorial design response parameters by analysis of variance.
Response F-value p-value Adjusted R2 Predicted R2 Adeq. precision

Y1 231.96 0.0004 0.9931 0.9688 37.2074

Y2 85.260 0.0020 0.9814 0.9175 25.9826

Y3 15.720 0.0056 0.8466 0.6810 11.0476

Polynomial equations for responses

Y1 (Effect on lag time) 24.96 + 22.72*X1 + 4.78*X2 + 2.67*X1X2 + 16.39*X12 + 0.5550*X22

Y2 (Effect on viscosity) 237.22 + 172.11*X1 + 80.22 *X2–30.08 *X1X2 + 101.00 X12 + 21.00*X22

Y3 (Drug release at 10 h) +85.87–6.95 *X1–5.01 *X2–6.02 *X1X2

greater extent. Formulations demonstrated greater than 90% drug release, at the end of 12th h with the exception
of F8 and F9, having highest concentration of HPMC K100M, causing prolonged drug release. Due to the high
concentration of sodium alginate and HPMC K100 M, F9 showed lowest drug release after 12 h and due to the
lowest concentration of both polymers, F1 showed more than 90% drug release within 8 h. Formulations, F6, F8
and F9 demonstrated the required drug release for up to 12 h. The drug release profile from formulation F1–F9 is
depicted in Figure 1.

Kinetic study
The mechanism of drug release, from release data of all in situ formulations was analyzed using PCP DISSO V3
software for Zero order, First order, Higuchi model, Korsmeyer–Peppas model and Hixson–Crowell model. Based
on various kinetic equations and correlation coefficient (R) values were used to assess the goodness of fit. The
values of R for formulations were found higher for the Korsmeyer–Peppas model 0.9722 to 0.9993. The release
exponent ‘n’ value in the Korsemeyer–Peppas equation is between 0.45 < n <0.89, indicating that the mechanism
was proven to be non Fickian, exhibiting continuous and uniform drug release over an extended time, which is a
desired feature for any sustained release formulation. Drug release kinetic profiles of ivabradine hydrochloride in
situ formulation is given in Supplementary Table 2.

Statistical analysis
Design Expert software was used to analyze the experimental data. The response was evaluated using a generic
quadratic equation with interactive and polynomial terms. The ANOVA was performed to assess the model’s
significance as well as to quantify the influence of independent components on dependent variables. The link
between the variables and answers is represented by polynomial equations, while the kind and size of the relationship
is represented by the coefficient of various terms. According to the ANOVA result probability value (p < 0.05)
as well as model F-value for all the models were statistically significant. The predicted R2 value shows reasonable
agreement with adjusted R2 value; in other words, all responses have the difference is less than 0.2. Adeq. Precision
measures the signal to noise ratio a ratio greater than 4 is considered as desirable. The obtained ratio of 37.2074
for effect on lag time; 25.9826 for effect on viscosity and 11.0476 for drug release at 10th h indicates an adequate
signal. So, this model can be used to navigate the design space as depicted in Table 4.
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Figure 1. Drug release profile of % cumulative drug release versus time (h) for F1–F9 formulation.

Table 5. The observed and predicted values for the optimized in situ gelling formulation.
FACTOR Optimized level

X1: Sodium alginate 875 mg

X2: Hpmc K100 M 456 mg

Response Predicted value Observed value % Residual error

Y1: Effect on lag time (s) 38.670 36.84 ± 0.664 4.96

Y2: Effect on viscosity (Cps) 331.202 33.48 ± 0.593 0.21

Y3: Drug release at 10 h (%) 84.740 83.53 ± 0.659 1.44

Results revealed that the concentration of sodium alginate and HPMC K 100 M was found to have synergistic
effect on lag time and viscosity. This indicated that as the concentration of both the polymers increases simultane-
ously the lag time and viscosity increases. Furthermore, concentration of HPMC K 100 M with combination of
sodium alginate significantly retards the drug release at 10th h. The same was reflected in the contour and response
surface plots which describes relation between factors and responses. (Supplementary Figures 2, 3 & 4). Actual
design of formulation as per 32 full factorial design using design expert software given in Table 3.

Optimization of the formulation
The numerical optimization technique utilizing the desirability approach and the graphical optimization strategy
using the overlay plot were utilized to produce an optimal formulation (Figure 2). To obtain the required response,
an optimal formulation was developed by placing limitations on each component. At the 10th h, constraints were
imposed to reduce lag time and viscosity while maximizing drug release. The design expert program provides
the proposed optimal formula consisting of 875 mg w/v sodium alginate and 465 mg w/v HPMC K100 M,
which has a desirability of 0.789, based on the imposed restrictions. At the 10th h, the observed values for lag
time, viscosity and drug release (36.84 ± 0.664 s, 330.48 ± 0.593 cps, 83.53 ± 0.659%) were very near to the
anticipated values (38.671 s, 331.212 cps, 84.743%) with a relative error of less than 5%. Thus, confirming the
validity of predicted model shown in Table 5.
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Critical quality attributes in the present study were suitable polymer for in situ gel formation and the amount of
polymer required to obtain the desired strength, floating lag time and drug release. These are optimized by 32 full
factorial design. Critical process parameters (CPP’s) were speed of magnetic stirrer and temperature maintenance.
We used digital speed and temperature controlled magnetic stirrer to control CPP’s.

Comparison study with marketed product
The optimized 32 factorial design formulation was compared with the commercially available marketed product
(ivabeat 5 mg per day tablet) for drug release studies. From the obtained result, the marketed product showed
98.136% drug release in 5 h. At the initial stage burst effect was observed in marketed product. Optimized
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formulation showed 83.53% at the end 10th h, depicted in Figure 3. Results indicate that the marketed product
released drug within 5 h while formulated in situ gel could sustain and prolong drug release for more than
10 h; thereby, increasing efficacy of drug with reduced dosing frequency.

Stability study of the optimized product
Short term stability studies of optimized 32 factorial design formulation for 6 months at 40 ± 2◦C and 75 ± 5%
relative humidity reveals no significant change for pH, physical appearance, viscosity and drug content, given in
Supplementary Table 3. This indicated stability of formulation during storage.

Conclusion
A successful attempt has been made to develop floating oral in situ gel of ivabradine hydrochloride using gelling
polymer sodium alginate and release retarding agent HPMC K100 M which showed significant effect on phase
transition from sol to gel by pH induced ion gelation method. The numerical optimization technique was
successfully employed by imposing constraints on the responses. The experimental data for the optimized 32 full
factorial design formulations was found to agree well with the predictions of the polynomial models, proving the
models’ validity. Study concludes that Ivabradine HCl which is rapidly eliminated from systemic circulation due
to its short half-life on oral administration can be successfully formulated as oral in situ gel floating drug delivery
system which could extend the drug release for prolonged duration of time.

Summary points

• In the present study an attempt was made to formulate and evaluate floating oral in situ gel of ivabradine
hydrochloride to achieve sustained drug release for prolonged period of time.

• For sustaining the release of the drug from the polymer matrix, sodium alginate was chosen as the gelling
polymer and HPMC K100 M as the release retarding polymer.

• The pH of the formulations was found to be in the range of 7.73–8.65 and the viscosity was found to be between
64.33 and 590 cps. The drug content was found to be 92.03–98.37% and the in-vitro gelling capacity of
formulated in situ solutions indicated immediate gelation within 10 s, and remained intact for more than
12 h when comes in contact with 1.2 pH buffer.

• Then the in situ gel structure capable to remain intact for more than 12 h in the gastric region and showed a
sustained drug release for 12 h.

• The contour and response surface plots describes relation between factors and responses. Results depicted that
concentration of sodium alginate and HPMC K100 M was found to have synergistic effect on lag time, viscosity
and significantly retards drug release at 10th h.

• The optimized 32 full factorial design formulation was compared with commercially available marketed product
for drug release. Results revealed that the in situ solution was better as it showed prolonged drug release than
the marketed product.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.future-science.com/doi/

suppl/10.4155/tde-2022-0008
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38. Wu IY, Bala S, Škalko-Basnet N, Di Cagno MP. Interpreting non-linear drug diffusion data: utilizing Korsmeyer–Peppas model to study
drug release from liposomes. Eur. J. Pharm. Sci. 138, 105026 (2019).

39. Paarakh MP, Jose PA, Setty C, Christoper GP. Release kinetics – concepts and applications. Int. J. Pharm. Res. Tech. 8(1), 12–20 (2018).

40. Venugopalaiah P, Ramesh Y, Saravanakumar K. Formulation and evaluation of oral in situ gel of glimepiride. Int. J. Pharmacomet. Integr.
Biosci. 2(2), 50–55 (2017).

41. Jivani RR, Patel CN, Patel DM, Jivani NP. Development of a novel floating in situ gelling system for stomach specific drug delivery of
the narrow absorption window drug baclofen. Iran J. Pharm. Sci. 9(4), 359 (2010).

42. Moganti M, Shivakumar HN. Oral raft forming in situ gelling system for site specific delivery of calcium. J. Drug Deliv. Sci. Technol. 61,
102113 (2021).

43. Patel RP, Dadhani B, Ladani R, Baria AH, Patel J. Formulation, evaluation and optimization of stomach specific in situ gel of
clarithromycin and metronidazole benzoate. Int. J. Drug Deliv. (2), 141–53 (2010).

44. Harish NM, Prabhu P, Charyulu RN, Gulzar MA, Subrahmanyam EV. Formulation and evaluation of in situ gels containing
clotrimazole for oral candidiasis. Indian J. Pharm. Sci. 71(4), 421 (2009).

45. Nagarwal RC, Srinatha A, Pandit JK. In situ forming formulation: development, evaluation, and optimization using 32 factorial design.
AAPS PharmSciTech 10(3), 977–984 (2009).

46. Rathod H, Patel V, Modasiya M. In situ gel: development, evaluation and optimization using 32 factorial design. J. Pharm. Sci. 3(4),
1156 (2011).

47. Giri T, Shivsharan K. Development, evaluation, and optimization of Gellan gum based in situ gel using 32 factorial designs. Int. J. Bus.
Res. 2(2011), 235–245 (2011).

48. Shailaja P, Jyothsna B. Formulation and evaluation of floating in situ gel of ciprofloxacin. Int. J. Appl. Pharm. 11(1), 198–204 (2019).

49. Sharma S, Sarkar G, Srestha B, Chattopadhyay D, Bhowmik M. In situ fast gelling formulation for oral sustained drug delivery of
paracetamol to dysphagic patients. Int. J. Biol. Macromol. 134, 864–868 (2019).

50. Waghulde V, Saudagar R. Formulation development and evaluation of pH triggered in situ ophthalmic gel of besifloxacin hydrochloride.
J. Drug Deliv. Ther. 8(5), 313–321 (2018).

51. Sindhoor SM, Priya SN, Maxwell AM. Formulation and evaluation of novel in situ gel of lafutidine for gastro-retentive drug delivery.
Asian J. Pharm. Clin. Res. 11(8), 88–94 (2018).

10.4155/tde-2022-0008 Ther. Deliv. (Epub ahead of print) future science group



Vol.:(0123456789)1 3

Topics in Catalysis 
https://doi.org/10.1007/s11244-022-01705-3

ORIGINAL PAPER

Chitosan‑Graft‑Poly (N‑Isopropylacrylamide)Co‑Polymer as a Carrier 
for Targeted Delivery and Enhanced Catalytic Activity of Capecitabine

Archana S. Patil1  · Nitin P. Ambhore2  · Shailendra S. Suryawanshi3  · Parixit J. Bhandurge3  · 
Deeparani K. Urolagin4  · Sivaiah Kummara5

Accepted: 16 September 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
The efficient biodistribution and controlled release of medications or genes at specific site are made possible by the use of 
stimuli-responsive or intelligent polymers. Pathologically challenged tissue has fundamental qualities that are very different 
from those of typical, healthy cells. These characteristics have been useful in creating endostimuli-responsive nanocarriers 
for the efficient delivery of drug cargoes. The site-specific release of medications delivered by nanocarriers can take advan-
tage of the tumour microenvironment's increased temperature and acidic pH. Capecitabine, is enzymatically catalysed to 
5-FU, the active compound by sequential enzymatic steps with the last step catalyzed by the tumor-associated angiogenic 
factor thymidine phosphorylase which is more abundantly expressed in many types of human tumours than in healthy tis-
sues catalyses. Thus, the site specific delivery of capacitabine to tumor microenvironment enhance its catalytic activity 
and increase the selectivity of 5-FU for tumor cells and  decrease plasma levels of 5-FU. The goal of this research was to 
synthesize the co-polymer chitosan-g- poly (N-isopropylacrylamide) (CS-g-PNIPAm) and evaluate it as a dual responsive 
carrier for targeted Capecitabine delivery. For this, the co-polymer was synthesized, its responsiveness was optimized to 
tumour microenvironment conditions of pH and temperature. The Capecitabine was subsequently encapsulated in the syn-
thesised co-polymer, and the physicochemical properties of the produced nanoparticles were assessed. When comparing the 
physiological pH and temperature to acidic pH (6.8) and higher temperature (39 °C), the in vitro stimuli driven drug release 
investigation found that the percent drug release was greater at acidic pH (6.8) and higher temperature (39 °C). MTT assay 
as well asfluorescence microscopic study demonstrated significantly increased drug release in tumor microenvironment while 
showed minimal effect at physiological conditions. In conclusion, the synthesizedco-polymer appear to be an an efficient 
dual pH and temperature responsive carrier for targeted delivery of anti-cancer drug Capecitabine to enhance its catalytic 
activity. Higher levels of FU are thus produced within tumours with minimal exposure of healthy tissue to FU.
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1 Introduction

Cancer arises due to uncontrolled growth of cells in any part 
of the body. There are many kinds of cancer and they all start 
because of uncontrolled growth of abnormal cells [1]. A 
kind of cancer that affects the large intestine is called colo-
rectal cancer (CRC). Depending on where the cancer cells 
are located, it is also referred as colon cancer,rectal cancer 
or bowel cancer and is commonly found in the colon and 
rectum [2]. Colorectal cancer is a frequent cancer that affects 
people all over the world. With higher than 1.4 million new 
cancer cases every year, it is the second most common can-
cer in women and the third most common cancer in men [3]. 
In 2020, a predicted 1,880,725 people were detected colo-
rectal cancer. (1,148,515-colon cancer and 732,210-rectal 
cancer). The incidence rates are anticipated to be increasing 
in developing nations like India. It mainly affects those over 
the age of 50, with a growing relative risk in India [4].

Although anticancer medicines can shrink tumours and 
reduce cancer relapse, they are not organ selective and can 
harm proliferative cells as well as cause several common 
adverse effects. On the other hand, whole body drug dis-
tribution necessitates the use of high doses and repeated 
frequency of their administration. A fluoropyrimidine 
carbamate with antineoplastic action known as capecit-
abine (CAP) is frequently used to treat metastatic breast 
cancer and colorectal cancer. It is a prodrug of 5-fluoro-
uracil (5-FU), which is readily absorbed from the gastro-
intestinal system and subsequently transformed to 5-FU in 
three step reactions catalysed by various enzymes shown 
in Fig. 1. First, the carboxylesterase enzyme in the liver 
catabolizes it into 5′-deoxy-5-fluorocytidine. The enzyme 
cytidine deaminase, which is found in both tumour and liver 
tissues, deaminates it in the second step, converting it to 
5-fluoro-5′-deoxyuridine (5′dFUR). The enzyme thymidine 
phosphorylase (TP), which is more abundantly expressed 
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in many types of human tumours than in healthy tissues 
catalyses the conversion of 5′dFUR into 5-FU in the last 
stage[5–7]. While TP promotes tumour growth, it is also 
necessary to activate the chemotherapy drug capecitabine. 
Breast, bladder, gastric, colorectal, lung, esophageal, and 
cervical cancers all had higher TP expression in tumour tis-
sues compared to matching nonneoplastic tissue, whereas 
liver, common bile duct, and thyroid malignancies did not 
[8–20]. Increased amount of 5-FU is produced in the tumour 
microenvironment as a result of higher levels of TP expres-
sion in tumour cells, which results in more local effects and 
lower likelihood of systemic toxicity. Cancer patients may 
benefit from TP-catalyzed therapy depending on the type of 
tumour and the therapeutic drugs used [21]. This medicine 
has fewer side effects than infusional FU, such as stomatitis, 
diarrhoea, alopecia and nausea [22], but induces side effects 
such as myocardial infarction, thrombocytopenia, angina, 
anaemia, hand-foot syndrome, and hyperbilirubinemia in 
the traditional dosage form. This problem can be solved by 
using nanovehicles to transport the medicine to the colonic 
tumour site [23].

The topical therapy of colon disorders such as ulcerative 
colitis, Chron's disease, amoebiasis, irritable bowel syn-
drome, and colorectal cancer benefits from a colon targeted 
drug delivery method. This is due to the fact that traditional 
drug delivery systems for the treatment of colon ailments are 
ineffective because the medicine does not arrive at the site of 
action in the suitable concentration. As a result, developing 
a safe and efficacious therapy for these colorectal illnesses 
using a site-specific release formulation is a crucial and dif-
ficult undertaking. Due to a near neutral pH, a significantly 
longer transit time, lower digestive enzymatic activity, and 
a much greater reactivity to absorption enhancers, the colon 
as a site provides certain specific benefits [24]. Colon site 
specific delivery systems are intended to release a medi-
cine selectively in response to the colonic microenviron-
ment rather than releasing it prematurely into the upper 
GI tract. For the successful development of colon-specific 

drug delivery systems, it is critical to take into account the 
colon's physiological features as well as the microenviron-
ment around ailment site(s).

It has been reported that values of temperature and pH 
vary significantly in different cellular compartments and 
tissues. The tumour microenvironment becomes acidic and 
hypoxic when there is not enough oxygen present and meta-
bolic waste accumulates. Acidic extracellular tumor environ-
ment possess pH value of 6–6.8, the endosome and lysosome 
are even more acidic with lesser pH values of 5.0–5.5, which 
can be utilized for triggered drug release directly into the 
cells. Further,because of increased rate of cell proliferation, 
the temperature around and within the tumor cells is con-
sistently higher as compared to normal body temperature 
[25–27]. Therefore, whenever anti-cancer drug is targeted to 
colon for cancer therapy, tumor microenvironment pH and 
temperature needs to be considered.

In many previous studies, pH dependent delivery systems 
have been developed for targeted anti-cancer drug delivery 
to colon, wherein either colonic pH or tumor microenviron-
ment pH was considered for drug targeting [28–32]. In some 
other studies, thermosensitive delivery systems have been 
developed which provide targeted drug delivery at tumor 
site under local mild hyperthermia by enhancing permeabil-
ity at tumor vasculature [33–38]. Various studies based on 
nanotechnology such as dendrimers [39], polymeric micelles 
[40], nanoniosomes [41], nanoliposomes [42], polymeric 
nanoparticles [43] etc. were also been utilized to target 
Capecitabine to colon.

Novel treatment approaches for a variety of diseases, 
including cancer, are now possible because of the nanocar-
riers for the delivery of chemotherapeutic agents, as these 
systems show higher bio distribution and efficacy for the 
treatment. However, intracellular release of drug from nano-
particles is insufficient due to their poor cellular internaliza-
tion, which leads to inefficiency in cancer chemotherapy. 
To overcome these challenges, stimuli-responsive or intel-
ligent polymers are considered as one of the most optimistic 

Fig. 1  Catalytic pathway of 
Capecitabine
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carriers for anticancer drug delivery. Intelligent polymers are 
the polymers, which exert a reversible and sharp conversion 
in chemical and/or physical properties as a response to min-
ute changes in environmental state such as glucose, pH, tem-
perature, redox potential, magnetic field etc. [44]. Among 
the intelligent polymers, pH and temperature dual responsive 
polymers have been paid much attention because these two 
physiological factors are the typical variable parameters in 
biological and chemical systems and can be easily controlled 
during in-vitro and in-vivo conditions [45, 46]. Hence, dual 
temperature and pH responsive system is of significant inter-
est in targeted delivery of anti-cancer drug in the therapy of 
colon cancer.

Numerous thermoresponsive applications, such as chro-
matography, affinity precipitation, controlled biocataly-
sis, viable cell immobilisation, biomimetic actuators, and 
in particular, modulated drug delivery, have been studied 
extensively using crosslinked poly(N-isopropylacrylamide) 
(PNIPAm/PNIPAAm) hydrogels [47]. To create tempera-
ture-responsive assemblies, polymer systems frequently use 
the well-known temperature-responsive polymer PNIPAm. 
At temperatures close to the lower critical solution tempera-
ture, PNIPAm solutions can transform from hydrophilic to 
hydrophobic (LCST). This characteristic was employed by 
Ding and colleagues to create temperature-induced permea-
bility vesicles made of PCEMA-b-PNIPAM and poly(2-cin-
namoylethyl methacrylate) [48]. By using UV light to cross-
link the hydrophobic PCEMA block, chemically crosslinked 
polymer vesicles were formed. Under its LCST (25 °C), 
vesicle-encapsulated 4-aminopyridine was rapidly released, 
and above its LCST (50 °C), the release rate reduced. The 
membrane hydrated and swelled as a result of a change in the 
PNIPAm chains from hydrophobic to hydrophilic. Substrates 
can pass across membranes due to this phenomena, which 
also gives systems the ability to control permeability on-
and-off. It has been possible to create different temperature-
responsive polymer vesicle systems using this idea [49]. In 
comparison to traditional DDSs, cancer chemotherapy based 
on biocatalytic nanoreactors has advantages.

Satapathy SS et al., evaluated the PNIPAm-metal nano-
structures for their catalytic activity (reduction reaction of 
4-nitrophenol) and PNIPAM-Au nanospheres and PNIPAM-
Au nanorods were shown to have greater catalytic activity 
and recyclability than PNIPAM-Ag nanospheres [50]. For 
pickering emulsion stabilisation, Wang Y et al. used the 
dual responsive (pH and temperature) characteristic of CS-
g-PNIPAm to improve lipase catalytic performance for the 
hydrolysis and esterification reactions in biphasic system, 
which is important in food and industrials [51]. The PNI-
PAm hybrid gels can be used as a nanocatalyst for a variety 
of processes. Using a catalyst dose, gel shape, temperature, 
size/surface area of nanomaterials, and pH may all readily 
vary the catalytic rate [52–58].

Because of its advantageous biological characteristics, 
including biocompatibility, biodegradability, and low toxic-
ity, as well as its reactive groups, chitosan (CS) has proven 
effective in the biomedical and pharmaceutical fields [59]. 
Chitosan has recently demonstrated promise as a carrier in 
colon targeting, with data indicating that one of the crucial 
characteristics of chitosan for its successful usage in colon 
targeting may be its breakdown by colonic bacterial enzymes 
[60]. Colon-specific delivery of CS is widely regarded due 
to the high solubility of the polymer in gastric fluids. The 
polymer degrades in the colon like other polysaccharides do. 
By the enzymatic activity of the colonic microbiota, particu-
larly the -glycosidase in the colon, chitosan can maintain its 
integrity in the upper GI tract and release the medication that 
has been captured in colon [61]. Studies conducted in vitro 
have shown that CS spheres may hold onto the medication 
(Budesonide) at an acidic pH and release it when the intes-
tinal milieu is present. [62]. The CS nanoparticles have been 
studied for the colon targeted delivery of metronidazole, 
5-fluorouracil, celecoxib, insulin [63–65].

Recently, intelligent polymers and biocompatible amphi-
philic co-polymers/hybrid nanocomposites are considered 
as one of the most optimistic carriers for biomedical appli-
cations especially anticancer drug delivery [66–69], cos-
meceuticals [70], flexible and optoelectronics [71], and as 
catalyst carrier [72]. Smart materials of nanographene were 
also emerging with nano-imaging and biosensor applica-
tions [73].

Thus, in the study, CS-g-PNIPAm co-polymer which 
shows pH and temperature responsiveness was synthesized 
by combining two polymers, i.e., chitosan a pH respon-
sive, biocompatible polymer and a temperature responsive 
PNIPAm polymer which shows the LCST (lower critical 
solution temperature) of about 32 °C. At above LCST tem-
perature PNIPAm is insoluble and at below LCST tem-
perature it is soluble [66]. Further, addition of hydrophilic 
monomer chitosan increases its LCST which is required to 
achieve targeted drug delivery at tumor site [67]. The syn-
thesized co-polymer was then utilized to load anticancer 
drug Capecitabine and evaluated for its pH and temperature 
responsive drug release at acidic pH and temperature higher 
than the body temperature to achieve targeted delivery to 
tumor regions of colon. Such modified targeted site specific 
release of Capecitabine enhances its aborption, catabolism 
and there by efficacy of therapy.

2  Materials and methods

2.1  Materials

Pure drug Capecitabine was gifted by Shilpa antibiotics Pri-
vate Limited, Raichur, Karnataka India, Glacial acetic acid and 
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N-isopropylacrylamide (NIPAm) were procured from Acros 
Belgium. Gift sample of Chitosan was provided by Central 
Institute of Fisheries Technology (CIFT), Kerala (Cochin), 
India. N, N-methylenebisacrylamide (MBA), Ammonium 
persulphate (APS) and all other chemicals utilized in the study 
were of analytical-grade.

2.2  Synthesis of CS‑g‑PNIPAm co‑Polymer 

The dispersion co-polymerization was used to synthesize CS-
g-PNIPAm co-polymer [68] (Fig. 2). Briefly, specified amount 
of chitosan was dissolved in 1% solution of glacial acetic acid 
(50 ml) prepared in distilled water. Copolymerization was 
performed in a round bottom flask (three necked) provided 
with a nitrogen inlet, thermometer and condenser. Chitosan 
solution was transferred to round bottom flask, degassed with 
the help of nitrogen gas for 30 min. Then, with vigorous stir-
ring, NIPAm and MBA were added to the chitosan solution. 
After there action solution temperature was increased to 50 °C, 
the initiator APS was added. The reaction solution becomes 
milky white within 15 min. The reaction continued for 4 h at 
50–55 °C. After the completion of reaction, the purified solu-
tion was obtained by dialysis method using cellulose tubing 
molecular weight cut off between 12,000 and 14,000. Both 
homopolymer PNIPAm and co-polymer CS-g-PNIPAm are 
present in the produced solution. To obtain pure co-polymer 
CS-g-PNIPAm, the PNIPAm polymer was extracted using 
methanol for two days at 20 °C and the co-polymer was freeze 
dried (Christ martin, Alpha1-4) at -55 °C with 0.060 mbr pres-
sure. The composition of co-polymers was depicted in Table 1. 
Gravimetric analysis method was used to calculate the total 
monomer conversion (X %) by using the equation as below.

where  WDry(W1) stands for weight of both the homo and co-
polymer.  WAPS,  WCS,  WMBAandWNIPAAmare the weights of 

(1)X% =
(WDry −WCS −WAPS)

(WNIPAm +WMBA)
× 100

APS, chitosan, MBA and NIPAAmmonomer, respectively.
The weight of pure co-polymer CS-g-PNIPAm  (W2) and 
the grafting ratio (GR) was then calculated by using the fol-
lowing equation

2.3  Characterization of Co‑Polymer

Fourier-transform infrared spectroscopy was used to validate 
the conjugation of chitosan and PNIPAm (FTIR, Shimadzu). 
The FTIR spectra of co-polymer were obtained using the 
diffused cell technique. DMSO  (d6) was used as a solvent to 
record 1H NMR spectra of the co-polymer CS-g-PNIPAm 
and the homopolymer PNIPAm by using Bruker Avance 
II—400 NMR spectrometer at 25 °C.

2.4  Determination of LCST of Synthesized 
Co‑Polymer

A phosphate buffer with a pH of 6.8 was used to immerse 
the co-polymer and kept aside for 24 h (allowed to swell). 
Differential Scanning Calorimeter (DSC-60, Shimadzu) 
was used to determine the LCST of CS-g-PNIPAm. The 

(2)% GR =
W2 −WCS

WCS

× 100

Fig. 2  Synthesis of CS-g-PNIPAm co-polymer

Table 1  Components of synthesis of CS-g-PNIPAm co-polymer

Formula-
tion code

Chitosan mg PNIPAm gm APS (mg) MBA (mg)

CP1 150 1 g 200 60
CP2 200 1 g 200 60
CP3 250 1 g 200 60
CP4 300 1 g 200 60
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temperature between 25 and 70 °C (2 °C/min) and dry nitro-
gen (30 ml/min) was used for the analysis. In DSC thermo-
grams, peak point temperatures ware considered to be the 
LCST of polymer.

2.5  Preparation of Drug‑Loaded Nanoparticles

Using the self-assembly approach, five CAP-loaded nano-
formulations were synthesized, each with a different drug: 
ratio of polymers [69]. Briefly, the prescribed quantity of 
co-polymer and drug were taken (as shown in Table 2) to 
prepare aqueous solutions of Capecitabine and co-polymer 
separately by using bath sonicator. Both the solutions are 
mixed, made up volume to 25 ml using distilled water.The 
obtained solution was further sonicated by using prob-type 
sonicator for 10 min, centrifuged and freeze dried to get a 
dry nanoparticles.

2.6  Particle Size and Zeta Potential of Nanoparticles

Dynamic light scattering (DLS) analyzer (Nanotrac R-150 
USA) was used to determine the particle size of CAP-loaded 
nanoformulations. The dispersions of CAP-loaded nanofor-
mulations (F1–F5) and blank nanoparticles in distilled water 
were prepared with continuous stirring for about 1 h. The 
dispersions were then filtered through 0.45 μm millipore 
filter. Six determinations were taken to get mean diameter 
(± SD). The Malvern Zetasizer was used to determine the 
zeta potential of formulations. Average values of triplicate 
measurements were taken.

2.7  Morphological Examination of Nanoparticles

TEM was used to examine the shape of CAP-loaded nano-
particles (F4) (Hitachi H-7500). One drop of CAP-loaded 
nanoformulation was placed on copper grid and examined 
under TEM [68].

2.8  Estimation of Drug‑Loading Efficiency

The drug loading efficiency of all nanoformulations was deter-
mined by using Ultracentrifugation method. The nanoformula-
tion was centrifuged at 4 °C with 75,000 rpm for 1 h. The drug 
content in the obtained supernatant was analyzed by HPLC. 
The mobile phase used for the HPLC analysis was 80:18:2 
v/v ratio of acetonitrile to water in the isocratic condition with 
a flow rate of 1 mL/Min and the column was C18 (Phenom-
enex), 250 mm × 4.6 mm, 5 µm. Capecitabine was detected at 
a λmax of 272 nm using UV detector. Capecitabine was quan-
tified by using its linear standard curve (30–500 μg/ml) with 
a  R2 value of 0.999 [70]. The following equation was used to 
calculate the % drug loading efficiency:

2.9  Determination of Drug Content

To determine drug content of nanoformulations (F1–F5), drug 
loaded nanoformulation (100 mg) was hydrolyzed at 60 °C in 
1 mol/L HCl for 1 h until solution becomes clear [67]. The 
obtained solution was centrifuged for 30 min at 12,000 rpm 
and the free drug present in the supernatant was analyzed by 
HPLC. Three independent experiments were performed and 
the mean values of three experiments were considered.

2.10  In vitro Release Profile of Nanoparticles

Release pattern of drug formulation F4 was studied in 
three different conditions of temperature and pH i.e., pH 
5.5, and 6.8 with temperature 39 °C. Briefly, 100 mg of 
Capecitabine loaded dry nanoformulation was suspended 
in 10 ml of phosphate buffer solution with different pH 
values. The mixture was then added into twenty separate 
eppendrof vessels (500 μl in each tube). All the tubes 
set was kept in a thermostable water bath set at 39 °C 
(above LCST temperature). As the Capecitabine is solu-
ble in water, the solution collected at predetermined time 
intervals was subjected to the process of centrifugation 
for 30 min at 15,000 rpm. The drug content in superna-
tant solution was analyzed by HPLC. The Capecitabine 
was quantified by using its standard linearity curve and 
the percent drug release was determined by following 
equation.

(3)

Loading efficiency(% )

=
Weight of total drug −Weight of free drug found

weight of total drug
× 100

(4)

Drug release (%) =
Released CAP from nanoparticle

Total amount of CAP in nanoparticles
× 100

Table 2  Evaluation of CS-g-PNIPAm co-polymer for optimization

Co-polymer % X LCST at 
6.8 pH (°C)

Particle Size at 
7.4 pH (nm)

PDI % GR

CP-1 69 31.8 251 ± 12 0.277 487
CP-2 73 33.5 232 ± 15 0.065 451
CP-3 75 35.7 191 ± 13 0.119 453
CP-4 77 38.5 148 ± 17 0.143 456
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Release pattern of formulations was also studied at physi-
ological conditions of temperature and pH (37 °C & pH of 
7.4). Average values of triplicate measurements were used.

2.11  In vitro Evaluation of Cytotoxicity Behavior 
of Nanoparticles

The cytotoxicity evaluation is very important to know the 
cytotoxic effect of formulation. In order to study the cyto-
toxic effect human fibroblast (NIH) and Human colon car-
cinoma (HT-29 and HCT-116) cell lines were selected. The 
selected cell culture of cell lines were placed in the 96 wells 
plate which was having MEM medium containing 10% fetal 
calf serum (FCS)- (Heat inactivated), containing 5% mixture 
of Penicillin, Gentamycin, and Streptomycin respectively 
in the concentration of 100 Units/ mL, 10 μg, 100 μg/mL in 
presence of 5% carbon di-oxide at 37 °C for 48 h.

2.11.1  Procedure

The MTT [3-(4, 5- dimethylthiazole-2-yl)-2,5-diphenyl 
tetrazolium] assay method was used to assess the cytotoxic-
ity behavior of nanoparticles. In procedure HCT-116, HT-29, 
and NIH cells were added into 96-well plate (3 × 104cells/
well). The cells were subjected with blank nanoparticles 
with different concentrations ranging from 10, 20, 25, 30 
& 50 μg/mL at 7.4 pH and temperature of 37 °C, 48 h. 
(The cells in media with no nanoparticles alone was acts 
as control in the present study). The cells then subjected for 
three times wash using MEM medium. The next stage was 
transferring 200 μL of MEM medium without serum. The 
viability of the cells was assessed by adding 50 μL of MTT 
solution (5 mg/mL) to each well in order to evaluate the 
cytotoxicity. The plates were incubated for 4 h, after which 
the supernatant was removed, the Formazan blue crystals 
that had precipitated were dissolved in 150 μl of DMSO, and 
optical density was measured at 570 nm using LISA plus.

By following a similar procedure to the one described 
above, the in vitro temperature and pH sensitive cytotoxic-
ity behaviour of blank and CAP-loaded nanoparticles was 
evaluated. Cells were first plated at a density of 3 × 104 cells 
per well in 96-well tissue culture dishes for 48 h before being 
exposed for 48 h to free CAP, CAP-loaded nanoparticles, 
and blank nanoparticles at pH 7.4 with 37 °C temperature 
and pH 6.8 with 39 °C temperature (Evaluation was carried 
out using an experiment in triplicate).

2.12  Hemolysis Analysis

In order to evaluate the compatibility of polymer with blood 
the hemolysis analysis was performed. Fresh human blood 
was used in the methodology, and 1.5 mL of acid citrate 
dextrose was added to the 10 mL of fresh blood. The 100 μl 

of the blood sample was mixed with 100 μl of test sample in 
different concentrationsfrom 0.1 to 1 mg/mL. (The sample 
concentrations were prepared in 0.9% saline solution). The 
resulted samples were subjected for incubation at 37 °C for 
2.5 h. After that, the samples were centrifuged at 4500 rpm 
for 10 min and plasma was collected and then 100 μl plasma 
was mixed with 1 mL  Na2CO3 (0.01%)] and then OD val-
ues were observed at 380, 415, and 450, nm. The following 
formula was utilized to analyze the hemoglobin of plasma:

The observed OD readings of samples were then analyzed 
against controls. The cells were lysed by dispersing in 1% 
trypsin to produce 100% hemolysis, which was utilised as 
a positive control sample in the analysis. The 0.9% saline 
solution was used as a negative control.

2.13  Fluorescence Microscopy Analysis to Study 
Cellular uptake

2.13.1  Preparation of Rhodamine‑B Conjugated 
Nanoparticles

The rhodamine-B conjugated nanoparticles were prepared 
by adding 5 mL nanoparticles with 100 μLof rhodamine-B 
dye and kept for incubation for around 2 h. The mixture is 
then subjected to centrifugion at 25,000 rpm for 30 min in 
order to separatethe unbound dye. The collected pellet of 
rhodamine-B conjugated nanoparticles is then freeze dried 
and kept at 4 °C for further studies [68].

2.13.2  Fluorescence Microscopic Study

The cells of HT-29  were seeded in 24 well plates at a den-
sity of 5000 cells/plate. Rhodamine-B labelled CAP nano-
particles at a concentration of 1 mg/mL were introduced to 
the wells along with the media, and they were incubated in 
triplicate for 24 h at pH 6.8 and 39 °C and at pH 7.4 and 
37 °C, respectively. Three PBS washes at pH 6.8, pH 7.4, 
and rhodamine-B labelled CAP loaded nanoparticles were 
performed on the treated cells. 95 percent ethanol was then 
combined with the cells for 30 min at room temperature. 
Then, a cover slip was maintained with a drop of glycerol on 
a microscopic slide.Using a fluorescent microscope (Nikon 
H660L, Japan), all specimens were examined for the pres-
ence of rhodamine-B. The emission and excitation wave-
lengths were 580 and 540 nm, respectively.

2.14  Stability Study

In order to perform the stability studies, the CAP-loaded 
nanoparticles were previously dried in the freeze were stored 

(5)PlasmaHb =
{

(2A415) − [A380 + A450] × 70.25
}
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in different conditions such as, at 4 °C in refrigerator and in 
desiccator at room temperature for the period of 3 months. 
After each time intervals the content of drug, particle size and 
appearance of particles were used to study the stability pattern.

2.14.1  Statistics

The experimental profile and values stated in methodology 
part was analyzed statistically by one-way ANOVA using 
GraphPad Prism 5.0 software. The value of P < 0.05 were 
considered for statistically significant at all the levels.

3  Results

3.1  Synthesis of Co‑Polymer

The CS-g-PNIPAm co-polymer was synthesized success-
fully by using two monomers, i.e., a thermo responsive pol-
ymer NIPAm and a pH-responsive natural polysaccharide 
chitosan. Due to equilibrium of protonation-deprotonation 
of  NH2 groups of chitosan, it shows pH- responsive property 
[68]. Dispersion copolymerization method was adopted to 
synthesize co-polymer. This approach made use of the cross-
linking agent MBA and the radical initiator APS. Since all 
of the constituents were soluble in the reaction medium at 
first, it was homogeneous. However, after a brief period of 
initial temperature increase, the reaction media changed into 
a milky white dispersion. To bring out sulfate anion radicals 
as a result of APS decomposition, the higher temperature of 
about 50–55 °C was required. The APS radicals then interact 
with amino and hydroxyl groups of chitosan polymer to pro-
duce alkoxy radicals. The graft copolymerization of NIPAm 
onto chitosan is initiated by these radicals using MBA [67, 
70]. Positively charged CS molecules ultimately link with 
the negatively charged PNIPAm and CS-g-PNIPAm particles 
as the process develops, functioning as a surfactant to protect 
the polymer particles and stop aggregation, which leads to 
small particles. The base structure of synthesized co-pol-
ymer was confirmed by FTIR and NMR spectra’s in our 
previous study [67]. Where in FTIR spectrumof co-polymer, 
the many peaks obtained in the 3543–3689  cm−1region of 
pure chitosan were diminished, suggesting the OH and NH 
groups of chitosan as a connectivity between the polymers 
chitosan and NIPAm.  In1H NMR spectrum of co-polymer 
CS-g-PNIPAm all the corresponding signal peaks signals 
were obtained for chitosan. The peaks for PNIPAm are two 
typical peaks at δ1.23–2.20 ppm (−CH–CH2) and strong 
peak of methyl group at δ 1.23 ppm. These observations 
confirm that, the graft polymerization was occurred(Figures 
are shown in supplementary fileFig. S1 and Fig. S2).

3.2  Characterization of CS‑g‑PNIPAmco‑Polymer

Table 2 depicts the monomer conversion (% X), particle 
size, LCST, and PDI of all the co-polymers. The percent 
monomer conversion of co-polymer was in the range of 
69–77. The DSC thermograms of synthesized co-polymers 
and homopolymer are shown in Fig. 3 and the sample’s 
LCST was calculated using the onset point temperature of 
the thermogram.LCST of co-polymer is the critical tem-
perature point below which the co-polymer and solvent are 
completely soluble and above which the co-polymer solu-
tion appears cloudy and polymer is insoluble with solvent. 
On the basis of our previous study [67], hydrophilic co-
monomer, chitosan concentration was selected to increase 
the LCST of co-polymer above the body temperature. The 
LCST of the homopolymer PNIPAm was 30.15 °C and that 
of synthesized CS-g-PNIPAm co-polymer was found to be 
in the range of 31.8–38.5 °C at pH 6.8 (tumor extracellu-
lar pH). The LCST results revealed that the incorporation 
of hydrophilic monomer chitosan in CS-g-PNIPAm co-
polymer leads to increase in LCST. The increase in tem-
perature at tumor site is dependent on rapid growth rate 
of cancerous cells and it is been reported that maximum 
difference between normal and cancerous cells is between 
1 to 1.5 °C [71, 72]. Thus, the co-polymer responsive-
ness was matched with that of tumor microenvironment 
temperature.

Particle size of synthesized co-polymers was deter-
mined at physiological pH 7.4, as its been studied that 
the as the pH increases the particle size decreases due to 
partial protonation of amino groups of chitosan reducing 
the intermolecular repulsion that in turn reduces parti-
cle size [67]. The particle size and PDI of co-polymers 
was between 148 ± 17–251 ± 12  nm and 0.065–0.277 

Fig. 3  Determination of LCST by DSC thermograms of CS-g-PNI-
PAm co-polymers and homopolymer PNIPAm
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respectively, indicating narrow particle size and homodis-
persion of particles. Percent GR of co-polymer increased 
as the chitosan concentration was increased in co-polymer. 
This is attributed to decreased coagulation of particles due 
to surfactant property of chitosan, which results in more 
number of particles taking part in polymerization process 
and increases the rate of polymerization [67].

3.3  Particle Size and Morphology of Nanoparticles

The obtained particle size and PDI of both Capecitabine 
loaded (F1–F5) and blank nanoparticles are summarized in 
Table 3. Blank nanoparticles were shown with particle size 
of 126 ± 13 nm and PDI of 0.120. Drug loaded nanoparticles 
were shown a particle size range between 156 ± 16 nm and 
171 ± 12 nm. On the basis of greater % drug loading effi-
ciency and % drug content, F4 formulation was considered 
as optimized formulation. The optimized formulation F4 
shows the particle size of 168 ± 11 nm and PDI of 0.390. The 
increased particle size of drug loaded nanoparticles indicates 
the loading of Capecitabine in to nanoparticles. Both blank 
and Capecitabine loaded nanoparticles are homogeneously 
dispersed as the PDI values were less than one. The drug 
loaded nanoparticles (F4) were subjected for TEM analy-
sis and the image obtained was shown in Fig. 4 in which 
the smooth and spherical surface morphology of nanopar-
ticles with a particle size ranging from 146 to 162 nm was 
observed. The particle size of Capecitabine loaded nano-
particles measured by TEM was well correlated with the 
particle size measured by DLSfor F4 formulation. Gener-
ally, greater zeta potential value of about ± 25 mV indicates 
long-term nanoparticles stability, as particles having same 
charges will exhibit electrostatic repulsions within particles, 
this in turn avoids particle aggregation. Zeta potential of 
nanoformulations is revealed in Table 3. Zeta potential of 
F4 formulation was 48 ± 13 mV resulting in good stability 
of nanoparticles.

3.4  Determination of Drug Loading Efficiency 
and Drug Content

The percent loading efficiency as well as percent drug con-
tent of all formulations were determined by centrifugation 
method and are shown in Table 3. It was inferred that, as the 
drug: polymer ratio increased there was a slight increase in 
drug content and loading efficiency up to F4 formulation 
after this there was decrease in both drug content and load-
ing efficiency was observed. The F4 formulation with higher 
drug content and loading efficiency of about 49.9 ± 2.8 
and 85 ± 5.2% respectively was considered as optimized 
formulation.

3.5  In vitro Release Studies

Release pattern of Capecitabine-loaded nanformulation at 
tumor microenvironment pH (6.8) and temperature (39 °C) 

Table 3  Evaluation of Capecitabine loaded nanoparticles

Formulations Drug:polymer Particle size (nm) PDI Zeta potential (mV) Drug loading 
efficiency (%)

Drug content (%)

Blank – 126 ± 13 0.120 – – –
F-1 1.0:10 156 ± 16 0.110 32 ± 3.5 70 ± 3.5 37.5 ± 2.5
F-2 2.0:10 158 ± 14 0.412 35 ± 6.3 76 ± 3.8 41.4 ± 2.0
F-3 3.0:10 163 ± 13 0.213 38 ± 4.3 82 ± 6.4 45.3 ± 1.5
F-4 4.0:10 168 ± 11 0.390 40 ± 5.3 85 ± 5.2 49.9 ± 2.8
F-5 5.0:10 171 ± 12 0.232 42 ± 6.2 66 ± 6.4 36.7 ± 3.7

Fig. 4  TEM Image of CAP-loaded Nanoparticles (F4)
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conditions, intracellular conditions (pH 5.5 and tempera-
ture 39 °C) and at physiological pH temperature conditions 
were depicted in Fig. 5. From the results, it was understood 
that the drug release was low at physiological conditions 
of temperature and pH (37 °C and pH 7.4) and there was a 
much enhanced percent drug release at tumor extracellular 
as well as intracellular conditions of temperature and pH. 
The drug release at physiological conditions was about 28% 
while was much higher as 70% at tumor extracellular pH 
and intracellular temperature conditions. Capecitabine also 
shows initial rapid release from the formulation and it was 
consistent for all conditions of drug release. It is because 
unentrapped drug get adheres on the surface of nanoparti-
cles. Over the course of 48 h, this first phase was followed by 
a controlled release terminal phase. LCST was the important 
parameter for the altering of drug release mechanism. At 
LCST, polymer–polymer interactions would be higher than 
that of drug-polymer interaction and hence, nanoparticles 
lose their hydrogen bonding with that of drug, thereby the 
loaded drug can be released easily from the nonoformu-
lation. Furthermore, the drug release was higher at lower 
pH. This can be attributed to the fact that, the pH triggered 
chitosan swells at acidic pH, due to protonation of its  NH3 
groups and also extensively degraded by colonic microflora 
this would promote greater medication release at a lower 
acidic pH. Drug release investigations at pH levels (5.5 
and 6.8) above LCST are consistent with the retention and 
release of drug from nanoparticles at both extracellular and 
early endosomal compartments after nanoparticles enter the 
cells via endocytosis. After targeted drug release at colon, 
its absorbed and complete its first stage of catalysis in liver, 
recirculate to cancerious site, undergoes second and third 
stage of its catalysis get converted to active 5-FU to produce 
enhanced cytotoxic activity. The overview of drug release 

and catalysis of Capecitabine is depicted in Fig. 6. In the 
present study, the co-polymer responsiveness was matched 
with that of tumor microenvironment temperature. Hence, 
there is no need to provide the external application of heat 
to trigger the drug release.

3.6  In vitro Cytotoxicity Study

In vitro temperature and pH responsive cytotoxicity of both 
CAP-loaded nanoparticles and blank on colon cancer cell 
lines (HT-29 and HCT-116 cells), and normal NIH was 
performed to assess the biocompatibility of the produced 
co-polymer. For all drugs, the MTT test was performed at 
5 different concentrations as indicated. Figure 7 a shows 
the results of an MTT assay on normal human fibroblast 
(NIH) cell lines for blank and CAP-loaded nanoparticles. 
Nanoparticles were found to be biocompatible because there 
was no measurable cytotoxicity at any concentration of both 
blank and CAP-loaded nanoparticles on NIH cell lines. Fig-
ure 7b and c show the results of the MTT assay for free 
drug, CAP-loaded nanoparticles, and blank nanoparticles 
on HT-29 cell lines under physiological temperature and 
pH conditions as well as cancer microenvironment condi-
tions. Blank nanoparticles were shown to have no appreci-
able cytotoxicity at both pH and temperature. At pH 7.4 and 
37 °C, CAP-loaded particles exhibit less cytotoxicity than 
pure drug  (IC50-30 ± 1.2 g/mL), but at 39 °C and 6.8 pH, it 
exhibits more cytotoxicity than pure drug (IC50-24 ± 2.2 g/
mL). Similar results were found with another colon cancer 
cell lines HCT-116 (Fig. 8a and Fig. 8b) with  IC50 value of 
pure drug 25 ± 1.6 μg/mL and that of CAP-loaded nanopar-
ticles was 21 ± 1.3 μg/mL at 39 °C and 6.8 pH. The higher 
release rate of Capecitabine from the nanoparticles at higher 
temperature and 6.8 pH of the tumour microenvironment 
accounts for the pronounced cytotoxicity of CAP-loaded 
nanoparticles at these temperatures.

3.7  Cell Uptake Study

Using fluorescent microscopy to visualize the intrinsic fluo-
rescence intensity of Capecitabine, the cellular absorption of 
CAP-loaded nanoparticles was evaluated. Figure 9 depicts 
the images (microscopic) of fluorescence study. Images of 
cells cultured with empty nanoparticles showed no fluores-
cence (Fig. 9A). Rhodamine-B-labeled nanoparticles were 
incubated with cells at physiological pH and temperature 
conditions (Fig. 9B), but the luminescence images showed 
weak fluorescence. In contrast, the luminescence images 
showed strong fluorescence when the cells were incubated 
with the same nanoparticles at pH 6.8 and 39 °C. (Fig. 9C). 
The observed fluorescence microscopy data confirm the 
hypothesis that at pH 6.8 and 39  °C, nanoparticles are 
linked with cells and ingested by endocytosis along with 

Fig. 5  Profile of CAP-loaded nanoparticles' in vitro release at various 
pH and temperature conditions
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the entrapped medication in the cytoplasm. Improved intra-
cellular localization and interaction of the nanoparticles at 
tumour extracellular circumstances, in addition to the faster 
release, resulted in increased cytotoxicity comparable to that 
of the free drug.

The sample’s average hemolytic ratio was discovered 
to be 3.235%. According to ISO/TR 7406, the critical safe 
hemolytic ratio for biomaterials was less than 5%. There-
fore, the findings of the hemolysis assay show that there was 
minimal damage to the erythrocytes caused by the material. 
After three months of storage under various conditions such 
as refrigeration/room temperature, the nanopar-ticles were 
stable and flowable. Nanoparticles’ appearance, particle size, 
and drug content remained nearly unchanged.

4  Conclusions

For the successful development of colon-specific drug 
delivery systems, it is critical to take into account the 
colon's physiological features as well as the microenvi-
ronment around ailment site(s). Prodrugs can be converted 
in-situ into the original medications using biocatalytic 

nanoreactors, maximising therapeutic efficacy and reduc-
ing adverse effects. CAP is catalyzed by the tumor-asso-
ciated angiogenic factor thymidine phosphorylase which 
is more abundantly expressed in many types of human 
tumours than in healthy tissues catalyses. Thus, to target 
its delivery at cancerious site for enhancing its catalytic 
activity, in the present study, dual pH and temperature 
responsive co-polymer was successfully synthesized by 
using pH responsive polymer chitosan and thermo-respon-
sive polymer PNIPAm by dispersion co-polymerization 
method. Its LCST was optimized to tumor microenviron-
ment temperature by varying hydrophilic monomer chi-
tosan concentration. After that, the optimised co-polymer 
was used as a carrier for Capecitabine delivery. From 
the drug release profile, it was observed that, the percent 
Capecitabine release from nanoparticles at physiological 
conditions of temperature and pH was very less compared 
to its release at tumor pH and temperature conditions. 
Many of the thermoresponsive delivery systems require 
external application of trigger (temperature) to release 
drug. In the present study, targeted delivery of drug to 
tumor microenvironment was accomplished by optimizing 
the responsiveness of synthesized co-polymer to tumor 

Fig. 6  An overview of Capecitabine release and activation from nanoparticles
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microenvironment temperature and pH. As a result, no 
external triggers are required to initiate drug release in 
the tumour microenvironment. Biocompatibility of syn-
thesized co-polymer and drug-loaded nanoformulation was 
confirmed by MTT assay on NIH and colon cancer cell 
lines (HT-29 and HCT-116) at physiological and tumor 
microenvironment pH and temperature conditions. CAP-
loaded nanoparticles are haemocompatible as concluded 

by haemolysis assay. Thus, synthesized co-polymer CS-g-
PNIPAm can be utilized as an efficient carrier for targeted 
pH and temperature responsive delivery of drug to tumor 
which will greatly lead to enhanced caltalysis and tumor 
selective action of Capecitabine and thereby enhances the 
anticancer efficacy of Capecitabine. However, further in-
vivo studies on animals needs to be conducted to prove the 

Fig. 7  MTT assay a on NIH cell lines b on HT-29 cell lines at physiological conditions c on HT-29 cell lines at tumor microenvironment condi-
tions
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efficacy of prepared nanoparticles in-vivo and for indus-
trial applicability.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11244- 022- 01705-3.
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  Abstract: Background: Fisetin (FIS) is a bioactive flavonoid found in various plants, reported for 
many pharmacological activities, and presently marketed as a nutraceutical. To overcome less water 
solubility and bioavailability issues, FIS cubosomal nanoformulation has been prepared and character-
ized. 

Objective: To estimate FIS in prepared novel cubosomes, an RP-HPLC analytical method develop-
ment with the most sensitivity, economical, robust, and wide applicability in marketed FIS formula-
tions and plant extracts also. 

Methods: An RP-HPLC method was developed and validated as per ICH Q2R1 guidelines by using 
C-18 Phenomenex Luna 5µ, 100A0 column, LC-20 AD pump, and Shimadzu LC solution 1.25 soft-
ware. The combination of acetonitrile and formic acid (0.1%v/v) in the ratio of 25:75 v/v was used as 
a mobile phase for chromatographic separation using a PDA detector at 360 nm and a flow rate of 1 
ml/min.  

Results: The developed method was remarkably linear in the range of 0.1 to 16 µg/ml (R2 ˃ 0.999). 
This method was found to be accurate (recovery 98.24 to 100.65 %), precise, robust (% RSD ˂ 2), and 
more sensitive than the earlier reported method with LOD and LOQ values of 17.26 and 52.31 ng/ml, 
respectively. The FIS estimation was also performed using the developed method in the marketed FIS 
formulation Doctor’s Best ® Fisetin, and different plant extracts such as strawberry, grapes, black tea, 
and green tea. The forced degradation study suggests that FIS was unstable in alkaline and oxidative 
stress conditions. 

Conclusion: For FIS estimation in cubosomal nanoformulation, a widely applicable, novel, robust, 
most sensitive, and economical RP-HPLC method was developed and validated and also applied to 
marketed formulations and plant extracts. 
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1. INTRODUCTION 

Bioactive flavonoid Fisetin (FIS) is a naturally synthe-
sized yellow-colored secondary metabolite present in vari-
ous plants such as green tea and strawberry. It is a 15 car-
bon-containing polyphenolic flavonol 3,3’,4’,7-Tetrahydr-
oxyflavone (Fig. 1.) usually extracted from the wood of 
smoke tree Cotinus coggygria Scop and other plants at a  
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commercial scale [1-3]. Recently, more studies have been 
carried out on FIS because of itsbroad pharmacological in-
terest [4]. Even though FIS has good pharmacological activ-
ities, it possesses therapeutic challenges due to low water 
solubility and low bioavailability. Researchers working to 
address these issues by preparing different nano-
formulations to utilize the maximum therapeutic benefit of 
FIS [3, 5, 6]. To overcome different therapeutic challenges, 
various types of FIS formulations are reported [7-14]. As 
per the literature review, HPLC methods are used in the 
reported FIS formulations [7, 8, 10] and in FIS extraction 
from some plants [15, 16] without validation. Some HPLC 
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methods are reported with validation data, but the FIS stress 
degradation study is not mentioned [5, 17, 18]. Information 
on FIS stress degradation is reported using another chroma-
tographic technique (HPTLC) [19]. Bioanalytical HPLC 
methods were reported for FIS estimation in biological 
samples [8, 20-22]. Other analytical techniques like LC-
MS/MS [6] and UV-Visible [23] are reported for FIS esti-
mation but are less commonly used. The previously used 
HPLC methods are reported without validation data, some 
are with incomplete validation study, without stress degra-
dation study, and not applied for marketed formulation. 

In the present work, we developed a novel FIS loaded 
cubosomal nanoformulation for more therapeutic benefit. 
No analytical method is available for the determination of 
entrapped FIS in cubosomal nanoformulation. Hence there 
is a need to develop a robust and sensitive HPLC method for 
the estimation of FIS in developed cubosomal nanoformula-
tion. 

Thus, the present study aims to develop and validate a 
single-widely applicable, economical, more sensitive, re-
producible, and superior RP-HPLC method with complete 
validation parameters to estimate FIS in the prepared FIS 
cubosome nanoformulation. The developed method is also 
applied to estimate FIS in the marketed formulation and 
some plant extracts. 

 

 

Fig. (1). Chemical structure of Fisetin. 

 

2. MATERIALS AND METHODS 

2.1. Chemicals Used 

FIS (98% HPLC grade) was received as a gift sample 
from Shaanxi Yi An Biological Technology Co., Ltd. China. 
Poloxamer 407 and Glyceryl monooleate were received as 
gift samples from BASF, Mumbai, and Mohini Organics 
Pvt. Ltd, Mumbai, India. The HPLC grade acetonitrile, 
methanol, acetic acid, orthophosphoric acid, and formic acid 
were obtained from Fisher Scientific, Mumbai, India. Mar-
keted formulation of FIS, Doctor’s Best ® Fisetin purchased 
from the market. 

2.2. Chromatographic Instrument and Requirements 

A liquid chromatographic system (RP-HPLC) Shimadzu 
prominence liquid chromatography (LC-20AD, Japan) con-
taining pump - LC-20AD, autosampler - SIL-20AC HT, 
detector - SPD-M20A PDA, degasser - DGU-20A5, oven – 
CTO -10AS VP column and 20µl loop rheodyne injection. 
The software used was version 1.25 of Shimadzu LC solu-

tion for data analysis and interpretation. An analytical col-
umn Phenomenex (Canada, USA) Luna 5u C18(2) 100A0 
(inner diameter – 150 x 4.6 mm, particle diameter - 5µm) 
with a 350 C column temperature was used for separation 
and analysis of FIS. The 25:75 v/v mixture of optimized 
mobile phase acetonitrile (ACN): formic acid (0.1%) was 
used and chromatograms were obtained at 360 nm PDA 
wavelength by using a fixed flow rate of 1ml/min. 

2.3. Preparation of Cubosomal Nanoformulation  

For the preparation of FIS cubosomes using the top-
down method, glycerol mono-oleate (0.8 gm) and polox-
amer 407 (0.6 gm) were taken in a separate beaker and heat-
ed at 65°C on a thermostatic water bath until it melts com-
pletely. In the molten mass of glycerol mono-oleate, FIS 40 
mg was added and mixed properly along with heating. This 
mixture of FIS and glycerol mono-oleate was added in 
poloxamer at 65°C along with proper mixing. Mix continu-
ously at 65°C to make the homogeneous mass of the above 
three ingredients. This molten mass was added dropwise in 
preheated 40 ml water at the same temperature with contin-
uous stirring. Milky liquid dispersion was obtained, allowed 
to cool, processed for homogenization (IKA T25 digital 
Ultra Turax, Germany) at speed of 14500 rpm for 20 min. 
and sonicated for 10 min. 

These prepared cubosomes were then analyzed using the 
dynamic light scattering method for their mean particle size, 
zeta potential, and polydispersity index values. The FIS en-
trapment efficiency of prepared cubosomal nanoformulation 
was performed using the centrifugation method at high 
speed of 15000 rpm (Kubota 6500, Japan) for up to 30 min. 
After centrifugation, the supernatant was separated and 
mixed with the mobile phase and FIS concentration was 
estimated by the developed RP-HPLC method to analyze 
the quantity of FIS entrapped in prepared cubosomes [24]. 

2.4. Plant Sample Collection and Preparation  

Black tea, green tea, and fresh fruit samples of strawber-
ries and grapes were purchased from the local market. All 
plant samples were dried until constant weight and then 
crushed. FIS extraction was done in the dark by using the 
maceration technique (solvent methanol: water 80:20 v/v for 
72 hours) followed by filtration. The filtrate was taken in 
glass separation assembly and mixed for 20 min with 30 ml 
chloroform. The chloroform layer was separated, filtered 
through filter paper, and evaporated at room temperature. 
The final extract obtained was filtered through 0.45 µm sy-
ringe filters and processed for FIS estimation by RP-HPLC 
[15, 18]. 

2.5. FIS stock and Sample Preparation 

A primary FIS stock solution was prepared by solubiliz-
ing 10 mg of FIS in 10 ml of methanol (Solution A, 1 
mg/ml). Further drug dilutions were prepared using the se-
lected mobile phase as a dilution medium. The working 
stock was produced by diluting 2.5 ml of solution A up to 
50 ml (Solution B, 50 µg/ml). The standard solutions of FIS 
were prepared in the range of 0.1-16 µg/ml by the dilution 
of this solution B using the mobile phase used for liquid 
chromatography. Primary stock and all standard solutions 
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were kept in an amber-colored, light-resistant, properly 
closed volumetric flask at 4°C temperature, before HPLC 
analysis. The FIS cubosomal nanoformulation 1 ml was 
diluted up to 10 ml using methanol in an amber-colored 
volumetric flask (Sample solution C, 100 µg/ml). 

2.6. Method Development  

In previously reported chromatographic methods, FIS 
identification and quantification were performed by using 
methanol, and acetonitrile as mobile phase along with acidi-
fied water or buffer [15-17, 20, 25, 26]. The development of 
the proposed analytical method was done by using various 
mobile phase concentration ratios, pH, and flow rate. 

2.7. Method Validation 

The developed method was validated as per the ICH 
Q2(R1) guidelines for various validation parameters such as 
accuracy, precision, system suitability, linearity, the limit of 
quantification (LOQ), and limit of detection (LOD), rug-
gedness, and robustness. The performance of the system 
was further assessed by taking note of parameters such as 
the theoretical plate, the height equivalent to the theoretical 
plate, and the tailing factor [27]. 
2.7.1. Calibration Curve Development  

Suitable aliquots of solution B were diluted up to 10 ml 
to get final concentrations of 0.1, 0.25, 0.5, 1, 2, 4, 8, and 16 
µg/ml, respectively, and the calibration curve was devel-
oped. 
2.7.2. Accuracy 

The developed chromatographic method’s accuracy was 
evaluated by spiking FIS solution into cubosomal nanofor-
mulation solution (5 µg/ml of FIS) at 50 %, 100%, and 
150% of the labeled claim of formulation i.e., 5 µg/ml. To 
prepare these three-level concentrations, aliquots of 0.5, 1, 
and 1.5 ml of solution B were added in 10 ml amber-colored 
volumetric flasks separately with 0.5 mL of solution C. The 
final volume, up to 10 ml was adjusted with the mobile 
phase. The resultant three solutions (7.5, 10 and 12.5 µg/ml 
of FIS) were injected thrice and % drug concentration was 
calculated. The following equation was used to find the ab-
solute percentage recovery of FIS. 
Actual % recovery = (Actual concentration recov-
ered/Theoretical concentration) X100                 (1) 
2.7.3. Precision 

The precision of the developed method was decided by 
finding intra-day and inter-day values of percentage relative 
standard deviation. Intra-day precision was determined in a 
single day, after triplicate injection of the low, medium, and 
high concentrations (5, 10, and 15 µg/ml) under a similar 
laboratory setup. The estimation of three-level samples in 
triplicate for three consecutive days was done for inter-day 
analysis. Recorded mean data was used for the finding of 
percentage relative standard deviation (% RSD) by the fol-
lowing equation   
% RSD = (Standard deviation of peak area/ Average peak 
area) X 100                                       (2) 

2.7.4. Ruggedness and Robustness 

It was measured by making intentionally small changes 
in the analytical method parameters. Triplicates of the stock 
concentration 10 µg/ml were injected to obtain respective 
chromatograms and mean values of peak area, retention 
time, and percentage recovery was used to interpret the re-
sults.  
2.7.5. Methods Suitability 

Obtained chromatogram characteristics like theoretical 
plate, peak purity index, tailing factor and HETP were rec-
orded for checking the system suitability for validation of 
the new method. 
2.7.6. Sensitivity 

To check the sensitivity of the developed method, the 
calibration curve was used to find out the values of LOD 
and LOQ. The response's standard deviation (σ) and the 
calibration curve (S) slope were used to determine LOD and 
LOQ. The standard deviation of the Y intercepts of the re-
gression line was the value of σ in the following equation. 
LOD = 3:3 X σ / S                                                (3) 
LOQ = 10 X σ / S                                                  (4) 

2.8. Application of the Method for FIS Estimation in 
Cubosomal Nanoformulation, Marketed Formulation, 
and Plant Extracts 

For estimation of FIS in cubosome nanoformulation, so-
lution C (1 ml) was mixed with 10ml of the mobile phase. 
Then the sample was analyzed on RP-HPLC. The calibra-
tion curve equation was used to process the observed area to 
calculate the drug loading.  
% drug loading = Actual amount of drug present/Total 
amount of drug added X 100                   (5) 

For quantification of FIS in marketed formulation, the 
average weight of 20 capsules of blend powder was taken 
and processed for FIS assay calculation. Dried chloroform 
extracts of plants were diluted with mobile phase and ana-
lyzed using RP-HPLC. 

2.9. FIS Stress Degradation Study 

The stress degradation study was performed for FIS us-
ing the developed RP-HPLC method with acidic, alkaline, 
thermal, oxidative, and photolytic stress conditions suggest-
ed in ICH guidelines. As FIS was reported as a light-
sensitive drug, the amber-colored volumetric flasks were 
used with parafilm sealing, except for the photodegradation 
study, and kept for 1 hour degradation time. For degradation 
with acid and base, FIS 1 mL stock solution (100µg/ml) was 
treated separately using solutions of 1 mL of 1 N HCl and 
NaOH for 1 h at 80°C. Neutralize the above samples and 
run on HPLC for analysis. Heat degradation study was done 
using 1 ml drug stock solution with 2 ml methanol, heated at 
800 C for 1 h, and then analyzed. For oxidative stress degra-
dation, 1 ml of stock solution (100µg/ml) was mixed with 1 
ml, 30% H2O2 solution for 1 h and analyzed. In the photo-
chemical degradation study, 1 ml of drug stock solution 
(100µg/ml) was diluted with mobile phase up to 10 ml in a 
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10 ml transparent volumetric flask and directly exposed to 
sunlight for 1 h. HPLC analysis in the above tests as per-
formed by adjusting the final volume up to 10 ml anfiltering 
through 0.2 µm syringe filters [28-30]. 

3. RESULTS AND DISCUSSION 

3.1. Development and Validation of RP-HPLC Method  

An efficient RP-HPLC method was developed by ex-
ploring various reported and new combinations of mobile 
phases (one organic and one aqueous phase with different 
pH). The methanol and ACN were combined with acidified 
aqueous phase using HCL, orthophosphoric acid, formic 
acid and glacial acetic acid with their increasing concentra-
tions. For use of methanol with aqueous phase combination, 
aqueous phase contains concentration of HCL (0, 0.1, 0.2 % 
v/v), orthophosphoric acid (0.01, 0.1, 0.2% v/v), and formic 
acid (0.1, 0.2, 2 %). For use of ACN with aqueous phase 
combination, concentration of orthophosphoric acid (0.01, 
0.1, 0.2 % v/v), formic acid (0.1, 0. 2 % v/v) glacial acetic 
acid (0.1, 0.2 % v/v) were tested. Above mobile phase, 
combinations were explored with increasing concentrations 
of aqueous phase (30:70, 40:60, 60:40, 80:20 v/v) with 10 µl 
injection volume of standard stock solution (10 µg/ml) and 
FIS peaks were detected and analyzed using a PDA detector 
at 360 nm. When using methanol with acidified water, a 
better resolved FIS peak was observed in the ratio of 45:55 
v/v and for acetonitrile and acidified water, it was in a 30:70 
v/v ratio. 

Peak sharpness, retention time, and theoretical plates 
were compared for the above mobile phase. It was observed 
that a single sharp peak was present for the combination of 
ACN: formic acid 0.1% (30:70 v/v) mobile phase and gives 
the highest value for peak area (507435), theoretical plates 
(5236.056), and tailing factor (1.257) in an acceptable range. 
For the final selection of the mobile phase, further this 
ACN: formic acid 0.1 % combinations were studied over 
and below its 30:70 v/v range. For this, ACN: formic acid 
0.1 % in combinations of 15:85, 20:80, 25:75, 30:70, 35:65 
and 40:60 v/v were tested using RP-HPLC method.  

In the above-tested ratio of ACN and formic acid 0.1%, 
the ratio of 25:75 v/v at a flow rate of 1 ml/min shows the 
highest values for peak area and theoretical plates. For this 
combination ratio, at a flow rate of 1 ml/min and 20 µl in-
jection, it shows a peak area of 901804.33, the retention 
time of 6.91 min., theoretical plates 6184.87, and tailing 
factor 1.195 was finalized for the further validation study. 

3.2. Calibration Curve Development and Linearity Range  

The calibration curve was developed by injecting serial 
dilutions of solution B using mobile phase solution and 
found to be linear in the concentration range 0.1-16 µg/ml as 
shown in Fig. (2) (Coefficient of regression, R2 = 0.9999). 

3.3. Accuracy 
After analyzing the known quantity of FIS spiked tripli-

cate in the cubosomal formulation sample to get three-level 
concentrations (7.5,10 and 12.5 µg/ml of FIS), the mean 
percent recovery of FIS was found to be in the range of 
98.24 to 100.65 %.  It shows that the mean percent of FIS 
recovered in all the selected three levels was within the pre-
scribed limit of 95 to 105% (Table 1), which indicates good 
accuracy of the developed RP-HPLC method for FIS quanti-
fication in prepared cubosomal formulation. 

3.4. Precision 
Low, medium, and high concentration solutions at intra-

day and inter-day levels were used. The % RSD values for 
both intra-day and inter-day analysis were observed ˂ 2, 
which proves that the developed RP-HPLC method was 
found to be highly precise under given specified experi-
mental conditions (Table 2). 

3.5. Ruggedness and Robustness 
After doing intentional minor changes in various param-

eters like flow rate, mobile phase ratio, oven temperature, 
change in formic acid concentration in percent, and absorp-
tion wavelength show < 2% changes in % RSD of peak area 
readings. This shows the ruggedness and robustness of the 

 
Fig. (2). Linearity graph of FIS. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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developed RP-HPLC method for the estimation of FIS un-
der given specified experimental conditions (Table 3). 

3.6. System Suitability 

Peak purity index, theoretical plate, tailing factor, HETP, 
absence of any extra peak adjacent to FIS peak in the chro-
matograph of cubosome formulation and marketed formula-
tion (Fig. 3), separate distinctive peak in plant extracts 
chromatographs were recorded. The values of the theoretical 
plate (6184.87) were more than 2000, the tailing factor 
(1.19) was close to 1, HETP values were 24.25, Peak purity 
index was 1. 

3.7. Sensitivity 

The developed method was more sensitive than the al-
ready reported method as found values for LOD (17.26 
ng/ml) and LOQ (52.31 ng/ml) were less and needed less 
organic solvent, retention time, and tailing factor also (Table 
4) [17]. 

3.8. Characterization of Prepared Cubosome Nanofor-
mulation, and FIS Estimation in Nanoformulation, 
Marketed Formulation as Well as Plant Extracts 

Particle size, poly dispersibility index and zeta potential 
were measured using a particle size analyzer (Malvern) of 

Table 1. Accuracy study results of FIS (N=3). 

FIS Content in  
Formulation (µg/ml) 

Level (%) Spiked Qty.  (µg/ml) Total Qty. 
(µg/ml) 

Recovered Qty 
(µg/ml) 

% Drug  
Recovered 

Mean % of 
Drug Recovered 

5 50 2.5 7.5 7.54±0.04 100.65 

99.67 5 100 5 10 10.01±0.03 100.12 

5 150 7.5 12.5 12.27±0.02 98.24 

Table 2. Precision study results of FIS solution (N=3). 

FIS conc. 
(µg/ml) 

Intra-Day 
Inter-Day 

Day 1 Day 2 Day 3 

Found Conc. ± SD % RSD Found Conc. ± SD % RSD Found Conc. ± SD % RSD Found Conc. ±SD % RSD 

5 4.83 ± 0.01 0.09 5.34 ± 0.01 0.18 5.42 ± 0.01 0.03 5.55 ± 0.01 0.08 

10 10.05± 0.01 0.09 10.63 ± 0.03 0.31 10.79 ± 0.13 1.20 11.07 ± 0.01 0.13 

15 15.65 ± 0.03 0.20 15.79 ± 0.19 1.19 15.46 ± 0.12 0.81 15.26 ± 0.01 0.07 

Abbreviations: SD= Standard deviation, RSD= Relative standard deviation. 

Table 3. Ruggedness and robustness study results (N=3). 

Variable Value 
Peak Area Retention Time 

Mean ± SD % RSD Mean ± SD % RSD 

Flow rate 
(ml/min) 

0.8 1051067.00 ± 2079.96 0.20 8.55 ± 0.00 0.05 

1 844452.33 ± 801.85 0.09 6.89 ± 0.00 0.00 

1.2 705836.67 ± 822.63 0.12 5.72 ± 0.03 0.49 

Mobile Phase Ratio 

23:77 845998.33 ± 5787.99 0.68 8.65 ± 0.00 0.03 

25:75 846071.00 ± 1234.45 0.15 6.86 ± 0.00 0.04 

27:73 848818.67 ± 1260.44 0.15 5.64 ± 0.00 0.02 

Oven Temperature  
(°C) 

30 842032.67 ± 2290.91 0.09 7.21 ± 0.02 0.04 

35 843733.00 ± 4021.38 0.48 6.89 ± 0.01 0.08 

40 843383.67 ± 5602.74 0.66 6.68 ± 0.00 0.07 

Formic Acid conc  

(%) 

0.01 841030.33 ± 3069.88 0.37 6.92 ± 0.00 0.01 

0.1 840095.33 ± 3511.48 0.42 6.93 ± 0.01 0.12 

0.3 839874.33 ± 3821.63 0.46 6.85 ± 0.00 0.04 

Absorption wavelength (nm) 

358 842414.33 ± 2681.05 0.32 6.88 ± 0.00 0.05 

360 843685.00 ± 2822.21 0.33 6.88 ± 0.01 0.09 

362 840489.33 ± 2761.03 0.33 6.88 ± 0.01 0.09 
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Fig. (3). HPLC chromatograms at 360 nm for FIS (A), Peak purity curve (B), FIS UV-Visible absorption spectrum (C), FIS loaded cuboso-
me (D). 

Table 4. System parameters of developed method (using less organic solvent) compared with reported method. 

Parameter Obtained Values Literature Reported Values 

Retention Time 6.91 min. 7.06 min 

LOD 17.26 ng/ml 0.46 µg/ml 

LOQ 52.31 ng/ml 1.41 µg/ml 

Tailing Factor 1.19 1.297 

Theoretical Plate 6184.87 6548.89 

Peak purity 1 1 

Table 5. FIS cubosomal formulation parameters (N=3). 

Cubosomal  
Formulation 

Cubosome Diameter 
(nm) (± SD) 

% FIS Loading  

(± SD) 

% Entrapped FIS 

(± SD) 
Zeta Poten-

tial (mV) 
Poly Dispersibility Index 

(± SD) 

FIS cubosomes 72.1 ± 1.05 99.60 ± 0.63 79.33 ± 0.06 -17.1 0.65 ± 0.15 

Blank formulation 51.16 ± 1.65 - - -37.8 1.40 ± 0.11 
 
the prepared cubosomal nanoformulation to confirm particle 
size in the nanometer range (1-100 nm) (Table 5). FIS drug 
loading in prepared cubosomal nanoformulation was found to 
be 99.60 %. The FIS entrapment efficiency of developed cubo-
somes was found to be 79.33 % (Table 5). The FIS content in 

the marketed formulation ‘Doctor’s Best ® Fisetin’ was found 
to be 98.94 ± 0.08 mg/Capsule (Labeled claim - 100 
mg/capsule). The FIS content in some selected plant samples is 
shown in Table 6. The highest FIS concentration was found in 
strawberries and the lowest in grape’s fruit (Fig. 4). 
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Table 6. The FIS content in plant samples (N=3). 

Plant Sample Used Strawberry Fruit Grape’s Fruit Black Tea Leaves Green Tea Leaves 

Conc. of FIS (µg/gm) 2.39±0.15 0.41±0.01 1.32±0.04 2.00±0.09 

 

 

Fig. (4). HPLC chromatogram for FIS obtained for stock std. 10 µg/ml (A), Marketed Doctor’s Best ® Fisetin (B), Strawberry fruit (C), 
Grapes fruit (D), Black tea leaves (E), Green tea leaves (F) 
 
3.9. Stress Degradation Study 

Stress degradation study helps to design various for-
mu- lations and other studies on FIS molecules as it re-
flects the stability of FIS under various stress conditions. 
The chromatograph of FIS in the normal experimental 
condition is shown in (Fig. 5A). The acid degradation 
study with 1N HCL at 80°C for 1 h, shows only 6.14 % 
FIS degradation and observes stability in an acidic envi-
ronment for the above study (Fig. 5B). Results of alkali 
degradation with 1 N NaOH at 80°C for 1 h, study shows 
that the total amount of FIS degrades (no FIS peak ob- 
served) and three metabolite peaks were observed at re-
ten- tion time 1.47, 2.37, and 2.54 respectively (Fig. 5C). 
This indicates that FIS is very unstable in a basic envi-
ronment. For the thermal degradation study at 80°C for 1 
h, FIS shows 11.7 % degradation and two major degrada-

tion peaks at RT 3.25 and 8.23 respectively (Fig. 5D). 
FIS found to be relatively stable at this temperature and 
time. In an oxidative stress degradation study using 30% 
H2O2 solution for 1 h, the major amount of FIS degrades, 
and only a small nonquantifiable peak was observed. Three 
FIS metabolite peaks were observed at retention time 2.70, 
4.74, and 9.10, respectively, which indicates FIS is unstable 
in the presence of H2O2 and very sensitive to oxidative 
stress conditions (Fig. 5E). In the photochemical degrada-
tion study, the drug was directly exposed to sunlight for 1 h, 
using a 10 ml transparent glass volumetric flask. The 15.28 
% FIS degrades in one hour and two major degradation 
peaks at RT 2.75 and 4.79, respectively were observed, in-
dicating the sensitivity of the drug to light and should be 
protected from light for its better stability. Above FIS stress 
degradation study results are found to be in line with the 
reported findings using the HPTLC technique [19]. 
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CONCLUSION 

A single-widely applicable, novel, most sensitive, and 
economical RP-HPLC method was developed and validated, 
and used for estimation of FIS from prepared FIS cuboso-
mal nanoformulation, and also applicable to FIS marketed 
formulation “Doctor’s Best ® Fisetin”, and different plant 
extracts. The developed method was found to be more sensi-
tive, cost and time effective as less retention time and less 
organic solvent are required, accurate, and precise than the 
earlier reported method. Forced degradation study shows 
more FIS degradation in alkaline and oxidative, less degra-
dation in photolytic, and relatively stable in acidic and 
thermal stress conditions. 
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FIS = Fisetin 
ACN = Acetonitrile 
RP-HPLC = Reverse Phase-High Performance Liq-

uid Chromatography 
RSD = Relative Standard Deviation 
LOD = Limit of Detection 

LOQ = Limit of Quantification 
SD = Standard Deviation 
PDA = Photodiode Array 
HETP = Hight Equivalent to Theoretical Plate 

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE 

Not applicable. 

HUMAN AND ANIMAL RIGHTS 

No human/ animals were used in this study that are the 
basis of this research. 

CONSENT FOR PUBLICATION 

Not applicable. 

RESEARCH INVOLVING PLANTS 

The plant species used are not endangered. 

FUNDING 

None. 

 
Fig. (5). HPLC chromatogram of FIS in forced stress degradation study under normal (A), Acid (B), Alkaline (C), Thermal (D), Oxidative 
(E), and Photolytic (F) Stress Conditions. 
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ABSTRACT: 
Objectives: The goal of this study is to create and test a UV-Spectrophotometric method for estimating 

Rosuvastatin in bulk and pharmaceutical dosage forms utilizing a green solvent. Method: Development of UV-

Spectrophotometric method was carried out by using 2% Sodium Lauryl Sulfate solution as green solvent. 

Rosuvastatin was detected at a wavelength of 242nm. According to ICH guidelines, the developed technique was 

verified in terms of linearity, precision, repeatability, limit of detection, limit of quantification, accuracy, and 

robustness. Rosuvastatin in pharmaceutical dose forms was successfully estimated using a newly developed and 

verified approach. Results: Rosuvastatin has a maximum absorption wavelength of 242nm. In the concentration 

range of 5-25µg/ml, Beer's law was followed. The detection and quantification limits were found to be 

1.58µg/ml and 4.79µg/ml, respectively. The recovery of Rosuvastatin Calcium in tablet form was found to be 

between 97 and 102 percent. All of the precision and repeatability results fell within acceptable limits. 

Rosuvastatin was tested and found to be 98.88%. Conclusion: The method was found to be simple, environment 

friendly, reproducible and economical and can be used for routine analysis of Rosuvastatin in bulk and 

pharmaceutical dosage form. The 2% Sodium Lauryl Sulfate solution can be used as Green solvent. 
 

KEYWORDS: Rosuvastatin, Sodium Lauryl Sulfate, Green Solvent, Validation, Beer’s law.  

 

 

INTRODUCTION: 
Rosuvastatin is chemically [(E,3R,5S)-7-[4-(4-

fluorophenyl)-2-[methyl(methylsulfonyl)amino]-6-

propan-2-ylpyrimidin-5-yl]-3,5-dihydroxyhept-6-enoic 

acid] Calcium salt with empirical formula 

(C22H27FN3O6S)2Ca. RSV is classified under class II of 

BCS1. 

 

RSV reduces Low Density Lipoproteins (LDL) levels by 

increasing the LDL receptors on the cell surface and 

internalize the circulating LDL2. It acts by inhibiting 3-

hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoA 

reductase), the rate limiting enzyme in cholesterol 

biosynthesis.  
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The typical dose of RSV Calcium is 5-40mg per day and 

strongly reversibly bound to plasma protein having a 

prolonged effect on hepatic cholesterol synthesis in 

animal models2. 

 

Chromatographic techniques are time-consuming and 

expensive thus a simple and accurate validated UV-

spectrophotometric method can be a great alternative for 

routine pharmaceutical research. Many solvents are 

hazardous in nature and have to replace with green 

solvents for analysis of drugs3-5. 

 

The FDA Inactive Ingredients Database lists sodium 

lauryl sulphate as a commonly considered safe 

excipient. One of the twelve principles of green 

chemistry is to use safer solvents in chemical processes 

to prevent pollution caused by poisonous and volatile 

organic solvents6. 
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Hence the main objective of the present investigation is 

to implement the use of green solvent in estimation of 

RSV. The chemical structure of RSV is given in     

Figure 1. 
 

 
Figure 1. Structure of RSV Calcium 

 

METHOD AND MATERIALS: 
Instrumentation: 

UV-Spectrophotometer of Shimadzu UV-1900 with Lab 

Solutions software and Shimadzu UV-1800 with UV 

Probe software were used for determination of RSV. 

Calibrated weighing balance was used for weighing.  
 

Drug Sample: 

RSV (API) was obtained as a gift sample from Apotex 

Research Pvt. Ltd. Bengaluru. 
 

Reagents and Chemicals: 

Sodium Lauryl Sulfate and other chemicals used for the 

experiment were obtained from the store house of KLE 

College of Pharmacy, Belagavi. 
 

Selection of Wavelength: 

RSV is soluble in various organic solvents but, to 

develop a safe and greener method, the green solvent 2 

% Sodium Lauryl Sulfate was selected throughout the 

study. By using a UV-Spectrophotometer, RSV 10µg/ml 

of working standard solution was scanned between 

400nm and 200nm, with maximal absorption at 242    

nm. 7. 
 

Preparation of stock solution: 

In a 100ml clean and dried volumetric flask, a carefully 

weighed quantity of 10mg of RSV calcium was taken. 

To dissolve the medication, a 2 percent SLS solution 

was added, and the volume was increased to 100ml with 

the same. With a concentration of 100µg/ml, this was 

considered a standard stock solution. Further dilutions 

were made using the standard stock solution8. 

 

Plotting of calibration curve: 

From the standard stock solution, serial dilutions 

containing concentrations of 5, 10, 15, 20 and 25g/ml 

were prepared. The solutions were analyzed for 5 sets 

and the absorbance were measured at 242nm. 

Calibration curve was plotted as Concentration on x-axis 

and Absorbance on y-axis and linear regression equation 

was calculated9. 

 

Method development and validation:10-20 

Various solvents were used for the estimation RSV was 

found to be soluble and stable for 1 week at room 

temperature in 2% SLS solvent. Therefore, this solvent 

was used for the determination of suitable detection 

wavelength and working concentration of standard. The 

ICH has produced criteria for validation of analytical 

methods, namely Q2 (R1), which describes this 

procedure as characteristic performance verified by 

laboratory research. The UV spectrophotometric method 

developed was tested according to validation 

requirements for analytical processes in order to 

demonstrate the method's appropriateness utilizing 

optimal parameters. 

 

Linearity was tested in the 5-25µg/ml range. Statistical 

calculations were used to determine the LOD and LOQ. 

Six duplicates of a solution containing 15µg/ml of RSV 

were created to test system precision, and the 

absorbance of each solution was measured at 242nm and 

the %RSD computed. 

 

The precision of the method was evaluated by 

performing assays under (i) Intraday precision and (ii) 

Interday precision. Six duplicates of a solution 

containing 15µg/ml RSV were evaluated for intraday 

precision, and % RSD was calculated at various time 

intervals on the same day. Six duplicates of a solution 

containing 15µg/ml RSV were evaluated for Interday 

precision, and the % RSD was calculated across three 

days. Ruggedness was determined by testing the same 

suggested method on multiple instruments and by 

different analysts to ensure reproducibility, which 

revealed a % RSD less than 2, indicating that the 

presented approach is robust. Recovery experiments 

were used to determine accuracy, which involved 

determining the percent mean recovery of a sample 

using the percentage approach at three distinct levels. 

From the dilutions used for linearity, 50-150 percent of 

the sample solutions were produced according to the 

process outlined in the procedures. For the analysis RSV 

was taken in the concentrations of 5, 10, 15g/ml. At 

each level, three analyses were performed. Percent mean 

recovery was calculated. The established recovery limits 

are 98-102%, and all observed data fits within this 

range, indicating good recovery values and the absence 

of interference by typical pharmaceutical additives and 

excipients. We have also performed Solution and stock 

solution stability. The % RSD for absorbance obtained 

by fresh dilutions containing RSV was calculated.  

 

RESULTS AND DISCUSSION: 
UV-spectrophotometric method was developed by using 

green solvent and details of method developed were 

presented in Table 1.  Spectrum of solvent and spectrum 

of RSV is presented in Figure 2 and 3 respectively.  
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Table 1: Developed method parameters. 

Sr. No. Parameters Specifications 

1 Analytes RSV 

2 Solvent 2% Sodium Lauryl Sulfate 

3 λmax 242nm 
 

 
Figure 2. UV-Spectrum of Solvent 
 

 
Figure 3. UV-Spectrum of RSV 
 

Method showed linear response between the 

concentration range of 5-25g/ml with r2 value 0.999. 

1.58µg/ml and 4.79µg/ml were found to represent the 

LOD and LOQ, respectively. All the %RSD values 

obtained for precision were found to be less than 2% and 

results were present in the Table no.2, Table no.3, Table 

no.4, Table no.5 and Table no.6. The accuracy of RSV 

from tablet dosage forms was found between the 97-

102%. 
 

Table 2: Linearity and range data of RSV 

Sr. No. Concentration (g/mL) Absorbance 

1 0 0 

2 5 0.152 

3 10 0.363 

4 15 0.559 

5 20 0.741 

6 25 0.966 

R2=0.999 

y=0.038817143 

 
Table 3: System precision data of RSV 

Replicates Concentration (g/ml) Absorbance  

1 15 0.552 

2 15 0.556 

3 15 0.561 

4 15 0.566 

5 15 0.566 

6 15 0.568 

Average 0.561 

SD 0.005 

% RSD  1.14% 

Table 4: Intraday precision data of RSV 

Replic

ates 

Concentrat

ion (g/ml) 

Absorbanc

e 1 Hr 

Absorba

nce 4 Hr 

Absorbanc

e 8 Hr 

1 10 0.330 0.332 0.334 

2 10 0.333 0.334 0.336 

3 10 0.327 0.330 0.333 

4 10 0.320 0.336 0.331 

5 10 0.334 0.332 0.328 

6 10 0.331 0.331 0.331 

Average 0.329 0.332 0.332 

SD 0.005 0.002 0.002 

% RSD 1.55% 0.65% 0.84% 

 
Table 5: Interday precision data of RSV 

Replic

ates 

Concentrat

ion (g/ml) 

Absorbanc

e 1st Day 

Absorba

nce 2nd 

Day 

Absorbanc

e 3rd Day 

1 15 0.574 0.538 0.566 

2 15 0.580 0.544 0.573 

3 15 0.577 0.548 0.558 

4 15 0.586 0.547 0.557 

5 15 0.581 0.552 0.553 

6 15 0.580 0.532 0.554 

Average 0.579 0.543 0.560 

SD 0.004 0.007 0.007 

% RSD 0.7% 1.35% 1.39% 

 
Table 6: Ruggedness and solution stability data of RSV 

Repl

icate

s 

Concent

ration 

(g/ml) 

Absorbanc

e Analyst -

1 

Absorbanc

e Analyst -

2 

Absorbance 

Solution 

Stability 

1 15 0.336 0.332 0.328 

2 15 0.332 0.331 0.326 

3 15 0.331 0.333 0.329 

4 15 0.337 0.336 0.331 

5 15 0.334 0.336 0.336 

6 15 0.330 0.332 0.334 

Average 0.33 0.33 0.33 

SD 0.0028 0.0022 0.0038 

% RSD 0.841 0.648 1.142 

 

Analysis of marketed formulation: 

The established method for determining RSV in Tablets 

was used. Twenty tablets were tested, and the results 

showed that the amount of medicine in tablet samples 

was in good agreement with the formulation's label 

claim, with a percent assay of 98.88%. 

 

CONCLUSION: 
The developed method for estimating RSV in 

pharmaceutical dose form and in bulk can be concluded 

to be simple, sensitive, accurate, exact, reproducible, 

inexpensive, and environmentally friendly. The 

excipients in the commercial sample evaluated had no 

effect on the results, demonstrating the method's 

specificity for this formulation. 

 

ABBREVATION: 

1. UV- Ultraviolet 

2. RSV- Rosuvastatin 

3. SLS- Sodium Lauryl Sulphate 

4. ICH- International Council for Harmonization 
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5. LOD- Limit Of Detection 

6. LOQ- Limit Of Quantitation 

7. r2- Correlation coefficient 

8. RSD- Relative Standard Deviation 

9. SD- Standard deviation 
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ABSTRACT
Background: Metformin (MET) is an oral antidiabetic agent falls chemically under 
the category of biguanides and it is effectively utilized in the management of type 2 
diabetes mellitus. It is marketed in the tablet dosage form and hence quality control and 
assessment of MET is very much essential and important. Objectives: The objectives of 
present research investigation are to implement the Box-Behnken Design (BBD) in the 
optimization and validation of Reverse Phase-High Performance Liquid Chromatographic 
(RP-HPLC) method for the quality assessment of MET and also to systematically apply the 
Analytical Quality by Design (AQbD) Approach. Materials and Methods: In methodology 
BBD was employed to identify and optimize the critical method aspects for augmenting 
the performance of proposed methodology. The optimum chromatographic elution was 
performed on Agilent C18 (5µm, 250 × 4.6 mm i.d.) column employing methanol and 
0.1% ortho phosphoric acid in water with pH 2.8 in the proportions of 4:96 v/v as 
solvent system. The elution was carried out at 0.7 mL/min flow of mobile phase and 
identification at 231 nm using UV detector. The BBD driven optimized method was 
standardized as per guidelines of International Council for Harmonisation Q2 (R1) in terms 
of validating method parameters such as specificity, linearity, detection and quantitation 
limit, precision, robustness, ruggedness and accuracy. Results: The method was linear 
in the concentration of 5-25µg/ml with R2 = 0.999. The detection and quantitation 
limit were obtained at concentration of 0.30 and 0.93 µg /ml. The values of precision, 
robustness, and ruggedness parameters were found to be well within the required limit 
of acceptance with deviation of relative standard < 2%. The accuracy of MET was 
observed 99.22% to 100.25% at three different recovery experiments. At the end the 
proposed design of experiment (DoE) oriented methodology successfully applied for 
quantification of MET. Conclusion: The BBD and AQbD approaches are highly useful for 
the quality assessment of MET in bulk and its marketed tablet dosage forms.
Key words: Analytical Quality by Design, Box–Behnken Design, Chromatography, 
Metformin, Standardization.
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INTRODUCTION
The quality assessment of  drugs and 
its pharmaceutical formulations is very 
important and essential during product 
development stage in pharmaceutical 
industry. Analytical assessment is the critical 
approach in quality control of  pharmaceutical 
products. The poor analytical assessment 
may lead to generation of  inaccurate values, 
wrong data that may be risky to the drug 

and product formulation stage. In order to 
address such crucial issues and concerns, 
various pharmaceutical drug regulatory 
bodies, such as “US Food and Drug 
Administration” and “International Council 
for Harmonisation” (ICH) have been stated 
the quality by design (QbD) approaches and 
guideliens to overcome these issues. In the 
recent years, ICH has declared set of  rules 
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and guidance in ICH Q14 on development of  analytical 
procedures and revision of  Q2 (R1) analytical validation  
Q2 (R2)/Q14.1

The traditional chromatographic approach for 
assessment of  drug molecules in bulk and dosage 
forms was done by a trial approach and error method. 
Example, by changing single parameter at single time 
and identify the change of  the result until we get the 
suitable procedure was obtained. Traditional approach 
is very long approach or method and needed large 
quantity of  manual result analysis. It required basically 
few practical runs, and in few cases, the reported 
procedures requires again change in method when 
scaled up, and in actual product development stage.2,3In 
order to overcome the limitations and disadvantages 
of  traditional chromatographic methods we can adopt 
the AQbD principles as it includes the statistical DoE 
to know a “method operable design space” of  a robust 
analytical procedure. The “method operable design 
space” gives the practically possible working areas or 
region in which changes to the method aspects will not 
reasonably affects the quality and data of  the procedure. 
It will be technically and practically important to 
know if  a “method operable design space” for change 
in chromatographic parameters can be generated 
to assist the optimization of  a rugged and robust 
procedure.4 Many scientists have implemented the 
AQbD approaches and guidelines to chromatographic 
procedures.5-10The systematical and rational utilization 
and implementation of  elements of  QbD to analytical 
procedure optimization to obtain good performance 
of  technique is known as AQbD.11,12 This avenue gives 
surety of  reliability and high quality of  the analytical 
procedures and reduces the failure risk in the phase of  
standardization as well as routine quality analysis. “It is 
a scientific and risk-based method for understanding 
of  the critical analytical attributes (CAAs) and affected 
independent parameters impacting the performance 
of  procedure”. AQbD gives the detailed information 
on the risks and effects between the variables of  the 
method.13,14MET is an oral antidiabetic agent chemically 
categorized to biguanides class and effectively utilized 
for the management of  type 2 diabetes. It mainly shows 
its mechanism by reducing the glucose secretion. It 
decreases the level of  cholesterol (LDL), also reported 
achieves the weight loss in few cases.15 It is also used 
for the treatment of  “polycystic ovary syndrome”.16 
MET is marketed in single and also in combined 
dosage form with other antidiabetic drugs. In the year 
1922 MET was prepared by reaction of  dimethylamine 
hydrochloride and 2-cyanoguanine in the presence 
of  heat.17 The adverse effects of  MET includes the 

lactic acidosis and few related to gastro intestinal tract. 
MET is contraindicated in the patients with diseases 
of  liver, kidney, lung and heart disorders.18 Chemically 
MET is N, N-dimethylimido dicarbonimidic diamide 
with molecular formula C4H11N5 and molecular mass 
129.164 gm/mol. It is soluble very freely in H2O. MET 
is sensitive to light and degrades when heated emitting 
nitric oxide. It appears as white to off-white crystalline 
powder with pKa value 12.4. The chemical structure of  
MET is presented in Figure 1.
Literature review revealed that various analytical 
methods have been reported for quality assessment of  
MET in bulk and pharmaceutical dosage forms. MET 
is analysed by few chromatographic methods in its 
single and combined dosage forms. But the reported 
chromatographic assessment procedures suffer with 
various limitations and disadvantages like critical steps, 
complicated methods, extraction steps are multiple 
which leads to more time consuming procedure. Most 
of  the published chromatographic procedures for 
MET have limitations as they have complex solvent 
system composition, longer retention time and use of  
costly solvents and also methods are developed with 
traditionally approach.19The scientific, BBD assisted and 
AQbD driven chromatographic optimization of  MET 
has not discussed in detail till date. Hence there is strong 
and solid requirement for the optimization of  simple, 
robust, accurate and sensitive procedure for assessment 
of  MET employing BBD to overcome the limitations 
and issues as mentioned above and also to assure the 
quality of  the proposed method.The main objectives 
of  proposed research work is to develop and optimize 
an simple, sensitive, rapid, rugged, robust, accurate and 
reliable RP-HPLC methodology by employing BBD and 
AQbD approaches for quality analysis of  MET in its 
pharmaceutical tablet dosage forms as well as in bulk 
powder.

Figure 1: Chemical Structure of MET.
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MATERIALS AND METHODS
Reagents and Chemicals

MET (99.8%) was obtained as a gift sample from 
FDC Ltd. Verna-Goa. The HPLC grade methanol 
was purchased from Merck India Limited. The solvent 
system was filtered employing 0.45 μm nylon filters 
obtained from Pall India Private Limited, Mumbai, India. 
The solvent system was degassed and sonicated using 
sonicator. The marketed tablets of  MET was obtained 
from local Pharmacy shops of  Belagavi, Karnataka, 
India and analyzed for its quality using BBD assisted 
RP-HPLC methodology.

Apparatus, Equipments and Chromatographic 
Conditions

In the proposed research work HPLC system of   
Agilent 1100 (Autosampler), Chemstation possessing 
software was used. The chromatographic separation 
of  the MET was achieved on Agilent C18 column (250 
× 4.6 mm i.d., 5µm). The solvent system composed of  
methanol: 0.1% ortho phosphoric acid (OPA) in water 
with pH 2.8 in the proportions of  4:96 v/v. Elution of  
MET was done at 0.7 mL/min with UV identification 
at 231 nm. The temperature of  column was maintained 
at ambient, and the injection volume of  20 µL. The 
Chromatographic grade water was used and it was 
again filtered using a 0.45 μm membrane filters (Nylon) 
before taking it for the preparation of  solvent system 
composition. The micro weighing balance of  Sartorius 
was used for weighing the standard drug and powdered 
sample of  MET. In order to degas the solvent system as 
well to solubilize the drug and powdered drug sample 
into solvent, Sonicator of  MJL lab was used. All the 
glassware’s used such as pipettes, measuring cylinders 
and volumetric flasks were calibrated before use.

Preparation of solvent system

1 mL of  OPA was measured and transferred into 1000 mL 
milli-Q water and pH was maintained at 2.8 and filtered 
through 0.45-μm nylon membrane filters. The mobile 
phase used was methanol to 0.1% OPA in water with 
pH 2.8 in a ratio of  4:96 (v/v).

Preparation of standard stock solution 

The MET stock was made by dissolving 10 mg of  MET 
in 10 ml of  methanol. The resulting stock was sonicated 
to solubilize the MET, and then 1 ml of  this solution 
was transferred into 10 ml of  volumetric flask (VF), and 
it was diluted 10 ml with solvent system as diluent. This 
stock was utilized for optimization and validation of  
experimental parameters. The further working solutions 
of  MET were obtained by serial dilutions. The series of  

concentrations were obtained by using solvent system as 
diluent. The final solutions were filtered using a 0.45 μm 
syringe filter. The final dilutions were then transferred to 
vials before chromatographic runs.

Preparation of sample solution

Weighed and powdered 20 MET tablets. The powder 
amount equal to 10 mg of  MET was taken and 
transferred into a 10 ml of  the VF. Then, 2 ml of  solvent 
system was added and 15 min sonicated to solubilize 
it and volume was made up to the mark with solvent 
system. The resulting solution, filtered using Whatman 
filter paper and then 1 ml of  this solution diluted to  
10 ml with solvent system. Further 2.5 ml of  the above 
solution transferred in 10 ml of  VF and made up to the 
mark with solvent system (25 μg/ml).

Preliminary Method Development

In order to select the suitable stationary phase, initial 
experimental runs were performed for identification 
of  possible combinations and selection of  column and 
solvent system. Initial trials were carried out by using 
literature review. In order to develop cost effective 
methodology, methanol was chosen for trial study. 
Aqueous solvent composed of  different concentration 
of  OPA were chosen for effective separation with 
different pH. By the analysis of  the above trials, the C18 
stationary phase was used for further study.

Implementation of AQbD Avenue

QbD is defined as “a systematic approach to develop-
ment that begins with predefined objectives and 
emphasizes product and process understanding based 
on sound science and quality risk management.” 
“The approach of  QbD covers a better scientific 
understanding of  critical parameters and qualities 
of  product, designing tests and controls based on 
the scientific limits of  understanding during the 
development stage and using the knowledge and data 
generated during the life cycle of  the product to work on 
a constant improvement”. In the present investigation 
we have worked on various elements of  AQbD and 
implemented in the practical methodology. It has 
started with identification of  Analytical Target Profile 
(ATP), followed by study of  Critical Quality Attributes 
(CQAs) and Risk Assessment (RA) by employing fish-
bone approach. Further approach is mainly deals with 
application of  DOE which helps in the factor screening 
and optimization of  RP-HPLC methodology.

Analytical Target Profile (ATP)

Identification and setting up the ATP is first and most 
important step in the QbD based analytical procedure 
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development and it can be defined as collection 
of  information required for desired quality profile 
needed for the development of  method. This helps 
for assuring the safety, quality, and practical usefulness 
of  the analytical procedure at the site of  commercial 
application of  it in the pharmaceutical industry. Various 
components of  ATP include the “target drug, target 
samples and method application, analytical method, 
instrument characteristics and requirements, sample 
preparation steps, and analytical procedure quality 
attributes”.

Critical Quality Attributes (CQAs)

In order to meet the requirements of  target profile of  
analytical procedure, various CQAs need to be selected 
and it is very important and essential step in the AQbD 
based method development. The CQAs can be defined 
as “the measurable parameters of  the chromatogram 
of  analyte that should be within an appropriate and 
acceptance limit or range or criterions to warrant the 
desired quality and ability of  the analytical procedure”. 
In case of  chromatographic development usually the 
critical quality attributes includes the tailing factor (TF), 
retention time (RT), peak area (PA), peak spectral purity, 
theoretical plates (TP), and assay limit etc. Out of  these 
attributes, RT, TP, and TF have real impact on the 
performance of  analytical procedure.

Risk Assessment (RA)

The assessment of  risk in the very important and 
essential step in the QbD based procedure development. 
In this study RA was conducted for determining the 
probability of  failures in the procedure. In order to 
perform this, a cause to effect model for relationship 
of  “critical material attributes” and “critical method 
parameters” with the Critical Analytical Attributes 
(CAAs) was done and executed by construction of  an 
“Ishikawa Fish-Bone” (IFB) diagram.

Factor Screening by Design of Experiment Avenue 
using Box-Behnken Design (BBD)

A new chromatographic procedure was optimized 
for MET using software of  Design Expert. In this 
software, design of  Box-Behnken was employed to 
optimize the “Critical Process Parameters” (CPPs) or 
“Critical Method Parameters” (CMPs), and to assess 
the interaction of  these parameters on the CQAs. BBD 
is a three factor two level design and it requires fewer 
experimental runs.

Box-Behnken Optimization Study Design

The chromatographic optimization of  parameters was 
done by utilizing 3 factors, 2 levels BBD to estimate the 

main, effects and quadratic effects of  critical factors 
on the variables of  identified responses.20-22 The BBD 
composed of  14 experiment runs and screening phase 
includes the following steps. In the first phase selection 
of  CMPs was done which includes the flow rate, organic 
phase (% methanol), and wavelength of  detection. The 
second phase of  study includes selection of  CQAs. In 
the present study CQAs selected are RT, PA, TP, and TF. 
These responses were monitored during the practical 
trials.

Method Development According to Experimental 
Design 

As per factor screening method, the selection of  
the CMPs which are affecting the performance of  
procedure was optimized employing 3 factor at two 
equidistant levels (low (-1) and high (+1) levels).  
A 10μg/mL of  MET was used for all chromatographic 
runs, and analyzed for CAAs (RT, PA, TP, and TF).

Data Analysis and Model Validation 

The responses generated after running suggested 
trial were added to software and various plots like 
“3D response surface plots” and “graph plots” were 
obtained. These plots suggest the effect of  CMPs on 
the selected CQAs. The assessment of  these plots 
was utilized to analyse as to which parameter give 
the reasonable responses. Based on these data, the 
final CMPs of  the procedure were identified and the 
optimized conditions were selected. The statistical tool, 
like “analysis of  variance” (ANOVA) for every response 
was used to study the significance of  each parameter 
used for the study using the p value.

Method Validation

In order to standardize the suitability of  the proposed 
method for its intended use, method validation was 
carried out as per ICH guidelines by assessing the 
system suitability, linearity and range, detection and 
quantification limit, precision, ruggedness, robustness 
and accuracy. The proposed RP-HPLC procedure was 
then applied successfully for the quality assessment of  
MET in its marketed table forms.

System Suitability

The suitability of  system and testing is an essential part 
of  any analytical method. It was performed by injecting 
three replicates of  10 μg/mL standard MET solution 
and then evaluating the each chromatogram with respect 
to its RT, TP and TF.
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different analysts. The overall mean, and % RSD was 
calculated for peak area obtained in the chromatogram 
of  each peak.

Accuracy

Accuracy of  the method was assessed from the recovery 
study of  MET through 5μg/ml solution of  MET spiked 
with 80, 100, and 120%. The mean recovery and % RSD 
was calculated at each level.

Quality Assessment of MET using Box-Behnken 
Design Assisted RP-HPLC Method

Weighed and powdered 20 MET tablets. The powder 
amount equal to 10 mg of  MET was taken and 
transferred into a 10 ml of  the VF. Then, 2 ml of  solvent 
system was added and 15 min sonicated to solubilize 
it and volume was made up to the mark with solvent 
system. The resulting solution, filtered using Whatman 
filter paper and then 1 ml of  this solution diluted to  
10 ml with solvent system. Further 2.5 ml of  the above 
solution transferred in 10 ml of  VF and made up to the 
mark with solvent system (25 μg/ml) and injected into 
stabilized HPLC for further elution and analysis.

RESULTS AND DISCUSSION
Initial Method Development

In order to optimize a simple, cost-effective, precise 
and accurate method for assessment and quality control 
of  the MET in its bulk as well as pharmaceutical tablet 
dosage forms, preliminary experiments on the basis of  
literature search and trial and error basis were carried 
out. Initially, development was started with selecting 
mobile phase by utilizing various combinations of  
solvents such as methanol, and o-phosphoric acid. 
The buffer phase is tried at different concentrations 
in order to achieve better separation of  the MET. In 
initial runs, it was ientified that the selection of  OPA in 
0.1% concentration with pH 2.8 which leads to faster 
and effective separation of  drug with elution of  MET 
at lower RT along with low peak tailing and satisfactory 
peak symmetry.

Analytical Quality by Design Approach and its 
Implementation

Various approaches and methodologies of  AQbD were 
applied to proposed RP-HPLC method as discussed 
in methods section. The ATP, CQAs and process 
parameters of  method were studied, identified and 
presented in Table 1.

Specificity and Selectivity 

The specificity and selectivity of  the procedure was 
done by obtaining the HPLC peak of  solution of  MET  
(10 μg/mL), sample and blank chromatogram of  solvent 
system. It helps to identify the analyte, interference from 
other peaks, and also the peak purity.

Linearity and Range 

The linearity of  procedure was assessed between the 
ranges of  5 to 25 μg/mL of  MET. The linearity response 
was determined by preparing different concentrations 
and injecting three times into HPLC, and recording 
chromatograms and noting down the peak area for all 
the graphs. The standard calibration curve was graphed 
as peak area vs the concentration of  the MET in μg/mL. 

Detection and Quantification Limit 

“Limit of  detection (LOD) is the lowest amount of  
drug in a sample that can be detected but not necessarily 
quantified as an exact value”. Detection limit was 
obtained using the following equation:

LOD = 3 × σ/S

Limit of  quantification (LOQ) of  the developed 
method is “the lowest amount of  analyte or drug in a 
sample which can be quantified with suitable precision 
and accuracy”. Quantification limit was obtained using 
the following equation: 

LOQ= 10 × σ/S

“Where σ is the standard deviation of  y-intercepts of  
regression lines, and S is the slope of  the calibration 
curve” of  MET.

Precision

The precision is estimated in terms of  relative standard 
deviation (RSD). The precision was tested by injecting 
three replicate injections of  concentration 10, 15 and 
20μg/mL. The intraday and interday precision study was 
done by injecting 3 replicates of  different concentration 
of  MET and calculating %RSD for PA. (It was assessed 
on the same day and on three different days).

Robustness 

The robustness of  the method was evaluated by 
injecting the standard solution of  MET at deliberately 
changing the chromatographic conditions which 
includes a change in composition of  organic phase in 
solvent system, flow rate, and wavelength.

Ruggedness

The ruggedness of  the proposed method has been 
done by analyzing the standard solution of  MET by two 
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prepared to list out serious risk factors that may have 
an effect on performance of  method. The risk factors 
listed may includes the method of  extraction of  sample, 
time of  extraction, solvent used for extraction etc. and 
instrumental related parameters such as ratio of  solvent 
system, chromatographic mode, flow rate, and injection 
volume. The high-risk procedure variables were listed 
and exposed to further analysis by applying suitable 
experimental optimization design. The high-risk 
method variables selected as flow rate of  mobile phase, 
% composition of  organic phase (methanol) in mobile 
phase and wavelength of  detection.

Box–Behnken Optimization Design

It is very important component of  DOE avenue and in 
order to implement for the RP-HPLC method, we have 
selected high-risk factors such as flow rate of  mobile 
phase, % organic phase in mobile phase and wavelength 
of  detection. They were optimized by BBD to detect 
main, interaction and quadratic effects of  these factors 
on RT, PA, TP and TF. The 14 runs were performed, 
and obtained results were assessed statistically using 
software. The independent variables selected were flow 
rate of  mobile phase (X1), % organic phase in mobile 
phase, and wavelength of  detection, whereas RT, PA, TP, 
and TF were selected as the dependent responses. The 
BBD optimization is shown in Table 2. The software 
carried analysis of  variance (ANOVA), and statistical 
optimization. The ANOVA results are presented in  
Table 3. This implies that the model is valid. The 
“3D-surface” and “2D-contour plots” were also analyzed 
to define design space and to visualize the effect 
of  independent parameters and their effects on the 

Table 1: QTPP, CQAs and Process Parameters of 
Proposed RP-HPLC Method.

Sl. 
No.

AQbD Parameters Description 

1 Quality target 
product profile

Flow rate, mobile phase 
composition, wavelength of 
detection, pH, temperature, 

and column attributes, injection 
volume, pressure, buffer attributes.

2 Critical quality 
attributes

Retention time, Peak area, 
theoretical plates, peak purity, 

tailing factor. 

3 Process parameters Specificity, selectivity, linearity, 
range, precision, robustness, 

ruggedness, accuracy, LOD, LOQ.

Figure 2: Ishikawa Fishbone Diagram.

Table 2: Box–Behnken Optimization Design.
Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3 Response 4

Run A:Flow rate B:Methanol C:Wavwlength RT PA TP TF
ml/min % nm

1 0.7 3 230 3.45 4850.37 11675 0.82
2 0.8 2.3 231 2.95 4019.71 10892 0.84
3 0.7 3 232 3.369 4521.28 11693 0.83
4 0.6 4 231 3.89 5516.24 12789 0.8
5 0.7 5 230 3.33 4896.5 11458 0.83
6 0.9 3 232 2.61 3555.04 9810 0.86
7 0.7 5 232 3.32 4665.06 11373 0.82
8 0.8 4 229.3 2.92 4373.36 10645 0.84
9 0.9 3 230 2.62 3755.37 9777 0.85

10 0.8 4 231 2.62 3707.75 9733 0.86
11 0.9 5 230 2.71 4018.88 9950 0.86
12 0.9 5 232 2.69 3785.56 9793 0.85
13 0.8 5.7 231 3 4326.7 10679 0.84
14 0.8 4 232.7 3 4484.22 10716 0.84

Risk Assessment and Screening Studies

RA study was performed to analyze the CMPs, which 
are high-risk factors and have a critical effect on the 
CAAs. In this study, IFB diagram (Figure 2) was 
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Figure 4: 2D Contour and 3D surface plots depicting the effect 
of (A and B) flow rate and % methanol on peak area, effect of 
flow rate and wavelength (C and D) on peak area, %methanol 

and wavelength (E and F) on peak area.

Figure 5: 2D Contour and 3D surface plots depicting the effect 
of (A and B) flow rate and % methanol on theoretical plates,  

effect of flow rate and wavelength (C and D) on theoretical plates, 
%methanol and wavelength (E and F) on theoretical plates.

Figure 3: 2D Contour and 3D surface plots depicting the  
effect of (A and B) flow rate and % methanol on retention 

time, effect of flow rate and wavelength (C and D) on retention 
time, %methanol and wavelength (E and F) on retention time.

Table 3: Statistical Analysis Data.
ANOVA 

Parameters
Retention 

Time
Peak 
Area

Theoretical 
Plates

Tailing 
Factor

R-Squared 0.9960 0.8277 0.9970 0.9987

Adjusted 
R-squared

0.9913 0.8133 0.9936 0.9971

Predicted 
R-Squared

0.9583 0.7698 0.8559 0.8529

Standard 
Deviation

0.0363 239.06 74.53 0.0009

%C.V 1.19 5.53 0.69 0.1116

F-value 211.69 57.63 288.01 646.40

p-value <0.0001 <0.0001 <0.0001 <0.0001

R-squared = Coefficient of determination. 
F-value = Value on the F distribution. 
p-value = Probability of falsely detecting a significant effect. 
C.V.% = Percent Coefficients of variance.

respective response variables. As the proposed model 
has more than two independent factors, one factor 
was kept constant for each plot. Figure 3-6 presents 
the portrays 3D surface plot, and it’s corresponding 
2D contour plot showing the effects of  flow rate, % 
composition of  organic phase, and wavelength on RT, 
PA, TP and TF.

Analytical method validation

In the system testing, parameters, like RT, TP, and 
TF were assessed and %RSD was calculated prior to 
perform the analysis. Figure 7A presented the HPLC 
chromatogram of  standard MET with RT 2.96 min. 
Figure 7B shows the chromatogram of  MET in 
sample with Rt 2.96 min. The blank chromatogram 
also showed no appearance of  any peak at Rt of  

Figure 6: 2D Contour and 3D surface plots depicting the  
effect of (A and B) flow rate and % methanol on tailing factor, 
effect of flow rate and wavelength (C and D) on tailing factor, 

%methanol and wavelength (E and F) on tailing factor.
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the concentration range of  5-25 µg/mL with R2 value 
0.999. Limit of  detection and limit of  quantitation 
were found to be 0.30 and 0.93 µg /ml respectively. 
Data in Table 4 suggest the precision, robustness, and 
ruggedness of  proposed method. The %RSD of  each 
parameter for standardization falls within the limit 
(<2%). The robustness of  procedure was assessed 
by changing solvent composition methanol: aqueous 
phase (3:97 to 5:95 v/v), change in wavelength from 
230 to 232 and change in the flow rate from 0.6 to 
0.8 ml/min. Acceptable %RSD values were obtained 
after making small deliberate variations in developed 
method parameters. This suggests that the procedure 
is robust for the industrial analysis. The ruggedness of  
the procedure was done by different analysts and values 
of  results were found to be within the acceptance. An 
recovery with %RSD of  less than 2% was obtained 
from all 3 level recovery studies. The %RSD of  all the 
3 levels is presented in Table 5.Quality Assessment of  
MET by Box–Behnken Optimized RP-HPLC Method
The BBD driven RP-HPLC analysis of  marketed 
formulation of  MET presented excellent recovery. The 
% recovery was found to be 99.89%. The retention 
time of  MET in dosage was not changed with regard Figure 7: Chromatograms depicting (A) MET Standard  

(B) MET sample (C) Overlay of MET Standard (D) MET assay 
sample.

Figure 8: Standard Calibration Curve of Metformin.

Table 4: Analytical Method Validation Report.
Precision Intraday Interday-1 Interday-2 Interday-3

Conc. Peak Area %RSD Peak Area %RSD Peak Area %RSD Peak Area %RSD
10 µg/mL 579 0.12 585 0.29 577 0.65 581 0.71

15 µg/mL 873 0.37 878 0.31 876 0.11 876 0.13

20 µg/mL 1163 0.15 1175 0.29 1176 0.80 1159 0.24

Ruggedness by Change in the Analyst Robustness
Flow Rate Mobile Phase Wavelength

5 µg/mL 297 0.39 25 µg/mL 25 µg/mL 25 µg/mL

15 µg/mL 876 0.12 1637 1443 1485

25 µg/mL 1457 0.21 0.19 0.84 0.11

Table 5: Accuracy Study Data of MET.
Level Sample Recovery (%) Mean 

Recovery (%)
% RSD

80%

S1 99.18 98.98 0.69

S2 99.53

S3 98.22

100%

S1 99.84 99.79 0.48

S2 99.29

S3 100.25

120%

S1 99.79 99.20 0.70

S2 99.38

S3 98.44

MET. No interference observed at the retention time 
of  MET peak in standard and sample chromatogram; 
thus, method was found to be specific and selective 
for MET. The overlay chromatograms of  MET were 
presented in Figure 7C. The standard calibration curve 
of  MET was plotted in the concentration range of   
5 to 25 µg/mL (Figure 8). The procedure was linear in 
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to MET standard. The TF and TP factor were found to 
be within the limits of  acceptance. All the solutions of  
samples showed no additional peaks in chromatograms 
that showed no inference of  dosage form additives 
with MET. This showed ability of  proposed RP-HPLC 
method for routine quality assessment and analysis 
of  MET in its bulk and tablet forms. The assay 
chromatogram is presented in Figure 7D.

CONCLUSION 
The present investigation successfully implemented the 
BBD and AQbD avenue to optimize the RP-HPLC 
procedure for MET assessment with a proper 
understanding of  the critical factor response relationship 
for augmenting the procedure performance. The BBD 
and AQbD assisted RP-HPLC method optimization 
of  MET ensured the robustness of  the analytical 
procedure before standardization studies. This novel 
pathway helps the researcher and analyst to set control 
strategies to reduce the unwanted effect of  these critical 
method variables on performance of  method. The 
validation reports confirmed the specificity, selectivity, 
excellent linearity, detection and quantification limit, 
accuracy, precision robustness, and ruggedness of  
proposed method. The BBD assisted optimized and 
validated RP-HPLC method further utilized for the 
quality assessment of  marketed MET tablets to ratify 
the applicability of  the proposed procedure.
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Quality Attributes; DOE: Design of  Experiment; 
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LOQ: Limit of  Quantification; MET: Metformin; 
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RP-HPLC: Reverse Phase-High Performance Liquid 
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SUMMARY

In methodology BBD was used to identify and optimize the critical process parameters for augmenting the 
performance of  proposed methodology. The optimum RP-HPLC separation was achieved on Agilent C18 
column (250 x 4.6 mm i.d., 5µm) employing methanol and 0.1% ortho phosphoric acid in water with pH 2.8 
in the proportions of  4:96 v/v as solvent system. The elution was carried out at the flow rate of  0.7 mL/
min and detection at 231 nm using UV detector. The BBD driven optimized method was standardized as per 
guidelines of  International Council for Harmonisation Q2 (R1) in terms of  validating method parameters 
such as specificity, linearity, Limit of  detection and limit of  quantitation, precision, robustness, ruggedness 
and accuracy. The method was found to be linear in the concentration range of  5-25µg/ml with r2 = 0.999.
The detection and quantitation limit were obtained at concentration of  0.30 and 0.93 µg /ml. The values 
of  precision, robustness, and ruggedness parameters were found to be well within the acceptance limits 
with relative standard deviation < 2%. The accuracy of  MET was observed 99.22% to 100.25% at three 
different recovery experiments. At the end the proposed design of  experiment (DOE) oriented methodology 
successfully applied for quantification of  MET. In conclusion, the BBD and AQbD approaches are highly 
useful for the quality assessment of  MET in bulk and its marketed tablet dosage forms.
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Abstract 
The base excision repair (BER) mechanism plays a key 

role in repair of DNA modifications caused by oxidized 

or reduced bases which help in maintaining the 

genomic stability. Genetic variations in BER pathway 

genes are known to alter the DNA repair capacity, 

thereby appealing the susceptibility to various cancer 

risks. Present study was undertaken to evaluate an 

association between the polymorphisms in hOGG1 and 

APE1 genes and the susceptibility of gastrointestinal 

cancer in unexplored population of south-western 

Maharashtra. 

 

In this hospital-based case-control study, we used 

polymerase chain reaction- restriction fragment length 

polymorphism (PCR-RFLP) method to examine the 

genotype distribution of hOGG1 (rs1052133) and 

APE1 (rs1130409) genes in 200 GI cancer patients in 

comparison with 200 healthy controls. Results of our 

investigations revealed no direct significant 

association between the variant genotype of hOGG1 

(OR: 0.99; CI: 0.55-1.78; p: 0.99) and GI cancer risk 

when compared with the wild type genotype while 

variant genotype of APE1 (OR: 0.31; CI: 0.12-0.82; p: 

0.014) showed a decreased risk for susceptibility of GI 

cancer. Thus, our study indicated that the 

polymorphism in APE1gene may contribute to the 

protective effect of GI cancer development among rural 

population of the south-western Maharashtra. 
 
Keywords: APE1, Gastrointestinal Cancer, Gene 

polymorphism, hOGG1, PCR-RFLP.  

 

Introduction 
Gastrointestinal (GI) cancer is a major cancer in human 

which includes uncontrolled growth of cells in any of the 

organs viz. oesophagus, stomach, colon, intestine, 

gallbladder and liver.  Worldwide, GI cancer accounts 

15.6% of total cases among all cancers in both the sexes13. 

There are many environmental and life style factors that 

affect the progression of GI cancer. Besides these, host 

genetic factors also play an important role in the 

development of GI cancer. There are four major DNA repair 

mechanisms which play a vital role in maintenance of 

genomic integrity; viz. base excision repairs (BER) which 

repair small chemical adducts of endogenous origin and 

damage induced by ionizing radiation. Nucleotide excision 

repair (NER) removes more than one base in response to 

exogenenous adducts or ultraviolet radiation; double strand 

break repair (DSBR) is involved in repair of double stranded 

DNA breaks produced by exogenous and endogenous agents 

and Mismatch repair (MMR) removes mispaired single base 

substitution errors occurred during the DNA replication4,31.  

 

The sequence variation in these DNA repair genes causes 

defects in DNA repair capacity which may lead to genetic 

instability. Among DNA repair genes, 8-oxoguanine DNA 

glycosylase (hOGG1) and apurinic/apyrimidine 

endonuclease 1(APE1) play key role in BER pathway. The 

BER pathway utilizes human hOGG1 to remove the 

modified base by cleaving the N-glycosyl bond between the 

sugar and the base by another enzyme AP endonuclease. 

This single strand break is then processed with the help of 

DNA polymerase β either by short-patch where a single 

nucleotide is replaced or by long-patch where 2–10 new 

nucleotides are synthesized15.  

 

The human hOGG1 enzyme is encoded by OGG1 gene 

located on chromosome 3p25/26. The highly mutagenic 

oxidative product 8-hydroxy-2-deoxyguanine (8-OHdG) 

formed in cellular DNA that causes GC to TA transversion 

during DNA replication, is removed by hOGG1, thereby 

protecting the cell from oxidative DNA damage15.  

 

There are at least 20 validated sequence variants of OGG1 

gene, of which the most commonly studied polymorphism in 

hOGG1 gene is in exon 7 where the transversion of cytosine 

by guanine at 1245 nucleotide position results into the 

substitution of amino acid from serine to cystine in codon 

326(Ser326Cys, rs1052133)6.  

 

This single nucleotide polymorphism (SNP) in hOGG1 

alters the function of hOGG1 and increased the susceptibility 

of pancreatic6, colon1, gastric27, bilary tract14 and 

esopharangeal8 cancer. The human apurinic/apyrimidine 

endonuclease 1(APE1) gene is located on chromosome 

number 14q11.2-q12 and consists of 5 exons. APE1 repairs 

basic AP sites by hydrolysing 3’-blocking fragments from 

oxidized DNA and produces normal 3’-hydroxyl nucleotide 
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termini required for DNA synthesis and ligation at single 

strand or double strand breaks16. Till date, eighteen 

polymorphisms in APE1 gene have been reported, but 

Asp148Glu (rs1130409) variants in codon 148 of exon 5 are 

the most common and extensively studied polymorphisms. 

The base substitution of T to G at position 2197 results into 

replacement of aspartic acid to glutamic acid in codon 148 

of exon 5 18. This non-synonymous SNP in coding region of 

APE1 variant results into the altered endonuclease and DNA 

binding activity, thereby reducing its ability to communicate 

with other BER proteins5.  

 

Recently a number of epidemiologic studies illustrate the 

association of SNPs in hOGG1 and APE1 gene with GI tract 

cancers but with conflicting results1,6,8,14,16,18,19,27. Therefore, 

in this study, we tried to understand the relationship between 

BER genes especially hOGG1 and APE1 polymorphism and 

the risk of GI cancer in a hospital based case-control study 

from the rural areas of south- western Maharashtra.   

 

Material and Methods 
Study Design: Hospital based case-control study was 

conducted in the rural areas of south-western Maharashtra to 

determine the risk factors that contribute to the GI cancer 

among the study population. Two hundred newly diagnosed 

GI cancer cases and 200 healthy controls were enrolled from 

the Department of Surgery and Department of Oncology, 

Krishna Hospital & Medical Research Centre during the year 

2018-2019, age 20-80 (59±13.33) years. All the eligible 

cases and controls were interviewed to elicit detailed 

information and fill medical questionnaire on demographic 

background with special consideration to dietary habits, 

family history of cancer, tobacco use and alcohol 

consumption status.  

 

Genomic DNA extraction: 5 ml of intravenous blood was 

drawn from each subject and collected in sterile EDTA 

containing vacutainer. The genomic DNA was isolated by 

laboratory designed method as described earlier 22. The 

DNA was used further for genotyping of APE1 and hOGG1 

by PCR- RFLP method. 

 

Genotyping assays  

hOGG1: The codon 326 of exon 7 of hOGG1 was amplified 

using an Master Cycler Gradient PCR machine (Eppendorf) 

in reaction volume of 20 microliter (µl) containing 50-100 

nanogram (ng) of purified genomic DNA as a template, 0.2 

mM each dNTP, 10 picomole of forward- 5’ ctg ttc agt gcc 

gac ctg cgc cga-3’ & reverse-5’-atc ttg ttg tgc aaa ctg ac -3’ 

primers, 1X PCR buffer and 1U Taq DNA polymerase 

(Genei, Merck Biosciences).  

 

The cycling conditions for the amplification are: initial 

denaturation at 95°C for 5 min followed by 35 cycles of 95°C 

for 30 sec, 64°C for 30 sec, 72°C for 30 sec and a final 

extension at 72°C for 5 min. The amplification product of 

247 bp was visualized and observed on ethidium bromide 

stained 1% agarose gel under UV Transilluminator. 

 

 
Figure 1: Representative agarose gel image showing nucleotide polymorphism of (A) hOGG1 cd-326 exon-7  

where Lane 1: 100bp DNA ladder, Lane 2: Uncut PCR product, Lane 3: WT: Ser/Ser genotype,  

Lane 4: HT: Ser/Cys genotype, Lane 5: VT: Cys/Cys genotype. (B) Nucleotide polymorphism of APE1 cd-148 exon-5 

where Lane 1: 100 bp DNA ladder, Lane 2: Uncut PCR product, Lane 3: WT: Asp/Asp genotype,  

Lane 4: HT: Asp/Gln genotype and Lane 5: VT: Gln/Gln genotype. 
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The results were photographed in gel documentation system 

(Bio-Rad Laboratories). After confirmation of an amplified 

fragment of 247 bp size, 10µl of PCR product of each sample 

was subjected for restriction digestion with 1 U of MboII 

(Thermo Fisher scientific) enzyme. These reactions were 

kept at 37°C for overnight digestion. The MboII cleaves the 

sequence CC/GG at codon 326 of exon 7, generating 

fragments of 224 bp and 23 bp for wild type (CC), 247 bp, 

224 bp and 23 bp for heterozygous type (C/G) while the 

variant type (G/G) remains uncleaved and shows the band at 

247 bp (Figure 1A). Electrophoresis was carried out in 

ethidium bromide stained 2-3% low EEO agarose gel at 100 

V for 30 min to separate the digestion products.  

 

APE1: The genotyping of APE1 exon7 codon148 was 

studied by PCR in 20 μl reaction mixture containing 0.2 mM 

of each dNTP, 1U Taq DNA polymerase (Genei, Merck 

Biosciences), 1X PCR buffer, 100 nanograms (ng) of 

purified genomic DNA and 10 picomole of primer sequence 

as forward: 5’- ctg ttt cat ttc tat agg cta -3’ and reverse: 5’- 

agg aac ttg cga aag gct tc -3’ which produced a band of 164 

base pair.  The thermo cycling conditions were initial 

denaturation at 950C for 5 min followed by 30 cycles of 95°C 

for 30 sec, 55°C for 30 sec, 72°C for 30 sec and a final 

extension at 72°C for 5 min. The amplified PCR product was 

visualized under UV Transilluminator after the 

electrophoretic seperation on 1.0% ethidium bromide 

stained agarose gel.  

 

The amplified DNA fragment of 164 bp, of APE1 exon7 cd 

148 was subjected to restriction digestion using 1U of BfaI 

enzyme (Thermo Scientific). The reaction was kept at 37°C 

for overnight digestion. The enzyme has a restriction site at 

T/G sequence at exon 7 that produced the fragments of wild 

type (Asp/Asp): 164 bp; heterozygous type (Asp/Glu): 164 

bp, 144 bp and 20 bp and variant genotype (Glu/Glu): 164 

bp and 20 bp (Figure 1B). These digested products were 

separated on a 2-3% agarose gel (Sigma Aldrich) stained 

with ethidium bromide. 

 

Statistical analysis: The association between hOGG1 and 

APE1 genotypes and risk of developing GI cancer were 

studied by Odds ratio (OR). Logistic regression model was 

used to calculate the OR and 95% confidence intervals (CI) 

with adjustment of variables to determine the cervical cancer 

risk associated with genotypes. All P values were two-sided 

and differences were considered statistically significant for 

p ≤0.05. All statistical analyses were performed with SPSS 

(Version 11.0) software. 

 

Results and Discussion 
The oxidative DNA base modifications are repaired by the 

enzymes in base excision repair (BER) pathway found to be 

associated with the variety of cancer. In this study, we 

attempted to study the polymorphisms in APE1 and hOGG1 

genes to elucidate their association with the development of 

the GI cancer among the rural population of south-western 

Maharashtra. Distribution of selected demographic 

characteristics between the cases and healthy controls is 

summarized in table 1. Mean ± SD age of cases is 59±13.33 

and for controls, it is 58.56±11.35. No significant association 

for gender and age related differences was observed between 

the patients and control groups (p>0.05). However, a 

statistically significant interaction was observed between 

tobacco habit [OR: 4.03, CI: 2.65-6.11, p<0.0001] and 

alcohol habit [OR: 4.45, CI: 2.15-9.22, p<0.0001] with the 

increased risk of GI cancer.  

 

Table 1 

Distribution of selected demographic variables of GI cancer cases and healthy cancer free controls. 
 

Variable 
 

Cases 

(n=200) 

Controls (n=200) Chi-Square 

Value 

p-value based 

on X2 

Age (Mean±SD) yrs  59±13.33 58.56±11.35   

Age ≤ 50 yrs 51(25.5%) 42(21.0%) 

3.89 0.27 
 51- 60 yrs 38(19.0%) 54(27.0%) 

 61- 70 yrs 68(34.0%) 63(31.5%) 

 ≥71 yrs 43(21.5%) 41(20.5%) 

Gender Male 113(56.5%) 100(50%) 
1.69 0.193 

 Female 87(43.5%) 100(50%) 

Diet Vegetarian 36(18%) 49(24.5%) 
2.52 0.112 

 Mixed 164(82%) 151(75.5%) 

Chewing Habit Yes 134(67%) 67(33.5%) 
44.89 <0.001* 

 No 66(33%) 133(66.5%) 

Drinking Habit Yes 38(19%) 10(5%) 
18.56 <0.001* 

 No 162(81%) 190(95%) 

Education illiterate 77(38.5%) 29(14.5%) 

52.03 <0.001 
 SSC 85(42.5%) 85(42.5%) 

 HSC 26(13.0%) 28(14.0%) 

 graduate 12(6%) 58(29.0%) 

 *indicates significant p<0.05, p value determined based on x2 
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Table 2 

The genotype frequencies of hOGG1 and APE1 gene and their association with untreated gastrointestinal cancer 

patients and healthy controls. 
 

Gene Genotype Cases 

(n=200) 

Controls 

(n=200) 

Odds Ratio 

( 95% CI) 

p value Adjusted 

Odds ratio 

(95% CI) 

p value 

APE1 Asp/Asp 153(76.5%) 67 (33.5%) 1 (Reference) 1 (Reference) 

Asp/Glu 39 (19.5%) 122 (61.0%) 0.14 (0.08-0.22) <0.0001 0.15 (0.09-0.24) <0.0001 

Glu/Glu 08 (4.0%) 11 (5.5%) 0.31 (0.12-0.82) 0.014 0.29 (0.11-0.78) 0.014* 

Asp/Glu+ 

Glu/Glu 
47 (23.5%) 133 (66.5%) 0.15 (0.09-0.24) <0.0001 0.16 (0.10-0.25) <0.0001* 

hOGG1 Ser/Ser 92 (46.0%) 66 (33.0%) 1 (Reference) 1 (Reference) 

Ser/Cys 69 (34.5%) 106 (53.0%) 0.46 (0.30-0.72) 0.0006 0.67 (0.41-1.11) 0.12 

Cys/Cys 39 (19.5%) 28 (14.0%) 0.99 (0.55-1.78) 0.99 0.84 (0.45-1.58) 0.59 

Ser/Cys+ 

Cys/Cys 
108 (54%) 134 (67.0%) 0.57(0.38-0.86) 0.007 0.69 (0.44-1.09) 0.11 

*indicates significant p<0.05, p value determined based on x2 

 

When we addressed the polymorphism in hOGG1 gene, our 

results indicated no association of Ser362Cys polymorphism 

with GI cancer which is in agreement with the results 

interpreted on gastric cancer in Polish, Japanese, Brazilian 

and Spanish population2,12,24,28. The distribution of genotype 

frequency of hOGG1 Ser326Cys and APE1 Asp148Glu 

polymorphism among the cases and healthy controls and 

their association with GI cancer is summarized in the table 

2. The frequency of hOGG1 Serine/Serine wild type 

homozygote was 46.0% in cases and 33.0% in controls, 

whereas the hOGG1 Cystine/Cystine variant homozygote 

was found to be 19.5% in cases and 14.0% in controls.  

 

The frequency of heterozygous Serine/Cystine hOGG1 was 

34.5% in cases and 53.0% in controls. No statistically 

significant difference was observed when genotypic 

frequency of homozygous variant (OR: 0.99; CI: 0.55-1.78; 

p: 0.99) and heterozygous genotype (OR: 0.46; CI: 0.30-

0.72; p: 0.0006) was compared to homozygous wild type 

genotype of hOGG1 codon 326 exon 7. Thus, the C→G 

polymorphism in exon 7 at nucleotide 1245 did not result 

into the amino acid substitution at codon 326 in cases 

compared to controls. 

 

A study from North Indian population has a supporting 

evidence that hOGG1 Ser326Cys polymorphism does not 

have a role in determining susceptibility to esophageal 

cancer29. When we compared our findings with other studies, 

lack of association between hOGG1 gene polymorphism 

with risk of various cancers was observed11,32. The meta-

analyses for hOGG1 rs1052133 showed no association 

between rs1052133 SNP of hOGG1 and gastric cancer29. 

Another meta-analysis demonstrated the association 

between the Ser326Cys polymorphism and bladder cancer 

using seven case-control studies concluding that the hOGG1 

Ser326Cys polymorphism does not contribute to 

susceptibility to bladder cancer33.  On the other hand, studies 

on gallbladder 17 and esopharangeal30 cancer reported 

significant association between hOGG1 polymorphism and 

development of the disease. When we investigated the 

association of APE1 T2197G polymorphism and the risk of 

GI cancer in the study population, we found a significantly 

protective effect of T2197G polymorphism against GI 

cancer susceptibility. When we studied the substitution 

polymorphism of APE1 at cd148, the frequency of wild type 

Asp /Asp homozygous wild type, heterozygous Asp/Glu and 

homozygous variant Glu/Glu genotype was found to be 

76.5%, 19.5% and 4.0% respectively in cases and 33.5%, 

61.0% and 5.5% respectively among the controls. 

 

Furthermore, the logistic regression analysis showed a 

negative association of heterozygous Asp/Glu genotype 

(OR: 0.14; CI: 0.08-0.22; p :< 0.0001) and homozygous 

variant Glu/Glu genotype (OR: 0.31; CI: 0.12-0.82; p: 

0.014), similarly combined (Asp/Glu+Glu/Glu) genotypes 

(OR: 0.15; CI: 0.09-0.24; p :< 0.0001) also showed negative 

association with the risk of GI cancer when compared with 

reference wild type genotypes. Our findings were consistent 

with the results interpreted by Popanda et al23 who showed 

the variant allele Glu of APE1 in codon 148 exerted a 

protective effect among the lung cancer patients.  

 

While other studies showed protective association of APE1 

Asp148Glu with breast cancer3 and cutaneous melanoma20, 

some studies from Indian province also suggested that the 

APE-1 148Glu variant allele was significantly associated 

with a reduced risk of bladder9 and cervix25 cancer among 

north Indian population. In a recent meta- analysis, Shen et 

al26 revealed that APE1 Asp148Glu polymorphism was not 

associated with colorectal cancer susceptibility among 

Asians or Caucasians. The meta-analysis on digestive cancer 

counting 16 articles suggested that APE1 gene Asp148Glu 

variant might not be a risk-conferring factor for digestive 

cancer21. Some of the Indian studies showed no association 

between APE1 polymorphism and oral cancer7.  

 

Contradictory to our data, some previous studies reported 

APE1 rs1130409 positive association with GI cancer 
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risk1,11,19. Contrary to our findings, the meta-analysis 

performed by Dai et al5 suggested that the APE1 Asp148Glu 

polymorphism is associated with an increased GI cancer 

risk, especially in gastric cancer.  Till date, there are many 

epidemiological studies that have been performed to 

evaluate the association between hOGG1 Ser326Cys and 

APE1 Asp148Glu polymorphisms and GI cancer risk, but 

the results remained inconclusive and conflicting due to 

difference in races and sample sizes.  

 

Conclusion 
In conclusion, our study suggests that hOGG1 does not 

appear to play a role in the development of GI cancer, while 

APE1 148Asp/Glu polymorphism has shown reduced risk of 

GI cancer in south-western Maharashtrian population. 

However, more studies are needed to better validate the risk 

associated with these genes that may help us to identify exact 

role of DNA repair genes as potential contributors to GI 

cancer risk. 
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Introduction 
Mango Ginger (MG) is biologically known as 

Curcuma amada Roxb belongs to Zingiberaceae family. 
The Genus name is originated from the word 'Kumkum’ 
in Arabic. This group includes more than 80 
rhizomatous herb species that have adapted to settings 
ranging from sea level to as high as 2000 meters in the 
Western Ghats and Himalayas. This genus' geographical 
range includes India, Thailand, Indochina, Malaysia, 
Indonesia, and northern Australia. Curcuma amada 
Roxb is a rhizomatic aromatic herb popularly known as 
Mango Ginger that is utilized in ayurvedic medicines. It 
is known in India by numerous names, including Mango 
Ginger (English), Amradrakam (Sanskrit), and 
Amahaldi (Hindi). They are abundantly grown in 
Gujarat, West Bengal's wild areas, Uttar Pradesh, 
Karnataka, and Tamil Nadu. Curcuma amada Roxb 
rhizomes are traditionally used to treat skin illnesses, 
fever, asthma, inflammation, bronchitis, gout, male sex 
organ ulcers, dyspepsia, wounds, respiratory and 

rheumatic disorders.   And the bioactive chemicals 
found in the rhizomes of Mango Ginger have been 
demonstrated to have considerable analgesic, 
antibacterial, anticancer, and antioxidant properties in 
numerous studies and researches (1) .  
  
Morphological characteristics  

MG is a perennial herbaceous plant that grows 
erect to semi-erect. The rootstock, also known as the 
radical bulb, is ovoid/conical in shape with a buff-
colored exterior surface, the rhizome is broad and 
branching, the flesh is light to pale yellow in color, the 
sessile tubers grow from the rootstock's base and are 
thick, cylindrical, meaty and fingered. The leaves are 
petiolate and big, oblong–lanceolate in shape with an 
acuminate apex. The leaf's upper side are glabrous and 
lower side are puberulous. MG bears a central or lateral 
inflorescence on a long, erect peduncle, which is coated 
in five to six sheaths and buried by the leaf sheathing 
bases. A spike/inflorescence with a succession of robust, 
straw-coloured fertile bracts forms the spike/scape/
inflorescence. A tuft of rose-coloured barren bracts, or 
leaves, terminates these bracts. The blooms are huge 
and long, pale yellow, and each bract has four to five 
blossoms (2). 
  
Therapeutic uses 

Curcuma amada Roxb (Mango Ginger) offers 
medicinal properties for a number of diseases. It works 
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Abstract
Many free radicals are generated during the metabolic processes in the human body and hence antioxidants 

are utilised to vanish their negative effects. The complex system of natural antioxidant defences or processes, which 
are mainly enzymatic and non-enzymatic in nature are available in human body. Free radicals are primarily 
responsible for the development of various diseases and disorders, including cardiovascular, inflammatory, cataract, 
and cancer. As a result, it is critical to protect the body from free radicals, which can be accomplished by eating a diet 
rich in antioxidants. And the antioxidants found in nature play a critical role in protecting the body from free radical 
damage. Antioxidant activity has been reported in a variety of medicinal plants and their preparations. Chemically, 
Mango ginger reported for the presence of phytoconstituents such as flavonoids, terpenoids, tannins, steroids, 
alkaloids, glycosides, and essential oils. Because of the large diversity of phytoconstituents present, the plant has a 
long history of medicinal relevance for a variety of ailments. It efficiently heals skin allergies, digestive issues, high 
blood cholesterol, and has antioxidant capabilities, according to reports. Various research publications on the 
antioxidant activity of mango ginger and related curcuma and other species have been collected from various 
journals, websites, and databases and researched and recorded systematically in this present review work 
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well for skin allergies, digestive issues, and high 
cholesterol levels. It's also known for its antibacterial 
and antioxidant properties (1) . 
  
Phytochemistry 

The phytoconstituents present in plant mainly 
includes flavonoids, terpenoids, tannins, steroids, 
alkaloids, and glycosides. It also contains (1) Myrcene, 

(2) ocimene, (3) β-farnasene, (4) cis-hydro-ocimene, (5) 
trans-hydro-ocimene, (6) α-longipinene, (7) α-guaiene, 
(8) linalool, (9) β-curcumene, (10) turmerone (11) 
curcumin, (12) bis-demethoxycurcumin, (13) 
demethoxycurcumin, (14) amadaldehyde, (15) beta-
asarone, (16) caffeic acid, (17) gentistic acid, (18) 
ferulic acid, (19) gallic acid, (20) cinnamic acid (Table 
1) (3). 
  

Table 1: The chemical structures of various constituents present in Mango Ginger 

The metabolic processes in human body leads to 
generation of free radicals which are dangerous to the 
health.  The human body composed of various system 
of natural enzymatic and non-enzymatic antioxidant 
mechanisms to fight against the damaging effects of 
these antioxidants. Cancer, moderate cognitive 

impairment, cardiovascular disease, alcohol-induced 
liver illness, neurological disorders, Alzheimer's 
disease, ulcerative colitis, ageing, Parkinson's disease, 
and atherosclerosis are just a few of the diseases that are 
caused by free radicals. As a result, protecting our 
bodies from free radicals created in the body during 

(1) Myrcene, (2) ocimene, (3) cis-ocimene, (4) β-farnasene, (5) cis-hydro-ocimene, (6) trans-hydro-ocimene,  
(7) α-longipinene, (8) α-guaiene, (9) linalool, (10) β-curcumene and (11) turmerone (12) curcumin,  

(13) bis-demethoxycurcumin and (14) demethoxycurcumin, (16) amadaldehyde and essential oils like  
(17) beta-asarone and phenolic compounds like (18) caffeic acid, (19) gentistic acid,  

(20) ferulic acid, (21) gallic acid and (22) cinnamic acid.
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various metabolic processes is critical, which can also 
be accomplished by eating a diet rich in antioxidants. 
Antioxidants that occur naturally are very essential, and 
several in-vitro models can be used to identify these 
naturally occurring anti-oxidants. Antioxidant properties 
have been documented in a variety of medicinal plants 
(4). Mango Ginger is a basic fruit with a unique orange 
peel and a seed in the middle. It's also the world's most 
consumed tropical plant, accounting for almost 5% of 
global production. Curcuma amada is the botanical 
name for it. Roxb is the most well-known of the 
Zingiberaceae family's genera. Many researchers have 
identified it as one of the most important herbal drugs 
for its anti-oxidant properties (1).  

A search of the literature indicated that no review 
articles on its antioxidant potential and exploration have 
been published yet. This encouraged us to begin 
working on the suggested review exercise. Various 
research publications published on the antioxidant 
activity of mango ginger have been collected from 
various journals, websites, and databases and 
thoroughly examined in this study. Few other research 
works related to anti-oxidant activity of extracts from 
medicinal plants also been reviewed and presented .  
  
Materials and Methods 
Collection of Data 

The information regarding anti-oxidant effect of 
MG was reviewed by collecting data from various 
databases like PubChem, Scopus, Web of Science and 
other databases were used to collect the information. 
The reported research work on “Antioxidant activity of 
MG” were collected and downloaded. In the present 
review article and the various studies on evaluation of 
anti-oxidant potentials of MG and also other related 
medicinal plant species were reported and explored as 
below:  

Angel Gabriel Rajamma et al., have studied the 
anti-oxidant effect of MG extract. They have evaluated 
activity with the help of DPPH radical scavenging 
method. The crude extract of MG was mixed with 
Tween 20 and DPPH in methanol in the presence of 
small amount HCL buffer with PH value of 7.9. The 
reaction mixture was incubated for twenty minutes and 
the absorbance was determined (517nm). The results of 
investigation showed that anti-oxidant potentials of 
extract (5) . 

Dyrairajprema et al., have reported that extract 
of MG was carried out based upon DPPH method. 
Different concentration of extracts (25-500 µg/ml) was 
prepared the 2.0ml of the extract from the extract were 
collected and added to the 0.5 ml of DPPH radical 
solution. The reaction mixture was kept for thirty 
minutes and the absorbance was determined (517nm). 
And they also carried out the phosphor molybdenum 
method, ABTS using ethanolic extract of the rhizome 
which shows potent free radical scavenging activity. 
And the anti-oxidant activity is also because of the 
presence of several phytoconstituents in the rhizome 

and the overall results of investigation showed good 
anti-oxidant effect (6). 

Angel G R et al., have reported that extract of 
MG extract showed promising antioxidant activity. In 
the methodology diluted samples was mixed with 
sufficient quantity of Tris HCl buffer (PH 7.9) and 
DPPH solution in methanol. The solution was incubated 
for twenty minutes and the absorbance taken at 517 nm. 
The study concluded MG extract showed promising 
antioxidant activity (7). 

Mariat George et al., have reported that extract 
of Curcuma species showed the total antioxidant effect 
of essential oil.  They observed that essential oil showed 
the high dose dependent activity than that of the 
ascorbic acid (8). 

Dipanwitamitra et al., have reported that extract 
of Curcuma amada Roxb (Mango ginger) that the 
assessment of superoxide dismutase and catalase in 
hepatic and renal tissues was deliberated following 
standard protocol and the spectroscopic technique can 
be carried out at the absorbance of 240nm using a 
spectrometer which concluded mango ginger shows 
antioxidant activity (9). 

Vazhayiisaipriya et al., have reported anti-
oxidant effect of extract of MG based upon the ABTS+ 
method. The ABTS+ radical cation was used to 
determine the capacity of antioxidant effect of natural 
extracts. The cationic radical ability of methanol and 
acetone extracts of C. amada can be taken that shows 
higher activity with increasing the concentration of 
standard and sample (10). 

Md. Sakhawat Hassain et al., have evaluated 
and reported that the various fractions such as 
chloroform, aqueous, petroleum ether of the crude 
methanolic extract of Curcuma amada have good anti-
oxidant, antibacterial, thrombolytic and cytotoxic 
activities. In that the chloroform soluble fraction 
exhibited very good free radical scavenging activity 
with IC50 value of about 103.09µg/ml (11). 

Rohman A et al., have reported that extract of 
MG has good anti-oxidant effect. They observed that 
rhizomes are rich in phenolic contents including caffeic 
acid and ferulic acid, terpenoids contents are 
difurocumenolol, amadamulon and amadaldehyde. They 
performed anti-oxidant activity by DPPH free radical 
method for methanolic extract (12). 

R K Gupta et al., have reported antioxidant 
activity of extract of MG.  The antioxidant activity was 
measured by using various in vitro models like DPPH 
method, Nitric oxide method, and DMPD method, 
ABTS method, ORAC method, and TBARS assay as 
well as using few in vivo models in rat and mice (13). 

R S Policegoudra et al., have reported the 
antioxidant activity of the MG by using the chloroform 
extract of the Curcuma amada rhizome and purification 
was carried out by liquid chromatography using silica 
bed column to get a pure anti-oxidant moiety and its 
further analyzed by UV, IR- spectroscopy and LC-MS 
hyphenated techniques and 2D-NMR HETCOR and 
compound named as “Amadannulein” and this 
compound had shown anti-oxidant activity against 
DPPH free radical scavenging activity, lipid 
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peroxidation inhibition activity, metal chelating activity 
and super oxide scavenging activity (14). 

R S Policegoudra et al., have reported that the 
MG possessing very good anti-oxidant activity and it 
was proved by submitting the data on anti-oxidant 
activity of various extracts of Curcuma amada using 
solvents like chloroform, hexane, ethyl acetate, acetone, 
water and methanol. Out of which the chloroform 
extract showed good anti-oxidant activity by inhibiting 
lipid peroxidation pathway and metal chelating activity 
while the ethyl acetate extracts showed good anti-
oxidant activity by DPPH free radical scavenging 
activity and superoxide radical scavenging activity 
along with good platelet aggregation and cytotoxicity 
activity (15). 

P. Jegajeevanram et al., have reported the in-
vitro antioxidant activity of MG rhizome via DPPH 
method, total anti-oxidant assay, metal chelating 
activity, super peroxide and iron reducing power 
activity at various concentrations like 20, 40, 60, 80µg/
ml and in their study they reported that the flower 
extract has high antioxidant activity because of presence 
of bioflavonoids content in the flower part of the MG 
(16). 

Jiten Sutar et al., have reported the antioxidant, 
antimicrobial, anti-inflammatory, anti-hyperglycemia, 
anticancer and analgesic activity of the MG because of 
the presence of the various phytoconstituents like 
tannins, flavonoids, alkaloids, phenolics, curcumin, 
dimethoxy curcumin, bis-dimethoxy curcumin etc. out 
of which tannins, saponins, flavonoids, alkaloids 
contents were higher in rhizome part and phenolic 
content was higher in the leaf part hence the anti-
oxidant activity of the rhizome part of the Curcuma 
amada is greater than the leaf of the Curcuma amada by 
acetone extract of the rhizome is more than the 
methanol extract of the rhizome (17).  

Prasanthi Donipati et al., reported the anti-
oxidant activity if the Curcuma amada species by 
comparing the antioxidant activity of chloroform, 
hexane and methanolic extract of rhizomes by ferric 
reducing antioxidant assays and reduction test for iron, 
DPPH free radical scavenging activity and they have 
plotted a graph between enzymatic and non-enzymatic 
antioxidant concentrations and found out that DPPH 
assays has more antioxidant activities more than the 
iron reduction test and ferric reducing assays(18). 

Yanhang Chen et al., have reported the 
antioxidant activity of MG by screening and 
characterizing the composition of organic volatile 
compounds (OVC) in the fresh rhizome part of the 
Curcuma amada namely (ZO45, ZO89, ZO114) which 
were originated from thr Myanmar. And they had 
further analyzed by using head space solid-phase 
microextraction technique which is coupled with the gas 
chromatography-mass spectrometry with the time-of-
flight analyzer. As a result of this analysis, they have 
got 112 OVC’s out of 373mass spectra of the extracted 
compounds. And also submitted 10 potent antioxidant 
and highly available compounds such as alpha-
zingiberene, alpha-tumerone, alpha-santelene, cuprene, 
(E)-gamma-atlantone, teresantol, beta-bisabolene, beta-

sesquiphellandrene, gamma-curcumene trans-alpha-
bergamotene. And they have found out that the 
Curcuma amada having more accession about (15.707± 
5.78a) for the ZO89 compound as compared to Curcuma 
longa accession for ZO138 about (0.300± 0.08a) (19)  

Mamata Yadav et al., reported the in-vitro 
antioxidant activity of MG by using extract of rhizome 
in methanol against the DPPH assay by utilizing 
standard protocols. And by phytochemical analysis they 
also found out the presence of various constituents such 
as flavonoids, phenols, saponins, tannins and alkaloids, 
and the quantity of flavonoids in methanolic rhizome 
extract of the curcuma amada was detected to be 
2.920mg/1000mg while as the curcuma longa was 
obtained to be 2.752mg/100mg, and this was 
concentration dependent with the IC50 value of 
ascorbic acid and extracts around 14.11 and 63.67µg/ml 
respectively (20)  

Devi P.A.V et al., have reported the antioxidant 
activity of the MG by carrying out the in-vitro 
cytotoxicity and free radical scavenging antioxidant 
activity of ethanolic extract of Curcuma amada. The 
results obtained from the rhizome extract were indicated 
the potent scavenging of the free radical like DPPH 
radicals, superoxide, hydroxyl, nitric acid, ferric 
reducing, and lipid peroxidation pathway inhibiting 
activity and metal chelating activity (21). 

Rajeshwari Sahu et al., have reported the 
antioxidant activity of the MG by means of screening 
the total phenolic and flavonoid content in curcuma 
species using conventional and non-conventional 
methods. The amount of total phenolic content in the 
extract was detected using Folin-Ciocalteu reagent. And 
they have used gallic acid as standard for this purpose 
and expressed in 92.30±0.05 to 260 ± 0.025 mg/g of 
gallic acid. This work was done using UV-visible 
spectroscopy by calibration curve method with the 
various concentrations of 0.01-0.05 mg/ml in methanol. 
And 0.1 and 1mg/ml concentrations of extract of 
Curcuma amada were prepared using methanol. And 
0.5ml of all the above samples were mixed with the 
2.5ml of Folin-Ciocalteu reagent and 2ml of sodium 
carbonate (7.5%) and solutions were allowed to stand 
for 30 minutes at room temp. and absorbance was 
recorded at 760nm (22). 

Anita Tamata et al., have reported the 
antioxidant activity of MG by carrying out the 
investigation on chemical composition and in-vitro 
antioxidant activity of the essential oil content and 
rhizome extract of Curcuma amada Roxb. They have 
carried out the distillation and obtained the hydro-
distilled essential of rhizome part of the Curcuma 
amada and obtained 19 compounds containing the total 
essential oil about 77.31% and further identification 
was carried out by using gas chromatography and gas 
chromatography with mass spectrometry hyphenated 
technique. And extraction fractions were collected using 
various solvents and petroleum fraction of the extract 
showed very antioxidant activity via DPPH radical 
scavenging activities with the IC50 value of 
18.98±0.05µg/ml   with the reducing power of 
A700=0.861±0.0001. and ethyl acetate fraction showed 
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antioxidant activity via nitric oxide radical clearance 
with IC50 value of 5.97±0.09µg/ml higher than that of 
the standard ascorbic acid IC50 value of 6.05±0.02µg/
ml. and the essential oil showed good superoxide 
clearance activity IC50 value of 15.30±0.03µg/ml as 
compared to the ascorbic acid as standard IC50 value of 
15.28±0.01µg/ml (23). 

Anil Kamboj et al., have reported the 
antioxidant activity of MG by conducting studies on 
Phytochemical investigation and reporting the 
Antioxidant and Analgesic activity by extracting 
Curcuma amada Roxb rhizome part with acetone by 
carrying out both in-vitro DPPH and nitic oxide free 
radical scavenging activity and in-vivo analgesic 
activity by using tail flick method and pain induced in 
Wistar rats using formalin 100, 200, 400mg/kg and 
showed both antioxidant and analgesic activity at all the 
three doses in all experimental animals (24). 

Vishnupriya M et al., have reported the 
antioxidant activity of MG by carrying out investigating 
antioxidant activity and how can we protect our body 
from DNA damage caused by the Hydroxyl radical 
using Curcuma amada Roxb aqueous extract. And 
mainly antioxidant activity was done by using iron 
chelating capacity and hydroxyl group radical 
scavenging activity. They have also studied DNA 

damage protection in herring fish sperm DNA damage 
induced by (H2O2) using aqueous extract of MG. results 
displayed that the antioxidant activity via iron reducing 
power with IC50 value 297.3µg/ml and hydroxyl ion 
reducing activity with IC50 value of 323.8µg/ml of aq. 
Extract of Curcuma amada Roxb (25).  

Mahadevi R et al., have reported the antioxidant 
activity of MG by quoting a review on phytochemical 
and pharmacological investigation of Curcuma amada 
Roxb. In this review they mentioned about the 
formulated a bread containing MG powder (3%) 
showed the doubled antioxidant activity as compared to 
the control bread and also reported regarding the 
antioxidant activity of the soup sticks containing 10% 
MG increased activity about 26.83-48.06% (3). 

Dhan Prakash et al., have reported the 
antioxidant activity of MG by conduction studies on 
total phenolic content and antioxidant activity by free 
radical scavenging activities of certain medicinal plants 
such as Curcuma amada Roxb leaves and rhizome 
extracts with antioxidant activity 51.9%, 45.3% and 
total phenolic compound equivalent to gallic acid is 
13.4mg/g, 32.4mg/g respectively (26). 
  
The summary of research work conducted antioxidant 
activity of Mango Ginger were presented in Table 2.   

  
Table 2: Antioxidant Activity of Mango Ginger 

Sl. No. Authors Name Title of the Work Reference 
Number

1 Angel Gabriel Rajamma et al., Antioxidant and antibacterial activities of oleoresins isolated from nine 
Curcuma species. 5

2 Dyrairajprema et al., In vitro antioxidant and cytotoxicity studies of Curcuma amada Roxb 
(Mango ginger). 6

3 Angel G R et al., Essential oil composition of eight starchy Curcuma species. 7

4 Mariat George et al., “Phytochemical, antioxidant and antibacterial studies on the essential oil of 
the rhizome of Curcuma amada Roxb”. 8

5 Dipanwitamitra et al.,
Antidiabetic and antioxidative efficacy of the constituents present in the 
fraction solvents of Curcuma amada rhizomes an experimental study on the 
diabetic rat model.

9

6 Vazhayiisaipriya et al.,
Studies on total phenolic content and antioxidant activities of aqueous 
acetone and methanolic extracts from raw and boiled rhizomes of Maranta 
arudinaceae L. and Curcuma amada Roxb.

10

7 Md. Sakhawat Hassain et al., Phytochemical and Biological Investigation of Curcuma amada Leaves. 11

8 Rohman A et al., A. Review on in-vitro antioxidant activities of Curcuma species commonly 
used as herbal components in Indonesia. 12

9 R K Gupta et al., Evaluation of antioxidant potential of different extracts of mango ginger 
(Curcuma amada Roxb) rhizome. 13

10 R S Policegoudra et al., Isolation and characterization of antioxidant and antibacterial compound 
from mango ginger (Curcuma amada Roxb) rhizome. 14

11 R S Policegoudra et al., Cytotoxicity, platelet aggregation inhibitory and antioxidant activity of 
Curcuma amada Roxb extracts. 15

12 P. Jegajeevanram et al., In vitro antioxidant activity of mango ginger rhizome. 16

13 Jiten Sutar et al., Qualitative and quantitative phytochemical analysis and antioxidant activity 
of Curcuma amada Roxb an important medicinal plant. 17

14 Prasanthi Donipati et al., In Vitro Bio Evaluation and Correlation of Antioxidant Activity of Different 
Extracts of Curcuma amada. 18

15 Yanhang Chen et al., Characterization of volatile organic compounds in mango ginger (Curcuma 
amada Roxb.) from Myanmar. 19
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Conclusion 
Mango Ginger is the most important genera come 

under the Zingiberaceae family. Chemically it has 
reported for the presence of wide range of 
phytoconstituents which include the flavonoids, 
terpenoids, tannins, steroids, alkaloids, glycosides and 
essential oils. Due to presence of these wide variety of 
phytoconstituents plant possess very well-known 
traditional values reported for pharmacological 
significance for a variety of ailments and also the plant 
has extensively explored for its potential anti-oxidant 
activity. 
  
Abbreviations 
MG: Mango Ginger, DPPH: Diphenyl-1-picrylhydrazyl, 
DMSO: dimethyl sulfoxide, PMR: Proton magnetic 
resonance, BHT: butylated hydroxytoluene, TLC: thin 
layer chromatography, HETCOR: Hetero Nuclear 
Correlation Spectroscopy. 
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ABSTRACT
Aim: The objective of present investigation is to develop and validate  
UV-Spectrophotometric method for estimation of Berberine hydrochloride in marketed 
formulation and Poly lactic co glycolic acid nanoparticles. Materials and Methods: 
Methanol was used for the development of UV-Spectrophotometric method. Berberine 
hydrochloride was detected using a 422nm wavelength. According to ICH requirements, 
the developed method was validated in terms of, selectivity, linear range, precision, 
robustness, ruggedness, and reproducibility. The developed method was further 
successfully used to estimate berberine hydrochloride in marketed formulations and poly 
lactic co glycolic acid nanoparticles. Results: Berberine hydrochloride has a maximum 
absorption wavelength of 422nm. Beer’s law was followed at concentrations ranging 
from10-50µg/ml. The limit of detection and limit of quantification were found to 2.81µg/
ml and 8.54µg/ml respectively. The precision and repeatability scores were all within 
acceptable limits. Berberine hydrochloride recovery in marketed formulations was 
found to be between 100-105%. The precision and repeatability values were within a 
2% tolerance range. Berberine hydrochloride was found to have a purity of 92.27 %. 
Conclusion: The method was found to be easy, environmentally friendly, repeatable, and 
cost-effective, and it can be used for Berberine hydrochloride analysis on a regular basis.
Keywords: Berberine HCl, Beer’s law, Methanol, Water, Validation, Poly lactic  
co-glycolic acid nanoparticles.
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INTRODUCTION
Berberine hydrochloride is an isoquinoline 
alkaloid found in a variety of  medicinal 
plants, mainly in the Berberis genus and 
the Berberidaceae family. Berberis vulgaris, 
goldenseal, goldthread, Oregon grape, 
rosid dicot genus and turmeric, Guduchi, 
and other plants contain this chemical 
component.1,2

Berberine alkaloids have a wide range 
of  pharmacological activities, including 
bactericide, antiviral, blood pressure reducing, 
hypoglycaemic, medicine, and tumour 
metastatic effects.3,4 Glyco-X 500 capsules, 

Bio-Berberine capsules, Berbeshine tablet, 
and other formulations with Glyco-X 
500 capsules, Bio-Berberine capsules, and 
Berbeshine tablet, for example. In some 
malignant cells, it inhibits cell proliferation 
while encouraging programmed cell death.
Biodegradable and biocompatible polymers 
are supported by natural and artificial 
components in nanoparticles for drug 
delivery applications. Poly lactic co glycolic 
acid nanoparticles have also demonstrated 
their efficacy as drug delivery vehicles for a 
variety of  medicinal treatments.5
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Different researchers employ only a few UV-Spectro-
photometric techniques to examine berberine 
hydrochloride in commercial formulations, nano-
particles, and other food products.6-16 The reported 
methods have their own limitation such as use of  costly 
and hazardous solvent and also reported method have 
not fully validated the results. The reported methods 
have their own set of  limitations, such as the use of  a 
pricey and hazardous solvent, and the results have not 
been completely confirmed.
As a result, a UV-Spectrophotometric method for 
estimating Berberine hydrochloride in marketed  
formulations must be developed and standardized.

MATERIALS AND METHODS
Instrumentation

For analytical method development of  berberine 
hydrochloride, Shimadzu UV-1900 with scientific 
laboratory solutions software system and Shimadzu 
UV-1800 with UV Probe software system were utilized.

Drug Sample

Berberine hydrochloride was provided as a free sample 
by Biomed Ingredients Pvt Ltd in Goa, and the marked 
formulation was obtained from the market.

Reagents and Chemicals

Methanol was bought from Fisher Scientific, Mumbai.

Selection of Wavelength

Berberine hydrochloride was employed throughout 
the study since it is soluble in methanol. Berberine 
hydrochloride 10 µg/ml of  working standard solution 
was scanned in the UV – Spectrophotometer between 
800 nm and 400 nm, with the highest absorption at  
422 nm (Figure 1).

Preparation of stock solution

A precisely weighed 10mg of  berberine hydrochloride 
was dissolved in methanol in a clean and dried 10ml 
volumetric flask, and the volume was calculated using 
the same. This was considered a standard stock solution 
with a 1000µg/ml concentration. Further dilutions were 
made using this standard stock solution.

Preparation of calibration curve

Serial dilutions of  10, 20, 30, 40, and 50 µg/ml were made 
from the standard stock solution. The absorbance of  the 
solution was measured at 422nm, and a standardization 
curve was produced with concentration on the X-axis 
and absorbance on the Y-axis, and a linear regression 
equation was calculated.

Method development and validation17-19

In methanol, berberine hydrochloride was shown 
to be soluble. As a result, this solvent was utilized to 
determine the detection wavelength and standard 
dealing concentration. The International Conference on 
Harmonization (ICH) has issued validation guidelines 
for analytical techniques, which characterize this 
method as characteristic performance verified through 
laboratory research. The developed technique was 
validated in accordance with ICH recommendations. 

Specificity and selectivity

Berberine hydrochloride has the highest absorbance at 
422nm, indicating that the procedure is selective. And 
because the spectra of  the solvent revealed no absorbance 
at the wavelength of  berberine hydrochloride, 422nm, 
this approach was determined to be selective.

Linearity

Linearity was tested in the 10 - 50 µg/ml range. After 
accurately weighing 10 mg of  Berberine hydrochloride 
into a clean and dried 10 ml volumetric flask, the volume 
was brought up to the mark using methanol as the 
solvent. Pipette 1 mL of  the above-mentioned solution 
into a 10 mL volumetric flask, which was then filled with 
methanol to make the volume. Dilutions of  this solution 
were prepared to assess the linearity. The detection and 
quantification limits were found to be 2.81 µg/ml and 
8.54 µg/ml, respectively.

Precision

To determine system precision, three replicates of  a 
solution containing 10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were produced, with the 
absorbance of  each solution measured at 422nm and 
the percentage Relative Standard Deviation (%RSD) 
was calculated.

16,17-dimethoxy-5,7-dioxa-1azoniapentacyclol[11.8.0.02,10,04,8,015,20]henico-
sa-1(13),2,4(8),9,14,16,18,20 - octaene ;chloride.

Figure 1: Structure of Berberine Hydrochloride.
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The precision of  the method was determined by 
performing a sample assay under the conditions of  the 
tests. Intraday precision and Interday precision are two 
types of  precision. In Intraday, three replicates of  a 
solution having concentrations of  10µg/ml, 30µg/ml, 
and 50µg/ml of  Berberine hydrochloride were evaluated 
for intraday precision, and percent RSD was calculated 
at completely distinct time intervals on the same day. 
In Interday, three replicates of  a solution comprising 
concentrations of  10 µg/ml, 30 µg/ml, and 50 µg/ml 
of  berberine hydrochloride were evaluated for Interday 
precision, and percent RSD was calculated on three 
successive days.

Ruggedness

Ruggedness was determined by using a comparable 
planned procedure on a separate instrument and 
checking the reproducibility with multiple analysts.

Robustness

Robustness is done by doing the sonication for 10min 
and by varying the wavelength.

Accuracy

Accuracy was confirmed by doing recovery experiments 
in which the percent mean recovery of  the sample was 
calculated using a standardization approach at three 
distinct levels: 50%, 100%, and 150 percent of  the 
sample solutions. Any dilutions are made from the above 
solution. Three replicates of  the concentration solution 
were prepared for each level, and a recovery study was 
conducted.

Analysis of marketed formulation

Berberine Hydrochloride in marketed formulations was 
determined using the established method.

Poly lactic co glycolic acid (PLGA) Nanoparticle 
preparation and characterization

Sonication for 20 min with poly lactic co glycolic acid 
polymer, surfactants and drug (20 mg). The particle 
size, PDI, and entrapment efficiency of  the developed 
poly lactic co glycolic acid nanoparticles were tested. 
The developed UV technique is used to determine the 
amount of  berberine present in poly lactic co glycolic acid  
nanoparticles. Centrifugation nano formulation 15000 rpm 
for 3 min was used to measure entrapment efficiency.

RESULTS AND DISCUSSION
Method development

Using the UV-1800 equipment and methanol as a solvent, 
a UV-spectrophotometric technique was devised. The 
details of  the method established are shown in Table 1.

Method validation

According to ICH requirements, the developed 
method was validated in terms of  specificity, selectivity, 
linear range, precision, robustness, ruggedness, and 
reproducibility.

Specificity and Selectivity

Berberine hydrochloride has the highest absorbance 
at 422nm, indicating that the technique is specific and 
selective (Figure 2).

Linearity

Dilutions are made for the linearity range of  10-50µg/ml, 
as specified in the aforementioned technique. Figure 3 
depicts the linearity graph, Table 2 depicts the linearity 
and range, and Figure 4 depicts the calibration curve.

System precision

As stated in the procedure, three replicates of  a solution 
containing 10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were created and the absorbance of  each 
solution was measured at 422nm to determine system 
precision. The percent RSD was calculated, and it was 
found to be less than 2%. (Table 3).

Table 1: Developed method parameters
S. No. Method Spectrometric

1 Instrument UV

2 Model 1800

3 Make Shimadzu

4 Software UV Probe

5 Drug Berberine Hydrochloride

6 λ max 422nm

7 Solvent Methanol

Figure 2: UV spectra of Berberine Hydrochloride.
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Interday precision

Three replicates of  a solution comprising concentra-
tions of  10µg/ml, 30µg/ml, and 50µg/ml of  berberine 
hydrochloride were evaluated for Interday precision, 
and percent RSD was calculated on three consecutive 
days. Furthermore, the %RSD was determined to be 
less than 2%. (Table 5).

Ruggedness

Ruggedness was determined by repeating the suggested 
method on two different instruments (UV-1800 and 

Figure 3: Linearity graph of Berberine Hydrochloride.

Figure 4: Linearity of Berberine Hydrochloride.

Table 2: Linearity and range data of Berberine  
Hydrochloride.

S. No. Concentration (µg/ml) Absorbance
1 10 0.157

2 20 0.311

3 30 0.474

4 40 0.645

5 50 0.813

r2 = 0.9996
Slope = 0.016
RSD = 0.014
LOD = 2.81
LOQ = 8.54
r2 = linear regression 
RSD=Relative standard deviation 
LOD=Limit of detection
LOQ=Limit of quantitation

Intraday precision

For intraday precision three replicates of  solution 
containing concentration 10µg/ml, 30µg/ml, 50µg/ml 
of  berberine hydrochloride analyzed and %RSD was 
calculated at different time intervals on same day and 
%RSD was found to be less than 2% (Table 4).

Table 3: System precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* 
(nm)

Standard 
Deviation

% Relative 
Standard 
Deviation

10 0.16 0.0006 0.36

30 0.53 0.0012 0.22

50 0.78 0.0038 0.49

* = Average absorbance of three replicates (n=3)

Table 4: Intraday precision data of Berberine  
Hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Abs 1hr 0.13 0.0020 1.55

Abs 4hr 0.12 0.0021 1.67

30 Abs 1hr 0.56 0.0038 0.67

Abs 4hr 0.57 0.0025 0.44

50 Abs 1hr 0.64 0.0021 0.33

Abs 4hr 0.78 0.0052 0.67

* = Average absorbance of three replicates (n=3)

Figure 5: Marketed formulation UV.
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Table 5: Interday precision data of Berberine  
hydrochloride.

Concentration 
(µg/ml)

Absorbance* (nm) Standard 
Deviation

% Relative 
Standard 
Deviation

10 Day 1 0.16 0.0017 1.12

Day 2 0.16 0.0006 0.36

Day 3 0.12 0.0023 1.95

30 Day 1 0.52 0.0006 0.11

Day 2 0.53 0.0015 0.29

Day 3 0.46 0.0006 0.12

50 Day 1 0.78 0.0006 0.07

Day 2 0.72 0.0021 0.29

Day 3 0.68 0.0012 0.17

* = Average absorbance of three replicates (n=3)

Table 6: Ruggedness data of Berberine  
Hydrochloride.
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10 Change in 
wavelength

421 0.16 0.0010 0.63

423 0.16 0.0006 0.37

30 Change in 
wavelength

421 0.50 0.0021 0.41

423 0.50 0.0025 0.50

50 Change in 
wavelength

421 0.78 0.0040 0.52

423 0.78 0.0035 0.45

* = Average absorbance of three replicates (n=3)

Table 7: Robustness data of Berberine  
Hydrochloride.
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D
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10 µg/ ml Analyst 1
UV-1800

0.15 0.0015 1.00

Analyst 2
UV-1900

0.17 0.0006 0.33

30 µg/ ml Analyst 1
UV-1800

0.51 0.0012 0.23

Analyst 2
UV-1900

0.52 0.0012 0.22

50 µg/ ml Analyst 1
UV-1800

0.71 0.0012 0.16

Analyst 2
UV-1900

0.63 0.0006 0.09

* = Average absorbance of three replicates (n=3)

Accuracy and Recovery

The accuracy of  the sample was tested by executing 
recovery experiments in which the percent mean recovery 
of  the sample was calculated using a standardization 
approach at three distinct levels: 50%, 100%, and 150% 
of  the sample solutions were created. The amount 
of  medication in the sample was consistent with the 
formulation’s label claim. The percent assay resulted in a 
result of  92.27%. And the percent recovery ranges from 
100 to 112% (Table 8), the data of  Characterization of  
PLGA nanoparticles and estimation of  Berberine in 
marked formulation  were presented in Table 9.
The data of  comparison between previously published 
UV methods  and newly developed method was 
presented in Table 10.

Table 8: Recovery data of Berberine Hydrochloride.
Total 

concentration
Standard 

concentration 
(µg/ ml)

Sample 
concentration

(µg/ ml)

Absorbance (206nm) Concentration 
(µg/ ml)

Sample 
concentration 

difference (µg/ ml)

% Recov- ery

Standard Sample
10 µg/ ml

(50%)
5 5 0.161 0.163 10.12 5.12 102.4

5 5 0.161 0.164 10.18 5.18 103.6

5 5 0.161 0.163 10.12 5.12 102.4

20 µg/ ml
(100%)

5 15 0.334 0.339 20.29 15.29 101.93

5 15 0.334 0.341 20.41 15.41 102.73

5 15 0.334 0.339 20.29 15.29 101.93

30 µg/ ml
(150%)

5 25 0.508 0.508 30 25 100

5 25 0.508 0.509 30.05 25.05 100.2

5 25 0.508 0.510 30.11 25.11 100.44

 * = Average absorbance of three replicates (n=3)

UV-1900) and having independent analysts check the 
repeatability, which revealed a percent RSD of  less than 
2%, indicating that the method developed is ruggedness 
(Table 6,7).
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Table 9: Characterization of PLGA nanoparticles and estimation of Berberine in marked formu-
lation.

PLGA Nanoparticles Particle Size (nm) PDI Entrapment Efficiency (%)
Blank PLGA Nanoparticles 216.3 0.29 _

Berberine Loaded PLGA 
Nanoparticles

311.0 0.444 90%

Table 10: Comparison between previously published UV methods.18-22

S. No. Developed UV method Wavelength (nm) Limitation Reference
1 Validated HPLC-UV method for 

the determination of berberine in 
raw herb Daruharidra (Berberis 
aristata DC), its extract, and in 

commercially marketed Ayurvedic 
dosage forms.

346 nm Good linear relationship, 
reliability, simplicity, 
reproducibility, and 

speed

Ali M, Sharma SK. Heterocyclic 
constituents from B. lyceum 

roots. Indian J Chem. 1996; 6:127–30.

2 Quantitative analysis of berberine in 
homeopathic formulation containing 

berberis vulgaris L. by UV.

428nm Simple, rapid, precise, 
accurate

Anonymous, Bheshaj Samhita 
(Ayurvedic Pharmacopeia), (1966). 

Swasthya Mantralaya, Gujarat, 
Ahmadabad, 574

3 Development and validation of 
first order derivative spectroscopic 

method for simultaneous estimation 
of mangiferin and berberine HCl in 

bulk and synthetic mixture

257 nm (λmax of mf) 
and 265 nm (λmax of 

berberine)

Precise, fast Chawla R: Evidence based herbal 
drug standardization approach in 
coping with challenges of holistic 

management of diabetes: a Dreadful 
lifestyle disorder of 21st JDMD 2013; 

12-35.

4 Solvent effect on the UV/Vis 
absorption and fluorescence 
spectroscopic properties of 

berberine

421–431 nm Constant M. L. Freile, F. Giannini, G. Pucci, 
A. Sturniolo, L. Rodero, O. Pucci, 

V. Balzaretti and R. D. Enriz, 
Antimicrobial activity of aqueous 
extracts and of berberine isolated 

from Berberis heterophylla, 
Fitoterapia, 2003, 74, 702–705.

5 Development and Validation of UV 
spectrophotometric method for 

the estimation of Curcumin in Bulk 
Drug and Pharmaceutical Dosage 

Forms

421nm A rapid, simple, 
selective, precise

Ahuja S, Scypinsk S. 2001. 
Handbook of modern pharmaceutical 
analysis. 5th ed., London: Academic 

Press. p 345-442.

CONCLUSION
It may be stated that the developed method for estimating 
berberine hydrochloride in marketed formulations 
was simple, sensitive, precise, and consistent. The 
marketed sample evaluated had no excipients that 
interfered with the analysis, demonstrating the 
specificity of  the methods for this formulation. In 
comparison to previous methods, this newly developed 
UV methodology allows for straightforward berberine 
hydrochloride quantification. The validation of  the 
established technique was carried out in accordance with 
ICH guidelines.
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ABBREVIATIONS
UV: Ultraviolet; BBR HCI: Berberine Hydrochloride; 
PLGA: Poly Lactic Co-Glycolic Acid; ICH:  
International Conference on Harmonization; LOD: 
Limit of  detection; LOQ: Limit of  Quantification; 
RSD: Relative standard deviation; PDI: Poly Dispersity 
Index; EE: Entrapment Efficiency; RPM: Revolution 
Per Minute; HPLC: High Performance Liquid 
Chromatography.
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Communicated by Ramaswamy H. Sarma

ABSTRACT
New thiazole-thiazolidinedione hybrids (5a–k) were efficiently synthesized and evaluated for their in-
vitro antimicrobial activity against four fungal and bacterial strains. The chemical structures of the
compounds were elucidated by FTIR, 1H NMR, and 13C NMR spectral data. Most of the synthesized
compounds were sensitive against gram positive, gram negative bacterial and fungal strains. Among
the synthesized molecules, compounds 5h, and 5i exhibited promising inhibitory activity against all
selected fungal strains and gram positive bacteria namely, Staphylococcus aureus, and Enterococcus fae-
calis. The molecular docking results predicted that the thiazole-thiazolidinedione derivatives bind to
the active site protein ATP-binding pocket from E. coli, S. aureus and C. albicans with good interaction
energy scores. Ct-DNA was used to evaluate the binding interactions of the selected compounds by
means of absorption spectroscopy. To further characterize the drug-likeness and ADME properties
were calculated using the Qikprop, the result of present study suggests that thiazole-thiazolidinedione
hybrid could be an interesting approach for the design of new antimicrobial agents.
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Introduction

The management of microbial infection has been a major
endeavor in academia and pharmaceutical industry for the
last few decades as it is one of the foremost causes of mor-
tality. Presently most of the available drugs demonstrate
undesirable side effects such as drug resistance, toxicity and
bioavailability. The problems associated with currently avail-
able antimicrobial agents have necessitated the urgent need
for new antimicrobial agents. The thiazole heterocyclic sys-
tem emerged as a versatile skeleton for the development of
compounds with promising anticancer activity (Ayati et al.,
2015; Pathania et al., 2019). A Large number of thiazole
derivatives have been reported to possess diverse pharmaco-
logical activities (Rouf & Tanyeli, 2015) like antitubercular
(Turan-Zitouni et al., 2010), antimicrobial (Ghannam et al.,
2019), antibacterial (Omar et al., 2020), antibacterial and anti-
fungal (Bharti et al., 2010; Dawane et al., 2010), herbicidal
(Wang et al., 2010), anticonvulsant (Siddiqui & Ahsan, 2010),
anti-inflammatory (Moldovan et al., 2011), antiflaviviral
(Mayhoub et al., 2011), vascular adhesion protein-1 (VAP-1)
inhibitor (Inoue et al., 2013), and antiviral activities (El-
Sabbagh et al., 2009). On the other hand thiazolidine-2,4-
dione (TZD) prototype is one of the privileged structure

fragments in modern medicinal organic chemistry consider-
ing its broad biological spectrum and affinity for various bio-
targets of this class of heterocyclic compounds. They include
antibacterial (Slachtova et al., 2019) antimicrobial (Shukla
et al., 2019), anticancer (Alzhrani et al., 2020; Saralkar &
Geldenhuys, 2019) hypolipidemic, anti-inflammatory, antitu-
bercular and antidiabetic agents (Naim et al., 2017).
Furthermore, thiazolidine-2,4-dione and thiazole derivatives
are vital and frequently used scaffolds in drug design and
discovery that possess a huge variety of pharmacological
activities including an anticancer result (Abdelazeem et al.,
2014). Various drug candidates bearing the thiazolidine-2,4-
dione moiety such as the PI3K inhibitor, GSK1059615 (Knight
et al., 2010), troglitazone (D2TG) and ciglitazone (D2CG) act
on MCF-7 and MDA-MB-231 breast cancer cells as suppres-
sants of cell proliferation (Azizmohammadi et al., 2014;
Bordessa et al., 2013) and thiazole based derivatives (num-
ber) have been documented as potential anticancer agents
(Rostom et al., 2014). Considering presence of active pharma-
ceutical ingredients (Figure 1) and in the strife of developing
a new prospective antimicrobial agent, a hybrid pharmaco-
phoric approach was implemented wherein the thiazole and
thiazolidine-2,4-dione moieties were hybridized into a single
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structure with the anticipation of investigating the additive
effects of their antimicrobial activities. Hence, in the current
study we report the synthesis, molecular docking and ADME
studies of thiazole-thiazolidinedione hybrids as antimicro-
bial agents.

Materials and methods

Chemistry

The solvents and chemicals used in this study were procured
from Sigma/Aldrich, SDS, and Himedia. The melting points
were determined in open capillary tubes and are uncor-
rected. The progress of the reactions was monitored by TLC
using merck precoated silica gel F 254 plates. The FTIR spec-
tra were recorded on shimadzu, FTIR spectrophotometer
using KBr. 1H NMR spectra were recorded on AMX-400,
Bruker-400 liquid- state NMR spectrometer using tetramethyl-
silane (TMS) as the internal standard. Chemical shifts were
recorded as d (ppm). Spectra facilities were carried out by
Sophisticated Analytical Instruments Facility (SAIF) division of
Indian Institute of Science, Bangalore, India.

General procedure for synthesis of 5-arylidene-2,4-
thiazolidinediones (3a–k)

A mixture of the substituted benzaldehydes (10mmol), thia-
zolidine-2,4-dione (10mmol), and piperidine acetate (1mmol)
in toluene (50mL) was heated under reflux with azeotropic
removal of water for 10 h. The reaction was monitored by
thin-layer chromatography (TLC) for completion. After com-
pletion the reaction mixture was brought to 5 �C tempera-
ture, the solid separated was filtered and washed with cold
toluene/ether and recrystallization from ethanol: dimethylfor-
mamide (7:3) to afford 5-arylidene-2,4-thiazolidinedione com-
pounds (3a–k).

General procedure for synthesis of compounds (5a–k)

A well-stirred solution of potassium hydroxide (25mmol) in
ethanol (500mL) and added with the appropriate 5-aryli-
dene-2,4-thiazolidinediones(3a–k) (20mmol). The solution
was refluxed for three hours. After cooling the potassium salt
was collected and dried in an oven. The yields of potassium
salts were usually over 90%. They were used in the following
alkylation without further purification. A mixture of potas-
sium salts (10mmol) was heated under reflux with 2-(thia-
zole-2-ylamino) acetyl chloride (4) (Vicini et al., 2006)
(15mmol) in dimethylformamide (DMF) (50mL) for 7 h. The
reaction was monitored by thin-layer chromatography (TLC)
for completion. After cooling to room temperature, the
reaction mixture was poured in to crushed ice. The separated
solid was filtered, dried and recrystallized from ethanol:
dimethylformamide (7:3) to get 2-((Z)- 5-arylidene-2,4-
dioxothiazolidin-3-yl)-N-(thizol-2-yl) acetamides (5a–k) in
good yield.

(Z)-2-(5-benzylidene-2,4-dioxothiazolidin-3-yl)-N-(thiazol-2-
yl)acetamide (5a)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 75%; m.p.: 280-282 �C; IR (KBr) V max
3342 (NH), 3051 (Ar-CH), 2920 (CH of CH2), 1720, 1690, 1675
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.62 (s, 2H,
CH2), 7.25 (d, 1H, J¼3.6, thiazole), 7.55 (d, 1H, J¼3.6, thia-
zole), 7.85 (m, 5H, Ar-H), 7.89 (s, 1H, -CH¼), 12.63 (s, 1H, NH);
13C NMR (DMSO-d6, 100MHz): d ¼ 44.05 (-CH2), 117.44,
119.76 (Aryl), 125.44 (TZD), 129.35 (thiazole), 130.37 (CH, ben-
zylidene), 130.89 (thiazole), 131.65, 132.89 (Aryl), 158.98 (thia-
zole), 163.21 (C5O, TZD), 166.54 (C5O, -CH2-C5O), 169.04
(C¼O, TZD).

(Z)-2-(5-(4-chlorobenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5 b)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 72%; m.p.: 272-274 �C; IR (KBr) V max
3345 (NH), 3045 (Ar-CH), 2932 (CH of CH2), 1715, 1690, 1675
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.64 (s, 2H,
CH2), 7.15 (d, 1H, J¼3.6, thiazole), 7.35 (d, 1H, J¼3.6, thia-
zole), 7.53 (m, 4H, Ar-H), 7.73 (s, 1H, -CH¼), 12.62 (s, 1H, NH);
13C NMR (DMSO-d6, 100MHz): d ¼ 43.45 (-CH2), 114.55,
119.24 (Aryl), 123.75 (TZD), 128.12 (thiazole), 131.33 (CH, ben-
zylidene), 132.78 (thiazole), 139.00, 145.66 (Aryl), 155.44 (thia-
zole), 165.34 (C5O, TZD), 167.87(C5O, -CH2-C5O), 168.33
(C5O, TZD).

(Z)-2-(5-(4-bromobenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5c):
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 68%; m.p.: 248-250 �C; IR (KBr) V max
3320 (NH), 3044 (Ar-CH), 2925 (CH of CH2), 1710, 1690, 1665
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.55 (s, 2H,
CH2), 7.25 (d, 1H, J¼3.6, thiazole), 7.51 (d, 1H, J¼3.6, thia-
zole), 7.83 (s, 1H, -CH¼), 7.93 (d, 2H, J¼8.4, Ar-H), 8.2 (d, 2H,
J¼8.4, Ar-H), 12.89 (s, 1H, NH); 13C NMR (DMSO-d6, 100MHz):
d ¼ 47.45 (-CH2), 117.29, 120.82 (Aryl), 122.51 (TZD), 124.32
(thiazole), 130.09 (CH, benzylidene), 131.24 (thiazole), 132.22,
136.76 (Aryl), 158.65 (thiazole), 163.32(C5O, TZD), 166.58
(C5O, -CH2-C5O), 169.33 (C5O, TZD).

(Z)-2-(5-(4-fluorobenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5d)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 80%; m.p.: 275-277 �C; IR (KBr) V max
3354 (NH), 3055 (Ar-CH), 2935 (CH of CH2), 1720, 1700, 1680
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.65 (s, 2H,
CH2), 7.05 (d, 1H, J¼3.6, thiazole), 7.36 (d, 2H, J¼8.4, Ar-H),
7.49 (d, 1H, J¼3.6, thiazole), 7.62 (s, 1H, -CH¼), 7.64 (d, 2H,
J¼8, Ar-H), 13.06 (s, 1H, NH); 13C NMR (DMSO-d6, 100MHz): d
¼ 44.55 (-CH2), 119.05, 121.66 (Aryl), 122.16 (TZD), 123.16
(thiazole), 124.65, 125.23 (Aryl), 129.43(thiazole), 130.45 (CH,
benzylidene), 153.55 (thiazole), 161.77(C5O, TZD), 164.33
(C5O, -CH2-C5O), 169.48 (C5O, TZD).
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(Z)-2-(5-(4-methylbenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5e)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 80%; m.p.: 250-252 �C; IR (KBr) V max

3360 (NH), 3050 (Ar-CH), 2945 (CH of CH2), 1715, 1690, 1680
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 2.33 (s, 3H,
CH3), 4.78 (s, 2H, CH2), 7.12 (d, 1H, J¼3.6, thiazole), 7.20 (d,
2H, J¼8.4, Ar-H), 7.32 (d, 2H, J¼8.6, Ar-H), 7.46 (d, 1H, J¼3.6,

Scheme 1. Reagents and conditions: (a) Piperidine, acetic acid, toluene, reflux; (b) (i) Methanol, KOH, reflux; (ii) DMF, 120 �C.

Figure 1. Some marketed antifungal drugs containing thiazolidine-2,4-dione and thiazole scaffold.
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thiazole), 7.73(s, 1H, -CH¼), 12.53 (s, 1H, NH); 13C NMR
(DMSO-d6, 100MHz): d ¼ 34.54 (-CH3), 46.58 (-CH2), 115.50,
119.34 (Aryl), 124.65 (TZD), 126.45 (thiazole), 130.34 (CH, ben-
zylidene), 132.67 (thiazole), 134.65, 138.45, 141.23 (Aryl),
161.35 (thiazole), 163.34 (C5O, TZD), 166.72 (C5O, -CH2-
C5O), 168.40 (C5O, TZD).

Table 2. In vitro cytotoxicity of 5g, 5h, and 5i against VERO cells.

Selected compounds

Percent survival

25 mg 50 mg

5g 89.25 87.22
5h 89.25 80.75
5i 93.51 80.74

Table 1. Minimum inhibitory concentration (lg/ml) of active compounds against the microorganisms.

Compounds Ar E.c P.a S.a E.f C.a C.n A.f A.n

5a 64 64 16 16 16 32 32 32

5b 64 64 16 16 16 32 32 32

5c 32 32 8 32 16 16 16 16

5d 32 32 16 16 16 32 32 16

5e 32 32 16 16 16 16 32 16

5f 16 16 8 4 16 32 32 32

5g 16 16 4 8 16 16 16 32

5h 16 16 4 4 8 8 8 4

5i 16 16 8 8 8 8 8 4

5j

N

>64 NT >64 NT 64 NT NT NT

5k

O2N

>64 NT >64 NT >64 NT NT NT

Ciprofloxacin 2 2 2 2 NT NT NT NT
Ketoconazole NT NT NT NT 2 1 2 1

NT: not tested.; E.c: Escherichia coli.; P.a: Pseudomonas aeruginosa.; S.a: Staphylococcus aureus.; E.f: Enterococcus faecalis.; C.a: Candida albicans.; C.n: Cryptococcus
neoformans.; A.f: Aspergillus flavus.; A.n: Aspergillus niger.
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(Z)-2-(5-(3-methoxybenzylidene)-2,4-dioxothiazolidin-3-yl)-
N-(thiazol-2-yl)acetamide (5f)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 65%; m.p.: 260-261 �C; IR (KBr) V max
3340 (NH), 3060 (Ar-CH), 2960 (CH of CH2), 1715, 1695, 1665
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 3.85 (s, 3H,
OCH3), 4.66 (s, 2H, CH2), 7.06� 7.04 (m, 1H, Ar-H), 7.15� 7.13
(m, 2H, Ar-H), 7.26 (d, 1H, J¼3.6, thiazole), 7.44 (t, 1H, Ar-H),
7.49 (d, 1H, J¼3.6, thiazole), 7.75 (s, 1H, -CH¼), 12.59 (s, 1H,
NH); 13C NMR (DMSO-d6, 100MHz): d ¼ 44.12 (-CH2), 58.10
(-OCH3), 115.50, 119.34 (Aryl), 123.23 (TZD), 127.23 (thiazole),
130.86 (CH, benzylidene), 131.45 (thiazole), 133.22 (Aryl),
138.78, 140.55 (Aryl), 160.45 (thiazole), 163.53 (C5O, TZD),
164.37 (C5O, -CH2-C5O), 168.55 (C5O, TZD).

(Z)-2-(5-(4-methoxybenzylidene)-2,4-dioxothiazolidin-3-yl)-
N-(thiazol-2-yl)acetamide (5 g)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 74%; m.p.: 268-269 �C; IR (KBr) V max
3356 (NH), 3066 (Ar-CH), 2955 (CH of CH2), 1725, 1695, 1680
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 3.87 (s, 3H,
OCH3), 4.64 (s, 2H, CH2), 7.25 (d, 1H, J¼3.6, thiazole), 7.48 (d,
1H, J¼3.6, thiazole), 7.91 (d, 2H, J¼8.4, Ar-H), 8.10 (s, 1H,
-CH¼), 8.35 (d, 2H, J¼8.4, Ar-H), 12.59 (s, 1H, NH); 13C NMR
(DMSO-d6, 100MHz): d ¼ 44.06 (-CH2), 57.66 (-OCH3), 114.55,
124.81 (Aryl), 125.72 (TZD), 131.28 (thiazole), 131.60 (CH, ben-
zylidene), 131.65 (thiazole), 139.53, 148.23 (Aryl), 157.94 (thia-
zole), 164.75(C5O, TZD), 165.35 (C5O, -CH2-C5O),
167.07(C5O, TZD).

Figure 2. Absorption spectra of ctDNA with varying concentration of 5h.

Figure 3. Absorption spectra of ctDNA with varying concentration of 5i.
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Figure 4. Plot of A0/(A-A0) versus 1/[DNA] for the calculation of binding constant (Kb).

Table 3. The molecular docking results for corresponding targets selected for molecular docking.

PDB ID:4DUH H-Bond

Com. Docking Score XP (kcal/mol) Glide Energy (kcal/mol) Ligand Atom interactions Amino Acid Bond length Pi-Cation

5a �5.62 �49.68 – – – ARG76
5b �5.64 �44.95 -N-H of ligand to O-GLY101 GLY101 1.93 –
5c �5.42 �46.50 -N-H of ligand to O-GLY101 GLY101 1.97 –
5d �5.88 �44.48 -N of ligand to H-ARG76 ARG76 2.41 –

-N-H of ligand to O-GLY101 GLY101 1.81
5e �5.56 �44.15 -N of ligand to H-ARG76 ARG76 2.32 –

-N-H of ligand to O-GLY101 GLY101 1.94
5f �7.01 �54.60 -OCH3 of ligand to H-ARG136 ARG136 2.0 ARG76
5g �5.45 �50.62 -CO of ligand to H-LYS103 LYS103 ARG76
5h �6.56 �58.65 -OCH3 of to H-ARG136 ARG136 2.09 ARG76
5i �5.04 �45.47 -N of ligand to H-ARG76 ARG76 2.36 –

-N-H of ligand to O-GLY101 GLY101 1.80
5j �5.7 �47.81 -N-H of ligand to O-GLY101 GLY101 1.92 –
5k 5.6 �52.63 -CO of ligand to H-LYS103 LYS103 2.62 –

-O2N of ligand to H-ARG136 ARG136 2.23
Cipr. �6.74 �44.71 – – – LYS103
Co-cryst. �10.66 �70.35 -N-H of ligand to O-GLY101 GLY101

ARG136
1.99 LYS103

-CO of ligand to H-ARG136

Table 4. The molecular docking results for corresponding targets selected for molecular docking.

Com.
PDB ID:5D6P H-Bond

Pi-Cation
Docking Score XP (kcal/mol) Glide Energy (kcal/mol) Ligand Atom interactions Amino Acid Bond length

5a �5.52 �44.82 -N-H of ligand to O-GLU58 GLU58 2.05 ARG84
5b �4.66 �40.15 – – – ARG84
5c �4.30 �46.43 -N-H of ligand to O-GLY85 GLY85 2.39 ARG84

-N of ligand to H-ARG144 ARG144 1.84
5d �5.40 �44.79 -N-H of ligand to O-GLU58 GLU58 2.24 ARG84
5e �4.94 �44.42 – – ARG84
5f �4.94 �49.44 -OCH3of ligand to H-SER129 SER129 2.31 ARG84
5g �4.69 �44.74 – – – ARG84
5h �5.50 �50.80 -CO of ligand to H-ARG144 ARG144 1.99
5i �4.7 �41.27 – – – –
5j �5.1 �37.56 -N-H of ligand to O-GLU58 GLU58 2.20 –
5k �4.3 �42.72 -CO of ligand to H-ASN54 ASN54 1.94 –
Cipr. �5.76 �52.46 -N-H of ligand to O-GLU58 GLU58 1.66 –
Co-cryst. �5.8 �45.82 -O-H of ligand to O-GLU58 GLU58 1.90 –

-N-H of ligand to O-ASP81
ASP81

2.00
2.02
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(Z)-2-(2,4-dioxo-5-(3,4,5-trimethoxybenzylidene)thiazolidin-
3-yl)-N-(thiazol-2-yl)acetamide (5 h)
This compound was prepared according to general proced-
ure (EtOH/DMF); Yield 76%; m.p.: 276-277 �C; IR (KBr) V max
3365 (NH), 3063 (Ar-CH), 2897 (CH of CH2), 1720, 1690, 1670
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 3.74 (s, 3H,
OCH3), 3.84 (s, 6H, OCH3), 4.62 (s, 2H, CH2), 6.97 (s, 2H, Ar-H),
7.25 (d, 1H, J¼3.6, thiazole), 7.48 (d, 1H, J¼3.6, thiazole), 7.93
(s, 1H, -CH¼), 12.58 (s, 1H, NH); 13C NMR (DMSO-d6,
100MHz): d ¼ 43.31 (-CH2), 56.04 (-OCH3), 60.19 (-OCH3),
107.74, 114.00 (Aryl), 119.84 (TZD), 128.27 (thiazole), 133.93
(CH, benzylidene), 137.79 (thiazole), 139.75, 153.23 (Aryl),
157.37 (thiazole), 164.33 (C5O, TZD), 165.08 (C5O, -CH2-
C5O), 167.01(C5O, TZD); HRMS (ES): m/z 436 (Mþ 1).

(Z)-2-(5-(furan-2-ylmethylene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5i)
This compound was prepared according to general procedure
(EtOH/DMF); Yield 68%; m.p.: 234-235 �C; IR (KBr) V max 3340
(NH), 3045 (Ar-CH), 2970 (CH of CH2), 1710, 1690, 1675 (C¼O)
cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.64 (s, 2H, CH2),
6.66 (d, 1H, furan), 7.11 (d, 1H, furan), 7.26 (d, 1H, J¼3.6, thia-
zole), 7.57 (d, 1H, J¼3.6, thiazole), 7.89 (s, 1H, -CH¼), 7.97 (m,
1H, furan), 12.65 (s, 1H, NH); 13C NMR (DMSO-d6, 100MHz): d
¼ 45.12 (-CH2), 115.43, 118.65 (furan), 126.32 (TZD), 129.02
(CH, methylidene), 133.76 (thiazole), 142.38, 146.31 (furan),
151.32 (thiazole), 165.68 (C5O, TZD), 166.36 (C5O, -CH2-
C5O), 170.12 (C5O, TZD); HRMS (ES): m/z 336 (Mþ 1).

(Z)-2-(5-(4-cyanobenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5j)
This compound was prepared according to general proced-
ure (EtOH); Yield 55%; m.p.: 298-300 �C; IR (KBr) V max 3053
(Ar-CH), 2910 (CH of CH2), 2229 (-CN) 1700, 1695, 1683
(C¼O) cm�1; 1H NMR (DMSO-d6, 400MHz): d ¼ 4.63 (s, 2H,
CH2), 7.26 (d, 1H, J¼3.6, thiazole), 7.49 (d, 1H, J¼3.6, thia-
zole), 7.82 (d, 2H, Ar-H), 7.97 (d, 2H, Ar-H), 8.06 (s, 1H, -CH¼),
12.62 (s, 1H, NH); 13C NMR (DMSO-d6, 100MHz): d ¼ 44.04

(-CH2), 114.65, 118.89, 118.98 (Aryl), 125.06 (TZD), 131.14
(thiazole), 132.19 (CH, benzylidene), 133.52 (thiazole), 133.65,
137.16 (Aryl), 137.75 (thiazole), 165.4 (C5O, TZD), 167.18
(C5O, -CH2-C5O); HRMS (ES): m/z 371 (Mþ 1).

(Z)-2-(5-(4-nitrobenzylidene)-2,4-dioxothiazolidin-3-yl)-N-
(thiazol-2-yl)acetamide (5k)
This compound was prepared according to general procedure
(EtOH); Yield 55%; m.p.: 250-252 �C; IR (KBr) V max 3284 (NH),
3045 (Ar-CH), 2941(CH of CH2), 1754, 1747, 1684 (C¼O) cm�1;
1H NMR (DMSO-d6, 400MHz): d ¼ 4.64 (s, 2H, CH2), 7.26 (d, 1H,
J¼3.6, thiazole), 8.50 (d, 1H, thiazole), 7.93 (d, 2H, Ar-H), 8.11 (s,
1H, -CH¼), 8.37 (d, 2H, Ar-H), 12.63 (s, 1H, NH); 13C NMR
(DMSO-d6, 100MHz): d ¼ 44.03 (-CH2), 114.65, 122.64, 122.91
(Aryl), 125.81 (TZD), 131.86 (thiazole), 138.41 (CH, benzylidene),
139.59 (thiazole), 148.26 157.82 (Aryl), 164.78 (C5O, TZD),
165.43, 167.17 (C5O, -CH2-C5O). HRMS (ES): m/z 391 (Mþ 1).

Biological activities

Antibacterial activity assay

The newly synthesized compounds were evaluated for their
in-vitro antibacterial activity and antifungal activity by using
the twofold serial dilution technique (National Committee for
Clinical Laboratory Standards, 2006).

Cytotoxic activity assay

The MTT [3-(4, 5-dimethylthiazo-2-yl)-2,5-diphenyl-tetrazolium
bromide] cell proliferation assay (Mosmann, 1983) was used
to evaluate totoxicity activity of selected compounds against
VERO cell lines.

Electronic absorption titration

UV absorption spectra of ctDNA were recorded on Eppendorf
BioSpectrometer kinetic UV–visible spectrophotometer in the

Table 5. The molecular docking results for corresponding targets selected for Molecular docking.

PDB ID:5FSA H-Bond

Com. Docking Score XP (kcal/mol) Glide Energy (kcal/mol) Ligand Atom interactions Amino Acid Bond length Pi-Pi stacking

5a �8.42 �44.96 -CO of ligand to H-SER378 SER378, 2.10 TYR118
5b �8.40 �50.20 – – – TYR118
5c �8.03 �48.04 – – – TYR118
5d �8.42 �46.23 -CO of ligand to H-SER378 SER378, 2.27 TYR118
5e �8.34 �48.62 – – – TYR118
5f �8.24 �48.50 -CO of ligand to H-SER378 SER378, 2.19 –
5g �7.88 �50.16 – – TYR118
5h �8.06 �53.04 -CO of ligand to H-SER378 SER378 2.77
5i �6.61 �44.21 -O of ligand to H-SER378 SER378 2.77 TYR118

4.42
5j �8.5 �48.09 -OC of ligand to H-SER378 SER378 2.19 TYR118

5.0
5k �7.7 �53.85 - – – TYR118

4.98
Keto. �7.5 �60.75 -N of ligand to H-ARG381

-N of ligand to H-TYR118
-O of ligand to H-TYR132

ARG381TYR118
TYR132

– TYR132
5.42

Posa. �10.10 77.27 -O of ligand to H-CYS470 2.63 TYR118
4.93

-O-H of ligand to O-ALA61 2.35
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absence and presence of 5h, 5i at 298 K in the wavelength
range of 250–700 nm. The quartz cuvette with 1 cm path
length was used (Benesi & Hildebrand, 1949).

Computational studies

Molecular docking study

The molecular docking simulation studies were carried out
to predict thiazole-thiazolidinedione hybrids interactions
with various proteins like DNA gyrB, from E. coli and S.

aureus, and C. albicans. Glide (extra precision (XP) mode)
integrated module from Schrodinger molecular modelling
suite (Schrodinger, Inc., USA, 2020-2) was used for docking
calculation studies. The optimization of ligands, and pro-
tein were performed using LigPrep and protein prepar-
ation wizard. The Maestro interface was implemented to
investigate interaction (2D and 3D) between target and
docked compounds.

ADME prediction studies

Absorption, Distribution, Metabolism, and Excretion (ADME)
properties were calculated by using QikProp module from
Schrodinger molecular modelling software. The predicted
parameters were compared with the recommended limits.

Figure 5. (a) 2D representation of the docked pose of the co-crystallized lig-
and and its interactions (PDB: 4DUH). (b) 3D representation of the docked pose
of the co-crystallized ligand and its interactions (PDB: 4DUH).

Figure 6. (a) 2D representation of the docked pose of the co-crystallized ligand
and its interactions (PDB: 5D6P). (b) 3D representation of the docked pose of
the co-crystallized ligand and its interactions (PDB: 5D6P).
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Results and discussion

Chemistry

The synthesis of novel thiazole incorporated thiazolidine-2,4-
dione derivatives have been carried out according to the
steps shown in Scheme 1. The title compounds were synthe-
sized in two steps. Initial knoevenagel condensation of
aldehydes with thiazolidine-2,4-dione gave 5-arylidene-2,4-
thiazolidinediones (3a–k) in good yields. The 5-arylidene-2,4-
thiazolidinediones were treated with potassium hydroxide in
presence of methanol and converted into potassium salts.
The reaction of these potassium salts with 2-(thiazole-2-yla-
mino) acetyl chloride (Vicini et al., 2006) (4) was carried out
in dimethylformamide (DMF) to give final compounds 2-((Z)-
5-arylidene-2,4-dioxothiazolidin-3-yl)-N-(thizol-2-yl)acetamide
derivatives (5a–k). The FTIR, 1H NMR, 13C NMR, and mass
spectral studies confirmed the structures of target com-
pounds. The IR spectrum of 2-((Z)-5-arylidene-2,4-dioxothia-
zolidin-3-yl)-N-(thizol-2-yl) acetamide derivatives (5a–k),
revealed the presence of NH, and C¼O (carbonyl) stretching
vibration band in the region 3365–3220 cm�1, and
1725–1660 cm�1 respectively. In the proton NMR spectrum,
the singlet observed at region d 4.78-4.62 ppm could be
attributed to methylene protons (–NCH2–); thiazole protons

appeared as two doublets observed in the region d
7.5–7.2 ppm integrated for two protons, and all title com-
pounds showed one signal that can be attributed to the res-
onance of the 5-methylidene proton in the range d 7.7 ppm.
13C NMR spectrum displayed characteristic for three carbonyl
signals appeared in between d 169, 165, 160, and 43 ppm,
and methyl carbons signals appeared at d 43 ppm.

Antibacterial activity

The active compounds of newly synthesized compounds
were further evaluated for their in-vitro antibacterial activity
against four fungal strains of Candida albicans (ATCC 2091),
Aspergillus flavus (NCIM No. 524), Aspergillus niger (ATCC
6275), and Cryptococcus neoformans (Clinical isolate) fungi,
and two gram positive bacteria namely, Staphylococcus aur-
eus (ATCC 25923), Enterococcus faecalis (ATCC 35550), two

Figure 7. (a) 2D representation of the docked pose of the co-crystallized ligand
and its interactions (PDB: 5FSA). (b) 3D representation of the docked pose of
the co-crystallized ligand and its interactions (PDB: 5FSA).

Figure 8. 2D representation of the docked pose of the Ciprofloxacin and its
interactions in E. coli DNA Gyrase ATP-binding site (PDB: 4DUH).

Figure 9. 2D representation of the docked pose of the Ciprofloxacin and its
interactions in S. aaureus DNA Gyrase ATP-binding site (PDB: 5D6P).
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gram negative bacteria namely, Escherichia coli (ATCC 35218),
Pseudomonas aeruginosa (ATCC 25619). The Minimum
Inhibitory Concentration (MIC) values were determined by
using the twofold serial dilution technique in Mueller-Hinton

Figure 10. 2D representation of the docked pose of the Ketoconazole and its interactions in C.albicans sterol 14-alpha demethylase site (PDB: 5FSA).

Figure 11. (a) 2D representation of the docked pose of the 5f ligand and its
interactions in E. coli DNA Gyrase ATP-binding site (PDB: 4DUH). (b) 3D repre-
sentation of the docked pose of the 5f ligand and its interactions in E. coli DNA
Gyrase ATP-binding site (PDB: 4DUH).

Figure 12. (a) 2D representation of the docked pose of the 5g ligand and its
interactions in E. coli DNA Gyrase ATP-binding site (PDB: 4DUH). (b) 3D repre-
sentation of the docked pose of the 5g ligand and its interactions in E. coli
DNA Gyrase ATP-binding site (PDB: 4DUH).
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broth and Sabouraud dextrose agar for the antibacterial and
antifungal assays, respectively. Ketoconazole was used as the
reference standard for antifungal activity while Ciprofloxacin
was used as the reference standard for antibacterial activity.
MIC was recorded as the lowest concentration of a com-
pound that inhibits the growth of tested microorganisms, as
presented in Table 1. The results of minimum inhibitory con-
centration against tested bacteria and fungi, ranging from 4
to 64 lg/ml and 4 to 32 lg/ml, respectively. Compounds 5g
and 5h exhibited significant inhibitory activity against S. aur-
eus, with a MIC value of 4 mg/ml respectively, and
Compounds 5f and 5h exhibited promising inhibitory activity
against E. faecalis, with a MIC value of 4 mg/ml respectively.
From the antifungal data through MIC studies, it is evident
that most of the tested compounds showed promising anti-
fungal activity, compounds 5h, 5i demonstrated significant
inhibitory activity against A. niger with a MIC value of 4 mg/

ml. Based on these results, the structure-activity relationship
for antimicrobial activities indicates that the difference in the
MIC values of thiazole-thiazolidinedione hybrids were result
of the different substitutions on benzylidene group, keeping
rest of the molecule integral. The unsubstituted compound
5a showed weak to moderate inhibitory activity against all
selected microorganism. The compounds 5b, 5d, 5j and 5k
bearing electron withdrawing group like –Cl, -F, -CN and
–NO2 on benzylidine not shown any improvement in inhibi-
tory activity but compound 5c exhibited improvement in
inhibitory activity against Escherichia coli, Pseudomonas aeru-
ginosa, Staphylococcus aureus, Cryptococcus neoformans,
Aspergillus flavus and Aspergillus niger. Notably, we observed
that the introduction of electron releasing groups like –CH3

and CH4 group to benzylidine moiety (compounds 5e to 5h)
improved inhibitory activity against both bacterial and fungal

Figure 13. (a) 2D representation of the docked pose of the 5h ligand and its
interactions in E. coli DNA Gyrase ATP-binding site (PDB: 4DUH). (b) 3D repre-
sentation of the docked pose of the 5h ligand and its interactions in E. coli
DNA Gyrase ATP-binding site (PDB: 4DUH).

Figure 14. (a) 2D representation of the docked pose of the 5i ligand and its
interactions in E. coli DNA Gyrase ATP-binding site (PDB: 4DUH). (b) 3D repre-
sentation of the docked pose of the 5i ligand and its interactions in E. coli DNA
Gyrase ATP-binding site (PDB: 4DUH).
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strains. When benzylidine moiety of compound 5a was
replaced with furan-2-ylmethylene (5i) showed more than
two fold improvement in inhibitory activity.

Toxicity activity

Toxicity study of the selected synthesized compounds was
estimated against VERO cell lines by the MTT (3-(4, 5-dime-
thylthiazo-2-yl)-2,5-diphenyl-tetrazolium bromide) cell prolif-
eration assay. The inhibition of the cell proliferation was
determined 24 h after cells were exposed to the tested

compounds. The results of cytotoxicity study were summar-
ized in Table 2. The data showed that 5g, 5h, and 5i com-
pounds having a quite low toxicity.

DNA binding studies

Electronic absorption titration

To validate the binding capabilities of selected thiazole-thia-
zolidinedione hybrids (5h, 5i) with ctDNA has been per-
formed by Electronic absorption spectroscopy which is
significant method to analyze conformational changes occur

Figure 15. (a) 2D representation of the docked pose of the 5a and its interac-
tions in S. aaureus DNA Gyrase ATP-binding site (PDB: 5D6P). (b) 3D representa-
tion of the docked pose of the 5a and its interactions in S. aaureus DNA Gyrase
ATP-binding site (PDB: 5D6P).

Figure 16. (a) 2D representation of the docked pose of the 5c and its interac-
tions in S. aaureus DNA Gyrase ATP-binding site (PDB: 5D6P). (b) 3D representa-
tion of the docked pose of the 5c and its interactions in S. aaureus DNA Gyrase
ATP-binding site (PDB: 5D6P).
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during DNA-drug molecule interaction. UV absorption spectra
of ctDNA were recorded on Eppendorf BioSpectrometer kin-
etic UV–visible spectrophotometer in the absence and pres-
ence of thiazole-thiazolidinedione hybrids (5h, 5i) at 298 K in
the wavelength range of 250–700 nm. The quartz cuvette
with 1 cm path length was used. A stock solution of ctDNA
was prepared in TE buffer, giving a ratio of UV absorbances
at 260 and 280 nm (A260/A280) of 1.79, indicating that the
DNA was adequately free of protein Figures 2 and 3. The
concentration was determined from the UV absorbance at
260 nm (e¼6600M�1 cm�1). The intrinsic binding constant
(Kb) for interaction of the complexes with ct-DNA was deter-
mined according to Benesi-Hildebrand equation (Benesi &

Hildebrand, 1949),

A0

A� A0
¼ eG

eH�G
þ eG

eH�G � eG
� 1

Kb½DNA�
where Kb is the association/binding constant, A0 is the
absorbance of the ct-DNA without complex, A is the absorb-
ance of the ct-DNA with complex, eG is the absorption coeffi-
cients of the ct-DNA without complex and eH�G is the
absorption coefficients of the ct-DNA with complex.

The association constants were obtained from the inter-
cept-to-slope ratios of from a plot of A0/(A�A0)versus 1/
[DNA]. The binding constant for 5h and 5i was found to be
0.8833mM�1 and 0.9969mM�1 respectively Figure 4.

Molecular docking study

The antimicrobial result reveals that some of the compounds
showed promising microbial inhibitory activity, we carried
out molecular docking studies to support the obtained
in vitro assay of these ligands. All synthesized and standards

Figure 17. (a) 2D representation of the docked pose of the 5h and its interac-
tions in S. aaureus DNA Gyrase ATP-binding site (PDB: 5D6P). (b) 3D representa-
tion of the docked pose of the 5h and its interactions in S. aaureus DNA Gyrase
ATP-binding site (PDB: 5D6P).

Figure 18. (a) 2D representation of the docked pose of the 5h and its interac-
tions in C. albicans sterol 14-alpha demethylase site (PDB: 5FSA). (b) 3D repre-
sentation of the docked pose of the 5h and its interactions in C. albicans sterol
14-alpha demethylase site (PDB: 5FSA).
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compounds were docked into active site of DNA gyrase B
ATP binding domain from E. coli (PDB: 4DUH), S. aureus
(PDB: 5D6P), crystal structure of sterol 14-alpha demethylase
(CYP51) (PDB: 5FSA) and B-form of DNA (PDB: 1BNA). The
binding affinity give important information regarding
obtained docking poses and scoring functions. Most of the
compounds were predicted to form one hydrogen bond in
binding pocket, in addition bridged by conserved water mol-
ecule. The docked pose exhibited multiple hydrogen bond
interactions with the co-crystal ligands and standard anti-
microbial agents (Figures 5–10) which played an essential
role in the stabilization of the co-crystal ligand. In case of
DNA gyrase B ATP binding domain from E. coli, S. aureus,
and sterol 14-alpha demethylase (CYP51) the co-crystal lig-
and with docking score of �9.50 kcal/mol and energy of
66.12 kcal/mol, �5.80 kcal/mol and energy of 45.82 kcal/mol
and �10.10 kcal/mol and energy of 77.27 kcal/mol respect-
ively. The amino acid residues GLY-101, ASP-73 and ARG-136
towards E. coli bacterial DNA gyrase B ATP binding domain,
GLU-58 and ASP-81 towards S. aureus bacterial DNA gyrase B

ATP binding domain and ALA-61, CYS470 towards sterol 14-
alpha demethylase (CYP51) to secure their role in hydrogen
bond interactions. Apart from hydrogen bond interaction,
aromatic bond interaction, p-cationic interaction p-p interac-
tions displayed a significant role in stabilizing co-crystal
ligands. From the docking study, the docked pose of some
synthesized compounds and co-crystal revealed a similar
type of binding orientation and molecular interaction either
with ARG-136 or GLY-101 amino acid residue of E. coli DNA
gyrase B ATP binding site (Table 3), the determined binding
mode for compound 5f, 5g, 5h and 5i were depicted within
the ATP-binding site in Figures 11–14. The binding view of
docked complex shows primarily the formation of a direct
strong hydrogen bonds. The methoxy-oxygen (–OCH3) of
compounds 5f, 5h generates H-bond between ARG-136

Figure 19. (a) 2D representation of the docked pose of the 5i and its interac-
tions in C. albicans sterol 14-alpha demethylase site (PDB: 5FSA). (b) 3D repre-
sentation of the docked pose of the 5i and its interactions in C. albicans sterol
14-alpha demethylase site (PDB: 5FSA).

Figure 20. 2D representation of the docked pose of compounds like 5h (Blue),
5i (green), Ketoconazole (red) and its interactions in C. albicans sterol 14-alpha
demethylase site (PDB: 5FSA).

Figure 21. 3D representation of the docked pose of the 5h and its interactions
in B-form of DNA (PDB: 1BNA).
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residue; carbonyl-oxygen (C5O) of 5g generates H-bond
between LYS-103; hydrogen atom of secondary amine (–NH)
of 5i generates H-bond between GLY-101 residue, most of
these compounds (5a–i) have indicated favorable docking
score between �5.04 and �7.01in 4DUH. Moreover, com-
pound 5f having good binding score (�7.01) as compared to
standard ciprofloxacin (�6.74) but weaker than co-crystal
binding score (�10.66) (Table 3). The docking score values
showed that the binding poses of some compounds includ-
ing standard ligands to the active site of S. aureus gyrase B
were weaker than those of E. coli DNA gyrase B Table 4.
From the Table 4, it is clear that compound 5a generates H-
bond between GLU-58 residues (Figure 15), 5c generates H-
bond between GYU-85 and ARG-144 residues (Figure 16), 5d
generates H-bond between GLU-58 residues, 5f generates H-
bond between SER-129 residues, 5h generates H-bond
between ARG-144 residues (Figure 17), ciprofloxacin gener-
ates H-bond between GLU-58 residues, and co-crystal gener-
ates H-bond between GLU-58, ASP-81 residues. The docking

score between �6.61 and �8.42 in 5FSA (Table 5), the dock-
ing scores for synthesized compounds (5a–f and 5h) are
more than �8.0 compared to �7.5 ketoconazole and lesser
than �10.10 co-crystal. The standard ketoconazole, 5a, 5d,
5f, 5h and 5i compounds generates H-bond between SER-
378 and like 5b, 5c and 5g are fail to generate any hydrogen
bonds, but most of the showed p- p stacking with TYR-118.
Among the synthesized compounds 5h, and 5i display prom-
ising antifungal activities and interactions showed in Figures
18 and 19. Ketoconazole, 5h and 5i interacts different resi-
dues within the pocket Figure 20. According to docking pose
studies, most of the ligands interact virtually in the same site
in the protein and therefore expected antimicrobial effect
observed. Further these derivatives were subjected to
molecular docking with B-form of DNA (Table 6). The oxygen
and nitrogen atoms of 5h compound forms hydrogen bond
with DC3, DA5 and DA6 respectively Figure 21, similarly oxy-
gen and nitrogen atoms of 5i compound also forms hydro-
gen bond with DA6, DA18 and DA17 respectively Figure 22.

ADME prediction

Polar surface area, Hydrophilicity, hydrogen bond acceptors,
hydrogen bond donors, Molecular weight, permeability,
Prediction of binding to human serum albumin, Human Oral
Absorption parmeters are very important for small molecule
to be considered as drug candidate. In this regard, drug like-
liness and Absorption, Distribution, Metabolism, and
Excretion (ADME) related properties were investigated (Table
7). Results of Lipinski’s rule of five as well as Jorgensen’s rule
of three showed that thiazole-thiazolidinedione hybrids were
conformed to both rule.

Figure 22. 3D representation of the docked pose of the 5i and its interactions
in B-form of DNA (PDB: 1BNA).

Table 6. The molecular docking results for corresponding targets selected for molecular docking.

Com.
PDB ID:1BNA H-Bond

Pi-Pi Stacking
Docking Score XP (kcal/mol) Glide Energy (kcal/mol) Ligand Atom interactions Residue Bond length

5a �2.44 �32.61 -CO of ligand to H-DA6 DA6 2.20 DC3
DD4-N of ligand to H-DA17 DA17 2.11

5b �2.34 �34.84 -CO of ligand to H-DA6 DA6 2.01 DA6
DA5

5c �2.49 �34.12 -CO of ligand to H-DA6 DA6 2.06 DA6
DA5

5d �2.65 �33.16 -CO of ligand to H-DA6 DA6 2.12 DA5
DA6
DC3

5e �2.63 �28.72 -CO of ligand to H-DA5 DA5 2.09 DC3
-N- ligand to H-DA6 DA6 2.07

5f �2.52 �32.52 -CO Of ligand to H-DA5 DA5 2.46
2.11

–

-OCH3 of ligand to H-DC21 & DC3
N- ligand to H-DA6

DC21
DC23
DA6

2.45
2.49
2.07

5g �2.42 �34.49 CO of ligand to H-DA6 DA6 1.82 DA6
5h �3.51 �34.06 -O of ligand to H-DC3 DC3 1.84 –

-CO of ligand to H-DA5 DA5 2.03
5i �2.84 �30.47 -CO of ligand to H-DA6 DA6 2.14 DC3

-N of ligand to H-DA17 DA17 2.17
5j �2.59 �32.89 -C5O of ligand to H-DA18 DA18 2.21 DA17

DG16
-C5O of ligand to H-DC3 DC3 2.07

5k �2.56 �31.81 -C5O of ligand to H-DA5 DA5 1.95 DA6
-C5O of ligand to H-DA18 DA18 2.29
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Conclusion

In conclusion, some of thiazole-thiazolidinedione hybrids
were efficiently synthesized and evaluated for their in-vitro
antibacterial and antifungal activity against selected bacterial
and fungal strains. The chemical structures of the com-
pounds were elucidated by spectral data. Amongst the syn-
thesized molecules, compounds 5h, and 5i exhibited
promising inhibitory activity against all selected fungal and
gram positive bacterial strains. The spectroscopic results con-
firms the interaction between CT-DNA and thiazole-thiazolidi-
nedione hybrid. The molecular docking results proposed
most of the compounds interact in the similar binding site in
the protein and hence rationalize the comparable antimicro-
bial activity. Thiazole-thiazolidinedione hybrids were found to
possess favorable ADME properties, demonstrating its drug
likeness. Present study suggests that thiazole-thiazolidine-
dione may be considered as promising molecular templates
for developing newer antimicrobial agents.
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 The objectives of present research work was to develop simple, precise, accurate, 
specific, cost effective, validated UV-spectrophotometric method for quantification of Agomelatin 
(AGM) in bulk and pharmaceutical tablets dosage form by Area Under Curve (AUC) and Zero 
Order Spectroscopic (ZOS) methods. Both methods involve the use methanol: millipore water 
(50:50 %v/v) as solvent for estimation. The area between 212-237 nm was used to measure the 
AUC for first method and 229 nm was used to measure the absorbance for second method.  
The developed technique was optimized and standardized as per ICH guidelines in terms of 
specificity, selectivity, linearity, ruggedness, solution stability, quantification and detection 
limits, precision, robustness, and accuracy. Both methods showed linearity between the amount 
ranges from 0.5 – 2.5µg/mL. The % RSD for all the validation parameters was found to be less 
than 2%. Both methods were found to accurate with recovery values. The results obtained 
by proposed method showed that method is linear, specific, selective, rugged, precise, stable, 
robust, and accurate and can be employed for the quality control of AGM in bulk and tablet 
formulation.

Keywords: Agomelatine; Area under curve; ICH guidelines; Validation; Zero Order Spectroscopy.

 AGM, chemically “N-[2-(7-methoxy 
napthalen-1-yl) ethyl] acetamide” (Figure 1) 
and used as antidepressant agent which was 
approved in 2009 for treatment of depressive 
disorders by the European Medicines Agency. 
The molecular formula of AGM is C15H17NO2 
and molecular weight is 243.301gm/mol. AGO is 
a sleep modulating antidepressant and is a novel 
antidepressant, acts as melatonergic receptor 
agonist and serotonergic receptor antagonist. 

AGM also used as anxiolytic agent and used in 
the treatment of anxiety1,2. The binding studies 
suggest that it has no effect on monoamine uptake 
and no affinity for histaminergic, dopaminergic, 
cholinergic, á, â adrenergic, and benzodiazepine 
receptors3,4. It showed significant advantages 
over paroxetine due to the complete absence of 
side effects including the associated sexual effect 
that are troublesome with some antidepressant. 
Due to its action on the melatonine receptors, it 



2

gives a marked improvement on sleep. AGM has 
anxiolytic activity and hence it is very useful in the 
management of anxiety and related disorders5,6.
 Quality control of AGM is very much 
essential in the pharmaceutical industries as it is 
consumed by large number of population in the 
form of tablet dosage forms. In order to analyse the 
drug and formulations various methods have been 
reported by researchers7-10 The scientific studies 
and literature reports few analytical methods used 
to estimate AGM in different forms.  Few of these 
analytical methods were highlighted and reviewed. 
The AGM is estimated using chromatographic 
method and also impurities in its bulk and 
formulations were reported by few analytical 
methods11-13. The analytical method are reported  
for analysis of AGM include quantification by 
RP-HPLC14 and the chromatographic methods also 
were reported for separating and analyzing AGM 
and its  intermediates and final formulations15. The 
validated LC-MS/MS technique for quantification 
of AGM in human plasma and its application in a 
pharmacokinetic study also was reported16.
 Few of the other reports found in the 
literature for AGM determination discussed 
mainly on chromatographic techniques. The 
reported techniques used for quantification 
of AGM in bulk form and pharmaceutical 
formulations by HPLC with UV detection17. It 
has been also quantified along with some other 
antidepressants and also along with vitamin B12 
in formulations and biological samples18. As we 
discussed earlier mass chromatographic assays 
were reported for determination of AGO and other 
antidepressants in biological samples19, 20. The 
UHPLC-DAD-MS/MS was also used to analyze 
the photostability of AGM21. The capillary liquid 
chromatography-mass spectrometry was also used 
for determination of AGM in blood plasma22. The 
stability indicating chromatographic assays also 
were reported for quantification of AGM and 
its degradation products23, 24. Literature survey 
also revealed very important techniques such 
as ultra-high performance super critical fluid 
chromatography and ultra-high performance 
liquid chromatography (UHPLC) were utilized 
successfully for quantification of AGM and its 
impurities25. Apart from these methods assessment 
of AGM stability under various stress conditions 
using HPLC with fluorescence detection was 

reported26. The Gas chromatography–mass 
spectrometry quantification was used for assay of 
AGM and other antipsychotic drugs in biological 
fluids27.  The UV Spectrophotometric estimation 
was carried out for determination of AGM at 299 
nm in bulk and pharmaceutical formulations28 and 
also the spectrofluorimetric analysis was reported 
for AGO quantification in marketed tablets29. AGM 
was also estimated by using assays based on the 
formation of a charge transfer complex methods 
and its estimation using spectroscopic methods30.  
 Very few methods involve the use of UV 
spectroscopic principles and reported methods used 
of costly solvents in analysis. The literature review 
also revealed that AGM was analysed by measuring 
the absorbance no methods were reported based on 
measurement using area under curve spectroscopic 
method. Hence there is need for estimating the 
AGM by economic as well as by measuring the 
AUC method.  In the present research we have 
made the attempt to develop, optimize and validate 
the AUC and ZOS methods using cost effective 
solvent system.       

METHODS AND MATERIALS

Instruments, reagents and chemicals
 Electronic analytical balance was used to 
weigh the drug; UV-Spectrophotometer was used 
to measure the AUC and absorbance, Ultrasonic 
bath Sonicator was used to sonicate and enhance 
the solubility of Agomelatine. Agomelatine was 
obtained as a gift sample from SYMED LABS 
LIMITED Hyderabad. The reagent solutions and 
chemicals used were of AR grade and collected 
from the store of KLE College of Pharmacy, 
Belgaum. 
Optimization of Methods
Preparation of stock solution
 AGM standard stock solution containing 
500ìg/ml was prepared in 10ml volumetric flask 
(VF) by dissolving 5mg and then diluted to volume 
with methanol: water (50:50%v/v) as solvent 
system (SS). From this stock further 1ml was taken 
in 10mL VF and volume was made up to mark 
using SS. From this stock serial dilution were made 
to prepare 0.5 ìg/ml to 2.5 ìg/ml.
Selection of solvent and wavelength of analysis
 The solubility analysis and literature 
survey revealed that the AGM was soluble in 
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methanol. Many trials were performed in different 
proportions of water and methanol. Finally SS 
composed of methanol: water (50:50%v/v) was 
chosen for UV analysis of AGM. In order to 
identify the wavelength for analysis, solution 
containing 0.5 ìg/ml was analysed in the UV 
region of 200 - 400nm and spectrum was obtained 
and wavelength for maximum absorbance was 
identified which was found to be 229nm.
Measurement of area under curve for AUC and 
absorbance for ZOS methods
 For area under curve method the two 
wavelengths 212-237nm were selected and AUC 
between these two was used for measurement31,32. 
For ZOS method absorbance of solutions at 229 
nm was measured.
Validation
 The developed techniques  were 
standardised as per ICH guidelines in terms 
of selectivity, precision, linearity, robustness, 
specificity, LOD, LOQ, ruggedness, solution 
stability, and accuracy33, 34.
Selectivity and Specificity
 It was performed to exclude the chances 
of interference of solvent in the region of maximum 
absorbance of AGM. The specificity and selectivity 
was evaluated by running the solvent and comparing 
the spectrum of AGM (35). 
Standard calibration curve
 The series of dilutions were made from 
the standard stock solution of AGM to obtain 
the amount of 0.5ìg/ml – 2.5ìg/ml. For AUC 
method the two wavelengths 212-237nm was 
selected for determination. The calibration plot 
was constructed as AUC vs concentration. For 
ZOS method Absorbance of the above solution 
was measured at 229nm and calibration curve of 
concentration vs absorbance was prepared and the 
r2 was calculated36.  
Detection and Quantification Limits
 The Detection and Quantification Limits 
of AGM by proposed method were estimated using 
calibration standard. Detection limit of AGM by 
AUC and ZOC method was found to 0.1457 ìg/
ml and 0.4799 ìg/ml respectively. Quantification 
Limits of AGM by AUC and ZOC method 
was found to be0.0973 ìg/mland0.2951 ìg/ml 
respectively37.      
Precision
 Precision was studied to evaluate the 

preciseness of methods.  The system precision was 
evaluated by measuring AUC and Absorbance’s 
of Agomelatine solution at three different 
concentrations.  Same way intraday and interday 
precision was evaluated by performing analysis on 
same day at two different intervals and on three 
different days. After each analysis percentage 
“relative standard deviation” (% RSD) was 
calculated. 
Ruggedness
 The ruggedness presents the variation 
within the laboratory conditions (different analyst 
and different instrument). It was done by repeating 
the same analysis by different analyst on one more 
instrument. After analysis percentage relative 
standard deviation (% RSD) was calculated. 
Robustness
 Robustness was evaluated by measuring 
the absorbance’s at different wavelengths and 
calculating the %RSD for ZOS. 
Solution Stability
 The solution was preserved at ambient 
room temperature and analysed at different day 
intervals .The responses for the older solutions 
were compared against freshly prepared standard 
solution.  
Accuracy
 The accuracy of techniques was estimated 
by recovery experiments at 3 different levels. The 
samples were spiked with 50%, 100% and 150% of 
mixed standard solution the mixture were analysed 
and recoveries were estimated.  
Assay
 Twenty marketed tablets of AGM were 
weighed and average weight was calculated. 
Tablets are made into powder form and then 
powder equivalent to 10 mg of AGM was weighed 
and transferred to 10 mL VF. Agomelatine was 
extracted from powder using SS and sonicated for 
15 minutes. After extraction serial dilutions were 
made in beers range and absorbance was measured 
and used for calculating assay.  

RESULTS 

Development
 Solvent development step involves the 
use of methanol: water (50:50) in which AGM 
showed spectrum with maximum absorbance at 
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Table 1. Specifications of ZOS and AUC 
Spectroscopic Method

No. Parameters Specification

1 Method Spectrophotometric
2 Instrument UV-Spectrophotometer
3 Model Shimadzu
4 Make UV-1800
5 Software UV-Probe
6 Analyte Agomelatine
7 Solvent Methanol :Water (50:50)
8 Lambda Max. 229nm Fig. 1. Chemical Structure of AGM

Fig. 2. Spectrum of Blank Solvent

229nm. Specifications of developed techniques 
were presented in Table 1.
Validation
Specificity Selectivity
 Solvent spectrum obtained showed no 
interference of absorbance 229nm which show the 
specificity and selectivity of method. The spectrum 
of solvent and AGM were presenetd in Figure 2 and 
Figure 3.
Linearity and Range
 Standard calibration curve was plotted 
using absorbance vs concentration obtained by 
linear dilution of AGM. Each concentration show 
linear absorbance range between the amounts of 
0.5,1.0,1.5,2.0,2.5ìg/ml with regression equation 
of 0.9998 for AGM. The linearity data was 
presented in Table 2. Standard calibration curve 
was presented in Figure 2 and Figure 3.Overlay 
spectrum was showed in Figure 4 and AUC graphs 
was presented in Figure 5. 

Precision
 Method was found to be precise as the % 
RSD calculated for six replicates solution of AGM 
at each precision level was found to be less than 
2%. Data of precision presented in Table 3.
Robustness
 % RSD values calculated for AGM was 
found to be less than 2% which indicates method 
was robust with slight change in nm and also found 
to be rugged. The data of Robustness presented in 
Table 4.
Ruggedness
 The % RSD obtained for absorbance 
of each replicate of solution was within the 
acceptance by change in the analyst and instrument. 
Ruggedness data is presented in Table 5.
Solution and Standard Stock Solution Stability
 The % RSD for absorbance obtained by 
fresh and old dilution containing Agomelatine was 
found to be within the acceptance and data obtained 
show the standard stock solution and solvent 
shows stability of 3 days. The data is presented in  
Table 6.
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Table 2. Linearity and range data of Agomelatine

No. Concentration  Area Under  Absorbance 
 (µg/ml) Curve(212 237) at 229 nm

1 0.5 1.482 0.205
2 1.0 3.139 0.412
3 1.5 4.444 0.622
4 2.0 6.127 0.821
5 2.5 7.584 1.018
r2  0.999 0.9998
% Curve Fitting 99.9% 99.98%
LOD  0.1457 µg/ml 0.0973 µg/ml
LOQ  0.4799 µg/ml 0.2951 µg/ml

Fig. 4. Standard calibration curve for AUC method

Fig. 3. Spectrum of AGM

Accuracy
 Accuracy of Agomelatine was found to be 
well within the acceptance for both methods and 
data was presented in Table7. 

Assay
 The assay values of Agomelatine by AUC 
and ZOC methods were found to be 96.37-97.64 
and 98.23-102.25 % respectively. 
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Fig. 5. Standard calibration curve for ZOS method

Fig. 6. Linearity overlay spectrum of Agomelatine

DISCUSSION

 The literatures reports that AGM was 
estimated by few chromatographic techniques 
and the reported techniques used for quantitative 
analysis of AGM in bulk form and pharmaceutical 
preparations with the help of HPLC. The UHPLC-
DAD-MS/MS was also used to analyse the 
photo stability of AGM. The capillary liquid 
chromatography-mass spectrometry was also 
used for determination of AGM in blood plasma. 

The stability indicating chromatographic assays 
also were reported for quantification of AGM 
and its degradation products. Literature survey 
also revealed very important techniques such 
as ultra-high performance super critical fluid 
chromatography and ultra-high performance 
liquid chromatography (UHPLC) were utilized 
successfully for quantification of AGM and 
its impurities. Apart from these methods, the 
assessment of AGM stability under various stress 
conditions using HPLC with fluorescence detection 
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AUC of Agomelatine 0.5 µg/ml

AUC of Agomelatine 1.0 µg/ml

AUC of Agomelatine 1.5 µg/ml

was reported. The Gas chromatography–mass 
spectrometry quantification was used for assay of 
AGM and other antipsychotic drugs in biological 
fluids.  
 UV-Visible spectrophotometry is one of 
the commonly used analytical method in analysis 
pharmaceutical preparations. It involves measuring 
the amount of visible or ultraviolet light absorbed 
by analyte in suitable solution. The absorbance is 
quantitatively measured as it is based on amount 

of drug present in solution. Usually spectrum of 
analyte is taken and maximum wavelength of 
absorbance is measured for further quantitative 
estimation. The area under curve or spectrum also 
can be measured and used for the quantitative 
analysis of drugs, as it is very rarely used in most 
of reported literatures. The UV Spectrophotometric 
estimation was carried out for determination 
of AGM at 299 nm in bulk and pharmaceutical 
formulations.  AGM was also estimated by 
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Fig. 7. Area Under Curve of Agomelatine with Different Concentrations

AUC of Agomelatine 2.0 µg/ml

AUC of Agomelatine 2.5 µg/ml

UV-Spectrum of Blank

using assays based on the formation of a charge 
transfer complex methods and its estimation using 
spectroscopic methods. The literature review also 
revealed that AGM was analysed by measuring the 
absorbance no methods were reported based on 
measurement using area under curve spectroscopic 
method. In the present research we have made the 

attempt to develop, optimize and validate the AUC 
and ZOS methods using cost effective solvent 
system.       
 The present research was aimed to 
develop simple, precise, accurate, specific, cost 
effective, validated UV-spectrophotometric method 
for quantification of Agomelatin (AGM) in bulk 
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Table 3. Precision Data of Agomelatine

Precision  %RSD of AUC method   %RSD of ZOS method
Concentration 0.5 µg/ml 1.5 µg/ml 2.5 µg/ml 0.5 µg/ml 1.5 µg/ml 2.5 µg/ml

System precision 0.651 0.444 0.293 0.48 0.09 0.15
Method Precision 0.825 0.231 0.086 0.744 0416 0.100
Inter day 1 1.940 1.643 0.504 0.740 0.415 0.317
Interday 2 0.806 0.690 0.634 0.739 0.593 0.199
Interday  3 0.917 0.359 0.692 0.736 0.342 0.250
Intraday-1 0.449 0.211 0.237 1.558 0.436 0.199
Intraday-2 0.953 0.041 0.304 1.214 0.592 0.263

Table 4. Robustness Data of Agomelatine

Robustness  %RSD of ZOS Method
Conc (µg/ml) 0.5 1.5 2.5

227nm 1.012 0.167 0.270
228nm 0.998 0.094 0.251
229nm 0.952 0.162 0.248
230nm 0.732 0.093 0.261
231nm 0.746 0.095 0.209

Table 5. Ruggedness data of Agomelatine

Ruggedness  % RSD of AUC Method  %RSD of ZOS method
Concentration µg/ml 0.5 1.5 2.5 0.5 1.5 2.5

Change analyst 1.676 0.097 0.097 0.966 0.686 0.099
Change instrument 0.758 0.135 0.309 1.691 0.489 0.058

Table 6. Solution stability of Agomelatine

Solution stability  % RSD of AUC Method  %RSD of ZOS method
Concentration (ìg/ml) 0.5 1.5 2.5 0.5 1.5 2.5

Stability Day 1 1.368 0.041 0.259 1.214 0.592 0.263
Stability Day 2 0.421 0.108 0.165 0.744 0.416 0.100

Table 7. Accuracy of Agomelatine

Level Standard  Sample  Total conc. % Recovery  % Recovery 
 added (ìg/ml) added (ìg/ml) (ìg/ml) of AUC of ZOS

50% 0.5 0.25 0.75 98.37 -99.75% 93.71 – 95%
100% 0.5 1.0 1.5 99.13 – 99.68% 98.79-100.72%
150% 0.5 1.75 2.25 99.03 -99.32% 98.44-99.14%

and pharmaceutical tablets dosage form by Area 
Under Curve (AUC) and Zero Order Spectroscopic 
(ZOS) methods. The area between 212-237 nm 
was used to measure the AUC for first method 

and 229 nm was used to measure the absorbance 
for second method.  Both methods involve the use 
methanol: millipore water (50:50 %v/v) as solvent 
for estimation. The developed technique was 

optimized and standardized as per ICH guidelines 
in terms of specificity, selectivity, linearity, 
ruggedness, solution stability, quantification 
and detection limits, precision, robustness, and 
accuracy. Both methods showed linearity between 
the amount ranges from 0.5 – 2.5ìg/mL. The % 
RSD for all the validation parameters was found 
to be less than 2%. Both methods were found to 
accurate with recovery values. The assay values 
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of Agomelatine by AUC and ZOC methods were 
found to be 96.37-97.64 and 98.23-102.25 % 
respectively. 

CONCLUSION

 Quality control of AGM is very much 
essential in the pharmaceutical industries as it is 
consumed by large number of population in the 
form of tablet dosage forms. In order to analyse 
the drug and formulations various methods have 
been reported by researchers. The reported methods 
involve the use of UV spectroscopic methods and 
also the use of costly solvents such as methanol. 
Hence new UV-spectroscopic methods have been 
developed, optimized and validated in present 
research work. The proposed Area Under Curve 
and Zero Order Spectroscopic methods was found 
to be simple, precise, accurate and stable for the 
quantification of Agomelatine in bulk and its 
marketed tablet dosage forms. The reported method 
can be hence used for the quality control analysis 
of Agomelatine. 
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Abstract  The current drug research techniques, 

combinatorial synthesis and high throughput screening, 

help in obtaining and pre-evaluating thousands of 

compounds in a short duration of time. Among the selected 

compounds, the best hit molecule becomes the lead, and 

the drug likeness property helps to optimize the selection. 

Lipinski’s Rule of five is the most widely used filter in 

pre-evaluation of compounds, according to Lipinski’s Rule 

of five the molecule with poor oral absorption and low 

permeation has the molecular weight >500, ClogP >5, 

hydrogen bond acceptor more than 10 and hydrogen bond 

donor more than 5. To evaluate the Rule of Five, the top 

selling drugs of 2018-19 were selected. Among the 

selected 56 drugs, 12 drugs (tenofovir disoproxil, 

sofosbuvir and ledipasvir, sofosbuvir/velpatasvir, 

trastuzumab, glecaprevir, pegtilgrastion, Lumacaftor/ 

ivacaftor, fluticasone propionate and salmetarol, elbasvir, 

darunavir ethanolate, Linagliptin, metformin, fluticasone 

furoate and vilanterol) did not fulfill the rule. The rule is 

very useful in selecting the better compound in 

chemolibraries, but should be used carefully and with 

certain criterion due to possible exclusion of promising 

compounds. 

Keywords  Computer Aided Screening, Molsoft, 

Blockbuster Drugs, Lipinski’s Rule of Five, Metformin, 

Chemolibraries 

 

1. Introduction 

The beginning of Medicinal chemistry in 1930 helped in 

the development of most of the synthetic drugs, till 1930 

the drug research was mainly focused on the investigation 

of natural products. Nowadays, there are a number of 

diseases which can be treated using synthetic drugs, so the 

development of technique for synthesis and purification of 

large amount of new compound in a short time is very 

much essential [1]. Due to the development of 

Bioisosterism in 1950-80’s, the drug development process 

changed drastically. Molecular modification was used 

intensively, starting with Structure-Activity Relationship 
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studies (SAR). In the 80’s, the biochemical aspect that was 

related with pathological conditions contributed to the 

target-based drug design approach [2]. In order to 

minimize the time required for synthesis and purification 

of a large amount of new compound, pharmaceutical 

companies have developed the combinatorial synthesis 

strategy, which enables the rapid acquisition of 

combinatorial libraries. This also leads to the development 

of High-Throughput Screening [HTS] methods using these 

compounds could be evaluated quickly [3]. It is possible to 

synthesize thousands of compounds using combinatorial 

techniques [4]. Despite of lots of efforts in identifying the 

best lead molecule and to obtain better results, most of the 

compounds were reproved during clinical trials due to their 

pharmacokinetic problems and toxicity [5]. The current 

research approach is to find the key points in 

pharmacokinetic and pharmacodynamic properties that can 

be set as standards in drug design. With these research 

techniques, the nature of the drug and the search for them 

become remarkable. This process is also referred to as 

Drug-likeness or drug-like molecule recognition [6]. 

Various rules were tried to facilitate the recognition of 

the promising molecules. The most common and widely 

used, is Lipinski’s Rule of Five (Ro5), developed by the 

Pfizer’s medicinal chemist Christopher. The rule of five is 

widely applied to filter the potentially active compounds 

from the combinatorial libraries that could have good oral 

absorption and/or permeation [7]. The Ro5 states that the 

drugs which are poorly absorbed by intestinal walls show 

two or more following characteristics: Molecular weight 

more than 500, Partition coefficient more than 5, Hydrogen 

bond donor group more than 5 and Hydrogen bond 

acceptor group more than 10. Since, each threshold in the 

rule is multiple of 5, the rule was called Ro5. 

Biomacromolecules, natural products are excluded from 

this analysis as they generally do not fit in Ro5 [8]. 

Literature search revealed that till date the lack of 

computational studies has been reported on computer 

based screening on Blockbuster drugs, to investigate its 

drug likeness properties. Hence in the present investigation, 

an attempt has been made to study drug likeness properties, 

of selected Blockbuster drugs, using computer applications 

and servers. The main aim of the pharmaceutical 

companies is the production of promising marketing drugs 

and also called “BLOCKBUSTERS”, oral route of 

administration is the most preferred route of administration 

because of its great economy and therapeutic advantages, 

therefore, prediction of promising compounds that could 

be used orally in combinatorial libraries, it is always 

considered in search of leading molecules. The main 

objective of this study is to analyze the top selling drugs of 

2018-19 (list published in TRUE COST OF HEALTH 

CARE by David Belk M.D. Pharma’s Best Sellers) and to 

evaluate if they fulfill the Ro5. 

2. Materials and Methods 

Server used: PubChem database, Molsoft. 

Blockbuster drugs used: To realization of the study, a 

table published by TRUE COST OF HEALTH CARE as 

“Pharma’s 50 best sellers” was used, where most widely 

selling drugs in US and worldwide were found and listed in 

Table 1. And the structure of the selected drugs is shown in 

Table 2. The structure of the selected drugs was obtained 

using “PUBCHEM” data bank. Only the molecules which 

have small molecular size were analyzed and 

biomacromolecules such as Ibrutinib, Lenalidomide, 

Elvitegravir, Tenofovir disoproxil, Sofosbuvir and 

ledipasvir, Sofosbuvir/velpatasvir, Sitagliptin, 

Trastuzumab, Apixaban, Dasatinib, Pregabaline, 

Palbociclib, Glecaprevir, Abiraterone acetate, Paliperidone, 

Rivaroxaban, Pegfilgrastion, Osimertinib, Dimethyl 

fumarate, Lumacaftor and ivacaftor, Pemetrexed, Abacavir, 

Fluticasone propionate and Salmeterol, Fingolimod, 

Tadalafil, Budesonide, Elbasvir, Pomalidomide, Darunavir 

ethanolate, Teriflunomide, Enzalutamide, Dolutegravir, 

Ruxolitinib, Empagliflozin, Linagliptin and Metformin, 

Fluticasone furoate and Vilanterol were excluded from 

analysis. 

Table 1.  List of published by TRUE COST OF HEALTH CARE of Top selling drugs 

Sl. No. Trade Name Generic Name 

1 Humira Adalimumab* 

2 Imbruvica Ibrutinib 

3 Revlimid Lenalidomide 

4 Genvoya Elvitegravir 

5 Truvada Tenofovirdisoproxil 

6 Harvoni Sofosbuvir and Ledipasvir 

7 Epclusa Sofosbuvir/velpatasvir 

8 Keytruda Pembrolizumab* 

9 Januvia/Janumet Sitagliptin 

10 Herceptin Trastuzumab 
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Table 1. Continued 

11 Avastin Bevacizumab* 

12 MabThera/Rituxan Rituximab* 

13 Perjeta Pretuzumab* 

14 Opdivo Nivolumab* 

15 Eliquis Apixaban 

16 Orencia Abatacept* 

17 Sprycel Dasatinib 

18 Lyrica Pregabalin 

19 Ibrance Palbociclib 

20 Simponi Golimumab* 

21 Mavyret Glecaprevir 

22 Stelara Ustekinumab* 

23 Zytiga Abiraterone acetate 

24 Invega Sustena Paliperidone 

25 Xarelto Rivaroxaban 

26 Enbrel Etanercept* 

27 Neulasta Pegfilgrastim 

28 Tagrisso Osimertinib 

29 Tecfidera Dimethyl fumarate 

30 Eylea Aflibercept* 

31 Orkambi Lumacaftor and ivacaftor 

32 Victoza Liraglutide* 

33 Botox Onabotulinumtoxin* 

34 Alimta Pemetrexed 

35 Soliris Eculizumab* 

36 Triumeq Abacavir 

37 Seretide/Adavir Fluticasone propionate and Salmetarol 

38 Gilenya Fingolimod 

39 Cosentyx Seuainmab* 

40 Trulicity Dulaglutide* 

41 Cialis Tadalafil 

42 Humalog Insulin lispro 

43 Symbicort Budesonide 

44 Zepatier Elbasvir 

45 Pomalyst/imnovid Pomalidomide 

46 Darzalex Daratumumab* 

47 Prezista Darunavir ethanolate 

48 Prolia/Xgeva Denosumab* 

49 Aubagio Teriflunomide 

50 Ocrevus Ocrelizumab* 

51 Xtandi Enzalutamide 

52 Tivicay Dolutegravir 

53 Jakafi/Jakavi Ruxolitinib 

54 Jardiance Empagliflozin 

55 Trajenta/Jentadueto Linagliptin and Metformin 

56 Relvar/Breo Fluticasone furoate and Vilanterol 

   *Drugs that were not analysed because they are biomacromolecules 
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Table 2.  Structures of some selected blockbuster drugs 

Irutinib 

 

Lenalidomide 

 

Elvitegravir 

 

Tenofovir disproxil  

 

Harvoni 

 

Velpatasvir 

 

Sitagliptin 

 

Trastuzumab 
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Table 2. Continued 

Apixaban  

 

Dasatinib 

 

Pregabalin 

 

Palbociclib 

 

Glecaprevir 

 

Abiraterone acetate 

 

Paliperidon 

 

Rivaroxaban 
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Table 2. Continued 

Pegfilgrastion 

 

Osimertinib 

 

Dimethyl fumarate 

 

Lmacaftor and ivacaftor 

 

Pemetrexed 

 

 

Abacavir  

 

Seretide 

 

Fingolimod 
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Table 2. Continued 

Tadalafil 

 

Budesonide 

 

Insulin lispro 

 

Elbasvir 

 

Pomalidomide 

 

Darunavir ethanolate 

 

Teriflunomide 

 

Enzalutamide 
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Table 2. Continued 

Dolutegravir 

 

Ruxolitinib 

 

Empagliflozin 

 

Linagliptin and metformin 
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Investigation of Drug Likeness Score and 

Physicochemical Properties 

In the present study we have identified and taken some 

Blockbuster drugs, for determining drug likeness score 

according to Lipinski’s Ro5. Lipinski’s rule of five was 

followed so as to find out drug likeness property of each of 

the selected drugs. The data about drug likeness was 

complied with adherence of Lipinski’s rule. The canonical 

SMILES (Simplified Molecular Line Entry System) were 

obtained from PubChem and applied in Molsoft software 

to collect the data, to calculate the descriptions, 

“MOLSOFT” was used which is on line available 

(www://molsoft.com/mprop/) Obtained descriptor was 

tabulated and compared with Ro5 which is shown in Table 

3 [9-12]. 

Table 3.  Selected blockbuster drugs and Molecular Properties Prediction by Molsoft Analysis, Biomacromolecules are excluded 

Drug MW Clog P HBA HBD DLS 

Ibrutinib 440.20 3.47 5 2 0.96 

Lenalidomide 256.10 -0.44 3 3 0.26 

Elvitegravir 447.12 3.71 5 2 1.05 

Tenofovir disoproxil 519.17 -0.51 13 2 0.99 

Sofosbuvir and ledipasvir 529.16 0.81 10 3 0.10 

Sofosbuvir/velpatasvir 868.39 5.73 10 5 0.10 

Sitagliptin 407.12 1.34 4 2 0.52 

Trastuzumab 577.32 5.63 7 3 1.96 

Apixaban 459.19 2.25 5 2 0.44 

Dasatinib 487.16 3.86 7 3 2.39 

Pregabaline 159.136 0.11 3 3 -1.10 

Palbociclib 447.24 2.52 6 2 0.62 

Glecaprevir 838.9 3.66 11 3 -0.03 

Abiraterone acetate 391.25 4.97 3 0 1.10 

Paliperidone 426.21 2.48 6 1 1.16 

Rivaroxaban 435.07 1.63 6 1 0.80 

Pegfilgrastion 730.28 -7.67 20 13 -0.07 

Osimertinib 499.27 3.98 5 2 0.46 

Dimethyl fumarate 144.04 0.59 4 0 -1.80 

Lumacaftor and ivacaftor 844.33 11.35 9 5 0.36 

Pemetrexed 427.15 -0.76 7 7 1.00 

Abacavir 286.15 1.04 4 4 1.03 

Fluticasone propionate and salmetarol 915.46 6.16 11 5 1.51 

Fingolimod 307.25 5.06 3 4 -0.97 

Tadalafil 389.14 2.54 4 1 0.04 

Budesonide 430.24 3.22 6 2 1.39 

Elbasvir 881.42 6.61 9 4 0.10 

Pomalidomide 273.07 -0.78 4 3 -0.33 

Darunavir ethanolate 593.28 2.34 9 5 0.59 

Teriflunomide 270.06 2.37 3 2 -0.71 

Enzalutamide 464.09 2.75 4 1 -0.73 

Dolutegravir 419.13 0.96 5 2 0.98 

Ruxolitinib 306.16 1.92 4 1 -0.30 

Empagliflozin 450.14 1.88 7 4 0.49 

Linagliptin and metformin 601.33 0.95 8 7 1.52 

Fluticasone furoate and vilanterol 1023.34 5.82 13 5 1.69 
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3. Results 

The descriptors ClogP, Molecular weight, HB acceptor, 

HB donor groups counts were used as proposed by 

Lipinski. The value of ClogP, molecular weight HB 

acceptor, donor was calculated using “PUBCHEM AND 

MOLSOFT” software shown in Table 3. Compounds that 

overcame two or more thresholds were considered as 

non-drug like compounds. The compounds that overcame 

two or more thresholds were Tenofovir disoproxil, 

Sofosbuvir/velpatasvir, Trastuzumab, Gelcaprevir, 

Pegtilgrastion, Lumacaftor/ivacaftor, Fluticasone 

propionate and salmetarol, Elbasvir, Linagliptin and 

metformin, Fluticasone furoate and vilanterol. 

Pharmaceutical companies spend lots of money on drug 

research and development. It is estimated the total cost of 

inserting a new drug in therapeutics is more than 1billion 

US$ [13]. The modern drug research is based on HTS and 

other modified techniques which can evaluate thousands of 

compounds in less time, out of the thousand compounds 

the best hit becomes the lead compound and finally a 

successful drug. Inspite of lots of efforts, most of the lead 

molecules fail in pre-clinical or in clinical research, 

moment when much of the money is already spent. During 

such scenario the drug like characteristics serve as a 

parameter in choosing a more promising compound as a 

lead from the extensive combinatorial libraries. It is 

estimated that the chance of hit compound to reach the 

market is one in a million [14]. 

One of the most widely used selection factor is Ro5. The 

Ro5 is used as a filter to separate the compounds that could 

have good oral bioavailability and permeability and better 

pharmaceutical characteristics. The Ro5 being most widely 

used filter but has to be used with some criteria as some 

companies themselves observed that antibiotics, antifungal, 

cardiac glycosides, vitamins, naturally occurring substance 

and biomacromolecules did not fulfill the Ro5. Some 

published work revealed that Ro5 has limitations. 

In the present work the worldwide best-selling drugs in 

2018-19 were evaluated using the Ro5. Among the selected 

56 drugs, 10 (17.8%) did not fulfill the Ro5 in two or more 

thresholds, and were considered as non-drug-like 

compound and 2 (3.5%) compounds overcame one 

threshold. The compounds which are classified as 

non-drugs are: Tenofovir disoproxil, 

Sofosbuvir/velpatasvir, Trastuzumab, Gelcaprevir, 

Pegtilgrastion, Lumacaftor/ivacaftor, Fluticasone 

propionate and salmetarol, Elbasvir, Linagliptin and 

metformin, Fluticasone furoate and vilanterol. Two 

compounds: Sofosbuvir and ledipasvir, and Darunavir 

ethanolate did not fit in only one criterion. Adalimumab is 

the most widely selling drug but does not fit inRo5, if 

Adalimumab was evaluated under the Ro5, probably it 

would have not reached into the market, hence, Ro5 must 

be used carefully. 

The Molecular weight describes the molecular size, 

Bigger the molecule, greater the difficulty for absorption, 

because the passage of these large molecules through the 

biological membrane is unfavorable. The compounds that 

did not pass these criteria were Tenofovir disoproxil, 

Sofosbuvir and ledipasvir, Sofosbuvir/velpatasvir, 

Trastuzumab, Glecaprevir, Pegtilgrastion, 

Lumacaftor/ivacaftor, Fluticasone propionate and 

salmetarol, Elbasvir, Darunavir ethanolate, Linagliptin and 

Metformin, Fluticasone furoate and Vilanterol. Bigger 

molecules have lower promiscuity i.e the molecules have 

less interaction with a greater number of targets which 

decrease the druggable target. Also, it is observed that the 

molecular weight of the drug increases during the passage 

through clinical phases which is clearly shown in Figure 1 

[15]. 

The ClogP is one of the most important descriptions in 

evaluating the oral bioavailability as it indicates the 

lipophilicity and hydrophilicity of the compound [16]. The 

greater the lipophilicity of the compound is, the better its 

capacity to cross the lipid-bilayer of the cellular membrane 

is, and consequently the higher the bioavailability will be. 

The problem is that the compound with greater 

lipophilicity is difficult to dissolve in aqueous part of 

organism, and then, it will not be absorbed. The 

compounds that overcame ClogP threshold value were 

Sofosbuvir /valpatasvir, Trastuzumab, 

Lumacaftor/ivacaftor, Fluticasone propionate and 

Salmetarol, Fingolimod, Elbasvir, Fluticasone furorate and 

Vilanterol. Despite this, most of the drugs are administered 

orally, among them, Lumacaftor/Ivacaftor, Sofosbuvir, 

Fingolimod have good bioavailability (greater than 50%), 

which is shown in Figure 2 [17]. 
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Figure 1.  Plot of Molecular weight of selected drug molecules 

 

Figure 2.  Plot of ClogP value of selected drug molecules 

The HB acceptor and donor groups indicate the capacity 

of intermolecular interactions, mainly with water 

molecules. The passage of the compound through cellular 

membrane becomes thermodynamically unfavorable with 

the increase in HB counts groups because desolvatation is 

required to enter the lipophilic environment [18]. Thus, the 
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HB count is limited in Ro5. The compounds that overcame 

these criteria were Tenofovir, Glecaprevir Pegfilgrastion, 

Pemetrexed, Linagliptin and metformin, Fluticasone 

furoate and Vilanterol. As said before, the Ro5 excludes 

the analysis of biomacromolecules. As can be seen in Table 

1, many biomacromolecules are in the list of successful 

pharmaceutical products. These compounds can be seen as 

non-drug-like when selected from combinatorial libraries, 

but are very lucrative drugs to the company. Generally, 

biomacromolecules will not have good oral bioavailability, 

but a successful drug can be administered through any 

other route. Researchers have discussed the overemphasis 

given to drugs like characteristics and to the oral 

administration and the purpose that Parenteral drugs could 

be “Blocker Busters” too (examples are provided in Table 

1) [19-21]. 

4. Conclusions 

The Ro5 is a simple and useful method to pre-filter the 

candidate compounds for drug with good oral 

bioavailability. It was verified that more than 80% of 

successful drugs fulfill the threshold of the Ro5 but it is 

important to highlight that it has its own limitations. 

Moreover, it may cause mistakes in the evaluation of 

compounds that could be well absorbed drugs, or 

compounds that fit in the rule, but have poor absorption. In 

summary, the Ro5 must be improved to decrease the 

number of its limitation, as has been claimed and purposed 

in some research and review papers. 
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Abstract

Mycobacterium tuberculosis, the causative bacterium of tuberculosis (TB), is a serious infectious disease and if not treated 

properly, TB disease can be fatal. There is an increasing need of therapeutic agents for its treatment due to length of treat-

ment and other side effects. Herein, we report synthesis, molecular docking, ADMET properties prediction and biological 

evaluation of some quinoline compounds as M. tuberculosis inhibitory agents. Among thirty one compounds, ten 5b, 5e, 5f, 

5o, 5p, 6a, 6f, 6j, 6k and 6o compounds showed promising inhibitory activity with MIC value of 1.6 µg/mL. The inverse 

molecular docking studies were carried out to predict possible target of these compounds, the inverse docking study revealed 

that these compounds active against M. tuberculosis enoyl reductase (INHA) target. Further, pharmacokinetics properties 

were predicted by using QikProp software. The results indicate that the some of these compounds have the potential to be 

further investigated as antitubercular agents.

Graphical Abstract

Keywords Tuberculosis · Quinoline · Inverse docking · QikProp

1 Introduction

According to literature survey, it has been reported that 

quinoline and its analogues are offered in various active 

pharmaceutical agents like Bedaquiline, Ciprofloxa-

cin, Ofloxacin, Gatifloxacin, Sparfloxacin, Chloroquine, 

Piperaquin, Amodiaquine, Meflaquin, Pelitinib, Dactolisib 

and Cabozantinib. Therefore, quinoline heterocyclic sys-

tems play a promising role in management of biological 

system. Tuberculosis (TB) is a infectious diseases caused 

by Mycobacterium tuberculosis (Mtb). According to 

recent World Health Organization (WHO) in 2020 more 

than eight million people had developed active TB illness 

including casualties of more than 1.0 million each year 

and TB is positioned as the prominent bacterial infectious 

agent [1–5]. The first line, second line and add on antitu-

bercular drugs are used in management of tuberculosis, but 
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Mtb bacteria have already developed resistance to these 

agents. In addition, the length of treatment in directly 

observed therapy (DOT) and other side effects have chal-

lenged the treatment of tuberculosis. Therefore, there is 

urgent requirement of novel agent for management for TB. 

Considering above facts and after more than three dec-

ade, Bedaquiline [6] (I) (Fig. 1), a quinoline based active 

pharmaceutical ingredient has been approved for manage-

ment of multidrug registrant TB, in addition, Upadhayaya 

et al., reported synthesis of quinoline [7] (II) analogues 

and 3-Benzyl-2-[4-fluoro-2-(1-imidazol-1-yl-ethyl) -phe-

noxy] -6-(4-phenyl-[1–3] triazol-1-yl)-quinoline showed 

antitubercular with MIC of 3.125 µg/mL,

Karkara et al., described synthesis of quinoline hydroxyl 

amino ether compound [8] and 1-((6-bromo-2-methoxyqui-

nolin-3-yl)(thiophen-2-yl)methoxy)-3- (pyrrolidin-1-yl)pro-

pan-2-ol (III) exhibited antitubercular with MIC of 3.125 µg/

mL. Borsoi et al., reported novel quinoline (IV) [9] based 

antitubercular agent with (0.3 µM ) promising M. tuberculo-

sis inhibitory activity, and recently Borsoi et al., established 

enhanced druglike property along with antitubercular poten-

tial of 2-(Quinoline-4-yloxy) acetamide (V) compounds [10] 

and Alcaraz et al., reported quinoline based hydrazones as 

a potent antitubercular agents inhibiting mycolic acid bio-

synthesis [11]. Over the last two decades there has been 

greater emphasis in utilization of in-silico applications for 

understanding mechanistic and ADME behaviour of small 

molecules. Considering above facts and the continuation 

attempt to design and synthesis of new quinoline derivatives 

represents a promising approach for identification of novel 

molecule for better management of TB. Hence, in the present 

study, we report synthesis, inverse molecular docking, and 

evaluation of M. tuberculosis inhibitory activity of some 

quinoline based analogues.

2  Results and Discussion

2.1  Chemistry

The synthesis of (5 a-p) and (6a-o) quinoline-based scaf-

folds has been carried out according to the steps shown 

in Scheme  1. The compounds ((2-chloroquinolin-3-yl)

methylene)-2-cyano-3-(substituted) acrylohydrazide (5 

a-p) were prepared according to earlier reported method 

[12] from the corresponding N’-((2-chloroquinolin-3-yl)

methylene)-2-cyanoacetohydrazide and appropriate aryl or 

heteroaryl aldehydes using catalytic amount of piperidine in 

methanol. The (6 a-o) 3-chloro-1-((7-chloroquinolin-4-yl)

amino)-4-(4-substituted phenyl)azetidin-2-ones antimyco-

bacterial activity evaluated in this work were previously syn-

thesized by our group from 7-chloro-4-hydrazinylquinoline 

[13].

2.2  Discussions of Antimycobacterial Activity

The in vitro antimycobacterial activities of 2, 3-substituted 

quinoline scaffolds were performed against Mycobacterium 

tuberculosis H37 Rv (ATCC 27,294) using MABA method 

[14] and Streptomycin, Pyrazinamide, and Ciprofloxacin 

were used as reference standards, the minimum inhibitory 

concentration (MIC) values of all synthesized quinoline-

based scaffolds (5 a-p), (6 a-o) and reference standard com-

pounds are given in Table 1. Interestingly more than 75% 

of synthesized compounds showed sensitive to Mycobacte-

rium tuberculosis. It is evident that among the synthesized 

agents 5b, 5e, 5f, 5o, 5p, 6a, 6f, 6j, 6k and 6o found to be 

the most potent compounds with MIC value of 1.6 µg/mL 

(Table 1). The other compounds 5a, 5c, 5d, 5i, 6b, and 6m 
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display inhibitory activity with MIC value of 3.12 µg/mL. 

The remaining compounds showed ≥ 6.25 µg/mL.

The nature of synthesized compounds affected the anti-

mycobacterial activity of the molecules, therefore, struc-

ture activity relationship (SAR) of 2, 3-substituted quino-

line scaffolds (5 a-p) to their inhibitory activity is varied 

with the structure to structure. The modification of ter-

minal phenyl (red colour in Scheme 1) ring of ligand 5a 

(MIC value = 3.12 µg/mL) by introducing –Br group at 

para position of phenyl ring (5b) caused two-fold increase 

in inhibitory activity (MIC value = 1.6 µg/mL), and com-

pound 5c substituted with –F group para position of phenyl 

ring showed reduced Mtb inhibitory activity (MIC value of 

3.12 µg/mL) compared to ligand 5b. It was observed that 

phenyl ring bearing electron donating (5e, 5f) 4-methoxy 

and 3,4-dimethoxy substituted group exhibited good inhibi-

tory activity (MIC value of 1.6 µg/mL) and 4d and 4i bear-

ing –CH3 and –OH groups on phenyl ring showed inhibi-

tory activity at MIC value of 3.12 µg/mL. Further, furan and 

5-nitrofuran substituted 5o and 5p compounds also showed 

significant Mtb inhibitory activity (MIC value of 1.6 µg/mL). 

The thiophene and substituted thiophene compounds like 5l, 

5 m and 5n and 4j having electron withdrawing –NO2 group 

on para position of phenyl ring fail to show Mtb inhibitory 

activity. On other hand quinoline-azetidinones (6 a-o) dis-

played interesting inhibitory results, both electron-withdraw-

ing and electron-donating substituents on terminal phenyl 

(red colour in Scheme 1) ring showed promising inhibitory 

activity, like compound 6a bearing 4-Chloro substituent at 

phenyl ring and compound 6f bearing 4-hydroxy substituent 

at phenyl ring showed likely inhibitory activity at MIC value 

Table 1  Antimycobacterial activity data of the quinoline-based scaf-

folds

a Minimum inhibitory concentration in µg/mL, (MTB  H37Rv)
b Drug Likeness predicted using molsoft software
c Pyrazinamide
d Streptomycin
e Ciprofloxacin

Comp. MICa Drug  Likenessb Comp. MICa Drug  Likenessb

5a 3.12 − 0.24 6a 1.6 0.37

5b 1.6 0.02 6b 3.12 0.36

5c 3.12 0.23 6c 6.25 0.48

5d 3.12 − 0.09 6d 12.5 0.53

5e 1.6 0.08 6e 25 0.48

5f 1.6 0.20 6f 1.6 0.18

5g 12.5 0.22 6g 50 0.51

5 h > 50 0.57 6h 6.25 − 0.12

5i 3.12 0.01 6i 6.25 0.45

5j > 50 − 0.27 6j 1.6 0.42

5k 6.25 − 0.21 6k 1.6 0.42

5l > 50 0.03 6L 25 0.35

5 m > 50 − 0.17 6m 3.12 0.22

5n > 50 0.02 6n 25 0.24

5o 1.6 − 0.03 6o 1.6 0.25

5p 1.6 − 0.18 Strd 6.25 0.95

Pyrc 3.125 − 0.18 Cipe 3.125 0.84

Table 2  Inverse docking scores 

of the active ligands against the 

selected targets

Comp. Docking scores in kcal/mol

4TZK 4P8N 4BAE 4B6C 5BS8 4RV2 2VHW 2CJD 

5b − 7.8 − 6.31 − 3.1 − 4.4 − 4.7 − 1.32 − 4.82 − 2.06

5e − 7.4 − 5.60 − 1.7 − 4.6 − 3.2 − 1.56 − 3.78 − 2.32

5f − 7.7 − 6.07 − 3.8 − 4.4 − 1.4 − 1.38 − 5.26 − 2.08

5o − 7.6 − 5.03 − 3.1 − 4.4 − 2.5 − 0.68 − 4.76 − 2.01

5p − 8.2 − 5.73 − 3.1 − 3.6 − 2.8 − 1.89 − 3.75 − 2.94

6a − 9.08 − 6.09 − 3.7 − 3.68 − 4.54 − 4.41 − 5.27 − 4.47

6f − 7.44 − 6.67 − 5.3 − 5.62 − 6 − 4.6 − 5.03 − 4.52

6j − 9.64 − 6.85 − 5.38 − 4.62 − 3.87 − 4.94 − 4.49 − 3.44

6k − 5.62 − 6.92 − 4.84 − 4.14 − 3.84 − 4.41 − 4.43 − 3.63

6o − 7.99 − 5.72 − 5.04 − 5.01 − 2.44 − 4.52 − 2.97 − 3.39

Fig. 2  3D representation of the docked pose of the ligand 5b (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)
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of 1.6 µg/mL. Compounds containing di chloro substituents 

like 6j and 6k exhibited better Mtb inhibitory activity at 

MIC value of 1.6 µg/mL, however; compounds 6h and 6i are 

filed to produce similar activity. The compound 6o bearing 

thiophene moiety in place of phenyl ring exhibited inhibitory 

activity at MIC value of 1.6 µg/mL.

3  Molecular Docking

Docking studies were performed using extra precision (XP) 

mode of Glide integrated module from Schrodinger molecu-

lar modelling suite (Schrodinger, Inc., USA, 2020-2) [15]. 

The values of docking scores are represented in Table 2, 

and obtained results revealed that most of the compounds 

Fig. 3  3D representation of the docked pose of the ligand 5e (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)

Fig. 4  3D representation of the docked pose of the ligand 5f (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)

Fig. 5  3D representation of the docked pose of the ligand 5o (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)

Fig. 6  3D representation of the docked pose of the ligand 5p (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)

Fig. 7  3D representation of the docked pose of the ligand 6o (Green 

in colour), Triclosan (Magenta in colour) and its interactions in the 

active site of InhA enzyme (PDB: 4TZK)
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display better docking score against M. tuberculosis enoyl 

reductase (INHA) target than other targets. In order to estab-

lish hypothetical target is may be possible mechanism of 

action of some of synthesized compounds, on this regard, 

we analysed binding interaction of previously reported and 

our synthesized compounds. Parikh et al. [16]. reported that, 

the Tyr 158 and Lys 165 amino acid residues play impor-

tant role in trans-enoyl reduction catalysis. Some of the 

synthesized compounds binding mode was revealed to simi-

lar to InhA inhibitors [Triclosan, (3s)-1-cyclohexyl-n-(3,5-

dichlorophenyl)-5-oxopyrrolidine-3-carboxamide (Inhibitors 

in InhA enzyme)], hydrogen bonding system of carbonyl 

and nitrile group with Tyr 158 observed in compounds 5b 

(Fig. 2), 5e (Fig. 3), 5p (Fig. 6), 6o (Fig. 7) and 5f (Fig. 4), 

5o (Fig. 5), 5p (Fig. 6) respectively.

Table 3  Computed ADME properties of quinoline-based scaffolds (5 a-p) and (6 a-o) by using QikProp module of Schrodinger software

MW Molecular weight (< 500), DHB Number of hydrogen bond donors (< 5), AHB Number of hydrogen bond acceptors (< 10), QPlogPw 

Water/gas partition coefficient, QPlogPo/w Octanol/water partition coefficient (< 5), QPlogS Aqueous solubility (− 6.5 to 0.5), PSA Polar sur-

face area (7 to 200), QPlog HERG IC50 value for blockage of HERG  K+ channels (< − 5), QPP Caco apparent Caco-2 permeability (nm/sec) 

(< 25 poor, > 500 great), QPP MDCK apparent MDCK permeability (nm/sec) (< 25 poor, > 500 great), QPlog Khsa Prediction of binding to 

human serum albumin (−1.5 to 1.5), QPlogBB Predicted brain/blood partition coefficient (− 3.0 – 1.2), %HOA Percent Human Oral Absorption 

(> 80% is high < 25% is poor), CNS Predicted central nervous system activity (− 2.0 to + 2.0)

Comp. MW DHB AHB QPlog

Pw

QPlog

Po/w

QPlogS PSA QPlog

HERG

QPP

Caco

QPP

MDCK

QPlog

Khsa

QPlog

BB

HOA RoF RoT CNS

5a 360 1 5 10.16 4.13 − 6.74 86.43 − 7.06 492 520 0.42 − 1.17 100 0 1 − 2

5b 439 1 5 9.92 4.70 − 7.60 86.42 − 6.99 492 1383 0.56 − 1.01 100 0 1 − 2

5c 378 1 5 9.94 4.36 − 7.11 86.41 − 6.94 492 943 0.46 − 1.0 100 0 1 − 2

5d 374 1 5 9.85 4.44 − 7.32 86.42 − 6.96 492 521 0.58 − 1.20 100 0 1 − 2

5e 390 1 5 10.38 4.22 − 6.95 94.69 − 6.94 492 521 0.42 − 1.26 100 0 1 − 2

5f 420 1 6 10.60 4.32 − 7.02 102.3 − 7.02 581 624 0.41 − 1.25 100 0 1 − 2

5g 450 1 7 10.91 4.49 − 7.32 109.5 − 6.65 581 624 0.44 − 1.33 100 0 1 − 2

5 h 450 1 7 10.98 4.40 − 7.05 106.7 − 6.57 502 533 0.42 − 1.38 100 0 1 − 2

5i 376 2 5 12.25 3.38 − 6.47 108.9 − 6.93 148 143 0.25 − 1.83 100 0 1 − 2

5j 405 1 6 11.27 3.42 − 6.88 131.1 − 6.97 59 52 0.37 − 2.34 78.2 0 1 − 2

5k 403 1 6 10.58 4.55 − 7.58 89.8 − 7.03 476 503 0.57 − 1.32 100 0 1 − 2

5l 445 1 5 9.42 4.56 − 7.40 85.9 − 7.40 494 2517 0.46 − 0.86 100 0 1 − 1

5 m 380 1 5 9.57 4.29 − 7.07 86.26 − 6.67 504 801 0.48 − 1.08 100 0 1 − 2

5n 380 1 5 9.37 4.29 − 7.10 85.98 − 6.52 494 877 0.48 − 1.07 100 0 1 − 2

5o 395 1 6 11.48 2.71 − 6.71 140 − 6.71 47 41 0.10 − 2.42 72 0 1 − 2

5p 350 1 5 10.24 3.42 − 5.86 94 − 6.62 494 523 0.13 − 1.11 94 0 1 − 2

6a 392 1 4 8.88 5.08 − 6.84 54.49 − 6.00 1957 10,000 0.71 0.21 100 1 1 − 2

6b 376 1 4 8.90 4.82 − 6.47 54.50 − 5.95 1958 10,000 0.64 0.16 100 0 1 − 2

6c 388 1 4.75 9.35 4.58 − 6.33 62.74 − 5.98 1943 5889 0.60 − 0.2 100 0 1 − 2

6d 418 1 5.5 9.55 4.68 − 6.20 70.43 − 5.63 1938 5912 0.57 − 0.07 100 0 1 − 2

6e 448 1 6.25 9.86 4.86 − 6.42 77.82 − 5.54 1940 5913 0.61 − 0.14 100 0 1 − 2

6f 374 2 4.75 11.22 3.83 − 5.82 77.09 − 5.96 593 1637 0.42 − 0.55 100 0 1 − 2

6g 403 1 5 10.24 3.89 − 6.27 99.46 − 6.02 232 595 0.55 − 1.01 100 0 1 − 2

6h 427 1 4 8.77 5.33 − 7.11 54.37 − 5.85 1937 10,000 0.78 0.28 100 1 1 − 2

6i 427 1 4 8.72 5.40 − 7.24 54.37 − 5.85 1929 10,000 0.8 0.31 100 1 1 − 2

6j 427 1 4 8.69 5.49 − 7.38 54.50 − 5.86 1954 10,000 0.82 0.34 100 1 1 − 2

6k 392 1 4 8.95 4.91 − 6.49 54.38 − 5.92 1938 10,000 0.68 0.15 100 0 1 − 2

6L 455 1 4 8.70 5.33 − 7.16 54.50 − 5.84 1954 10,000 0.77 0.31 100 1 1 − 2

6m 401 1 5 9.44 4.96 − 6.75 58.15 − 5.85 1806 5309 0.75 − 0.06 100 0 1 − 2

6n 383 1 5.5 10.73 3.83 − 7.08 80.30 − 6.19 405 1087 0.42 − 0.77 100 0 1 − 2

6o 364 1 4 8.62 4.40 − 5.85 54.91 − 5.54 1844 9251 0.49 0.15 100 0 1 − 2

Pyr 123 2 5 10.12 − 0.63 − 0.53 78.19 − 3.20 295 132 − 0.81 − 0.71 67 0 0 − 1

Str 581 16 25 49.08 − 5.68 − 0.11 341 − 4.86 0.14 0.038 − 1.69 − 4.36 0.0 3 2 − 1

Cipr 331 1 6 9.91 0.28 3.79 97.61 − 3.26 13.6 10.77 0.02 − 0.63 48.91 0 1 0
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3.1  In Silco ADME Prediction

In addition, Prediction of ADME and drug likeness param-

eter of the synthesized compounds were carried out with 

the help of QikProp and molsoft software [17, 18] by in-

silico method. The calculated parameter and their recom-

mended values are given in Table 3. Based on the out-

comes of ADME trials, most of the predicted parameter 

values were found to be within the suggested range for 

possible therapeutic agent.

4  Conclusion

In this study, a series of 3-chloro-1-((7-chloroquinolin-

4-yl)amino)-4-(4-substituted phenyl)azetidin-2-ones 

and ((2-chloroquinolin-3-yl)methylene)-2-cyano-3-

(substituted) acryl hydrazide hybrids were identified and 

evaluated for their inhibitory activity against M. tubercu-

losis  (H37RV). Among the selected compounds, 5b, 5e, 5f, 

5o, 5p, 6a, 6f, 6j, 6k and 6o compounds exhibited inhibi-

tory activity with MIC value of 1.6 µg/mL. From inverse 

molecular docking results, it was observed that, enoyl acyl 

carrier reductase (InhA) as possible target enzyme of the 

ligands to exhibit their M. tuberculosis inhibitor activi-

ties. Further, these compounds were showed permissible 

ADME and drug-likeness properties. On the bases of these 

experimental data some of these quinoline-based ligands 

have the potential to aid as a lead molecule for further 

antitubercular drug discovery.

Supplementary Information The online version contains supplemen-

tary material available at https:// doi. org/ 10. 1007/ s42250- 022- 00516-z.
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Abstract

The efficient biodistribution and controlled release of medications or genes at specific site are made possible by the use of 

stimuli-responsive or intelligent polymers. Pathologically challenged tissue has fundamental qualities that are very different 

from those of typical, healthy cells. These characteristics have been useful in creating endostimuli-responsive nanocarriers 

for the efficient delivery of drug cargoes. The site-specific release of medications delivered by nanocarriers can take advan-

tage of the tumour microenvironment's increased temperature and acidic pH. Capecitabine, is enzymatically catalysed to 

5-FU, the active compound by sequential enzymatic steps with the last step catalyzed by the tumor-associated angiogenic 

factor thymidine phosphorylase which is more abundantly expressed in many types of human tumours than in healthy tis-

sues catalyses. Thus, the site specific delivery of capacitabine to tumor microenvironment enhance its catalytic activity 

and increase the selectivity of 5-FU for tumor cells and  decrease plasma levels of 5-FU. The goal of this research was to 

synthesize the co-polymer chitosan-g- poly (N-isopropylacrylamide) (CS-g-PNIPAm) and evaluate it as a dual responsive 

carrier for targeted Capecitabine delivery. For this, the co-polymer was synthesized, its responsiveness was optimized to 

tumour microenvironment conditions of pH and temperature. The Capecitabine was subsequently encapsulated in the syn-

thesised co-polymer, and the physicochemical properties of the produced nanoparticles were assessed. When comparing the 

physiological pH and temperature to acidic pH (6.8) and higher temperature (39 °C), the in vitro stimuli driven drug release 

investigation found that the percent drug release was greater at acidic pH (6.8) and higher temperature (39 °C). MTT assay 

as well asfluorescence microscopic study demonstrated significantly increased drug release in tumor microenvironment while 

showed minimal effect at physiological conditions. In conclusion, the synthesizedco-polymer appear to be an an efficient 

dual pH and temperature responsive carrier for targeted delivery of anti-cancer drug Capecitabine to enhance its catalytic 

activity. Higher levels of FU are thus produced within tumours with minimal exposure of healthy tissue to FU.
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Graphical Abstract
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Targeted delivery

1 Introduction

Cancer arises due to uncontrolled growth of cells in any part 

of the body. There are many kinds of cancer and they all start 

because of uncontrolled growth of abnormal cells [1]. A 

kind of cancer that affects the large intestine is called colo-

rectal cancer (CRC). Depending on where the cancer cells 

are located, it is also referred as colon cancer,rectal cancer 

or bowel cancer and is commonly found in the colon and 

rectum [2]. Colorectal cancer is a frequent cancer that affects 

people all over the world. With higher than 1.4 million new 

cancer cases every year, it is the second most common can-

cer in women and the third most common cancer in men [3]. 

In 2020, a predicted 1,880,725 people were detected colo-

rectal cancer. (1,148,515-colon cancer and 732,210-rectal 

cancer). The incidence rates are anticipated to be increasing 

in developing nations like India. It mainly affects those over 

the age of 50, with a growing relative risk in India [4].

Although anticancer medicines can shrink tumours and 

reduce cancer relapse, they are not organ selective and can 

harm proliferative cells as well as cause several common 

adverse effects. On the other hand, whole body drug dis-

tribution necessitates the use of high doses and repeated 

frequency of their administration. A fluoropyrimidine 

carbamate with antineoplastic action known as capecit-

abine (CAP) is frequently used to treat metastatic breast 

cancer and colorectal cancer. It is a prodrug of 5-fluoro-

uracil (5-FU), which is readily absorbed from the gastro-

intestinal system and subsequently transformed to 5-FU in 

three step reactions catalysed by various enzymes shown 

in Fig. 1. First, the carboxylesterase enzyme in the liver 

catabolizes it into 5′-deoxy-5-fluorocytidine. The enzyme 

cytidine deaminase, which is found in both tumour and liver 

tissues, deaminates it in the second step, converting it to 

5-fluoro-5′-deoxyuridine (5′dFUR). The enzyme thymidine 

phosphorylase (TP), which is more abundantly expressed 
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in many types of human tumours than in healthy tissues 

catalyses the conversion of 5′dFUR into 5-FU in the last 

stage[5–7]. While TP promotes tumour growth, it is also 

necessary to activate the chemotherapy drug capecitabine. 

Breast, bladder, gastric, colorectal, lung, esophageal, and 

cervical cancers all had higher TP expression in tumour tis-

sues compared to matching nonneoplastic tissue, whereas 

liver, common bile duct, and thyroid malignancies did not 

[8–20]. Increased amount of 5-FU is produced in the tumour 

microenvironment as a result of higher levels of TP expres-

sion in tumour cells, which results in more local effects and 

lower likelihood of systemic toxicity. Cancer patients may 

benefit from TP-catalyzed therapy depending on the type of 

tumour and the therapeutic drugs used [21]. This medicine 

has fewer side effects than infusional FU, such as stomatitis, 

diarrhoea, alopecia and nausea [22], but induces side effects 

such as myocardial infarction, thrombocytopenia, angina, 

anaemia, hand-foot syndrome, and hyperbilirubinemia in 

the traditional dosage form. This problem can be solved by 

using nanovehicles to transport the medicine to the colonic 

tumour site [23].

The topical therapy of colon disorders such as ulcerative 

colitis, Chron's disease, amoebiasis, irritable bowel syn-

drome, and colorectal cancer benefits from a colon targeted 

drug delivery method. This is due to the fact that traditional 

drug delivery systems for the treatment of colon ailments are 

ineffective because the medicine does not arrive at the site of 

action in the suitable concentration. As a result, developing 

a safe and efficacious therapy for these colorectal illnesses 

using a site-specific release formulation is a crucial and dif-

ficult undertaking. Due to a near neutral pH, a significantly 

longer transit time, lower digestive enzymatic activity, and 

a much greater reactivity to absorption enhancers, the colon 

as a site provides certain specific benefits [24]. Colon site 

specific delivery systems are intended to release a medi-

cine selectively in response to the colonic microenviron-

ment rather than releasing it prematurely into the upper 

GI tract. For the successful development of colon-specific 

drug delivery systems, it is critical to take into account the 

colon's physiological features as well as the microenviron-

ment around ailment site(s).

It has been reported that values of temperature and pH 

vary significantly in different cellular compartments and 

tissues. The tumour microenvironment becomes acidic and 

hypoxic when there is not enough oxygen present and meta-

bolic waste accumulates. Acidic extracellular tumor environ-

ment possess pH value of 6–6.8, the endosome and lysosome 

are even more acidic with lesser pH values of 5.0–5.5, which 

can be utilized for triggered drug release directly into the 

cells. Further,because of increased rate of cell proliferation, 

the temperature around and within the tumor cells is con-

sistently higher as compared to normal body temperature 

[25–27]. Therefore, whenever anti-cancer drug is targeted to 

colon for cancer therapy, tumor microenvironment pH and 

temperature needs to be considered.

In many previous studies, pH dependent delivery systems 

have been developed for targeted anti-cancer drug delivery 

to colon, wherein either colonic pH or tumor microenviron-

ment pH was considered for drug targeting [28–32]. In some 

other studies, thermosensitive delivery systems have been 

developed which provide targeted drug delivery at tumor 

site under local mild hyperthermia by enhancing permeabil-

ity at tumor vasculature [33–38]. Various studies based on 

nanotechnology such as dendrimers [39], polymeric micelles 

[40], nanoniosomes [41], nanoliposomes [42], polymeric 

nanoparticles [43] etc. were also been utilized to target 

Capecitabine to colon.

Novel treatment approaches for a variety of diseases, 

including cancer, are now possible because of the nanocar-

riers for the delivery of chemotherapeutic agents, as these 

systems show higher bio distribution and efficacy for the 

treatment. However, intracellular release of drug from nano-

particles is insufficient due to their poor cellular internaliza-

tion, which leads to inefficiency in cancer chemotherapy. 

To overcome these challenges, stimuli-responsive or intel-

ligent polymers are considered as one of the most optimistic 

Fig. 1  Catalytic pathway of 

Capecitabine
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carriers for anticancer drug delivery. Intelligent polymers are 

the polymers, which exert a reversible and sharp conversion 

in chemical and/or physical properties as a response to min-

ute changes in environmental state such as glucose, pH, tem-

perature, redox potential, magnetic field etc. [44]. Among 

the intelligent polymers, pH and temperature dual responsive 

polymers have been paid much attention because these two 

physiological factors are the typical variable parameters in 

biological and chemical systems and can be easily controlled 

during in-vitro and in-vivo conditions [45, 46]. Hence, dual 

temperature and pH responsive system is of significant inter-

est in targeted delivery of anti-cancer drug in the therapy of 

colon cancer.

Numerous thermoresponsive applications, such as chro-

matography, affinity precipitation, controlled biocataly-

sis, viable cell immobilisation, biomimetic actuators, and 

in particular, modulated drug delivery, have been studied 

extensively using crosslinked poly(N-isopropylacrylamide) 

(PNIPAm/PNIPAAm) hydrogels [47]. To create tempera-

ture-responsive assemblies, polymer systems frequently use 

the well-known temperature-responsive polymer PNIPAm. 

At temperatures close to the lower critical solution tempera-

ture, PNIPAm solutions can transform from hydrophilic to 

hydrophobic (LCST). This characteristic was employed by 

Ding and colleagues to create temperature-induced permea-

bility vesicles made of PCEMA-b-PNIPAM and poly(2-cin-

namoylethyl methacrylate) [48]. By using UV light to cross-

link the hydrophobic PCEMA block, chemically crosslinked 

polymer vesicles were formed. Under its LCST (25 °C), 

vesicle-encapsulated 4-aminopyridine was rapidly released, 

and above its LCST (50 °C), the release rate reduced. The 

membrane hydrated and swelled as a result of a change in the 

PNIPAm chains from hydrophobic to hydrophilic. Substrates 

can pass across membranes due to this phenomena, which 

also gives systems the ability to control permeability on-

and-off. It has been possible to create different temperature-

responsive polymer vesicle systems using this idea [49]. In 

comparison to traditional DDSs, cancer chemotherapy based 

on biocatalytic nanoreactors has advantages.

Satapathy SS et al., evaluated the PNIPAm-metal nano-

structures for their catalytic activity (reduction reaction of 

4-nitrophenol) and PNIPAM-Au nanospheres and PNIPAM-

Au nanorods were shown to have greater catalytic activity 

and recyclability than PNIPAM-Ag nanospheres [50]. For 

pickering emulsion stabilisation, Wang Y et al. used the 

dual responsive (pH and temperature) characteristic of CS-

g-PNIPAm to improve lipase catalytic performance for the 

hydrolysis and esterification reactions in biphasic system, 

which is important in food and industrials [51]. The PNI-

PAm hybrid gels can be used as a nanocatalyst for a variety 

of processes. Using a catalyst dose, gel shape, temperature, 

size/surface area of nanomaterials, and pH may all readily 

vary the catalytic rate [52–58].

Because of its advantageous biological characteristics, 

including biocompatibility, biodegradability, and low toxic-

ity, as well as its reactive groups, chitosan (CS) has proven 

effective in the biomedical and pharmaceutical fields [59]. 

Chitosan has recently demonstrated promise as a carrier in 

colon targeting, with data indicating that one of the crucial 

characteristics of chitosan for its successful usage in colon 

targeting may be its breakdown by colonic bacterial enzymes 

[60]. Colon-specific delivery of CS is widely regarded due 

to the high solubility of the polymer in gastric fluids. The 

polymer degrades in the colon like other polysaccharides do. 

By the enzymatic activity of the colonic microbiota, particu-

larly the -glycosidase in the colon, chitosan can maintain its 

integrity in the upper GI tract and release the medication that 

has been captured in colon [61]. Studies conducted in vitro 

have shown that CS spheres may hold onto the medication 

(Budesonide) at an acidic pH and release it when the intes-

tinal milieu is present. [62]. The CS nanoparticles have been 

studied for the colon targeted delivery of metronidazole, 

5-fluorouracil, celecoxib, insulin [63–65].

Recently, intelligent polymers and biocompatible amphi-

philic co-polymers/hybrid nanocomposites are considered 

as one of the most optimistic carriers for biomedical appli-

cations especially anticancer drug delivery [66–69], cos-

meceuticals [70], flexible and optoelectronics [71], and as 

catalyst carrier [72]. Smart materials of nanographene were 

also emerging with nano-imaging and biosensor applica-

tions [73].

Thus, in the study, CS-g-PNIPAm co-polymer which 

shows pH and temperature responsiveness was synthesized 

by combining two polymers, i.e., chitosan a pH respon-

sive, biocompatible polymer and a temperature responsive 

PNIPAm polymer which shows the LCST (lower critical 

solution temperature) of about 32 °C. At above LCST tem-

perature PNIPAm is insoluble and at below LCST tem-

perature it is soluble [66]. Further, addition of hydrophilic 

monomer chitosan increases its LCST which is required to 

achieve targeted drug delivery at tumor site [67]. The syn-

thesized co-polymer was then utilized to load anticancer 

drug Capecitabine and evaluated for its pH and temperature 

responsive drug release at acidic pH and temperature higher 

than the body temperature to achieve targeted delivery to 

tumor regions of colon. Such modified targeted site specific 

release of Capecitabine enhances its aborption, catabolism 

and there by efficacy of therapy.

2  Materials and methods

2.1  Materials

Pure drug Capecitabine was gifted by Shilpa antibiotics Pri-

vate Limited, Raichur, Karnataka India, Glacial acetic acid and 
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N-isopropylacrylamide (NIPAm) were procured from Acros 

Belgium. Gift sample of Chitosan was provided by Central 

Institute of Fisheries Technology (CIFT), Kerala (Cochin), 

India. N, N-methylenebisacrylamide (MBA), Ammonium 

persulphate (APS) and all other chemicals utilized in the study 

were of analytical-grade.

2.2  Synthesis of CS‑g‑PNIPAm co‑Polymer 

The dispersion co-polymerization was used to synthesize CS-

g-PNIPAm co-polymer [68] (Fig. 2). Briefly, specified amount 

of chitosan was dissolved in 1% solution of glacial acetic acid 

(50 ml) prepared in distilled water. Copolymerization was 

performed in a round bottom flask (three necked) provided 

with a nitrogen inlet, thermometer and condenser. Chitosan 

solution was transferred to round bottom flask, degassed with 

the help of nitrogen gas for 30 min. Then, with vigorous stir-

ring, NIPAm and MBA were added to the chitosan solution. 

After there action solution temperature was increased to 50 °C, 

the initiator APS was added. The reaction solution becomes 

milky white within 15 min. The reaction continued for 4 h at 

50–55 °C. After the completion of reaction, the purified solu-

tion was obtained by dialysis method using cellulose tubing 

molecular weight cut off between 12,000 and 14,000. Both 

homopolymer PNIPAm and co-polymer CS-g-PNIPAm are 

present in the produced solution. To obtain pure co-polymer 

CS-g-PNIPAm, the PNIPAm polymer was extracted using 

methanol for two days at 20 °C and the co-polymer was freeze 

dried (Christ martin, Alpha1-4) at -55 °C with 0.060 mbr pres-

sure. The composition of co-polymers was depicted in Table 1. 

Gravimetric analysis method was used to calculate the total 

monomer conversion (X %) by using the equation as below.

where  WDry(W1) stands for weight of both the homo and co-

polymer.  WAPS,  WCS,  WMBAandWNIPAAmare the weights of 

(1)X% =
(WDry −WCS −WAPS)

(WNIPAm +WMBA)
× 100

APS, chitosan, MBA and NIPAAmmonomer, respectively.

The weight of pure co-polymer CS-g-PNIPAm  (W2) and 

the grafting ratio (GR) was then calculated by using the fol-

lowing equation

2.3  Characterization of Co‑Polymer

Fourier-transform infrared spectroscopy was used to validate 

the conjugation of chitosan and PNIPAm (FTIR, Shimadzu). 

The FTIR spectra of co-polymer were obtained using the 

diffused cell technique. DMSO  (d6) was used as a solvent to 

record 1H NMR spectra of the co-polymer CS-g-PNIPAm 

and the homopolymer PNIPAm by using Bruker Avance 

II—400 NMR spectrometer at 25 °C.

2.4  Determination of LCST of Synthesized 
Co‑Polymer

A phosphate buffer with a pH of 6.8 was used to immerse 

the co-polymer and kept aside for 24 h (allowed to swell). 

Differential Scanning Calorimeter (DSC-60, Shimadzu) 

was used to determine the LCST of CS-g-PNIPAm. The 

(2)% GR =
W2 − W

CS

W
CS

× 100

Fig. 2  Synthesis of CS-g-PNIPAm co-polymer

Table 1  Components of synthesis of CS-g-PNIPAm co-polymer

Formula-

tion code

Chitosan mg PNIPAm gm APS (mg) MBA (mg)

CP1 150 1 g 200 60

CP2 200 1 g 200 60

CP3 250 1 g 200 60

CP4 300 1 g 200 60
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temperature between 25 and 70 °C (2 °C/min) and dry nitro-

gen (30 ml/min) was used for the analysis. In DSC thermo-

grams, peak point temperatures ware considered to be the 

LCST of polymer.

2.5  Preparation of Drug‑Loaded Nanoparticles

Using the self-assembly approach, five CAP-loaded nano-

formulations were synthesized, each with a different drug: 

ratio of polymers [69]. Briefly, the prescribed quantity of 

co-polymer and drug were taken (as shown in Table 2) to 

prepare aqueous solutions of Capecitabine and co-polymer 

separately by using bath sonicator. Both the solutions are 

mixed, made up volume to 25 ml using distilled water.The 

obtained solution was further sonicated by using prob-type 

sonicator for 10 min, centrifuged and freeze dried to get a 

dry nanoparticles.

2.6  Particle Size and Zeta Potential of Nanoparticles

Dynamic light scattering (DLS) analyzer (Nanotrac R-150 

USA) was used to determine the particle size of CAP-loaded 

nanoformulations. The dispersions of CAP-loaded nanofor-

mulations (F1–F5) and blank nanoparticles in distilled water 

were prepared with continuous stirring for about 1 h. The 

dispersions were then filtered through 0.45 μm millipore 

filter. Six determinations were taken to get mean diameter 

(± SD). The Malvern Zetasizer was used to determine the 

zeta potential of formulations. Average values of triplicate 

measurements were taken.

2.7  Morphological Examination of Nanoparticles

TEM was used to examine the shape of CAP-loaded nano-

particles (F4) (Hitachi H-7500). One drop of CAP-loaded 

nanoformulation was placed on copper grid and examined 

under TEM [68].

2.8  Estimation of Drug‑Loading Efficiency

The drug loading efficiency of all nanoformulations was deter-

mined by using Ultracentrifugation method. The nanoformula-

tion was centrifuged at 4 °C with 75,000 rpm for 1 h. The drug 

content in the obtained supernatant was analyzed by HPLC. 

The mobile phase used for the HPLC analysis was 80:18:2 

v/v ratio of acetonitrile to water in the isocratic condition with 

a flow rate of 1 mL/Min and the column was C18 (Phenom-

enex), 250 mm × 4.6 mm, 5 µm. Capecitabine was detected at 

a λmax of 272 nm using UV detector. Capecitabine was quan-

tified by using its linear standard curve (30–500 μg/ml) with 

a  R2 value of 0.999 [70]. The following equation was used to 

calculate the % drug loading efficiency:

2.9  Determination of Drug Content

To determine drug content of nanoformulations (F1–F5), drug 

loaded nanoformulation (100 mg) was hydrolyzed at 60 °C in 

1 mol/L HCl for 1 h until solution becomes clear [67]. The 

obtained solution was centrifuged for 30 min at 12,000 rpm 

and the free drug present in the supernatant was analyzed by 

HPLC. Three independent experiments were performed and 

the mean values of three experiments were considered.

2.10  In vitro Release Profile of Nanoparticles

Release pattern of drug formulation F4 was studied in 

three different conditions of temperature and pH i.e., pH 

5.5, and 6.8 with temperature 39 °C. Briefly, 100 mg of 

Capecitabine loaded dry nanoformulation was suspended 

in 10 ml of phosphate buffer solution with different pH 

values. The mixture was then added into twenty separate 

eppendrof vessels (500 μl in each tube). All the tubes 

set was kept in a thermostable water bath set at 39 °C 

(above LCST temperature). As the Capecitabine is solu-

ble in water, the solution collected at predetermined time 

intervals was subjected to the process of centrifugation 

for 30 min at 15,000 rpm. The drug content in superna-

tant solution was analyzed by HPLC. The Capecitabine 

was quantified by using its standard linearity curve and 

the percent drug release was determined by following 

equation.

(3)

Loading efficiency(% )

=
Weight of total drug − Weight of free drug found

weight of total drug
× 100

(4)

Drug release (%) =
Released CAP from nanoparticle

Total amount of CAP in nanoparticles
× 100

Table 2  Evaluation of CS-g-PNIPAm co-polymer for optimization

Co-polymer % X LCST at 

6.8 pH (°C)

Particle Size at 

7.4 pH (nm)

PDI % GR

CP-1 69 31.8 251 ± 12 0.277 487

CP-2 73 33.5 232 ± 15 0.065 451

CP-3 75 35.7 191 ± 13 0.119 453

CP-4 77 38.5 148 ± 17 0.143 456
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Release pattern of formulations was also studied at physi-

ological conditions of temperature and pH (37 °C & pH of 

7.4). Average values of triplicate measurements were used.

2.11  In vitro Evaluation of Cytotoxicity Behavior 
of Nanoparticles

The cytotoxicity evaluation is very important to know the 

cytotoxic effect of formulation. In order to study the cyto-

toxic effect human fibroblast (NIH) and Human colon car-

cinoma (HT-29 and HCT-116) cell lines were selected. The 

selected cell culture of cell lines were placed in the 96 wells 

plate which was having MEM medium containing 10% fetal 

calf serum (FCS)- (Heat inactivated), containing 5% mixture 

of Penicillin, Gentamycin, and Streptomycin respectively 

in the concentration of 100 Units/ mL, 10 μg, 100 μg/mL in 

presence of 5% carbon di-oxide at 37 °C for 48 h.

2.11.1  Procedure

The MTT [3-(4, 5- dimethylthiazole-2-yl)-2,5-diphenyl 

tetrazolium] assay method was used to assess the cytotoxic-

ity behavior of nanoparticles. In procedure HCT-116, HT-29, 

and NIH cells were added into 96-well plate (3 × 104cells/

well). The cells were subjected with blank nanoparticles 

with different concentrations ranging from 10, 20, 25, 30 

& 50 μg/mL at 7.4 pH and temperature of 37 °C, 48 h. 

(The cells in media with no nanoparticles alone was acts 

as control in the present study). The cells then subjected for 

three times wash using MEM medium. The next stage was 

transferring 200 μL of MEM medium without serum. The 

viability of the cells was assessed by adding 50 μL of MTT 

solution (5 mg/mL) to each well in order to evaluate the 

cytotoxicity. The plates were incubated for 4 h, after which 

the supernatant was removed, the Formazan blue crystals 

that had precipitated were dissolved in 150 μl of DMSO, and 

optical density was measured at 570 nm using LISA plus.

By following a similar procedure to the one described 

above, the in vitro temperature and pH sensitive cytotoxic-

ity behaviour of blank and CAP-loaded nanoparticles was 

evaluated. Cells were first plated at a density of 3 × 104 cells 

per well in 96-well tissue culture dishes for 48 h before being 

exposed for 48 h to free CAP, CAP-loaded nanoparticles, 

and blank nanoparticles at pH 7.4 with 37 °C temperature 

and pH 6.8 with 39 °C temperature (Evaluation was carried 

out using an experiment in triplicate).

2.12  Hemolysis Analysis

In order to evaluate the compatibility of polymer with blood 

the hemolysis analysis was performed. Fresh human blood 

was used in the methodology, and 1.5 mL of acid citrate 

dextrose was added to the 10 mL of fresh blood. The 100 μl 

of the blood sample was mixed with 100 μl of test sample in 

different concentrationsfrom 0.1 to 1 mg/mL. (The sample 

concentrations were prepared in 0.9% saline solution). The 

resulted samples were subjected for incubation at 37 °C for 

2.5 h. After that, the samples were centrifuged at 4500 rpm 

for 10 min and plasma was collected and then 100 μl plasma 

was mixed with 1 mL  Na2CO3 (0.01%)] and then OD val-

ues were observed at 380, 415, and 450, nm. The following 

formula was utilized to analyze the hemoglobin of plasma:

The observed OD readings of samples were then analyzed 

against controls. The cells were lysed by dispersing in 1% 

trypsin to produce 100% hemolysis, which was utilised as 

a positive control sample in the analysis. The 0.9% saline 

solution was used as a negative control.

2.13  Fluorescence Microscopy Analysis to Study 
Cellular uptake

2.13.1  Preparation of Rhodamine‑B Conjugated 

Nanoparticles

The rhodamine-B conjugated nanoparticles were prepared 

by adding 5 mL nanoparticles with 100 μLof rhodamine-B 

dye and kept for incubation for around 2 h. The mixture is 

then subjected to centrifugion at 25,000 rpm for 30 min in 

order to separatethe unbound dye. The collected pellet of 

rhodamine-B conjugated nanoparticles is then freeze dried 

and kept at 4 °C for further studies [68].

2.13.2  Fluorescence Microscopic Study

The cells of HT-29  were seeded in 24 well plates at a den-

sity of 5000 cells/plate. Rhodamine-B labelled CAP nano-

particles at a concentration of 1 mg/mL were introduced to 

the wells along with the media, and they were incubated in 

triplicate for 24 h at pH 6.8 and 39 °C and at pH 7.4 and 

37 °C, respectively. Three PBS washes at pH 6.8, pH 7.4, 

and rhodamine-B labelled CAP loaded nanoparticles were 

performed on the treated cells. 95 percent ethanol was then 

combined with the cells for 30 min at room temperature. 

Then, a cover slip was maintained with a drop of glycerol on 

a microscopic slide.Using a fluorescent microscope (Nikon 

H660L, Japan), all specimens were examined for the pres-

ence of rhodamine-B. The emission and excitation wave-

lengths were 580 and 540 nm, respectively.

2.14  Stability Study

In order to perform the stability studies, the CAP-loaded 

nanoparticles were previously dried in the freeze were stored 

(5)Plasma Hb =
{

(2A
415

) − [A
380

+ A
450

] × 70.25
}
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in different conditions such as, at 4 °C in refrigerator and in 

desiccator at room temperature for the period of 3 months. 

After each time intervals the content of drug, particle size and 

appearance of particles were used to study the stability pattern.

2.14.1  Statistics

The experimental profile and values stated in methodology 

part was analyzed statistically by one-way ANOVA using 

GraphPad Prism 5.0 software. The value of P < 0.05 were 

considered for statistically significant at all the levels.

3  Results

3.1  Synthesis of Co‑Polymer

The CS-g-PNIPAm co-polymer was synthesized success-

fully by using two monomers, i.e., a thermo responsive pol-

ymer NIPAm and a pH-responsive natural polysaccharide 

chitosan. Due to equilibrium of protonation-deprotonation 

of  NH2 groups of chitosan, it shows pH- responsive property 

[68]. Dispersion copolymerization method was adopted to 

synthesize co-polymer. This approach made use of the cross-

linking agent MBA and the radical initiator APS. Since all 

of the constituents were soluble in the reaction medium at 

first, it was homogeneous. However, after a brief period of 

initial temperature increase, the reaction media changed into 

a milky white dispersion. To bring out sulfate anion radicals 

as a result of APS decomposition, the higher temperature of 

about 50–55 °C was required. The APS radicals then interact 

with amino and hydroxyl groups of chitosan polymer to pro-

duce alkoxy radicals. The graft copolymerization of NIPAm 

onto chitosan is initiated by these radicals using MBA [67, 

70]. Positively charged CS molecules ultimately link with 

the negatively charged PNIPAm and CS-g-PNIPAm particles 

as the process develops, functioning as a surfactant to protect 

the polymer particles and stop aggregation, which leads to 

small particles. The base structure of synthesized co-pol-

ymer was confirmed by FTIR and NMR spectra’s in our 

previous study [67]. Where in FTIR spectrumof co-polymer, 

the many peaks obtained in the 3543–3689  cm−1region of 

pure chitosan were diminished, suggesting the OH and NH 

groups of chitosan as a connectivity between the polymers 

chitosan and NIPAm.  In1H NMR spectrum of co-polymer 

CS-g-PNIPAm all the corresponding signal peaks signals 

were obtained for chitosan. The peaks for PNIPAm are two 

typical peaks at δ1.23–2.20 ppm (−CH–CH2) and strong 

peak of methyl group at δ 1.23 ppm. These observations 

confirm that, the graft polymerization was occurred(Figures 

are shown in supplementary fileFig. S1 and Fig. S2).

3.2  Characterization of CS‑g‑PNIPAmco‑Polymer

Table 2 depicts the monomer conversion (% X), particle 

size, LCST, and PDI of all the co-polymers. The percent 

monomer conversion of co-polymer was in the range of 

69–77. The DSC thermograms of synthesized co-polymers 

and homopolymer are shown in Fig. 3 and the sample’s 

LCST was calculated using the onset point temperature of 

the thermogram.LCST of co-polymer is the critical tem-

perature point below which the co-polymer and solvent are 

completely soluble and above which the co-polymer solu-

tion appears cloudy and polymer is insoluble with solvent. 

On the basis of our previous study [67], hydrophilic co-

monomer, chitosan concentration was selected to increase 

the LCST of co-polymer above the body temperature. The 

LCST of the homopolymer PNIPAm was 30.15 °C and that 

of synthesized CS-g-PNIPAm co-polymer was found to be 

in the range of 31.8–38.5 °C at pH 6.8 (tumor extracellu-

lar pH). The LCST results revealed that the incorporation 

of hydrophilic monomer chitosan in CS-g-PNIPAm co-

polymer leads to increase in LCST. The increase in tem-

perature at tumor site is dependent on rapid growth rate 

of cancerous cells and it is been reported that maximum 

difference between normal and cancerous cells is between 

1 to 1.5 °C [71, 72]. Thus, the co-polymer responsive-

ness was matched with that of tumor microenvironment 

temperature.

Particle size of synthesized co-polymers was deter-

mined at physiological pH 7.4, as its been studied that 

the as the pH increases the particle size decreases due to 

partial protonation of amino groups of chitosan reducing 

the intermolecular repulsion that in turn reduces parti-

cle size [67]. The particle size and PDI of co-polymers 

was between 148 ± 17–251 ± 12  nm and 0.065–0.277 

Fig. 3  Determination of LCST by DSC thermograms of CS-g-PNI-

PAm co-polymers and homopolymer PNIPAm
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respectively, indicating narrow particle size and homodis-

persion of particles. Percent GR of co-polymer increased 

as the chitosan concentration was increased in co-polymer. 

This is attributed to decreased coagulation of particles due 

to surfactant property of chitosan, which results in more 

number of particles taking part in polymerization process 

and increases the rate of polymerization [67].

3.3  Particle Size and Morphology of Nanoparticles

The obtained particle size and PDI of both Capecitabine 

loaded (F1–F5) and blank nanoparticles are summarized in 

Table 3. Blank nanoparticles were shown with particle size 

of 126 ± 13 nm and PDI of 0.120. Drug loaded nanoparticles 

were shown a particle size range between 156 ± 16 nm and 

171 ± 12 nm. On the basis of greater % drug loading effi-

ciency and % drug content, F4 formulation was considered 

as optimized formulation. The optimized formulation F4 

shows the particle size of 168 ± 11 nm and PDI of 0.390. The 

increased particle size of drug loaded nanoparticles indicates 

the loading of Capecitabine in to nanoparticles. Both blank 

and Capecitabine loaded nanoparticles are homogeneously 

dispersed as the PDI values were less than one. The drug 

loaded nanoparticles (F4) were subjected for TEM analy-

sis and the image obtained was shown in Fig. 4 in which 

the smooth and spherical surface morphology of nanopar-

ticles with a particle size ranging from 146 to 162 nm was 

observed. The particle size of Capecitabine loaded nano-

particles measured by TEM was well correlated with the 

particle size measured by DLSfor F4 formulation. Gener-

ally, greater zeta potential value of about ± 25 mV indicates 

long-term nanoparticles stability, as particles having same 

charges will exhibit electrostatic repulsions within particles, 

this in turn avoids particle aggregation. Zeta potential of 

nanoformulations is revealed in Table 3. Zeta potential of 

F4 formulation was 48 ± 13 mV resulting in good stability 

of nanoparticles.

3.4  Determination of Drug Loading Efficiency 
and Drug Content

The percent loading efficiency as well as percent drug con-

tent of all formulations were determined by centrifugation 

method and are shown in Table 3. It was inferred that, as the 

drug: polymer ratio increased there was a slight increase in 

drug content and loading efficiency up to F4 formulation 

after this there was decrease in both drug content and load-

ing efficiency was observed. The F4 formulation with higher 

drug content and loading efficiency of about 49.9 ± 2.8 

and 85 ± 5.2% respectively was considered as optimized 

formulation.

3.5  In vitro Release Studies

Release pattern of Capecitabine-loaded nanformulation at 

tumor microenvironment pH (6.8) and temperature (39 °C) 

Table 3  Evaluation of Capecitabine loaded nanoparticles

Formulations Drug:polymer Particle size (nm) PDI Zeta potential (mV) Drug loading 

efficiency (%)

Drug content (%)

Blank – 126 ± 13 0.120 – – –

F-1 1.0:10 156 ± 16 0.110 32 ± 3.5 70 ± 3.5 37.5 ± 2.5

F-2 2.0:10 158 ± 14 0.412 35 ± 6.3 76 ± 3.8 41.4 ± 2.0

F-3 3.0:10 163 ± 13 0.213 38 ± 4.3 82 ± 6.4 45.3 ± 1.5

F-4 4.0:10 168 ± 11 0.390 40 ± 5.3 85 ± 5.2 49.9 ± 2.8

F-5 5.0:10 171 ± 12 0.232 42 ± 6.2 66 ± 6.4 36.7 ± 3.7

Fig. 4  TEM Image of CAP-loaded Nanoparticles (F4)
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conditions, intracellular conditions (pH 5.5 and tempera-

ture 39 °C) and at physiological pH temperature conditions 

were depicted in Fig. 5. From the results, it was understood 

that the drug release was low at physiological conditions 

of temperature and pH (37 °C and pH 7.4) and there was a 

much enhanced percent drug release at tumor extracellular 

as well as intracellular conditions of temperature and pH. 

The drug release at physiological conditions was about 28% 

while was much higher as 70% at tumor extracellular pH 

and intracellular temperature conditions. Capecitabine also 

shows initial rapid release from the formulation and it was 

consistent for all conditions of drug release. It is because 

unentrapped drug get adheres on the surface of nanoparti-

cles. Over the course of 48 h, this first phase was followed by 

a controlled release terminal phase. LCST was the important 

parameter for the altering of drug release mechanism. At 

LCST, polymer–polymer interactions would be higher than 

that of drug-polymer interaction and hence, nanoparticles 

lose their hydrogen bonding with that of drug, thereby the 

loaded drug can be released easily from the nonoformu-

lation. Furthermore, the drug release was higher at lower 

pH. This can be attributed to the fact that, the pH triggered 

chitosan swells at acidic pH, due to protonation of its  NH3 

groups and also extensively degraded by colonic microflora 

this would promote greater medication release at a lower 

acidic pH. Drug release investigations at pH levels (5.5 

and 6.8) above LCST are consistent with the retention and 

release of drug from nanoparticles at both extracellular and 

early endosomal compartments after nanoparticles enter the 

cells via endocytosis. After targeted drug release at colon, 

its absorbed and complete its first stage of catalysis in liver, 

recirculate to cancerious site, undergoes second and third 

stage of its catalysis get converted to active 5-FU to produce 

enhanced cytotoxic activity. The overview of drug release 

and catalysis of Capecitabine is depicted in Fig. 6. In the 

present study, the co-polymer responsiveness was matched 

with that of tumor microenvironment temperature. Hence, 

there is no need to provide the external application of heat 

to trigger the drug release.

3.6  In vitro Cytotoxicity Study

In vitro temperature and pH responsive cytotoxicity of both 

CAP-loaded nanoparticles and blank on colon cancer cell 

lines (HT-29 and HCT-116 cells), and normal NIH was 

performed to assess the biocompatibility of the produced 

co-polymer. For all drugs, the MTT test was performed at 

5 different concentrations as indicated. Figure 7 a shows 

the results of an MTT assay on normal human fibroblast 

(NIH) cell lines for blank and CAP-loaded nanoparticles. 

Nanoparticles were found to be biocompatible because there 

was no measurable cytotoxicity at any concentration of both 

blank and CAP-loaded nanoparticles on NIH cell lines. Fig-

ure 7b and c show the results of the MTT assay for free 

drug, CAP-loaded nanoparticles, and blank nanoparticles 

on HT-29 cell lines under physiological temperature and 

pH conditions as well as cancer microenvironment condi-

tions. Blank nanoparticles were shown to have no appreci-

able cytotoxicity at both pH and temperature. At pH 7.4 and 

37 °C, CAP-loaded particles exhibit less cytotoxicity than 

pure drug  (IC50-30 ± 1.2 g/mL), but at 39 °C and 6.8 pH, it 

exhibits more cytotoxicity than pure drug (IC50-24 ± 2.2 g/

mL). Similar results were found with another colon cancer 

cell lines HCT-116 (Fig. 8a and Fig. 8b) with  IC50 value of 

pure drug 25 ± 1.6 μg/mL and that of CAP-loaded nanopar-

ticles was 21 ± 1.3 μg/mL at 39 °C and 6.8 pH. The higher 

release rate of Capecitabine from the nanoparticles at higher 

temperature and 6.8 pH of the tumour microenvironment 

accounts for the pronounced cytotoxicity of CAP-loaded 

nanoparticles at these temperatures.

3.7  Cell Uptake Study

Using fluorescent microscopy to visualize the intrinsic fluo-

rescence intensity of Capecitabine, the cellular absorption of 

CAP-loaded nanoparticles was evaluated. Figure 9 depicts 

the images (microscopic) of fluorescence study. Images of 

cells cultured with empty nanoparticles showed no fluores-

cence (Fig. 9A). Rhodamine-B-labeled nanoparticles were 

incubated with cells at physiological pH and temperature 

conditions (Fig. 9B), but the luminescence images showed 

weak fluorescence. In contrast, the luminescence images 

showed strong fluorescence when the cells were incubated 

with the same nanoparticles at pH 6.8 and 39 °C. (Fig. 9C). 

The observed fluorescence microscopy data confirm the 

hypothesis that at pH 6.8 and 39  °C, nanoparticles are 

linked with cells and ingested by endocytosis along with 
Fig. 5  Profile of CAP-loaded nanoparticles' in vitro release at various 

pH and temperature conditions
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the entrapped medication in the cytoplasm. Improved intra-

cellular localization and interaction of the nanoparticles at 

tumour extracellular circumstances, in addition to the faster 

release, resulted in increased cytotoxicity comparable to that 

of the free drug.

The sample’s average hemolytic ratio was discovered 

to be 3.235%. According to ISO/TR 7406, the critical safe 

hemolytic ratio for biomaterials was less than 5%. There-

fore, the findings of the hemolysis assay show that there was 

minimal damage to the erythrocytes caused by the material. 

After three months of storage under various conditions such 

as refrigeration/room temperature, the nanopar-ticles were 

stable and flowable. Nanoparticles’ appearance, particle size, 

and drug content remained nearly unchanged.

4  Conclusions

For the successful development of colon-specific drug 

delivery systems, it is critical to take into account the 

colon's physiological features as well as the microenvi-

ronment around ailment site(s). Prodrugs can be converted 

in-situ into the original medications using biocatalytic 

nanoreactors, maximising therapeutic efficacy and reduc-

ing adverse effects. CAP is catalyzed by the tumor-asso-

ciated angiogenic factor thymidine phosphorylase which 

is more abundantly expressed in many types of human 

tumours than in healthy tissues catalyses. Thus, to target 

its delivery at cancerious site for enhancing its catalytic 

activity, in the present study, dual pH and temperature 

responsive co-polymer was successfully synthesized by 

using pH responsive polymer chitosan and thermo-respon-

sive polymer PNIPAm by dispersion co-polymerization 

method. Its LCST was optimized to tumor microenviron-

ment temperature by varying hydrophilic monomer chi-

tosan concentration. After that, the optimised co-polymer 

was used as a carrier for Capecitabine delivery. From 

the drug release profile, it was observed that, the percent 

Capecitabine release from nanoparticles at physiological 

conditions of temperature and pH was very less compared 

to its release at tumor pH and temperature conditions. 

Many of the thermoresponsive delivery systems require 

external application of trigger (temperature) to release 

drug. In the present study, targeted delivery of drug to 

tumor microenvironment was accomplished by optimizing 

the responsiveness of synthesized co-polymer to tumor 

Fig. 6  An overview of Capecitabine release and activation from nanoparticles
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microenvironment temperature and pH. As a result, no 

external triggers are required to initiate drug release in 

the tumour microenvironment. Biocompatibility of syn-

thesized co-polymer and drug-loaded nanoformulation was 

confirmed by MTT assay on NIH and colon cancer cell 

lines (HT-29 and HCT-116) at physiological and tumor 

microenvironment pH and temperature conditions. CAP-

loaded nanoparticles are haemocompatible as concluded 

by haemolysis assay. Thus, synthesized co-polymer CS-g-

PNIPAm can be utilized as an efficient carrier for targeted 

pH and temperature responsive delivery of drug to tumor 

which will greatly lead to enhanced caltalysis and tumor 

selective action of Capecitabine and thereby enhances the 

anticancer efficacy of Capecitabine. However, further in-

vivo studies on animals needs to be conducted to prove the 

Fig. 7  MTT assay a on NIH cell lines b on HT-29 cell lines at physiological conditions c on HT-29 cell lines at tumor microenvironment condi-

tions
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efficacy of prepared nanoparticles in-vivo and for indus-

trial applicability.

Supplementary Information The online version contains supplemen-

tary material available at https:// doi. org/ 10. 1007/ s11244- 022- 01705-3.
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Abstract 

Background: Piper nigrum L. is one of the widely used herbs in Ayurvedic medicine. Piperine is a major phytoconstit-

uent that is responsible for most of the activity of the herb. Quality assessment and standardization of such phyto-

constituents is the need of the hour. The present study aims at developing a Quality by design (QbD)-based RP-HPLC 

Method for marker-based standardization of Piper nigrum L. fruits along with its quality assessment.

Results: The quality assessment of the crude sample was carried out by evaluating pharmacognostic parameters 

and analysis of toxic contaminants. The analytical target profile and critical quality attributes were determined and 

 22 factorial design was employed for optimization of the method. By performing the experiments as per the QbD con-

cept the optimized mobile phase was identified as Acetonitrile and Water with 0.05% Acetic acid in the ratio of 70:30, 

with a flow rate of 1 mL/min and UV detection at 342 nm. The retention time of Piperine was found to be 5.5 min and 

the amount of Piperine in crude P. nigrum fruits and its extract was found to be 3.6% w/w 5.62% w/w, respectively. 

The Pharmacognostic parameters showed the results within specified limits and the crude drug sample showed the 

absence of toxic contaminants in it thus indicating the purity of the drug.

Conclusion: The utilization of the QbD approach leads to the development of a more precise and reliable method 

for the quantification of phytocompounds.

Keywords: Piper nigrum L., Piperine, Quality by design, Quality assessment, RP-HPLC
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Background

Herbal drugs have been used in medical practice for 

many years and are gaining considerable momentum in 

the world during the past decades [1]. As the require-

ments of herbal drugs are increasing worldwide, their 

quality control and standardization have become more 

imperative. Since quality control and standardization of 

herbal drugs is an important task with great challenges; 

factors such as geographic and environmental differences 

of growing conditions, physical constants, adulterations, 

microbiological contamination, and foreign materials 

could affect the quality and also batch-to-batch uniform-

ity of herbal products. Hence quality assessment of raw 

material concerning pharmacognostic and phytochemi-

cal parameters is essential in order to prove the identity 

and purity of herbal drugs [2, 3].

Chemical marker-based standardization is a widely 

accepted method for the quality control of herbal 

drugs. In these methods, suitable markers or pharma-

cologically active compounds in the herb are analyzed 

by various chromatographic techniques for evaluating 

the quality and authenticity of herbal medicines. Sev-

eral chromatographic techniques ranging from simplest 

Thin Layer Chromatography to sophisticated High-

Performance Liquid Chromatography (HPLC), High-

Performance Thin Layer Chromatography (HPTLC), 
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and Gas Chromatography (GC) can be utilized for such 

marker-based standardization of herbal drugs [4].

Along with the utilization of marker-based tech-

niques, the  application of novel quality approaches 

are essential for quality assessment and development 

standardization parameters for herbal drugs. In recent 

times, pharmaceutical companies adopting Qual-

ity  by  Dsign (QbD) as a fundamental pharmaceutical 

quality model [5]. Quality by Design  is defined as “a 

systematic approach to development that begins with 

predefined objectives and emphasizes product and pro-

cess understanding based on sound science and quality 

risk management” [6]. According to the recent litera-

ture the QbD concept can serve as a novel approach for 

quality control of herbal drugs [7–9].

Application of the QbD approach in analytics is one 

of the alternatives which reduces the experimental time 

and cost for drug analysis. The QbD approach suggests 

looking into the quality of the analytical process during 

the development stage itself. Analytical QbD explores 

the scientific understanding of method variables and 

their interactions, finally provides a region for a highly 

robust and cost-effective approach [3, 10, 11].

Piper nigrum L. belongs to the family Piperaceae and is 

known as the Black pepper or king of spices. Black pep-

per fruits are the source of one of the world’s most widely 

and frequently used spices. The fruits of the plant have a 

long history of usage in Ayurvedic and folklore medicine, 

particularly for digestive ailments [12]. The main chemi-

cal constituents of fruits are alkaloids, among the alka-

loid content Piperine is a major phytoconstituent that is 

responsible for most of the activity of the herb. In Ayur-

vedic medicine, black pepper has been used to aid diges-

tion, improve appetite, treat coughs, colds, breathing 

and heart problems, colic, diabetes, anemia, and piles. It 

improves drug availability and is used as a bio enhancer 

due to its ability to enhance the efficacy of other drugs 

[13, 14]. In the present research work, an attempt has 

been made to develop quality control standards for P. 

nigrum fruits by carrying out the pharmacognostic evalu-

ation along with chemical marker-based standardization 

of P. nigrum fruits by application of the Analytical QbD 

approach.

Methods

Chemicals

Standard Piperine was provided as a gift sample by the 

Himalaya drug company, Bengaluru India. Acetonitrile 

and water of HPLC grade purchased from Merck, Mum-

bai, India Pvt Ltd. Other chemicals and reagents used in 

the research work were of analytical grade.

Plant material and processing

Sample of crude Piper nigrum L. fruits was procured 

and authenticated from Shri B. M. Kankanwadi Ayur-

veda Mahavidyalaya, Karnataka. The fruits were shade 

dried and were coarsely ground into homogenous pow-

der using a mechanical grinder and stored at room tem-

perature. The extraction of the crude drug was carried 

out by cold maceration followed by the soxhlet extrac-

tion method. Ethanol and Water in the ratio of 90:10 

was used for the extract preparation.

Quality assessment of P. nigrum fruits

The quality of P. nigrum fruits was assessed by evaluat-

ing the quality control parameters mentioned in WHO 

guidelines. Physico-chemical parameters including 

moisture content, extractive value, and ash value were 

performed along with phytochemical analysis [15, 16]. 

The crude sample of P. nigrum fruits were further ana-

lyzed for the determination of toxic substances such as 

Aflatoxins, pesticide residues, and heavy metals. Afla-

toxins were determined by HPLC method as per the 

standard procedure [17]. Aflatoxins B1, B2, G1, and 

G2 were analyzed in the powdered sample. Analysis of 

pesticide residue was carried out by Gas Chromatog-

raphy–Mass spectroscopy (GC–MS) Instrument. The 

presence of a total of 17 pesticide contaminants was 

analyzed in crude powdered fruits. And the presence of 

heavy metals was analyzed by Atomic Absorption Spec-

troscopy. Heavy metals, namely lead, cadmium, arsenic, 

mercury, and chromium were tested in the crude pow-

dered sample.

Instrumentation and chromatographic conditions

HPLC system (Agilent technologies 1220 Infinity II LC) 

used for the analysis consisted of a system controller, 

low-pressure gradient pump, solvent delivery module, 

online degasser, manual sample injector (injection vol-

ume ranging between 5 and 20 µL), and UV–Vis detector. 

A Reversed-phase C-18 column (5 µm, 4.6 mm, 250 mm, 

ZORBAX) was used for chromatographic separation. The 

mobile phase was composed of acidic Water adjusted 

with Acetic acid, and Acetonitrile in different ratios. 

Samples were analyzed at the flow rate of 1 mL/min and 

the detection wavelength was set at 342  nm. For each 

analysis, a 20 µL sample was injected into the column.

Preparation of standard and sample solution

A stock of solution of standard Piperine (1 mg/mL) was 

prepared by dissolving accurately weighed 10.00  mg of 

Piperine in 10.00  ml of HPLC grade methanol with the 

help of a sonicator. Further working standard solutions 
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were prepared by diluting the stock solution with the 

mobile phase.

For the preparation of the  sample, accurately weighed 

10 mg of crude powdered sample and extract of P. nigrum 

fruits was transferred to 10.00 mL volumetric flask indi-

vidually containing 5.00  mL of methanol. The metha-

nolic solution was sonicated for 15.00 min to ensure the 

complete dissolution of piperine. The volume was made 

up to 10.00 mL with methanol and was used for further 

analyses. The solution was filtered through  a 0.25  µm 

membrane filter prior to their injection into the chroma-

tographic column.

Analytical Quality by design assisted based HPLC method 

development

Defining of analytical target profile (ATP) and critical quality 

attributes (CQA)

Defining of Analytical Target Profile (ATP) is the first 

step in the Analytical QbD. ATP serves as the quality 

specification of the analytical method which should be 

achieved so as to attain reliable results. Critical Quality 

Attributes (CQA’s) are the quality characteristics related 

to method performance. CQAs have to be identified from 

the defined ATP which will be useful in ascertaining the 

satisfactory performance of the developed method [10, 

18].

Optimization of method using design of experiments (DoE)

The optimization of the analytical method was typi-

cally performed on parametric variables using Design 

of Experiments (DoE) to ensure that maximum under-

standing is gained while minimizing the total number of 

experiments. A simple  22 full factorial design with 2 fac-

tors and 2 levels, resulting in 4 experimental runs was 

employed in order to identify the optimized analytical 

conditions. The DoE was developed using Design-Expert 

software version 12.0, (Stat-Ease Inc., Minneapolis, MN, 

USA).

Establishment of method operable design region (MODR)

After performing the experimental runs planned as per 

 22 factorial design, the obtained data was studied in 

terms of regression models and factor-response relation-

ship, to generate the Method Operable Design Region 

(MODR). From the established MODR the optimized 

chromatographic conditions were predicted based on the 

specified target or goals of each CQA in terms of overlay 

plot. Within the design region, all the specifications men-

tioned in the ATP are fulfilled at a specified risk level.

Validation of the optimized method

Validation of the optimized RP-HPLC method was per-

formed as per ICH Q2 (R1) guidelines [19]. The described 

method was extensively validated in terms of system suit-

ability, linearity, LOD, LOQ, Intra-day precision, Inter-

day precision, and accuracy.

Results

Quality assessment of P. nigrum fruits

Quality assessment of herbal drugs is one of the most 

essential and crucial tasks which enables the determina-

tion of quality and safety of the crude drug. Evaluation 

of physicochemical properties serves as a tool for quality 

control and identification of crude drugs. Physicochemi-

cal parameters such as  the moisture content, aqueous 

soluble extractive value, alcohol soluble extractive value, 

total ash value, acid insoluble ash value, and water-sol-

uble ash value was found to be 7.6 ± 0.69, 8.67 ± 0.58, 

9.83 ± 0.76, 3.83 ± 0.29, 0.45 ± 0.21, and 2.67 ± 0.29% 

w/w, respectively.

The preliminary phytochemical analysis gives a brief 

idea about the presence of various secondary metabo-

lites in  medicinal plant materials. The preliminary 

phytochemical analysis of P. nigrum fruits revealed the 

presence of important secondary metabolites such as 

alkaloids, flavonoids, tannins, and steroids whereas phe-

nols, saponins,  and glycosides were found to be absent.

Determination of toxic substances in herbal drugs is 

one of the major criteria for the assessment of quality 

in herbal drugs. Determination of Aflatoxins, heavy 

metals, and pesticide residue is a prerequisite crite-

rion for the export of herbal drugs to foreign coun-

tries. Hence, this serves as a vital measure for defining 

the quality of herbal drugs or products [20]. The HPLC 

chromatogram obtained from the Aflatoxins analysis in 

the sample is depicted in Fig.  1. Our earlier study has 

Fig. 1 HPLC chromatograms for (A) standard aflatoxins and (B) P. 

nigrum sample
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reported the retention time for Aflatoxins standards 

B1, B2, G1, and G2 as 13.70, 11.35, 9.08, and 7.65 min, 

respectively [11]. From the sample chromatogram, it 

can be observed that no significant peaks are obtained 

at the above mentioned retention times, indicating the 

absence of Aflatoxins in the crude P. nigrum sample. 

Further, the pesticide residues and heavy metals in the 

sample were found to be below the limit of quantifica-

tion. Where, the quantification limit for pesticide resi-

dues, lead, cadmium, mercury, arsenic and chromium 

being 0.01  mg/kg, 1.1  mg/kg, 0.5  mg/kg, 0.1  mg/kg, 

0.1 mg/kg, and 0.5 mg/kg, respectively.

Initial method development

Initial chromatographic conditions were selected based 

on a  thorough literature survey particularly relating to 

the physicochemical properties of the piperine such as 

its pKa, solubility, acidic nature, etc. most of the previ-

ously published studies have used organic solvents such 

as methanol, acetonitrile, etc. along with aqueous phase 

adjusted to high acidic pH and buffer solutions [21–27]. 

Further utilization of different column conditions, flow 

rate, and wavelength has also been observed. Moreover, 

the previously reported literature exhibits peaks with 

poor resolution or increased retention time. Taking a 

gist from the previous studies several preliminary tri-

als were conducted, amongst them a mobile phase con-

sisting of a systemic composition of Acetonitrile, water, 

and acetic acid as the pH modifier with suitable flow 

rate and wavelength was used for the quantitative esti-

mation of piperine.

QbD based RP‑HPLC method development

The predetermined quality characteristics that are known 

to enhance the method performance are referred to  as 

Analytical target profile. The selection of ATP is purely 

dependent on the quality attributes that we want in the 

method. Defining of ATP is the primary step of AQbD 

concept. TheATP of the proposed analytical method is 

to achieve a good separation for quantification of Piper-

ine, with lesser tailing factor and peak width along with 

acceptable analysis time. Based on the above-mentioned 

ATP, CQAs were identified as Tailing factor (Not more 

than 2) and Peak width (Not more than 2).

Method optimization by DoE

As per the adopted per  22 full factorial design, two inde-

pendent variables, i.e., % concentration of Acetic acid in 

aqueous phase (X1) and mobile phase ratio (X2) were 

varied at two different levels that were coded for low 

and high (− 1 and + 1 respectively). Tailing factor (R1) 

and peak width (R2) were selected as the dependent or 

response variables. The DoE software was used to gain 

information on the critical values required to achieve the 

desired response of the selected independent variables.

The response, tailing factor (R1) and peak width (R2) 

obtained for each chromatographic trial are summa-

rized in Table  1. Further, statistical optimization of 

the analytical method was performed by comparison 

of several statistical parameters, provided by Design-

Expert® Software, Version 12. The statistical data of the 

applied design is summarized in Table  2. The relation-

ship between the selected independent and depend-

ent variables was derived by studying the mathematical 

Table 1 Selected factor combinations for Piperine as per  22 full factorial design

X1-conc. of acetic acid (%); X2- mobile phase ratio, R1-tailing factor, R2- peak width

Code Coded levels Actual values Responses

X1 X2 X1 (%) X2 R1 R2

T1  − 1 − 1 0.05 60:40 1.31 0.49

T2 − 1 + 1 0.05 70:30 1.23 0.43

T3 + 1 + 1 1 70:30 1.47 0.55

T4 + 1 − 1 1 60:40 1.57 0.62

Table 2 Summary of statistical parameters and polynomial equation

X1 and X2 are independent variables where, X1—conc. of acetic acid in aqueous phase and X2—mobile phase ratio

Response P value Model significance Polynomial equation

Piperine

R1 0.0376 Significant + 1.39 + 0.1250 * X1 − 0.0450 * X2

R2 0.0355 Significant + 0.5225 + 0.0625 * X1 − 0.0325 * X2
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expression in the form of polynomial equations. A posi-

tive sign of coefficient indicates a synergistic effect while 

a negative term indicates an antagonistic effect upon the 

response. The larger coefficient means that the independ-

ent variable has a more potent influence on the response. 

Graphical demonstration in the form of Response Sur-

face Plot was generated (Fig. 2) to understand the effect 

of each factor on responses. The response surface plots 

provide an overview of the relationship between each 

dependent variable (CQA’s) and independent variables. 

Response Surface Plot shows the colored regions from 

blue to red indicating the intensity of the responses from 

lower to higher end. From the plot, it is observed that 

by decreasing the level of variable X1, i.e., concentra-

tion of acetic acid in the aqueous phase, the value of both 

the responses R1and R2 decreases which means that by 

decreasing the concentration of acetic acid in the aque-

ous phase tailing factor and peak width decreases. This 

further indicates that variable X1 has a significant impact 

on response R1 and R2 when compared to variable X2.

Establishment of MODR

Method operable design region (MODR) is a multidi-

mensional combination and interaction of independent 

factors which further lead to the selection of accept-

able operating ranges that assure quality. Figure 3 shows 

MODR (overlay plot) with the optimum region as a 

design space in yellow shade and selected method condi-

tions were represented using flag. From the method oper-

able Design region, analytical trial T1 (Conc. Of Acetic 

acid 0.05% and Mobile phase ratio 60:40) and T2 (Conc. 

Of Acetic acid 0.05% and Mobile phase ratio 70:30) falls 

under the region of successful operating ranges and 

fulfills the criteria of ATP and CQA for HPLC method. 

Among both, the trials T2 having Conc. Of Acetic acid 

0.05% and Mobile phase ratio 70:30 was selected as opti-

mized HPLC method due to its ability to give lesser tail-

ing factor and peak width (Table 3).

Quantitative estimation of Piperine

The optimized method was further used for the quanti-

fication of Piperine in crude P. nigrum fruits as well as 

in the extract. The quantitative estimation revealed the 

presence of 3.6%w/w and 5.62%w/w of Piperine in crude 

powder and extract respectively. The HPLC chroma-

tograms for standard Piperine and samples have been 

depicted Fig. 4.

Method validation

The developed RP-HPLC method was validated to con-

firm its suitability for its intended purpose as described 

in ICH Q2 (R1) guidelines. The validation parameters 

of the proposed RP-HPLC method are summarized in 

Table 4 which was found to be within the standard limits 

specified in ICH Guidelines.

The system suitability of the developed method was 

confirmed by the percent Relative Standard Deviation 

(RSD) of different parameters such as peak area, reten-

tion time (Rt), and tailing factor. The percent RSD of 

peak area, retention time, and tailing factor (< 2) were 

within the acceptable limits. The linear calibration curve 

for piperine was obtained for the selected concentration 

range (Fig. 5). The LOD and LOQ were determined from 

the linear regression data obtained from the calibration 

curve. The reproducibility and repeatability indicate the 

Precision of an analytical method. The lower intra-day 

Fig. 2 Response surface plot for optimization of HPLC method for Piperine
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and inter-day % RSD values for piperine demonstrated 

the high precision of the developed method. The % recov-

ery of the piperine obtained from the sample indicates a 

good accuracy of the developed method.

Discussion

The present research work was carried out to endeavor 

the development of Analytical  Quality by design-

assisted RP-HPLC method for estimation of Ppiper-

ine in P.nigrum fruits. Though many studies have been 

conducted on the RP-HPLC method for analysis of Pip-

erine, our study stands out amongst them as it reports 

the utilization of the Analytical QbD concept. With the 

help of AQbD principles, a suitable ATP has been devel-

oped which serves as a quality specification guide for 

the development of the analytical method. Based on the 

ATP, Critical Quality Attributes were identified. By tak-

ing into consideration the critical analytical parameters 

such as concentration of acids used in mobile phase and 

mobile phase ratios experiments were designed by DoE 

tools. Here, the CQAs were thoroughly examined by 

performing statistical analyses such as ANOVA. Poly-

nomial equations and 3-D response surface plots were 

also developed for identifying the relationship between 

analytical parameters and CQAs. Further, the optimized 

chromatographic conditions were predicted from the 

MODR exhibiting yellow shaded region of successful 

operating ranges. The optimized chromatographic con-

dition was then applied for quantitative estimation of 

Piperine in crude and extracted P. nigrum fruits which 

were found to be 3.6%w/w and 5.62%w/w, respectively. 

Apart from the development of AQbD assisted RP-HPLC 

method our study also reports the data on the  Quality 

Fig. 3 MODR for optimization of HPLC method for Piperine

Table 3 Optimized chromatographic conditions

Parameters Chromatographic conditions

Stationary Phase ZORBAX C-18 (250 mm × 4.6 mm, 5 µ) column

Mobile phase Acetonitrile:Water (0.05% acetic acid)

Mobile phase ratio 70:30

Flow rate 1.00 mL/min

Detection wavelength 342.00 nm

Injection volume 20.00 µL

Retention time 5.5 min
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assessment of P. nigrum fruits with special reference to 

the estimation of toxic substances found in herbal crude 

drugs. The study has also  represented the Phytochemi-

cal and Physico-chemical characteristics of the P. nigrum 

fruits. Valuable data on the determination of Aflatoxins, 

pesticide residues, and heavy metals have been reported 

which is mainly considered a prerequisite by regulatory 

authorities for ensuring the  quality and safety of herbal 

drugs.

Conclusions

In the present research work, AnalyticalQbD-assisted 

RP-HPLC method was developed and validated for the 

quantitative estimation of Piperine in P. nigrum fruits 

and its extract. ATP and CQAs for the proposed method 

was outlined with the execution of chromatographic tri-

als as per  22 full factorial design. Based on the obtained 

Design space, optimized chromatographic conditions 

were predicted. Furthermore, the crude P. nigrum was 

Fig. 4 HPLC chromatograms for standard Piperine, crude P. nigrum L. fruits and extract
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also extensively evaluated for quality control parame-

ters, which was useful for ascertaining the quality of the 

herbal drug under study. Employment of the QbD tools 

has helped in developing a chromatographic method that 

has the potential of providing reproducible and reliable 

results along with the reduction in analysis time and cost. 

From the above findings, we can affirm that the appli-

cation of the  QbD approach for the  standardization of 

herbal drugs can serve as an important tool for quality 

standardization of herbal drugs.
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AbStR ACt

Dopamine is secreted by the hypothalamus, which inhibits the 
proliferation and effectiveness of lactotroph cells that release 
prolactin via dopamine D2 receptor (D2R). D2R activation in-
hibits lactotroph cell prolactin synthesis and regulates prolac-
tin gene expression. Although, commercial medications are 
available for hypogalactia and agalactia, various plant sources 
significantly alleviate these problems. Leptadenia reticulata (Ji-
vanti) is one of the important medicinal plants often consumed 
by nursing mothers to improve breast milk production. How-
ever, mechanism and chemical constituents involved in the 
inhibition of D2R by Jivanti is unclear. Therefore, in this study 
the phytocompounds reported from Jivanti were used for 
 in-silico analysis to predict D2R inhibitory potential. The 
 binding affinity value of campesterol and β-sitosterol (− 10.1 
and  − 10.0 kcal/mol) with D2R has high revealed by molecular 
docking and stable interaction reveled by molecular dynamics 
simulation. Thus, these lead compounds could exert more D2R 
inhibitory activity resulting into prolactin release, which may 
lead to an increase in breast milk production. Although all se-
lected compounds had fine permeation, non-toxic, and non-
carcinogenic characteristics predicted by ADMET, campes-
terol had good solubility, absorption characteristics compared 
to other. Therefore, Jivanti, which is traditionally known me-
dicinal plant, could be explored as a medication candidate to 
boost breast milk production.

https://orcid.org/0000-0002-1173-8241
https://doi.org/10.1055/a-1735-2887
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Introduction
Breast milk is essential for newborn feeding as well as for protect-
ing infants from infection [1]. In many communities, breast-feed-
ing is considered as one of the most significant measures to pro-
mote children’s health, and breast milk is now used as a therapeu-
tic agent that can be used in conjunction with drug therapy [1–3]. 
The use of formula milk instead of breast milk can enhance the risk 
of a variety of problems in newborns, including respiratory and gas-
trointestinal disorders, allergies, and obesity [4]. However, there 
are a variety of complexities during breastfeeding, such as insuffi-
cient breast milk production, which results in inadequate nutrition 
for newborns. Breast cancer in females can also be caused by insuf-
ficient milk production [5]. Inadequate milk supply can be caused 
by a variety of factors, such as anxiety, the use of certain drugs, 
smoking, and endocrine system issues [6]. Several components of 
lactation are influenced by the endocrine system. 

Lactotroph cells in the anterior pituitary gland that synthesized 
and released a prolactin polypeptide hormone that is encoded by 
the PRL gene [7]. The prolactin hormone is essential in mammary 
gland growth and progress (mammogenesis), milk secretion re-
gulation (galactopoiesis), and milk production (lactogenesis), all 
of which affect milk supply and content. It is controlled by hormone 
and neurotransmitter complexes. The hypothalamus secretes do-
pamine, a catecholaminergic neurotransmitter which is involved 
in a several purposes and biochemical activities in the body, includ-
ing regulating prolactin release [7–9]. Dopamine reduces the 
growth and efficiency of lactotroph cells that secrete prolactin via 
D2R. D2R activation inhibits prolactin production by lactotroph 
cells and regulates prolactin gene expression [7, 10, 11]. Dopamin-
ergic system suppresses and the hypothalamus-pituitary oxytocin-
ergic system stimulates the secretion of prolactin (PRL), is one of 
most significant lactation-related hormones [12]. In earlier stud-
ies, a plethora of plants and herbs have been utilized to enhance 
milk production [13, 14]. Several drugs are available to stimulate 
the milk secretion activities including domperidone, metoclopra-
mide, sulpiride, chlorpromazine, human growth hormone (Soma-
totropin) and thyrotrophin releasing hormone [15]. These drugs 
enhance breast milk production, however they produce side effect 
like drowsiness, restlessness, fatigue, anxiety, insomnia, depres-
sion, sedation, lethargy, risk of apnea, hypoglycemia in mother and 
child [15].

Many phytocompounds derived from valuable medicinal plants 
are used in traditional medicine for a variety of therapeutic purpos-
es and its mechanism involving complex synergetic actions still un-
clear [16–18]. Jivanti (Leptadenia reticulata Wight and Arn.) is one 
of the popular medicinal plant mentioned in Ayurveda literatures 
[19]. Jivanti is the well-known curative and life-promotor drug has 
rejuvenating, restorative, anti-abortificent, and lactogenic proper-
ties [19, 20]. Jivanti is used to enhance the milk yield in human and 
animals (rats, dairy cows, Holstein and Brown Swiss breed of cows 
and buffaloes) in tablet form (Leptaden) and Galactin Vet (bolus) 
since long time [21, 22]. Jivanti is grown throughout India includ-
ing Rajasthan, Gujarat, Khasia Hills, Andhra Pradesh, Goa, Haryana, 
Kerala, Madhya Pradesh, Maharashtra, and other regions. There-
fore, the plant of L. reticulata is prescribed to treat serious illnesses 
and execute a various function [19]. Jivanti root and leaf used to 
promote the milk secretion in humans and animals [19, 23]. How-

ever, it is known to increase milk production but the proper scien-
tific evidence regarding the interaction between bio-active phyto-
comounds present in L. reticulata with particular receptor in rela-
tion to milk production is lacking. Therefore, in this study in-silico 
docking and molecular dynamics simulation studies were per-
formed with the reported phytoconstituents in the leaf of L. reticu-

lata for lactation activity against the enzyme target Dopamine D2 
Receptors (D2R).

Materials and Methods

Preparation of protein structures
The target protein structure of D2R (PDB Id: 6CM4) was retrieved 
from PDB (rcsb.org/pdb/). Heteroatoms were removed and polar 
hydrogen atoms were added to protein structures, and partial 
atomic charges were assigned (▶Fig. 1). The proteins were saved 
in PDB format; solvation parameters were assigned and converted 
finally into PDBQ format using the discovery studio.

Preparation of ligands
Fifteen phytocompounds earlier reported from the leaf of L. reticu-

lata were selected for the analysis [23, 24] (▶table 1). The three-
dimensional structures of the fifteen L. reticulata ligands were re-
trieved through Pubchem (http://pubchem.ncbi.nlm.nih.gov), a 
compound database. The collected Structure Data File (SDF) files 
of identified ligands from the PubChem database were converted 
into Protein Data Bank (PDB) format using the discovery studio.

Protein-Ligand docking
Docking of fifteen active ligands was applied against Dopamine D2 
Receptors using PyRx software (http://PyRx.sourceforge.net/). 
PyRx software is public domain molecular docking software [25]. 
The molecular docking site is in X: 17.7891, Y: 1.1769 and Z: 
15.3034 and with dimensions X: 73.8169 Å, Y: 56.0499 Å and Z: 
78.8814 Å. The active site of the target protein was docked using 
molecular docking software. The binding affinity value and ligand 

▶Fig. 1 Secreted dopamine D2 receptors (D2R) PDB Id: 6CM4 with 
chain A in complex with a selective inhibitor (Cyan: Alpha Helix, Red: 
Beta Sheet, Magenta: Coil).
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interaction were the outcomes of molecular docking. Further, BIO-
VIA Discovery Studio software is used to visualize the docking re-
sults.

Molecular dynamics simulation
Top two compounds with best binding affinity were considered the 
molecular dynamics. The production run of molecular dynamics 
was carried out using Desmond version 2020 package [26]. The 
docked complex was initially prepared by calculating the initial pro-
tonation states of ASP, GLU, and HIS residues and also calculates 
the residue wise OH interactions. Once the initial protein complex 
is ready it will be further inserted into a defined system. The sys-
tem was solvated by SPC (Simple Point Charge) water model. The 
system was neutralized by the addition of counter ions. The system 
minimization was done by the implementation of OPLS_2005 force 
field. Once the system was prepared, the molecular dynamics pro-
duction run of 50 ns was carried out with a time step of 1.2 fs and 
trajectory recording was done for 1000 frames [27]. RMSD (Root 
mean square deviation) calculation was carried out for the back-
bone atoms and analyzed to understand the protein-ligand inter-
actions. The compactness of the protein-ligand complex system 
during simulation was analyzed by the change in radius of gyration 
(rGyr) [28].

Drug likeness calculations
Drugs scans were carried out to determine whether selected phy-
to-chemicals fulfill the drug-likeness conditions. Lipinski’s filters 
using molsoft (https://www.molsoft.com) were applied for exam-
ining drug likeness attributes as including quantity of hydrogen ac-
ceptors, quantity of hydrogen donors’ molecular weight and par-
tition coefficient log P [29]. The smiles format of each of the phy-
tochemical was uploaded for the analysis.

ADMET predictions
The absorption, distribution, metabolism, elimination, and toxic-
ity (ADMET) of the selected phytochemicals are screened using the 
online tool (http://lmmd.ecust.edu.cn:8000/) to predict their im-
portant pharmacokinetic properties [30].

Results and discussion
Molecular docking revealed the ligand-protein interaction with a 
broad range of binding energies involving various numbers of hy-
drogen bonds and amino acid residues (▶Fig. 2 and ▶table 2). 
▶table 2 showed the binding energies for ligand-protein interac-
tions as well as the number of hydrogen bond and acid residues in-
volved in interactions. Campesterol, β-sitosterol, and stigmasterol 

were revealed to have the highest binding affinity towards D2R, 
with binding energies of  − 10.1 kcal/mol,  − 10. Kcal/mol, and 
− 9.8 kcal/mol, respectively, with no hydrogen bond involvement. 
Similarly, other compounds have binding affinity values of  − 9.7,  
− 9.5,  − 9.1,  − 9,  − 8.7,  − 5.5,  − 8.9,  − 8.3,  − 6.3,  − 6.6,  − 7, and − 8.7  
kcal/mol, respectively with involvement of hydrogen bond (▶Fig. 

2 and ▶table 2). As shown in ▶Fig. 2, the ligand-protein interac-
tions with the lowest binding energies for the specific targeted pro-
teins were visualized in 3D and 2D formats using Discovery Studio. 
Furthermore, all L. reticulata phyto-compounds were selected as 
all fulfilled the Lipinski criterion of 5. The Drug-Likeness score of 
campestrol, β-sitosterol, and stigmasterol, has been revealed to be 
0.59 0.78 0.62, respectively. The selected chemical constituents 
along with their chemical properties are shown in ▶table 3.

In this study, β-sitosterol and stigmasterol showed high binding 
affinity (− 10 and − 9.8 kcal/mol) compared to other targeting VAL-
115, PHE-189, TRP-386, PHE-389, LEU-94, VAL-91, TRP-413 and 
TYR-408, PHE-389, TRP-386, ILE-184 amino acid residues respec-
tively demonstrated the major D2R inhibitory role. However, ear-
lier studies of β-sitosterol showed anti-cancerous, hepatoprotec-
tive, anti-hyperglycemic, while campestrol have anti-cancer, anti-
oxidant, hypocholesterolemic activity [22] and stigmasterol 
showed anti-osteoarthritic activity, anti-hypercholestrolemic ac-
tivity, cytotoxicity, anti-tumor, hypoglycemic activity and effect on 
thyroid, anti-oxidant, anti-mutagenic activity, anti-inflammatory 
activity, CNS activities [31].

The system for the simulation for the complex of campestrol 
was prepared by the addition of 18390 water molecules at 300 K 
and with addition of 3 Cl- ions (2.966 mM). The molecular dynam-
ics simulation of campestrol in complex with the target protein 
showed a very high stability with RMSD of the protein backbone 
and protein-ligand complex fit converged around ~5 ns after the 
initiation of simulation and stayed within difference of 2–3 Å 
(▶Fig. 3A). Also, protein-ligand contact analysis showed minimum 
of one contact almost for complete duration of the simulation. The 
radius of gyration (rGyr) remained within 4.95–5.20 Å showing high 
compactness of the ligand during the simulation duration 
(▶ Fig. 3b). The system for the simulation for the complex of 
β-sitosterol was prepared by the addition of 18390 water molecules 
at 300 K and with addition of 3 Cl- ions (2.966 mM). The molecular 
dynamics simulation of β-sitosterol in complex with the target pro-
tein showed a very high stability with RMSD of the protein back-
bone and protein-ligand complex fit converged around ~5 ns after 
the initiation of simulation and stayed within difference of 2–3 Å 
(▶Fig. 3C). Also, protein-ligand contact analysis showed minimum 
of one contact almost for complete duration of the simulation. The 
radius of gyration (rGyr) remained within 4.95–5.20 Å showing high 

▶table 1 Bioactive compounds reported in Leptadenia reticulata.

Compounds 

Diosmetin Luteolin 2R-Acetoxymethyl-1,3,3-trimethyl-4t-(3-methyl-2-buten-1-yl)-1t-cyclohexanol

Rutin p-Coumaric acid 2-Isopropyl-5- methylcyclohexyl3(1(4chlorophenyl)-3-oxobutyl)-coumarin-carbonate

α-Amyrin β –Amyrin γ-Sitosterol

Coniferyl alcohol β-sitosterol α-Tocopherol

Stigmasterol Campeserol S-(2-Benzothiazolyl)cysteine



Sharma RK et al. Decipher the inhibitory potential … Drug Res | © 2022. Thieme. All rights reserved.

Original Article Thieme

compactness of the ligand during the simulation duration 
(▶Fig. 3D).

The system for the simulation for the complex of β-sitosterol was 
prepared by the addition of 18388 water molecules at 300 K and with 
addition of 3 Cl- ions (2.966 mM). The molecular dynamics simula-
tion of β-sitosterol in complex with the target protein showed a very 
high stability with RMSD of the protein backbone and protein-ligand 
complex fit converged around ~5 ns after the initiation of simulation 
and stayed within difference of 4–5 Å (▶Fig. 3C). Also, protein-ligand 
contact analysis showed minimum of one contact almost for com-
plete duration of the simulation. The radius of gyration (rGyr) re-
mained within 4.8–5.4 Å showing high compactness of the ligand 
during the simulation duration (▶Fig. 3D).

The molecular dynamics simulation of the campesterol and 
β-sitosterol clearly indicated the stability and compactness of the 
complexes in the system throughout the duration of simulation. 
Also, the contact map analysis also showed minimum of 1 hydro-
gen bond interaction throughout the simulation duration. Based 
on, these observation it can be said that these phytocompounds 
from the Jivanti can be potential inhibitors of D2R.

ADMET prediction
The compounds, campesterol, clionasterol, stigmasterol, β-sitosterol, 
β-amyrin, and α-amyrin had a stronger Human Intestinal Absorp-
tion (HIA) score than the other compounds, according to ADMET 
parameters acquired from the admetSAR database. When the HIA 

▶Fig. 2 3D (to the left) and 2D (to the right) interaction diagrams of (a) campesterol, (b) β-sitosterol and (c) Stigmasterol with the crystal structure 
of Dopamine D2 Receptors (D2R) PDB Id: 6CM4.
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is higher, it indicates that the molecule will be absorbed better from 
the intestines when consumed orally. In distribution, campesterol 
and clionasterol had the best penetration through the Blood-Brain 
Barrier (BBB), which was much higher than the other compounds. 
Further, observed that the compounds were substrate/nonsub-
strate and inhibitor/noninhibitor of the CYP450 microsomal en-
zyme in terms of metabolism. The term "non-inhibitor of cy-
tochrome P450" refers to a molecule which does not prevent the 

biotransformation of compounds that is metabolized by cy-
tochrome P450. The AMES toxicity testing is used to assess wheth-
er a chemical is mutagenic. All the test ligands passed the AMES 
toxicity test, indicating that they are non-mutagenic. The ligands 
were also found to be noncarcinogenic in a carcinogenic profile. 
The oral toxicity of the other test ligands was minimal and nearly 
identical. The estimated LD50 dose in the rat model was an impor-
tant piece of information retrieved from the admetSAR server. It 

▶table 2 Molecular docking statistics of the dopamine D2 receptors and identified ligands complex.

S. No Ligands Ligands 

Code

Binding Affinity 
(kcal/mol)

Amino Acid Residues

1 Diosmetin LR1  − 9 TYR-416, VAL-115, PHE-198, PHE-382, ALA-122, CYS-118, 
TRP-386, ASP-114, PHE-389, HIS-393

2 Luteolin LR2  − 9.7 PHE-390, TRP-386, PHE-389, CYC-118, ASP-114, THR-119, 
SER-197, SER-193

3 Rutin LR3  − 8.7 PHE-389, IEL-184, THR-412, TRP-100, VAL-91, SER-409, 
TRP-413, LEU-94, GLU-95

4 p-coumaric acid LR4  − 5.5 ASP-116, TYR-416, PHE-189, PHE-389

5 α-amyrin LR5  − 9.5 LEU-206, IEL-383

6 β-amyrin LR6  − 9.1 NA

7 β-sitosterol LR7  − 10 VAL-115, PHE-189, TRP-386, PHE-389, LEU-94, VAL-91, 
TRP-413

8 Stigmasterol LR8  − 9.8 TYR-408, PHE-389, TRP-386, ILE-184

9 α-tocopherol LR9  − 8.9 GLU-95, LEU-94, TRP-100, PHE-389, TRP-386, CYS-118

10 γ-sitosterol/Clionasterol LR10  − 8.3 TYR-408, HIS-393, PHE-389, ASP-114

11 Campesterol LR11  − 10.1 PHE-389, TRP-386, LEU-94, VAL-91, TRP-413

12 2R-Acetoxymethyl-1,3,3-trimethyl-4t-(3-
methyl-2-buten-1-yl)-1t-cyclohexanol

LR12  − 6.3 PHE-389, TRP-100, SER-409

13 Coniferyl alcohol LR13  − 6.6 ASP-114, VAL-115, THR-119, PHE-382, TRP-386, CYS-118, 
SER-197

14 S-(2-Benzothiazolyl)cysteine LR14  − 7 TRP-386, PHE-390, VAL-115, CYS-118, SER-193, ASP-114

15 2-Isopropyl-5-methylcyclohexyl 
3-(1-(4-chlorophenyl)-3-oxobutyl)-
coumarin-4-yl carbonate

LR15  − 8.7 TRP-100, LEU-94, IEL-184, HIS-393, PHE-389

▶table 3 Phytochemicals of L. reticulata following Lipinski rule of 5.

S. No Ligands

Code

Molecular  

Weight (g/mol)

Lipophilicity  

(M LogP)

H-bond 

Donors

H-bond 

Acceptors

Drug-Likeness 

score

1 LR1 300.06 3.29 3 6 0.06

2 LR2 286.05 2.78 4 6 0.38

3 LR3 610.15  − 1.55 10 16 0.91

4 LR4 164.05 1.66 2 3  − 0.81

5 LR5 426.39 7.77 1 1 0.10

6 LR6 426.39 7.95 1 1  − 0.22

7 LR7 414.39 8.45 1 1 0.78

8 LR8 412.37 7.74 1 1 0.62

9 LR9 430.38 10.08 1 2 0.48

10 LR10 414.39 8.45 1 1 0.78

11 LR11 400.37 7.87 1 1 0.59

12 LR12 282.22 4.57 1 3  − 0.07

13 LR13 180.08 1.20 2 3  − 0.74

14 LR14 254.02  − 0.13 3 6  − 0.82

15 LR15 524.20 6.73 0 6 1.38
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▶Fig. 3 Molecular dynamics simulation studies on Dopamine D2 Receptors (D2R) against campestrol and β-sitosterol.

▶table 4 ADMET profile of L. reticulata active compounds.

Ligands

Code

HIA bbb CYP450 3A4 inhibitor/

substrate

AMES toxicity Carcinogenicity LD50 in rat, 

mol/kg

LR1 0.9783 0.6382 Nonsubstrate/Inhibitor Nontoxic Noncarcinogenic 2.7192

LR2 0.9650 0.5711 Nonsubstrate/Inhibitor Nontoxic Noncarcinogenic 3.0200

LR3 0.8041 0.8542 Nonsubstrate/NonInhibitor Nontoxic Noncarcinogenic 2.4984

LR4 0.9938 0.5237 Nonsubstrate/NonInhibitor Nontoxic Noncarcinogenic 1.3698

LR5 1.0000 0.9618 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.0842

LR6 1.0000 0.9618 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.0842

LR7 1.0000 0.9743 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.6561

LR8 1.0000 0.9743 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.6561

LR9 0.9795 0.9767 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.1598

LR10 1.0000 0.9743 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.6561

LR11 1.0000 0.9749 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.8078

LR12 0.9946 0.8620 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.2424

LR13 0.9938 0.5335 Nonsubstrate/NonInhibitor Nontoxic Noncarcinogenic 1.561

LR14 0.9638 0.8741 Nonsubstrate/NonInhibitor Nontoxic Noncarcinogenic 2.0522

LR15 0.9933 0.9421 Substrate/NonInhibitor Nontoxic Noncarcinogenic 2.4680

[HIA: Human intestinal absorption, BBB: Blood Brain Barrier, CYP450: Cytochrome P450].
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was also observed the Luteolin had highest LD50 of 3.02and P-cou-
maric acid had the lowest LD50 of 1.36. ▶table 4 illustrates the 
various ADMET parameters found from admetSAR tool. ▶table 4 
depicts the comparative HIA, BBB, and LD50 values of the test li-
gands.

Deficient milk production (hypogalactia) or absence of milk pro-
duction (agalactia) could be resolved by various plants [32]. It is 
well known that, to enhance breast milk production, various com-
mercial medications are used. However, antipsychotic medication, 
on the other hand, may have a harmful impact on newborns [15]. 
Plant species which is having galactagogues properties are used to 
improve breast milk supply [33, 34]. The phytosterols present in 
medicinal plants have role in galactagogues along with other ac-
tivities like antimicrobial, anti-inflammatory, immunological, and 
neurophysiological activities, with low toxicity [35]. Though, from 
phytosterols, individual phytocompond (s) involved to increase 
breast milk production is still unclear [36]. However, in this study 
campesterol, β-sitosterol, and stigmasterol showed maximum af-
finity may have major role to enhance prolactin secretion. Interest-
ingly, all the phyto-compounds fulfill the criteria of Lipinski’s rule 
of five and cleared ADMET tested being nontoxic and noncarcino-
genic which can cross blood-brain barrier and higher intestinal ad-
sorption rate, it is non-inhibitor for all CYP inhibitors. Blocking the 
D2R protein can increase the secretion of prolactin, thereby in-
creasing the production of breast milk in nursing mothers [37]. 
Thus, bioactive phytocompounds from leaf of L. reticulata can bind 
to D2R and enhance prolactin production. Therefore, the active 
phytocompounds of L. reticulata leaves could be employed as po-
tential breast milk enhancers for breastfeeding infants and also Ji-
vanti is known vegetable [20, 38, 39], could be explored as a med-
ication candidate to boost breast milk production.
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ABSTRACT
Introduction: In present work attempt has been made to develop and validate a simple 
and sensitive UV spectrophotometric method for estimation of Hesperidin from bulk 
drugs, plant extract, Ayurveda formulation and novel nanoformulation.  Hesperidin is a 
heteropolycyclic aromatic bioflavonoid found abundance in citrus plants that has been 
developed into a topical nanoformulation for the treatment of anti-inflammatory activity. 
It has numerous anti-inflammatory, anti-cancer, and anti-arthritis effects. Objectives: To 
develop simple, precise, robust, sensitive and accurate UV-Spectrophotometric method 
for the estimation of hesperidin in bulk drugs, Plant extract, Ayurveda formulation and 
nanoformulation. Materials and Methods: The optimum condition for the analysis of the 
drug was established with methanol and water as solvent (1:1).  Maximum absorption 
wavelength was found to be 284 nm with line equation y = 0.0672x +0.003. It showed 
linear response between the concentration ranges of 2-10 µg/ml. The linear regression 
coefficient was found to be 0.999. The method was validated for linearity, precision, 
ruggedness, specificity, sensitivity as per ICH guidelines and all the values of validation 
was found to be within the acceptance. Conclusion: The developed method was proved 
to be new, simple, consistent, and accurate it can be used in the pharmaceutical industry 
as a routine quality control parameter for raw material and formulation.
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INTRODUCTION
Hesperedin (Figure 1), (7-O—rutinoside) and 
its aglycone hesperetin (4’-methoxy3’,5,7-
trihydroxyflavanone) are flavonoids plentiful 
in citrus fruits as grapefruits, lemons, and 
oranges.1 It has anti-inflammatory, antiviral, 
anticancer, and antidepressant like activities 
in animal studies and has been shown to 
help treat many different types of  central 
nervous system illnesses.2 Hesperidin was 
used in a variety of  Ayurvedic formulations 
marketed to health-care providers.3 In 
Ayurveda formulations, quality monitoring 
of  hesperidin-containing formulations is 
critical. Analytical methods for estimating 
hesperidin in various plant extracts have 

been published in the literature, including 
spectrophotometric,4 HPLC,5 and HPTLC6 
approaches. The listed methods have 
their own limitations, such as taking more 
time and requiring the use of  expensive 
and complex chemicals. According to 
the literature review, there is no FDA-
approved UV spectrophotometric method 
for evaluating hesperidin in its pure form, 
Ayurveda formulation, or novel topical 
nanoformulation. As a result, a UV 
spectrophotometric method is used to 
estimate hesperidin must be developed 
and validated using a suitable solvent 
system. The goal of  this study is to create 
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and validate a new UV-spectrophotometric method 
for estimating hesperidin in bulk powder, plant 
extracts, Ayurveda formulation, and a novel topical 
nanoformulation. For diosmin, hesperetin, rutin, 
and quercetin in conjunction with hesperidin drug, 
many assays have been published, including HPLC, 
HPTLC, GC-MS, and UV-Spectroscopy. To date, no 
UV-Spectrophotometric approach for single Hesperidin 
has been reported. As a result, the current study aimed to 
design and validate a simple, rapid, sensitive, precise, and 
accurate UV-Spectrophotometric process for assessing 
Hesperidin.

MATERIALS AND METHODS
Materials

Hesperidin was obtained as a generous gift sample from 
Shaanxi Yi an Biologicals, China, and Himalaya Wellness 
Company, Makali, Bengaluru.  Phospholipid, (LIPOID 
90G) was obtained as gift sample from Lipoid GmbH, 
Ludwigshafen, Germany. Dimethyl sulfoxide, Methanol 
was procured from Merck, Mumbai and Fisher Scientific 
Mumbai, India. Other chemicals used for the experiment 
were of  Analytical grade.

Instruments

UV-Spectrophotometer of  Shimadzu make and 1800 
model having UV probe software were used for analysis.

Method development

The development of  a new UV Spectrophotometric 
method was confirmed after selecting the suitable 
solvent combination and identifying the wavelengths in 
the literature. Different solvents were used to assess the 
solubility of  the samples, including methanol, acetone, 
chloroform, dimethyl sulfoxide, 1N NAOH, and 0.1N 
HCL.7 Methanol and water were selected as solvents 

after considering solubility conditions. Using methanol 
and water (1:1) as a solvent samples were scanned in the 
UV region between 200 and 400 nm. Hesperidin had the 
highest absorption at 284 nm.

Preparation of standard stock solution

10 mg of  Hesperidin was accurately weighed and 
transferred to a volumetric flask of  10 ml, and the 
volume was made up to 10 ml with a solvent mixture 
of  methanol and water, obtaining a concentration of   
1000 μg/ml of  analyte. 1 ml of  Hesperidin solution 
has been pipette out from the volumetric flask and 
passed to a 10 ml volumetric flask, and the volume was 
made up to 10 ml with methanol and water to achieve a 
concentration of  100 μg/ml for Hesperidin.

Preparation of Plant extracts and Ayurveda 
formulation for estimation of hesperidin

The proposed UV spectrophotometric method was 
utilized to quantify the hesperidin concentration 
in Madhiphala rasayana, a commercial Ayurvedic 
preparation, and orange peel, bitter lime peel. To 
achieve a fine powder, orange and bitter lime peel were 
powdered with a mortar and pestle.8 Weigh precisely 
10 g of  powdered drug and dissolve in 1 mg/ml 
stock solution of  methanol and water. The volumetric 
flasks containing the above-mentioned solutions were 
sonicated for 15 min. The stock solutions were then 
filtered with a 0.45 m syringe filter, diluted with solvent 
phase, and the hesperidin content was estimated using 
a UV spectrophotometric method.3 The same method 
was used for Ayurveda formulation. 2 mL Ayurveda 
formulation, dissolved in methanol and water to obtain 
1 mg/mL stock solution. The procedure for assessing 
hesperidin content using the UV spectrophotometric 
method remains the same as outlined above.

Nanoformulation for hesperidin estimation9-13

Thin film hydration was used to create a hesperidin-
entrapped topical nanoformulation. Briefly, Weigh 
the exact amount of  drug (30mg) and dissolve in 5ml 
of  methanol before sonication. In a suitable beaker, 
accurately weigh phospholipid choline 90G (800mg) and 
tween 80 (100mg) with 10 ml chloroform and vigorously 
mix with a sonicator for 5 min. This mixture was then 
added to a rotary flask for thin film for 60 min at  
60 rpm. After hydrating the thin film with phosphate 
buffer under vacuum for an overnight period and 
reducing the particle size of  the nanoformulation with 
a probe sonicator, the UV spectrophotometric method 
was used to estimate hesperidin.

Figure 1: Structure of Hesperidin.
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Forced degradation studies14

To assess the stability of  the developed UV-Spectroscopic 
method, samples were subjected to acid, base, oxidation, 
and photolytic degradation. Percentage degradation was 
calculated in all studies. The forced degradation study’s 
limit is acceptable and within limits

Acid degradation study15,16

Weighing 10 mg of  Hesperidin in 10 ml of  volumetric 
flask resulted in acid degradation. 1000 μg/ml 
concentration obtained by dissolving in methanol 
and water. Secondary stock solutions containing 100 
μg/ml for Hesperidin were prepared. This 10 μg/ml 
Hesperidin solution was stressed for 2 hr in 0.1 N HCl 
on a water bath at 80°C. Spectra were observed after 
scanning samples in the UV range of  200-400 nm.

Base degradation study17-18

For Base degradation study Hesperidin solution (10 μg/ml)  
was prepared from primary and secondary stock 
solutions and diluted with 0.1 NaOH. Both solutions 
were stressed for 2 hr at 80°C and their spectra were 
scanned.

Oxidation degradation study

Hesperidin solution (10 μg/ml) was prepared from 
primary and secondary stock solutions and diluted with 
30% hydrogen peroxide. Both solutions were stressed at 
80°C for 2 hr and their spectra were scanned.

Photo degradation study

The photo degradation study involved exposing 10 mg 
of  Hesperidin drug to UV light at 284 nm for 24 hr. 
After that, solutions were prepared with methanol and 
water to achieve a final concentration of  10 μg/ml of  
Hesperidin and then scanned to obtain appropriate 
spectra.
Formula to calculate % degradation

(Initial deg radation Final deg radation)
% Degradation 100

adation
−

= ×

Method Validation

The method was developed and validated in accordance 
with ICH guidelines in order to determine Linearity, 
Specificity and selectivity, Precision, Ruggedness, 
Stability, LOD, and LOQ.19-20 Hesperidin has a linearity 
range of  2-10 μg/ml. The calibration curve was created 
by plotting the area versus the concentration. The 
precision study was performed in system, intraday, and 
interday precision, and the results were expressed in 
percent RSD. Ruggedness was measured by changing 

the analyst and recording the instrument’s percent 
RSD. The solution was stabilised in bench and freeze 
conditions for 72 hr. The linearity slope was used to 
calculate the LOD and LOQ.21-22

RESULTS AND DISCUSSION
The solvent development method utilizes methanol and 
water, and hesperidin demonstrated a spectrum with 
maximum absorbance at 284 nm. The parameters for 
method development and validation were presented in 
(Table 1).

Specificity and selectivity

By obtaining solvent spectrum there was no interference 
of  absorbance at 284 nm hitch highlighted the specificity 

Table 1: Parameters of method development.
Parameters Specifications

Analytes Hesperidin

Solvents Dimethyl sulfoxide, Methanol, Water

Lamda max of Hesperidin 284 nm

Figure 2: UV-Spectrum of methanol: water

Figure 3: UV-Spectrum of Hesperidin
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and method selectivity. The UV spectrum of  solvent and 
hesperidin is represented in Figure 2, and the spectrum 
of  Hesperidin was absorbed at 284 nm it was showed 
in Figure 3. 

Specificity and selectivity

The lack of  interference of  absorbance at 284 nm in 
the solvent spectrum highlighted the specificity and 
method selectivity. Figure 2 depicts the UV spectrum 
of  the solvent and hesperidin, while Figure 3 depicts the 
spectrum of  Hesperidin absorbed at 284 nm.

Linearity range Response

Linearity and range for Hesperidin were determined by 
analysing 2-10 μg/ml for Hesperidin in triplicate, which 
were estimated at 284 nm with a correlation coefficient 
R2 > 0.999. Figure 4 shows graphs of  absorbance and 
calibration curves.

Limit of quantification (LOQ) and Limit of detection 
(LOD)

LOD and LOQ are the lowest detectable and quantifiable 
concentrations of  analytes, resulting in signal-to-noise 

ratios of  3:1 and 10:1, respectively. The detection 
and quantification limits for hesperidin were found 
to be 0.214 and 0.648 μg/ml at 284 nm, respectively, 
indicating that the developed UV spectrometric method 
was sensitive to determining hesperidin concentration 
in bulk drugs, plant extract, Ayurveda formulation, and 
topical nanoformulation (Table 2).

Precision

Precision was investigated by performing system, 
intraday, and interday precision tests. The system 
precision was determined by examining six replicates 
of  each drug solution. The solution was analysed on 
the same day at three different intervals and on three 
different days to determine intraday and interday 
precision. The absorbance was measured, and the 
percent RSD was calculated (Table 3-5).

Stability

The solution’s stability was tested by exiting it in unstable 
conditions for 72 hr and afterwards checking it once 
again (Table 6).

Figure 4: Linearity curve for Hesperidin.

Table 2: Linearity and range data of Hesperidin.
Sl. No Concentration (µg/ml) Absorbance of 

Hesperidin at 284 nm
1 2 0.139

2 4 0.274

3 6 0.415

4 8 0.539

5 10 0.677

R2 0.999

Slope 0.067

LOD 0.214 µg/ml

LOQ 0.648 µg/ml

Table 3: System Precision of Hesperidin.
Sl. No Concentration (µg/ml) Hesperidin % RSD

1 2 0.144

1.408452 2 0.142

3 2 0.14

4 6 0.419

0.604475 6 0.416

6 6 0.414

7 10 0.736

0.911688 10 0.723

9 10 0.732

Table 4: Data for Intraday Precision of Hesperidin.
Sl.no Concentration

(µg/ml)
Hesperidin 
(Morning)

Hesperidin
(Afternoon)

Hesperidin
(Evening)

1 2 0.162 0.157 0.159

2 2 0.157 0.159 0.16

3 2 0.16 0.155 0.156

%RSD 1.57616 1.27388 1.31473
4 4 0.291 0.319 0.32

5 4 0.295 0.312 0.316

6 4 0.303 0.309 0.31

%RSD 1.81063 1.6079 1.58714
7 6 0.454 0.452 0.457

8 6 0.441 0.466 0.449

9 6 0.447 0.464 0.451

%RSD 1.45448 1.64367 0.92041
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Accuracy

Accuracy data was collected at three different levels: 
50 percent, 100 percent, and 150 percent, and the 
percentage recovery were found to be within the 
acceptable limit, indicating a good recovery value and 
the method’s accuracy (Table 8).

Robustness

The robustness Method was established to be Robust 
because the change in analyst and instrument made little 
difference and the percent RSD for the drug was within 
limits. The Robustness data for hesperidin is shown in 
(Table 9).

Table 5: Interday Precision data for Hesperidin.
Sl. 
no

Concentration
(µg/ml)

Hesperidin 
(DAY 1)

Hesperidin
(DAY 2)

Hesperidin
(DAY 3)

1 2 0.147 0.141 0.144

2 2 0.143 0.143 0.149

3 2 0.146 0.145 0.147

%RSD 1.43233 1.38860 1.71587
4 4 0.26 0.263 0.252

5 4 0.265 0.261 0.26

6 4 0.257 0.255 0.257

%RSD 1.55042 1.60333 1.57663
7 6 0.393 0.387 0.39

8 6 0.396 0.382 0.383

9 6 0.399 0.379 0.378

%RSD 0.75757 1.05612 1.57108

Table 6: Solution stability data of hesperidin.

Solution stability
Fresh stock 

dilutions
Old stock 
dilutions

Replicates Concentartion Hesperidin Hesperidin
1 2μg/ml 0.15 0.149

2 2μg/ml 0.151 0.152

3 2μg/ml 0.147 0.148

4 2μg/ml 0.149 0.151

5 2μg/ml 0.15 0.147

6 2μg/ml 0.154 0.15

RSD % 1.542690375 1.25139043

Table 7: Data for Ruggedness of Hesperidin.
Sl. 
no

Concentration 
(µg/ml)

Change in analyst Change in 
instrument

Hesperidin Hesperidin
1 2 0.15 0.149

2 2 0.152 0.152

3 2 0.147 0.147

% RSD 1.681477603 1.685230901
4 4 0.282 0.272

5 4 0.279 0.267

6 4 0.272 0.276

% RSD 1.848115765 1.659846535
7 6 0.384 0.395

8 6 0.376 0.386

9 6 0.384 0.382

% RSD 1.211224341 1.717539497

Ruggedness

The ruggedness parameter was tested by changing in an 
analyst and changing in an instrument, and the percent 
RSD was calculated (Table 7).

Table 8: Accuracy data for Hesperidin.
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50% 0.141 1.015 101.1±0.4
0.139 0.986

0.136 0.987

100% 0.278 3.029 101±0.6
0.275 3.014

0.281 3.058

150% 0.401 4.95 99.9±0.4
0.406 4.92

0.403 5.01

Table 9: Robustness data for Hesperidin.
Sl. 
no

Concentration 
(µg/ml)

Change in 
Wavelength

Change in 
solvent make

(methanol: 
distilled water)

Hesperidin Hesperidin
282 nm 286 nm (8:2)

1 0.141 0.155 0.151 0.153

2 0.142 0.157 0.154 0.155

3 0.145 0.152 0.157 0.156

%RSD 1.45911 1.62711 1.94805
4 4 0.265 0.287 0.282

5 4 0.257 0.279 0.286

6 4 0.264 0.281 0.29

%RSD 1.66370 1.47461 1.39860
7 6 0.397 0.422 0.423

8 6 0.384 0.432 0.432

9 6 0.392 0.42 0.437

%RSD 1.67709 1.51391 1.64735
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Analysis in orange, bitter lime, Ayurveda 
formulation and topical nanoformulation23-24

The newly developed analytical method was used 
to estimate the content of  hesperidin in bulk, plant 
extract, Ayurveda formulation, and novel topical 
nanoformulation. The hesperidin content in orange 
peel, bitter lime peel, Ayurveda formulation, and 
nanoformulation was found to be 98.15, 98.25, 98.32, 
and 97.19 percent, respectively, which was within the 
appropriate range as stated on the label. The lack of  
other peaks observed for the UV spectrum of  orange 
peel, bitter lime peel, Ayurveda formulation, and 
nanoformulation indicated that other drugs and active 
ingredients used in the marketed formulation and 
new topical nanoformulation can’t interfere with the 
parenting spectrum of  hesperidin, denoting that this 
established analytical method is applicable for routine 
hesperidin evaluation in quality control industries  
Figure 5. (Figure A summarises the UV spectrum of  
a standard drug; Figure B depicts the UV spectrum 
of  orange peel; Figure C depicts the UV spectrum of  
bitter lime peel; Figure D depicts the UV spectrum of  
an Ayurveda formulation; and Figure E depicts the UV 
spectrum of  a topical nanoformulation.)

Forced degradation study

The results of  forced degradation study using methanol 
as a solvent were summarized in Figure 6.

Acid degradation study 

The drug was found extreme acid degradation. 0.1 N 
HCl heating at 80°C for 2 hr showed more than 10% 
degradation and slightly change in spectra were found 
Figure 6 A.

Base degradation study

In base degradation heating at 80°C by using 0.1 N 
NaOH shows degradation of  Hesperidin is more as 
compare to other Figure 6 B.

Oxidation Degradation study

Oxidation degradation by using 30% Hydrogen 
peroxide showed very less degradation compared to the 
other degradation Figure 6 C.

Photolytic degradation study

Photolytic degradation showed very slight changes in 
the spectra and level of  the degradation was very less 
compared to other degradations Figure 6 D.

CONCLUSION
A simple, specific, selective, linear, precise, rugged, and 
stability indicating UV Spectrophotometric method 
for hesperidin estimation in orange peel, bitter lime 
peel, Ayurvedic formulation, and nanoformulation was 
successfully developed and evaluated. The developed 
method made good results in less time. As an outcome, 
it was illustrated that the method was simple, precise, 
rugged, and stable for the analysis of  hesperidin in 

Figure 5: UV spectrophotometric spectrum for Normal (A), 
orange (B), bitter lime (C), Ayurveda formulation (D), topical 

nanoformulation (E). 

Figure 6: UV spectra of hesperidin (10 μg/ml) obtained in the 
stress degradation assays using Acidic (A), Basic (B), Oxida-

tive (C), Photolytic (D)
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bulk, plant extract, Ayurvedic formulation, and novel 
nanoformulation can be used for quality control analysis. 
According to the results of  the forced degradation study, 
hesperidin was stable in acidic, oxidative, and photolytic 
conditions. As a result, hesperidin was susceptible to 
degradation in the existence of  basic stress conditions. 
As a result, this straightforward UV spectrophotometric 
method for indicating stability is useful for routine 
quality control analysis. This method could thus have 
been used to estimate hesperidin in vitro and in vivo.
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SUMMARY

The UV-Spectrophotometric method was developed 
and validated for the estimation of Hesperidin in bulk 
drug, plant extracts, Ayurveda formulation, as well as 
nanoformulation. The method was validated according 
to the ICH Q2 guidelines. Hesperidin has low solubility 
and is soluble in DMSO. Many studies on HPLC and 
HPTLC analysis for Hesperidin have been reported, 
but to date, a UV Spectrophotometric method for 
Hesperidin isolated compound and nanoformulation 
has not been reported. The solvent used for the 
detection was methanol and water (1:1), and the 
detection wavelength was found at 284 nm. The 
forced degradation study was carried out in acidic, 
basic, oxidative, and photolytic conditions, and all the 
values were within the limit. Estimation of hesperidin 
from bulk, plant extract, Ayurveda formulation as 
well as nanoformulation was found to have a good 
percentage recovery. All the values of the validation 
parameters were found to be within the acceptance 
limit as per the ICH guidelines. Hence, the developed 
and validated UV-Spectrophotometric method can be 
used for routine quality control of Hesperidin.
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Identification of candidate 
biomarkers and pathways 
associated with type 1 diabetes 
mellitus using bioinformatics 
analysis
Madhu Pujar 1, Basavaraj Vastrad 2, Satish Kavatagimath 3, 
Chanabasayya Vastrad 4* & Shivakumar Kotturshetti 4

Type 1 diabetes mellitus (T1DM) is a metabolic disorder for which the underlying molecular 
mechanisms remain largely unclear. This investigation aimed to elucidate essential candidate genes 
and pathways in T1DM by integrated bioinformatics analysis. In this study, differentially expressed 
genes (DEGs) were analyzed using DESeq2 of R package from GSE162689 of the Gene Expression 
Omnibus (GEO). Gene ontology (GO) enrichment analysis, REACTOME pathway enrichment analysis, 
and construction and analysis of protein–protein interaction (PPI) network, modules, miRNA-hub 
gene regulatory network and TF-hub gene regulatory network, and validation of hub genes were 
performed. A total of 952 DEGs (477 up regulated and 475 down regulated genes) were identified 
in T1DM. GO and REACTOME enrichment result results showed that DEGs mainly enriched in 
multicellular organism development, detection of stimulus, diseases of signal transduction by growth 
factor receptors and second messengers, and olfactory signaling pathway. The top hub genes such 
as MYC, EGFR, LNX1, YBX1, HSP90AA1, ESR1, FN1, TK1, ANLN and SMAD9 were screened out as 
the critical genes among the DEGs from the PPI network, modules, miRNA-hub gene regulatory 
network and TF-hub gene regulatory network. Receiver operating characteristic curve (ROC) analysis 
confirmed that these genes were significantly associated with T1DM. In conclusion, the identified 
DEGs, particularly the hub genes, strengthen the understanding of the advancement and progression 
of T1DM, and certain genes might be used as candidate target molecules to diagnose, monitor and 
treat T1DM.

Type 1 diabetes mellitus (T1DM) is chronic autoimmune diabetes characterized by autoimmune mediated 
destruction of pancreatic beta  cells1. T1DM is most generally identified in children and  adolescents2. Epide-
miological studies have shown that the incidence of T1DM has been increasing by 2–5%  globally3. T1DM is a 
complex disease affected by numerous environmental factors, genetic factors and their  interactions4,5. Several 
T1DM associated complications include cardiovascular  disease6,  hypertension7, diabetic  retinopathy8, diabetic 
 nephropathy9, diabetic  neuropathy10,  obesity11 and cognitive  impairment12. Therefore, it is crucial to understand 
the precise molecular mechanisms associated in the progression of T1DM and thus establish effective diagnostic, 
prognostics and therapeutic strategies.

Although the remarkable improvement is achieved in the treatment of T1DM is insulin  therapy13, the long-
term survival rates of T1DM still remain low worldwide. One of the major reasons is that most patients with 
T1DM were diagnosed at advanced stages. It is crucial to find out novel diagnostic biomarkers, prognostic 
biomarkers and therapeutic targets for the early diagnosis, prognosis and timely treatment of T1DM. There-
fore, it is still urgent to further explore the exact molecular mechanisms of the development of T1DM. At pre-
sent, several genes and signaling pathway are identified; for example vitamin D receptor (VDR)14, HLA-B and 
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HLA-A15, HLA-DQ16, HLA‐DQB1, HLA‐DQA1 and HLA‐DRB117,  IDDM218, CaMKII/NF-κB/TGF-β1 and 
PPAR-γ signaling  pathway19, Keap1/Nrf2 signaling  pathway20, HIF-1/VEGF  pathway21, NLRP3 and NLRP1 
inflammasomes signaling  pathway22 and NO/cGMP signaling  pathway23. Therefore, it is crucial to examine the 
accurate molecular targets included in occurrence and advancement of T1DM, in order to make a contribution 
to the diagnosis and treatment of T1DM.

Next generation sequencing (NGS) platform for gene expression analysis have been increasingly recognized 
as approaches with significant clinical value in areas such as molecular diagnosis, prognostic prediction and 
identification of novel therapeutic  targets24. In recent years, NGS data analysis has been effective in detecting 
the advancement of T1DM, and even in screening biomarkers for T1DM prognosis, diagnosis and therapy. We 
therefore used an NGS dataset to investigate the molecular pathogenesis of T1DM.

In the present investigation, we selected NGS dataset  GSE16268925, from Gene Expression Omnibus database 
(GEO) (http:// www. ncbi. nlm. nih. gov/ geo/)26 and used the DESeq2 package in R software to screen DEGs. We 
performed subsequent bioinformatics analysis, including gene ontology (GO) enrichment and REACTOME 
pathway enrichment analysis, and construction and analysis of protein–protein interaction (PPI) network, mod-
ule analysis, construction and analysis of miRNA-hub gene regulatory network and TF-hub gene regulatory net-
work. The hub genes were validated by receiver operating characteristic curve (ROC) analysis. This investigation 
might offer better insight into potential molecular mechanisms to examine preventive and therapeutic strategies.

Materials and methods
Data resources. NGS dataset of T1DM (GSE162689)25 was downloaded from the GEO database. The 
GSE162689 NGS data was composed of 27 T1DM samples and 32 normal control samples was based on the 
GPL24014 Ion Torrent S5 XL (Homo sapiens).

Identification of DEGs. Differentially expressed genes (DEGs) between T1DM and normal control sam-
ples were identified by using the DESeq2 package in R language  software27. DEGs were considered when an 
adjusted P < 0.05, and a |log2 fold change|> 0.63 for up regulated genes and |log2 fold change|< − 1.3 for down 
regulated genes. The adjusted P values, by employing Benjamini and Hochberg false discovery  rate28, were aimed 
to correct the occurrence of false positive results. The DEGs were presented in volcano plot and heat map drawn 
using a plotting tool ggplot2 and gplots based on the R language.

GO and REACTOME pathway enrichment analysis of DEGs. One online tool, g:Profiler (http:// 
biit. cs. ut. ee/ gprofi ler/)29, was applied to carried out the functional annotation for DEGs. Gene Ontology (GO) 
(http:// geneo ntolo gy. org/)30 generally performs enrichment analysis of genomes. GO terms includes biologi-
cal processes (BP), cellular components (CC) and molecular functions (MF) in the GO enrichment analysis. 
REACTOME (https:// react ome. org/)31 is a comprehensive database of genomic, chemical, and systemic func-
tional information. GO and pathway enrichment analyses were used to identify the significant GO terms and 
pathways. P < 0.05 was set as the cutoff criterion.

Construction of the PPI network and module analysis. PPI network was established using the IntAct 
Molecular Interaction Database (https:// www. ebi. ac. uk/ intact/)32. To assess possible PPI correlations, previously 
identified DEGs were mapped to the IntAct database, followed by extraction of PPI pairs with a combined 
score > 0.4. Cytoscape 3.8.2 software (www. cytos cape. org/)33 was then employed to visualize the PPI network, 
and the Cytoscape plugin Network Analyzer was used to calculate the node  degree34, betweenness  centrality35, 
stress  centrality36 and closeness  centrality37 of each node in PPI network. Specifically, nodes with a higher node 
degree, betweenness centrality, stress centrality and closeness centrality were likely to play a more vital role 
in maintaining the stability of the entire network. The PEWCC1 (http:// apps. cytos cape. org/ apps/ PEWCC1)38 
plug-in was applied to analyze the modules in the PPI networks, with the default parameters (node score = 0.2, 
K-core ≧ 2, and max depth = 100).

MiRNA-hub gene regulatory network construction. The miRNAs targeting the T1DM related were 
predicted using the miRNet database (https:// www. mirnet. ca/)39, and those predicted by at least 14 databases 
(TarBase, miRTarBase, miRecords, miRanda, miR2Disease, HMDD, PhenomiR, SM2miR, PharmacomiR, Epi-
miR, starBase, TransmiR, ADmiRE, and TAM 2.0) were selected for constructing the miRNA-hub gene regula-
tory network by Cytoscape 3.8.2  software33.

TF-hub gene regulatory network construction. The TFs targeting the T1DM related were predicted 
using the NetworkAnalyst database (https:// www. netwo rkana lyst. ca/)40, and those predicted by RegNetwork 
database was selected for constructing the TF-hub gene regulatory network by Cytoscape 3.8.2  software33.

Validation of hub genes by receiver operating characteristic curve (ROC) analysis. A ROC 
curve analysis is an approach for visualizing, organizing and selecting classifiers based on their achievement 
of hub genes. A diagnostic test was firstly performed in order to estimate the diagnostic value of hub genes 
in T1DM. ROC curves were obtained by plotting the sensitivity, against the specificity using the R package 
“pROC”41. Area under the curve (AUC) was used to measure the accuracy of these diagnostic values of the hub 
genes An AUC > 0.9 determined that the model had a favorable fitting effect.

http://www.ncbi.nlm.nih.gov/geo/
http://biit.cs.ut.ee/gprofiler/
http://biit.cs.ut.ee/gprofiler/
http://geneontology.org/
https://reactome.org/
https://www.ebi.ac.uk/intact/
http://www.cytoscape.org/
http://apps.cytoscape.org/apps/PEWCC1
https://www.mirnet.ca/
https://www.networkanalyst.ca/
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Ethical approval. This article does not contain any studies with human participants or animals performed 
by any of the authors.

Informed consent. No informed consent because this study does not contain human or animals partici-
pants.

Results
Identification of DEGs. On the basis of the cut‐off criteria, DEGs in GEO dataset was identified between 
T1DN and normal control samples (Supplementary Table S1). There were 952 DEGs, including 477 up regu-
lated and 475 down regulated genes in GSE162689 with the threshold of adjusted P < 0.05, and a |log2 fold 
change|> 0.63 for up regulated genes and |log2 fold change|< −  1.3 for down regulated genes. Volcano plots 
(Fig. 1) showed the correlation of all DEGs from the NGS data. Heat map of the up regulated and down regulated 
genes were indicated in Fig. 2.

GO and REACTOME pathway enrichment analysis of DEGs. To characterize the functional roles 
of the above DEGs, we used GO (Table 1) and REACTOME pathway (Table 2) enrichment analyses. The BP 
category of the GO analysis results showed that up regulated genes were significantly enriched in multicellular 

Figure 1.  Volcano plot of differentially expressed genes. Genes with a significant change of more than two-fold 
were selected. Green dot represented up regulated significant genes and red dot represented down regulated 
significant genes.

Figure 2.  Heat map of differentially expressed genes. Legend on the top left indicate log fold change of genes. 
(A1–A32 = normal control samples; B1–B27 = T1DM samples).



4

Vol:.(1234567890)

Scientific Reports |         (2022) 12:9157  | https://doi.org/10.1038/s41598-022-13291-1

www.nature.com/scientificreports/

GO ID CATEGORY GO name Adjusted p value Negative log10 of adjusted p value Gene count Gene

Up regulated genes

GO:0007275 BP Multicellular organism development 1.03027E−05 4.987047489 192

IGF2, KRT6A, LCE3D, SPRR3, FLG, SPRR2D, SPRR1B, 
SLITRK6, FGF21, TBX22, CALCR, SPRR1A, USH2A, OTX2, 
DCC, KCP, NOG, STAR, KRT16, IL1RN, SHISA2, AQP5, 
SYNDIG1, TFAP2C, ERRFI1, PLP1, ALOX12, KRT13, 
SPRR2E, TENM1, PEMT, LY6H, FAP, EYA4, LCE3E, EGR1, 
CSGALNACT1, MAL, MMP16, PTGER4, COL6A3, OAS2, 
ETV4, MAOB, GPC6, SOCS5, BCL9, POU6F2, BTG2, 
PRR15, VEGFC, FAM20C, MPZ, TMEM176A, KLK13, RPS6, 
ID3, ALOXE3, DDIT4, IRF2BP2, KLF15, EGR3, RNF165, 
LTBP4, CREB3L1, EMX1, KLF3, ZFP36, QDPR, ETV5, 
KL, GADD45B, NXN, TLE3, HEYL, HRAS, GLI3, SFTPD, 
MYC, IGSF8, DMD, FKBP8, DBP, MTCH1, KLF10, PODXL, 
BVES, MNT, LSR, CEL, FOSL2, WASF1, PAPSS2, NR1D1, 
DUSP4, SNX19, FOXN3, IL6ST, IL6R, PCDHB6, KLF6, 
ZFP36L1, PBX1, SH3RF1, CNTN3, NHEJ1, BOC, STAT1, 
DUSP1, CLSTN2, DIP2B, MYADM, PCDHB11, APOD, 
NR0B2, NHS, SYVN1, TCF7L2, DLL4, NNMT, SMAD1, 
TP53, PCDH18, SUN2, SOS1, PRKACA, EGFR, ETS1, 
PIK3CA, TSHZ1, GCNT2, PKN1, TNFRSF1A, ELOVL1, 
NCSTN, MFAP2, YBX1, PLCE1, NDST1, KCNJ8, GAMT, 
DGCR2, TPI1, JMJD8, NES, WDTC1, MAML1, PCDHB4, 
NFIB, MAPK3, SLC23A2, FOXK1, CAMSAP3, ACVR2B, 
PLOD3, ZFHX3, SMURF1, PRMT6, PRKCSH, ETV6, GSK3A, 
WDR74, BCOR, NPAS2, USP1, RBM47, RNF43, TCOF1, 
NCL, METTL14, KCTD11, HSP90AA1, BTG1, GAB1, S1PR1, 
THRB, EDNRB, SYBU, CDNF, MEX3C, SIAH2, NFKBIA, 
GJA1, CD34, DEAF1, INSR, NR1D2, GADD45G, ZNRF3, 
MBOAT7, BSG, BTF3

GO:0006807 BP Nitrogen compound metabolic process 8.09009E−05 4.092046627 292

CRNN, PGA5, CGA, FGA, IGF2, FGB, APOA5, SPRR3, 
FLG, SPRR1B, FGF21, FGG, TBX22, CALCR, PGC, SPRR1A, 
ABCB11, OTX2, MUC21, NOG, HSFX2, ZSCAN10, TFAP2C, 
ERRFI1, RUNX1T1, ALOX12, SPRR2E, PDK4, TENM1, 
HAO1, PEMT, FAP, EYA4, ZNF554, EGR1, CSGALNACT1, 
GCG, MMP16, ADAMTS8, COL6A3, MAPK4, OAS2, ETV4, 
MAOB, GPC6, SOCS5, GMNC, BCL9, PDK3, POU6F2, 
BTG2, A4GNT, CST6, VEGFC, FAM20C, USP27X, STK32B, 
KLK13, RPS6, ID3, PGAP2, ALOXE3, LSM11, BCAP31, 
DDIT4, DPP4, TYSND1, IRF2BP2, KLF15, EGR3, RNF165, 
PHLDA1, LTBP4, IKZF4, CREB3L1, A1CF, EMX1, NAT10, 
ACSL6, KLF3, ZFP36, QDPR, OAS1, ETV5, GADD45B, 
MAN1A1, NXN, TLE3, RPL8, HEYL, PER3, HRAS, GLI3, 
SFTPD, MYC, RPRD2, DMD, ZNF416, FKBP8, RPS28, DBP, 
MUC6, MTCH1, CHST10, KLF9, EIF4B, KLF10, GLTP, MNT, 
CEL, NUP205, FOSL2, ZNF362, PAPSS2, NR1D1, DUSP4, 
SMCR8, FECH, FOXN3, IL6ST, IL6R, ZNF581, KLF6, CPA1, 
ABCA1, ZFP36L1, PBX1, SH3RF1, URM1, ERN1, RPL18, 
RNF24, PRRC1, NHEJ1, PDK2, STAT1, HSPA2, DUSP1, 
DIP2B, FMOD, MYADM, APOD, GLS, FBXO32, SRM, 
DIRAS3, NR0B2, SYVN1, ARL6IP1, TCF7L2, TMUB1, 
MRPL37, DLL4, HELZ2, NNMT, SMAD1, TP53, ELK1, 
PTBP1, PRKACA, BACH2, CTSF, EGFR, ETS1, PIK3CA, 
ZNRF1, CMPK2, GUK1, TSHZ1, ZNF326, MED13L, GCNT2, 
SAE1, PKN1, TNFRSF1A, ELOVL1, TUT1, NCSTN, YBX1, 
PPP1R3B, PLCE1, NDST1, ATF6B, GAMT, TPI1, JMJD8, 
SECISBP2L, PRPF8, EIF3B, WDTC1, MAML1, CRNKL1, 
NFIB, MAPK3, RPL18A, CNDP2, SERTAD2, RCE1, FOXK1, 
ZNF646, ACVR2B, PLOD3, ZFHX3, SMURF1, AOX1, RPS15, 
PRMT6, TRIM24, PRKCSH, ETV6, GSK3A, WDR74, LARP6, 
BCOR, URB1, ZNF341, SGTA, STUB1, NPAS2, MAOA, 
USP1, RBM47, RNF43, SHISA5, TCOF1, NCL, FKBP5, 
RBM22, METTL14, PIGM, ATF7IP, POLR1D, UBAP2, 
UBE2E2, SPPL3, KCTD11, HSP90AA1, BTG1, S1PR1, THRB, 
RPL39, UTP14A, EDNRB, CRTC3, AK1, MED25, ERP29, 
RBM23, RNASEK, LPCAT3, CASC3, MTMR3, TNKS, SF3A1, 
ADPRHL1, MEX3C, SIAH2, ACD, NFKBIA, GJA1, RNPS1, 
ATP13A2, TXNDC5, MRPL49, SLC35C2, CD34, SQSTM1, 
DEAF1, INSR, RPL19, NR1D2, AGBL5, SP2, SLC2A4RG, 
MRPS18B, NEDD9, GADD45G, ZNRF3, MAST3, SNX12, 
BAZ2A, MBOAT7, GID8, DCPS, LIG3, SP4, KLF11, CIZ1, 
LNX1, RALB, BTF3, ZNF836

GO:0031974 CC Membrane-enclosed lumen 0.000311835 3.506075034 175

PGA5, CGA, FGA, IGF2, FGB, APOA5, FGG, MUC21, STAR, 
ZSCAN10, TFAP2C, RUNX1T1, SLC7A14, PDK4, TENM1, 
HAO1, ZNF554, EGR1, GCG, MMP16, COL6A3, MAPK4, 
OAS2, ETV4, GPC6, BCL9, PDK3, VEGFC, FAM20C, RPS6, 
LSM11, TYSND1, IRF2BP2, KLF15, PHLDA1, IKZF4, A1CF, 
EMX1, NAT10, KLF3, OAS1, ETV5, GRIK5, GPR63, TLE3, 
HEYL, HRAS, GLI3, MYC, RPRD2, IRS1, RPS28, MUC6, 
KLF9, PODXL, MNT, NUP205, FOSL2, NR1D1, DUSP4, 
SMCR8, FECH, KLF6, PBX1, RPL18, ABCG2, NHEJ1, PDK2, 
SELENBP1, STAT1, HSPA2, FMOD, GLS, FBXO32, NR0B2, 
NHS, SYVN1, TCF7L2, TMUB1, MRPL37, HELZ2, SMAD1, 
TP53, ELK1, SUN2, PTBP1, PRKACA, BACH2, TOR2A, 
CTSF, EGFR, ETS1, CMPK2, C17ORF49, ZNF326, SAE1, 
PKN1, TUT1, YBX1, ME2, JMJD8, PRPF8, WDTC1, MAML1, 
CRNKL1, NFIB, MAPK3, CNDP2, SERTAD2, FOXK1, CAM-
SAP3, PLOD3, FAM193B, ZFHX3, SMURF1, RPS15, PRMT6, 
TRIM24, PRKCSH, ETV6, WDR74, BCOR, URB1, STUB1, 
NPAS2, USP1, SHISA5, TCOF1, NCL, FKBP5, RBM22, 
METTL14, MZT2B, ATF7IP, POLR1D, FIGN, HSP90AA1, 
BTG1, S1PR1, THRB, UTP14A, CRTC3, MED25, ERP29, 
CASC3, TNKS, SF3A1, CHID1, SIAH2, ACD, NFKBIA, 
ARHGAP17, GJA1, RNPS1, ATP13A2, TXNDC5, MRPL49, 
SLC35C2, SQSTM1, DEAF1, INSR, RPL19, NR1D2, SP2, 
SLC2A4RG, MRPS18B, NEDD9, BAZ2A, CCDC86, GID8, 
DCPS, LIG3, SP4, KLF11, CIZ1

GO:0031981 CC nuclear lumen 0.004404749 2.356078816 139

ZSCAN10, TFAP2C, RUNX1T1, SLC7A14, TENM1, ZNF554, 
EGR1, MAPK4, OAS2, ETV4, BCL9, PDK3, RPS6, LSM11, 
IRF2BP2, KLF15, PHLDA1, IKZF4, A1CF, EMX1, NAT10, 
KLF3, OAS1, ETV5, GRIK5, GPR63, TLE3, HEYL, HRAS, 
GLI3, MYC, RPRD2, IRS1, RPS28, KLF9, PODXL, MNT, 
NUP205, FOSL2, NR1D1, DUSP4, SMCR8, KLF6, PBX1, 
RPL18, ABCG2, NHEJ1, PDK2, SELENBP1, STAT1, HSPA2, 
FBXO32, NR0B2, NHS, SYVN1, TCF7L2, TMUB1, HELZ2, 
SMAD1, TP53, ELK1, SUN2, PTBP1, PRKACA, BACH2, 
ETS1, CMPK2, C17ORF49, ZNF326, SAE1, PKN1, TUT1, 
YBX1, PRPF8, WDTC1, MAML1, CRNKL1, NFIB, MAPK3, 
CNDP2, SERTAD2, FOXK1, CAMSAP3, FAM193B, ZFHX3, 
SMURF1, RPS15, PRMT6, TRIM24, ETV6, WDR74, BCOR, 
URB1, STUB1, NPAS2, USP1, TCOF1, NCL, FKBP5, RBM22, 
METTL14, MZT2B, ATF7IP, POLR1D, FIGN, HSP90AA1, 
BTG1, S1PR1, THRB, UTP14A, CRTC3, MED25, CASC3, 
TNKS, SF3A1, SIAH2, ACD, NFKBIA, ARHGAP17, GJA1, 
RNPS1, SLC35C2, SQSTM1, DEAF1, INSR, RPL19, NR1D2, 
SP2, SLC2A4RG, MRPS18B, NEDD9, BAZ2A, CCDC86, 
GID8, DCPS, LIG3, SP4, KLF11, CIZ1

Continued



5

Vol.:(0123456789)

Scientific Reports |         (2022) 12:9157  | https://doi.org/10.1038/s41598-022-13291-1

www.nature.com/scientificreports/

GO ID CATEGORY GO name Adjusted p value Negative log10 of adjusted p value Gene count Gene

GO:0005515 MF Protein binding 0.010406822 1.982681882 384

CRNN, CGA, FGA, IGF2, KRT6A, FGB, LCE3D, SLC6A15, 
APOA5, SPRR3, FLG, SLITRK6, FGF21, FGG, TBX22, 
CALCR, SPRR1A, ABCB11, USH2A, OTX2, HBM, DCC, 
POTED, KCP, RGPD3, NOG, STAR, KRT16, HSFX2, IL1RN, 
ZSCAN10, SHISA2, TACR1, AQP5, SYNDIG1, TFAP2C, 
ERRFI1, TMEM174, CNTNAP4, PLP1, RUNX1T1, ALOX12, 
KRT13, SLC7A14, SPRR2E, PDK4, TENM1, PRLHR, 
SLC22A11, PEMT, LY6H, TMEM236, FAP, EYA4, BTBD11, 
FBP2, LCE3E, ZNF554, EGR1, CSGALNACT1, MT2A, MAL, 
SLC38A4, GCG, ASIC1, ADAMTS8, PTGER4, TMEM201, 
COL6A3, MAPK4, OAS2, AQP7, SLC25A48, ETV4, MAOB, 
GPC6, KCNJ2, MT1E, SOCS5, GMNC, BCL9, PDK3, 
ABCC9, POU6F2, BTG2, CST6, PRR15, VEGFC, FAM20C, 
C16ORF89, TMEM176A, KLK13, RPS6, ID3, PGAP2, 
ALOXE3, LSM11, BCAP31, DDIT4, DPP4, TYSND1, KLF15, 
RNF165, AQP8, SLC22A17, PHLDA1, FAM86B2, LTBP4, 
IKZF4, CREB3L1, A1CF, EMX1, NAT10, NETO2, ACSL6, 
KLF3, ZFP36, QDPR, OAS1, ETV5, GRIK5, KL, ZNF385C, 
GADD45B, SLC29A3, CGREF1, TLE3, RPL8, HEYL, PER3, 
HRAS, GLI3, WDR89, KIAA0408, SFTPD, MYC, TTI1, IFIT3, 
IGSF8, RPRD2, DMD, AQP12B, FKBP8, IRS1, KIAA1958, 
RPS28, TMEM140, MUC6, MTCH1, ABHD15, EIF4B, KLF10, 
PODXL, BVES, GLTP, MNT, CEL, NUP205, FOSL2, SLC1A5, 
WASF1, PAPSS2, TMCO4, NR1D1, DUSP4, SNX19, SMCR8, 
FECH, FOXN3, IL6ST, IL6R, PCDHB6, ZNF581, KLF6, CPA1, 
ABCA1, ZFP36L1, PBX1, DYSF, SH3RF1, PLEKHG6, URM1, 
ERN1, RPL18, CNTN3, CYGB, RNF24, ABCG2, PRRC1, 
NHEJ1, PDK2, BOC, SELENBP1, STAT1, HSPA2, DUSP1, 
DIP2B, FMOD, MYADM, ARPC1A, KCTD12, APOD, GLS, 
FBXO32, SRM, DIRAS3, NR0B2, SYVN1, ARL6IP1, TCF7L2, 
TMUB1, DHRS11, DLL4, HELZ2, SMAD1, TP53, PCDH18, 
ELK1, SUN2, TMEM150A, PTBP1, SOS1, PRKACA, BACH2, 
TOR2A, EGFR, ETS1, PIK3CA, ZNRF1, C17ORF49, GUK1, 
ZNF326, GCNT2, SAE1, GTPBP8, PKN1, TNFRSF1A, 
ELOVL1, TUT1, NCSTN, MFAP2, YBX1, PPP1R3B, PLCE1, 
NDST1, KCNJ8, ATF6B, GAMT, DGCR2, TPI1, JMJD8, 
NES, CDC42EP3, SECISBP2L, PRPF8, DNAJC4, EIF3B, 
EPHX1, WDTC1, MAML1, CRNKL1, MAPK3, RPL18A, 
FAM83B, SERTAD2, FOXK1, ZNF646, CAMSAP3, ACVR2B, 
ATXN7L1, LRRC8B, PLOD3, FAM193B, ZFHX3, SMURF1, 
AOX1, RPS15, PRMT6, TRIM24, PRKCSH, ETV6, GSK3A, 
WDR74, KCNC4, LARP6, BCOR, PSD4, RAB4A, ZNF341, 
SGTA, STUB1, SLC35E1, NPAS2, MAOA, USP1, RBM47, 
RNF43, KIAA0930, SHISA5, TCOF1, NCL, FKBP5, RBM22, 
SLC48A1, TRAPPC3, METTL14, MZT2B, ATF7IP, RWDD2B, 
POLR1D, UBIAD1, SFXN2, FIGN, UBAP2, UBE2E2, MX1, 
SPPL3, KCTD11, HSP90AA1, BTG1, GAB1, PXMP2, 
S1PR1, THRB, UTP14A, EDNRB, CRTC3, SYBU, MED25, 
ERP29, RBM23, CDNF, RNASEK, CASC3, MTMR3, TNKS, 
SF3A1, CHID1, AGPAT3, MEX3C, SIAH2, ACD, NFKBIA, 
CDC42EP4, ARHGAP17, GJA1, RNPS1, ATP13A2, ZSWIM3, 
TXNDC5, PPFIBP2, MRPL49, SLC35C2, CD34, SQSTM1, 
DEAF1, CPNE8, INSR, RPL19, NR1D2, AGBL5, SP2, YIPF3, 
MRPS18B, NEDD9, GADD45G, ZNRF3, MAST3, SNX12, 
TMED5, BAZ2A, CCDC86, MBOAT7, GID8, DCPS, LIG3, 
BSG, SP4, KLF11, CIZ1, LNX1, RALB, BTF3, NET1

GO:0140110 MF Transcription regulator activity 0.019982707 1.699345683 71

TBX22, OTX2, HSFX2, ZSCAN10, TFAP2C, RUNX1T1, 
ZNF554, EGR1, ETV4, BCL9, POU6F2, BTG2, IRF2BP2, 
KLF15, EGR3, IKZF4, CREB3L1, EMX1, KLF3, ETV5, TLE3, 
HEYL, GLI3, MYC, ZNF416, DBP, KLF9, KLF10, MNT, 
FOSL2, ZNF362, NR1D1, FOXN3, ZNF581, KLF6, PBX1, 
STAT1, NR0B2, TCF7L2, HELZ2, SMAD1, TP53, ELK1, 
BACH2, ETS1, TSHZ1, MED13L, PKN1, ATF6B, MAML1, 
NFIB, SERTAD2, FOXK1, ZNF646, ZFHX3, TRIM24, ETV6, 
BCOR, ZNF341, NPAS2, ATF7IP, BTG1, THRB, SIAH2, 
DEAF1, NR1D2, SP2, SLC2A4RG, SP4, KLF11, ZNF836

Down regulated genes

GO:0051606 BP Detection of stimulus 9.55E−21 20.01997014 63

DMBT1, OR10J3, OR4F5, OR6C74, OR5L1, OR4D2, OR2T33, 
OR2T6, GJA10, OR8H2, OR4N2, CASQ2, OR2A25, TAS2R7, 
OR1E2, OR2B3, OR6N1, OR4K5, OR4A5, OR5AN1, OR5AS1, 
OR13G1, OR2M5, OR13C5, OR4C3, OR52L1, OR8K1, 
OR6B2, OR56A4, OR5B17, OR51A2, OR5T1, OR1A1, 
OR13C8, OR13C2, OR51B4, OR2AG2, OR2M7, OR51L1, 
OR5H1, OR8G1, OR6K6, OR10Z1, OR4K1, OR5T2, OR2A12, 
OR1L8, OR1J2, TAS2R60, CHRNA10, OR5AP2, OR52K1, 
OR9A2, OR10A5, OR4C46, OR52W1, TAS2R8, OR52E6, 
TTN, OR6K3, OR11H2, OR52D1, PKDREJ

GO:0032501 BP Multicellular organismal process 3.26E−07 6.486491268 224

IAPP, HAPLN4, ADCYAP1, DMBT1, RGS16, PREX1, NRG3, 
LRRTM3, GABRA2, GTSF1, NTNG2, GLRA1, DGKG, ISX, 
OR10J3, SLC6A17, DACH2, IFNA16, OR4F5, SLC18A2, 
KLHL1, OR6C74, DKK4, UNC5A, OR5L1, OR4D2, OR2T33, 
OR2T6, CDHR1, GJA10, BMP5, OR8H2, INSRR, POSTN, 
OR4N2, CASQ2, OR2A25, CYP24A1, TAS2R7, OR1E2, 
OR2B3, SLC45A3, IFNA10, LRRC10, GREM2, OR6N1, 
CAPN8, TFF3, OR4K5, HOPX, COMP, OR4A5, OR5AN1, 
KRTAP1-3, OR5AS1, GABRR2, OR13G1, OR2M5, HTR3A, 
KRTAP13-3, OR13C5, OR4C3, CHST8, MAS1, OR52L1, 
KRTAP4-2, OR8K1, KIRREL3, OR6B2, KRTAP19-1, 
KRTAP3-1, KRTAP3-2, KRTAP9-9, OR56A4, PSMA6, 
OR5B17, TMEM108, OR51A2, P2RX5, OR5T1, OR1A1, 
OR13C8, OR13C2, GAP43, MFAP5, ADAMTSL1, OR51B4, 
LCE1F, KCNQ2, SFRP4, OR2AG2, OR2M7, OR51L1, 
OR5H1, CRLF1, KRTAP21-2, OR8G1, OR6K6, KRTAP19-2, 
OR10Z1, KRTAP10-1, DNAH11, NPTX2, OR4K1, OR5T2, 
EDARADD, PI16, JPH2, INSC, FN1, ACTBL2, C1QL1, NPFF, 
OR2A12, BEND6, OR1L8, HBD, OR1J2, TAS2R60, VSIG4, 
IGF2BP3, CHRNA10, OR5AP2, OR52K1, CYP26B1, FAT3, 
IL10, TNFRSF11A, GCGR, OR9A2, LCN2, TOP2A, MESP2, 
CDH22, OR10A5, OR4C46, UCHL1, FGL1, ACTC1, VASP, 
CIT, CTNNA3, OR52W1, IL5RA, SOSTDC1, TTC8, RADIL, 
TAS2R8, NTN1, OR52E6, P2RX6, CTNNA2, TTN, OR6K3, 
MUSTN1, OR11H2, CCR2, P2RY12, CNN1, HRC, PTGS2, 
DEF8, APOC1, LYZ, GLP1R, NDRG4, CNGA4, APOC2, 
KRTAP5-1, HADH, SERPINA3, OR52D1, TMEM178A, 
EFNA4, PIR, HSD17B3, PTGFR, SCRG1, NR6A1, LGI2, 
AKR1C2, CDH23, ADAMTS2, P2RY1, IGSF11, TSHZ3, 
PDLIM3, CRYGS, KIF20B, ESR1, ARHGAP22, AGAP2, 
CYP4F12, SLC26A7, TFCP2L1, RELT, MAP1A, LOXL1, 
KIF18A, PRICKLE4, JMJD6, ARG2, POU5F1, ROBO1, 
ALOX5, ANLN, CDK1, SELPLG, GREB1, MYH11, ABCB1, 
CYP2J2, VAV3, TYMS, SCN1B, MATN3, LAMB3, SRD5A1, 
SRPX2, SGIP1, GLG1, TPM2, SIX2, SAMHD1

Continued
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organism development and nitrogen compound metabolic process. For CC, these up regulated were enriched 
in membrane-enclosed lumen and nuclear lumen. Moreover, up regulated genes were significantly enriched in 
protein binding and transcription regulator activity in the MF categories. In addition, the most significantly 
enriched GO terms for down regulated genes were detection of stimulus and multicellular organismal process 
(BP), cell periphery and plasma membrane (CC), and transmembrane signaling receptor activity and molecular 
transducer activity (MF). According to REACTOME pathway enrichment analysis, up regulated genes were 
significantly enriched in diseases of signal transduction by growth factor receptors and second messengers and 
formation of the cornified envelope. Down regulated genes were enriched in olfactory signaling pathway and 
sensory perception.

Construction of the PPI network and module analysis. The PPI network of the DEGs was con-
structed with 5111 nodes and 9392 edges by using the IntAct database (Fig. 3). A node with a higher node 
degree, betweenness centrality, stress centrality and closeness centrality consider as a hub genes and are listed in 
Table 3. The hub genes included MYC, EGFR, LNX1, YBX1, HSP90AA1, ESR1, FN1, TK1, ANLN and SMAD9. 
To detect significant modules in the PPI network, the PEWCC1 plug‐in was used for analysis, and two modules 
that had the highest degree stood out. GO and pathway enrichment analysis showed that module 1 contained 28 

GO ID CATEGORY GO name Adjusted p value Negative log10 of adjusted p value Gene count Gene

GO:0071944 CC Cell periphery 1.40E−07 6.853891822 186

HAPLN4, CSNK1G1, IGLL5, PLCH2, SLCO1A2, DMBT1, 
RGS16, PREX1, LRFN2, NRG3, LRRTM3, GABRA2, NTNG2, 
GLRA1, DGKG, OR10J3, SLC6A17, OR4F5, SLC18A2, 
SLC26A9, OR6C74, UNC5A, OR5L1, OR4D2, KCNG3, 
SLC27A6, OR2T33, CLDN25, OR2T6, ADAM30, CDHR1, 
GJA10, RASD1, TAAR9, OR8H2, INSRR, POSTN, OR4N2, 
OR2A25, LY6G6E, TAS2R7, KIF20A, OR1E2, OR2B3, 
SLC45A3, OR6N1, OR4K5, COMP, OR4A5, OR5AN1, 
OR5AS1, GABRR2, OR13G1, OR2M5, HTR3A, OR13C5, 
OR4C3, MAS1, OR52L1, OR8K1, KIRREL3, OR6B2, 
SLCO5A1, OR56A4, OR5B17, PCDH7, OR51A2, P2RX5, 
SLC22A9, OR5T1, OR1A1, OR13C8, OR13C2, GAP43, 
MFAP5, ADAMTSL1, OR51B4, KCNQ2, KCNF1, OR2AG2, 
CD1E, OR2M7, OR51L1, OR5H1, CRLF1, OR8G1, OR6K6, 
OR10Z1, KCNH1, OR4K1, OR5T2, SDR16C5, JPH2, INSC, 
FN1, OR2A12, CAPNS2, YIPF4, OR1L8, OR1J2, TAS2R60, 
CHRNA10, OR5AP2, MEP1B, OR52K1, FAT3, TNFRSF11A, 
GCGR, OR9A2, ENTPD3, OXGR1, CDH22, OR10A5, 
OR4C46, UCHL1, HLA-C, CLEC4D, FGL1, VASP, OR52W1, 
IL5RA, TTC8, TAS2R8, OLFM4, TSPAN1, GPR141, NTN1, 
OR52E6, P2RX6, CTNNA2, TTN, OR6K3, OR11H2, CCR2, 
PRAM1, P2RY12, PTGS2, ITGBL1, GLP1R, NDRG4, KLRK1, 
CNGA4, SERPINA3, OR52D1, EFNA4, PTGFR, CFB, 
FCHO1, LRRC7, MMP28, CDH23, ADAMTS2, ATP2C1, 
P2RY1, IGSF11, TSHZ3, FRMPD1, SELL, ESR1, CYP4F12, 
RASD2, SLC26A7, LY6G5B, CSF2RA, RELT, LOXL1, KIF18A, 
B3GNT3, MYO1F, JMJD6, ROBO1, ANLN, SELPLG, ABCB1, 
DLG2, ADAMTS10, VAV3, SCN1B, LAT, MATN3, LAMB3, 
SRPX2, SGIP1, SLC7A7, GLG1, SAMHD1

GO:0005886 CC Plasma membrane 9.39E−07 6.027126436 171

CSNK1G1, IGLL5, PLCH2, SLCO1A2, RGS16, PREX1, 
LRFN2, NRG3, LRRTM3, GABRA2, NTNG2, GLRA1, 
DGKG, OR10J3, SLC6A17, OR4F5, SLC18A2, SLC26A9, 
OR6C74, UNC5A, OR5L1, OR4D2, KCNG3, SLC27A6, 
OR2T33, CLDN25, OR2T6, ADAM30, CDHR1, GJA10, 
RASD1, TAAR9, OR8H2, INSRR, OR4N2, OR2A25, LY6G6E, 
TAS2R7, KIF20A, OR1E2, OR2B3, SLC45A3, OR6N1, 
OR4K5, OR4A5, OR5AN1, OR5AS1, GABRR2, OR13G1, 
OR2M5, HTR3A, OR13C5, OR4C3, MAS1, OR52L1, OR8K1, 
KIRREL3, OR6B2, SLCO5A1, OR56A4, OR5B17, PCDH7, 
OR51A2, P2RX5, SLC22A9, OR5T1, OR1A1, OR13C8, 
OR13C2, GAP43, ADAMTSL1, OR51B4, KCNQ2, KCNF1, 
OR2AG2, CD1E, OR2M7, OR51L1, OR5H1, CRLF1, OR8G1, 
OR6K6, OR10Z1, KCNH1, OR4K1, OR5T2, SDR16C5, 
JPH2, INSC, FN1, OR2A12, CAPNS2, YIPF4, OR1L8, 
OR1J2, TAS2R60, CHRNA10, OR5AP2, MEP1B, OR52K1, 
FAT3, TNFRSF11A, GCGR, OR9A2, ENTPD3, OXGR1, 
CDH22, OR10A5, OR4C46, UCHL1, HLA-C, CLEC4D, 
VASP, OR52W1, IL5RA, TTC8, TAS2R8, OLFM4, TSPAN1, 
GPR141, OR52E6, P2RX6, CTNNA2, TTN, OR6K3, OR11H2, 
CCR2, PRAM1, P2RY12, PTGS2, ITGBL1, GLP1R, NDRG4, 
KLRK1, CNGA4, OR52D1, EFNA4, PTGFR, CFB, FCHO1, 
LRRC7, CDH23, ATP2C1, P2RY1, IGSF11, TSHZ3, FRMPD1, 
SELL, ESR1, CYP4F12, RASD2, SLC26A7, LY6G5B, CSF2RA, 
RELT, KIF18A, B3GNT3, MYO1F, JMJD6, ROBO1, SELPLG, 
ABCB1, DLG2, VAV3, SCN1B, LAT, SRPX2, SGIP1, SLC7A7, 
GLG1, SAMHD1

GO:0004888 MF Transmembranesignaling receptor activity 4.64E−19 18.3338049 83

GABRA2, GLRA1, OR10J3, OR4F5, OR6C74, UNC5A, 
OR5L1, OR4D2, OR2T33, OR2T6, TAAR9, OR8H2, INSRR, 
OR4N2, OR2A25, TAS2R7, OR1E2, OR2B3, OR6N1, OR4K5, 
OR4A5, OR5AN1, OR5AS1, GABRR2, OR13G1, OR2M5, 
HTR3A, OR13C5, OR4C3, MAS1, OR52L1, OR8K1, OR6B2, 
OR56A4, OR5B17, OR51A2, P2RX5, OR5T1, OR1A1, 
OR13C8, OR13C2, OR51B4, OR2AG2, OR2M7, OR51L1, 
OR5H1, CRLF1, OR8G1, OR6K6, OR10Z1, OR4K1, OR5T2, 
OR2A12, OR1L8, OR1J2, TAS2R60, CHRNA10, OR5AP2, 
OR52K1, TNFRSF11A, GCGR, OR9A2, OXGR1, OR10A5, 
OR4C46, OR52W1, IL5RA, SOSTDC1, TAS2R8, GPR141, 
OR52E6, P2RX6, OR6K3, OR11H2, CCR2, P2RY12, GLP1R, 
OR52D1, EFNA4, PTGFR, P2RY1, CSF2RA, ROBO1

GO:0060089 MF Molecular transducer activity 2.72E-18 17.56616903 88

DMBT1, GABRA2, GLRA1, OR10J3, RXRG, OR4F5, OR6C74, 
UNC5A, OR5L1, OR4D2, OR2T33, OR2T6, TAAR9, OR8H2, 
INSRR, OR4N2, OR2A25, TAS2R7, OR1E2, OR2B3, OR6N1, 
OR4K5, OR4A5, OR5AN1, OR5AS1, GABRR2, OR13G1, 
OR2M5, HTR3A, OR13C5, OR4C3, MAS1, OR52L1, OR8K1, 
OR6B2, OR56A4, OR5B17, OR51A2, P2RX5, OR5T1, OR1A1, 
OR13C8, OR13C2, OR51B4, OR2AG2, OR2M7, OR51L1, 
OR5H1, CRLF1, OR8G1, OR6K6, OR10Z1, OR4K1, OR5T2, 
OR2A12, OR1L8, OR1J2, TAS2R60, CHRNA10, OR5AP2, 
OR52K1, TNFRSF11A, GCGR, OR9A2, OXGR1, OR10A5, 
OR4C46, OR52W1, IL5RA, SOSTDC1, TAS2R8, GPR141, 
OR52E6, P2RX6, OR6K3, OR11H2, CCR2, P2RY12, GLP1R, 
KLRK1, OR52D1, EFNA4, PTGFR, P2RY1, ESR1, CSF2RA, 
JMJD6, ROBO1

Table 1.  The enriched GO terms of the up and down regulated differentially expressed genes.
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Pathway ID Pathway name Adjusted p value Negative log10 of adjusted p value Gene count Gene

Up regulated genes

REAC:R-HSA-5663202
Diseases of signal transduction by 
growth factor receptors and second 
messengers

0.002918856 2.534787284 25

FGA, FGB, FGG, HEYL, HRAS, 
MYC, IRS1, KIAA1549, STAT1, 
SYVN1, TCF7L2, DLL4, SOS1, EGFR, 
PIK3CA, NCSTN, MAML1, MAPK3, 
TRIM24, ETV6, GSK3A, RNF43, 
HSP90AA1, GAB1, TNKS

REAC:R-HSA-6809371 Formation of the cornified envelope 0.009712336 2.012676308 12
KRT6A, LCE3D, SPRR3, FLG, 
SPRR2D, SPRR1B, SPRR1A, KRT16, 
KRT13, SPRR2E, LCE3E, KLK13

REAC:R-HSA-156827 L13a-mediated translational silencing 
of Ceruloplasmin expression 0.027095018 1.567110554 10

RPS6, RPL8, RPS28, EIF4B, RPL18, 
EIF3B, RPL18A, RPS15, RPL39, 
RPL19

REAC:R-HSA-1643685 Disease 0.027095018 1.567110554 60

CGA, FGA, FGB, FGG, CALCR, 
ABCB11, MUC21, GCG, ADAMTS8, 
PTGER4, GPC6, ABCC9, RPS6, 
SLC29A3, RPL8, HEYL, HRAS, 
SFTPD, MYC, IRS1, RPS28, 
MUC6, NUP205, WASF1, PAPSS2, 
KIAA1549, IL6R, ABCA1, RPL18, 
STAT1, FMOD, ARPC1A, SYVN1, 
TCF7L2, DLL4, ELK1, SOS1, 
PRKACA, EGFR, PIK3CA, NCSTN, 
MAML1, MAPK3, RPL18A, RPS15, 
TRIM24, PRKCSH, ETV6, GSK3A, 
MAOA, RNF43, HSP90AA1, GAB1, 
S1PR1, RPL39, TNKS, NFKBIA, 
RPL19, SLC39A4, BSG

REAC:R-HSA-9006934 Signaling by receptor tyrosine kinases 0.03209698 1.493535827 25

IGF2, EGR1, COL6A3, VEGFC, 
ID3, EGR3, HRAS, IRS1, WASF1, 
DUSP4, STAT1, ELK1, PTBP1, 
SOS1, PRKACA, EGFR, PIK3CA, 
NCSTN, MAPK3, RAB4A, STUB1, 
HSP90AA1, GAB1, INSR, RALB

REAC:R-HSA-1266738 Developmental biology 0.032172975 1.492508778 45

KRT6A, LCE3D, SPRR3, FLG, 
SPRR2D, SPRR1B, SPRR1A, DCC, 
KRT16, ZSCAN10, KRT13, SPRR2E, 
LCE3E, COL6A3, MPZ, KLK13, 
RPS6, RPL8, HRAS, MYC, RPS28, 
IL6R, PBX1, RPL18, ARPC1A, 
HELZ2, SOS1, PRKACA, EGFR, 
PIK3CA, MED13L, NCSTN, MAML1, 
MAPK3, RPL18A, ACVR2B, RPS15, 
HSP90AA1, GAB1, RPL39, MED25, 
CASC3, SIAH2, RNPS1, RPL19

Down regulated genes

REAC:R-HSA-381753 Olfactory signaling pathway 4.32E−23 22.36427935 54

OR10J3, OR4F5, OR6C74, OR5L1, 
OR4D2, OR2T33, OR2T6, OR8H2, 
OR4N2, OR2A25, OR1E2, OR2B3, 
OR6N1, OR4K5, OR4A5, OR5AN1, 
OR5AS1, OR13G1, OR2M5, OR13C5, 
OR4C3, OR52L1, OR8K1, OR6B2, 
OR56A4, OR5B17, OR51A2, OR5T1, 
OR1A1, OR13C8, OR13C2, OR51B4, 
OR2AG2, OR2M7, OR51L1, OR5H1, 
OR8G1, OR6K6, OR10Z1, OR4K1, 
OR5T2, OR2A12, OR1L8, OR1J2, 
OR5AP2, OR52K1, OR9A2, OR10A5, 
OR4C46, OR52W1, OR52E6, OR6K3, 
OR11H2, OR52D1

REAC:R-HSA-9709957 Sensory perception 4.85E−21 20.31389969 57

OR10J3, OR4F5, OR6C74, OR5L1, 
OR4D2, OR2T33, OR2T6, OR8H2, 
OR4N2, OR2A25, OR1E2, OR2B3, 
OR6N1, OR4K5, OR4A5, OR5AN1, 
OR5AS1, OR13G1, OR2M5, OR13C5, 
OR4C3, OR52L1, OR8K1, OR6B2, 
OR56A4, OR5B17, OR51A2, OR5T1, 
OR1A1, OR13C8, OR13C2, OR51B4, 
OR2AG2, OR2M7, OR51L1, OR5H1, 
OR8G1, OR6K6, OR10Z1, OR4K1, 
OR5T2, OR2A12, OR1L8, RDH16, 
OR1J2, OR5AP2, OR52K1, OR9A2, 
OR10A5, OR4C46, OR52W1, 
OR52E6, OR6K3, BCO2, OR11H2, 
APOC2, OR52D1

Continued
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Pathway ID Pathway name Adjusted p value Negative log10 of adjusted p value Gene count Gene

REAC:R-HSA-418555 G alpha (s) signalling events 6.29E−20 19.20156126 58

IAPP, ADCYAP1, OR10J3, OR4F5, 
OR6C74, OR5L1, OR4D2, OR2T33, 
OR2T6, TAAR9, OR8H2, OR4N2, 
OR2A25, OR1E2, OR2B3, OR6N1, 
OR4K5, OR4A5, OR5AN1, OR5AS1, 
OR13G1, OR2M5, OR13C5, OR4C3, 
OR52L1, OR8K1, OR6B2, OR56A4, 
OR5B17, OR51A2, OR5T1, OR1A1, 
OR13C8, OR13C2, OR51B4, 
OR2AG2, OR2M7, OR51L1, OR5H1, 
OR8G1, OR6K6, OR10Z1, OR4K1, 
OR5T2, OR2A12, OR1L8, OR1J2, 
OR5AP2, OR52K1, OR9A2, OR10A5, 
OR4C46, OR52W1, OR52E6, OR6K3, 
OR11H2, GLP1R, OR52D1

REAC:R-HSA-388396 GPCR downstream signalling 9.32E−15 14.0308131 76

IAPP, ADCYAP1, RGS16, PREX1, 
DGKG, OR10J3, OR4F5, OR6C74, 
OR5L1, OR4D2, ARHGEF35, 
OR2T33, OR2T6, TAAR9, OR8H2, 
OR4N2, OR2A25, TAS2R7, OR1E2, 
OR2B3, OR6N1, OR4K5, OR4A5, 
OR5AN1, OR5AS1, OR13G1, 
OR2M5, OR13C5, OR4C3, OR52L1, 
OR8K1, OR6B2, OR56A4, OR5B17, 
OR51A2, OR5T1, OR1A1, OR13C8, 
OR13C2, OR51B4, OR2AG2, OR2M7, 
OR51L1, OR5H1, OR8G1, OR6K6, 
OR10Z1, OR4K1, OR5T2, NPFF, 
OR2A12, OR1L8, RDH16, OR1J2, 
TAS2R60, OR5AP2, OR52K1, 
OR9A2, OXGR1, OR10A5, OR4C46, 
OR52W1, TAS2R8, OR52E6, OR6K3, 
BCO2, OR11H2, CCR2, P2RY12, 
GLP1R, APOC2, OR52D1, PTGFR, 
P2RY1, PDE1C, VAV3

REAC:R-HSA-372790 Signaling by GPCR 2.45E−13 12.61114695 76

IAPP, ADCYAP1, RGS16, PREX1, 
DGKG, OR10J3, OR4F5, OR6C74, 
OR5L1, OR4D2, ARHGEF35, 
OR2T33, OR2T6, TAAR9, OR8H2, 
OR4N2, OR2A25, TAS2R7, OR1E2, 
OR2B3, OR6N1, OR4K5, OR4A5, 
OR5AN1, OR5AS1, OR13G1, 
OR2M5, OR13C5, OR4C3, OR52L1, 
OR8K1, OR6B2, OR56A4, OR5B17, 
OR51A2, OR5T1, OR1A1, OR13C8, 
OR13C2, OR51B4, OR2AG2, OR2M7, 
OR51L1, OR5H1, OR8G1, OR6K6, 
OR10Z1, OR4K1, OR5T2, NPFF, 
OR2A12, OR1L8, RDH16, OR1J2, 
TAS2R60, OR5AP2, OR52K1, 
OR9A2, OXGR1, OR10A5, OR4C46, 
OR52W1, TAS2R8, OR52E6, OR6K3, 
BCO2, OR11H2, CCR2, P2RY12, 
GLP1R, APOC2, OR52D1, PTGFR, 
P2RY1, PDE1C, VAV3

REAC:R-HSA-162582 Signal transduction 7.38146E−05 4.131857963 105

IAPP, ADCYAP1, RGS16, PREX1, 
NRG3, DLK1, DGKG, OR10J3, 
RXRG, OR4F5, OR6C74, DKK4, 
OR5L1, OR4D2, ARHGEF35, 
OR2T33, OR2T6, TAAR9, OR8H2, 
OR4N2, OR2A25, TAS2R7, OR1E2, 
OR2B3, GREM2, OR6N1, TFF3, 
OR4K5, OR4A5, OR5AN1, OR5AS1, 
OR13G1, OR2M5, OR13C5, OR4C3, 
OR52L1, OR8K1, OR6B2, OR56A4, 
PSMA6, DLGAP5, OR5B17, OR51A2, 
OR5T1, OR1A1, OR13C8, OR13C2, 
OR51B4, OR2AG2, OR2M7, OR51L1, 
OR5H1, OR8G1, OR6K6, OR10Z1, 
OR4K1, OR5T2, SDR16C5, FN1, 
NPFF, OR2A12, OR1L8, RDH16, 
OR1J2, TAS2R60, OR5AP2, OR52K1, 
CYP26B1, OR9A2, OXGR1, OR10A5, 
SPC24, OR4C46, CIT, OR52W1, 
IL5RA, TAS2R8, OR52E6, OR6K3, 
BCO2, OR11H2, CCR2, P2RY12, 
APOC1, GLP1R, APOC2, OR52D1, 
SMAD9, PTGFR, BUB1B, P2RY1, 
ARHGAP20, NEDD8, ESR1, 
ARHGAP22, CSF2RA, KIF18A, 
ARHGAP9, CDK1, GREB1, MYH11, 
PDE1C, DLG2, VAV3, LAMB3

Table 2.  The enriched pathway terms of the up and down regulated differentially expressed genes.
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nodes and 63 edges (Fig. 4A), which were associated with diseases of signal transduction by growth factor recep-
tors and second messengers, disease, nitrogen compound metabolic process and membrane-enclosed lumen, 
while module 2 had 14 nodes and 30 edges (Fig. 4B), which were mainly associated with signal transduction, 
multicellular organismal process and detection of stimulus.

MiRNA-hub gene regulatory network construction. The network of miRNAs and predicted targets 
(hub genes) is presented in Table 4. Based on the miRNAs, a miRNA -hub gene regulatory network was con-
structed with 2568 nodes (miRNA: 2259; hub gene: 309) and 16,618 interaction pairs (Fig. 5). Notably, MYC 
targeted 194 miRNAs, including hsa-mir-4677-3p; HSP90AA1 targeted 188 miRNAs, including hsa-mir-3125; 
FKBP5 targeted 116 miRNAs, including hsa-mir-4779; RNPS1 targeted 109 miRNAs, including hsa-mir-548az-
3p; SQSTM1 targeted 108 miRNAs, including hsa-mir-106a-5p; ANLN targeted 127 miRNAs, including hsa-
mir-664a-3p; CDK1 targeted 109 miRNAs, including hsa-mir-5688;FN1 targeted 105 miRNAs, including 
hsa-mir-199b-3p;ESR1 targeted 98 miRNAs, including hsa-mir-206; TK1 targeted 80 miRNAs, including hsa-
mir-6512-3p.

TF-hub gene regulatory network construction. The network of TFs and predicted targets (hub genes) 
is presented in Table 4. Based on the TFs, a TF -hub gene regulatory network was constructed with 899 nodes 
(TF: 604; hub gene: 295) and 3542 interaction pairs (Fig. 6). Notably, MAPK3 targeted 48 TFs, including JUND; 
HSP90AA1 targeted 35 TFs, including HSF2; SQSTM1 targeted 34 TFs, including SMAD4; STUB1 targeted 31 
TFs, including ATF6; EGFR targeted 27 TFs, including ELF3; ESR1 targeted 126 TFs, including ELF3; SMAD9 
targeted 38 TFs, including ELF3; CDK1 targeted 36 TFs, including ELF3; FN1 targeted 25 TFs, including ELF3; 
NEK6 targeted 16 TFs, including ELF3.

Validation of hub genes by receiver operating characteristic curve (ROC) analysis. As these 10 
hub genes are prominently expressed in T1DM, we performed a ROC curve analysis to evaluate their sensitivity 
and specificity for the diagnosis of T1DM. As shown in Fig. 7, MYC, EGFR, LNX1, YBX1, HSP90AA1, ESR1, 
FN1, TK1, ANLN and SMAD9 achieved an AUC value of > 0.9, demonstrating that these genes have high sen-
sitivity and specificity for T1DM diagnosis. The results suggested that MYC, EGFR, LNX1, YBX1, HSP90AA1, 
ESR1, FN1, TK1, ANLN and SMAD9 can be used as biomarkers for the diagnosis of T1DM.

Discussion
T1DM is the common forms of chronic autoimmune diabetes that affect an individual’s quality of childhood  life42. 
However, the potential causes of T1DM remain uncertain. Understanding the underlying molecular pathogenesis 
of T1DM is of key importance for diagnosis, prognosis and identifying drug targets. As NGS data can provide 
information regarding the expression levels of thousands of genes in the human genome simultaneously, this 
methodology has been widely used to predict the potential diagnostic and therapeutic targets for T1DM. In the 
present investigation, we analyzed the NGS dataset GSE162689, which includes 27 T1DM samples and 32 normal 
control samples. We identified 477 up regulated and 475 down regulated genes between T1DM samples and 
normal control samples using DESeq2 package in R language software. FGA (fibrinogen alpha chain)43 and FGB 
(fibrinogen beta chain)44 levels are correlated with disease severity in patients with cardiovascular disease, but 
these genes might provide new targets for the development of drugs to treat T1DM.  IGF245, IAPP (islet amyloid 

Figure 3.  PPI network of DEGs. The PPI network of DEGs was constructed using Cytoscap. Up regulated genes 
are marked in green; down regulated genes are marked in red.



10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:9157  | https://doi.org/10.1038/s41598-022-13291-1

www.nature.com/scientificreports/

Regulation Node Degree Betweenness Stress Closeness

Up MYC 769 0.24506 1.04E + 08 0.402932

Up EGFR 469 0.138032 61,812,344 0.381322

Up LNX1 301 0.098028 35,639,540 0.344753

Up YBX1 242 0.052423 15,440,248 0.370488

Up HSP90AA1 198 0.042012 18,645,766 0.349323

Up RNPS1 148 0.029398 16,186,898 0.324119

Up SGTA 139 0.039126 11,319,544 0.315439

Up TNFRSF1A 116 0.016842 8,191,032 0.328598

Up SQSTM1 112 0.025913 6,213,766 0.344335

Up MAST3 105 0.022 12,287,012 0.305669

Up POU6F2 99 0.028224 4,939,174 0.317338

Up STUB1 95 0.01869 5,557,470 0.333856

Up FKBP5 94 0.015263 3,991,284 0.329764

Up PRMT6 82 0.023047 4,016,020 0.301486

Up MAPK3 78 0.01798 4,710,364 0.312259

Up SMAD1 77 0.014129 5,216,492 0.309237

Up TFAP2C 77 0.020062 3,309,460 0.333573

Up NCL 73 0.015947 5,344,646 0.374917

Up ETS1 69 0.014065 3,895,426 0.310987

Up MEX3C 68 0.003769 2,594,352 0.310439

Up ACD 66 0.014094 3,525,238 0.307138

Up NFKBIA 66 0.008138 4,939,524 0.310854

Up GAB1 61 0.005759 2,357,788 0.296365

Up ZNF581 58 0.008074 2,392,056 0.303509

Up PRKACA 58 0.012141 2,683,394 0.312833

Up KRT13 56 0.009539 2,356,276 0.31577

Up SF3A1 54 0.005297 3,631,052 0.304231

Up STAT1 54 0.010129 1,749,810 0.330531

Up ATF7IP 54 0.011319 2,610,676 0.297746

Up FOXK1 52 0.010322 2,431,366 0.309968

Up KRT16 52 0.009137 2,768,286 0.302646

Up RPS6 50 0.005709 1,809,230 0.323503

Up IFIT3 48 0.004333 1,419,676 0.307396

Up UBE2E2 48 0.009384 2,778,786 0.289714

Up PKN1 47 0.007325 2,119,206 0.29714

Up ARL6IP1 46 0.011853 5,167,578 0.284047

Up UTP14A 45 0.00788 1,716,012 0.322239

Up PRPF8 44 0.006824 1,731,078 0.329977

Up GADD45G 44 0.007648 1,727,574 0.29879

Up ATP13A2 43 0.011364 3,235,048 0.28605

Up HRAS 42 0.006113 1,934,688 0.306916

Up DCC 42 0.005613 2,081,812 0.292265

Up SUN2 42 0.004561 2,137,880 0.299806

Up DYSF 41 0.007116 2,286,238 0.293962

Up NCSTN 40 0.007729 5,776,106 0.274308

Up RPL8 37 0.004561 1,421,422 0.324922

Up BACH2 37 0.008838 2,796,552 0.273369

Up PIK3CA 37 0.005768 1,280,756 0.304576

Up PTBP1 36 0.003339 1,190,818 0.333507

Up FKBP8 35 0.00586 1,371,274 0.3223

Up NES 35 0.007013 1,126,640 0.295338

Up KRT6A 34 0.005784 1,381,296 0.320281

Up NUP205 33 0.005495 1,090,580 0.323442

Up FOXP1 33 0.006278 1,144,548 0.31992

Up INSR 33 0.003132 1,562,024 0.279757

Up BCAP31 32 0.00482 1,838,970 0.292131

Continued
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Up BTF3 31 0.00454 1,476,600 0.290636

Up RPL18A 31 0.002498 754,566 0.318306

Up KIAA0408 30 0.00425 1,221,042 0.302575

Up USP1 30 0.004591 2,441,058 0.280879

Up EIF3B 29 0.003846 916,674 0.315848

Up HSPA2 28 0.002862 684,442 0.313947

Up RPS28 28 0.002873 1,278,818 0.301718

Up SOS1 28 0.002513 879,664 0.284205

Up ERRFI1 26 0.002199 611,152 0.311214

Up LCE3E 26 0.001327 524,110 0.25448

Up GSK3A 26 0.004252 1,655,588 0.292867

Up NAT10 26 0.001696 666,842 0.325191

Up LIG3 26 0.00228 725,644 0.294691

Up RPL18 25 9.73E−04 477,540 0.322646

Up SLC1A5 25 0.004674 807,018 0.306677

Up EIF4B 25 0.00188 620,280 0.295594

Up NEDD9 24 0.003127 549,922 0.289271

Up CASC3 23 0.002491 601,190 0.302503

Up FOSL2 23 0.003682 831,006 0.310911

Up SMURF1 22 0.002704 664,080 0.284142

Up PLOD3 22 0.003554 1,082,282 0.335808

Up TCOF1 22 0.00218 501,286 0.314295

Up ZNF326 22 0.001349 640,724 0.29001

Up SP4 22 0.003993 853,624 0.26749

Up EGR1 21 0.002422 466,912 0.302056

Up MAGEA2 21 0.004402 1,011,862 0.293759

Up CREB3L1 21 0.006704 4,786,040 0.227129

Up WASF1 20 0.003044 1,067,564 0.274868

Up IRS1 20 0.001568 411,892 0.309837

Up CRTC3 20 0.002135 967,284 0.279558

Up FBP2 20 9.48E−04 423,694 0.288846

Up MED25 20 0.001218 294,794 0.275609

Up LCE3D 20 4.82E−04 304,904 0.263329

Up DEAF1 19 0.002531 618,844 0.3017

Up PDK3 19 0.003011 604,606 0.307526

Up RPL19 19 6.37E−04 392,064 0.319241

Up ABCA1 19 0.004473 1,062,228 0.298441

Up SAE1 19 0.003167 702,666 0.299157

Up MAL 19 0.004533 1,470,896 0.264227

Up RAB4A 19 0.003857 747,204 0.292398

Up RALB 19 0.001738 1,634,506 0.255536

Up TRAPPC3 19 0.005096 1,890,182 0.252046

Up DPP4 19 0.00527 1,619,646 0.234023

Up PRKCSH 18 0.002123 375,070 0.316043

Up RBM22 18 0.002051 950,490 0.283386

Up CAMSAP3 18 0.002085 1,031,300 0.274014

Up AK1 18 0.002632 1,174,620 0.257986

Up TTI1 17 0.001947 994,560 0.275505

Up RUNX1T1 17 0.002454 1,455,104 0.275046

Up RPS15 16 0.00225 468,552 0.316395

Up NR0B2 16 0.002709 597,146 0.313581

Up POLR1D 16 0.001752 656,232 0.282369

Up FAM83B 16 8.49E−04 301,500 0.277314

Up PBX1 16 0.001944 703,560 0.258718

Up TCF7L2 15 0.001345 373,312 0.28326

Up BCOR 15 0.002336 806,128 0.273164
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Up ID3 15 0.002818 819,716 0.269962

Up SLC35E1 15 0.003323 1,409,720 0.24654

Up TPI1 14 0.002071 457,522 0.314391

Up SIAH2 14 0.001994 845,214 0.269677

Up TNKS 14 0.002475 650,184 0.251959

Up RBM23 14 2.87E−04 166,572 0.276758

Up HEYL 14 0.002211 402,860 0.280864

Up MRPL37 2 1.61E−04 51,382 0.28108

Up GID8 2 4.01E−05 6218 0.246921

Up DIP2B 2 0 0 0.291299

Up SH3RF1 2 2.53E−04 99,400 0.287919

Up ZFP36L1 2 9.45E−05 13,940 0.255792

Up GCG 2 1.27E−04 41,870 0.209131

Up YIPF3 2 7.28E−05 18,416 0.211048

Up FGB 1 0 0 0.254404

Up FAM20C 1 0 0 0.254404

Up GLI3 1 0 0 0.236207

Up NXN 1 0 0 0.215614

Up PHLDA1 1 0 0 0.276071

Up SPRR1A 1 0 0 0.276071

Up DNAJC4 1 0 0 0.276071

Up MRPL49 1 0 0 0.270347

Up COL6A3 1 0 0 0.22719

Up MZT2B 1 0 0 0.287223

Up ZFHX3 1 0 0 0.287223

Up SNX19 1 0 0 0.287223

Up KLF10 1 0 0 0.287223

Up ST6GALNAC6 1 0 0 0.287223

Up RPRD2 1 0 0 0.287223

Up ETV6 1 0 0 0.287223

Up SYVN1 1 0 0 0.273764

Up SPRR2D 1 0 0 0.229084

Up FGF21 1 0 0 0.239809

Up TMEM174 1 0 0 0.239809

Up CYGB 1 0 0 0.222435

Up CRNN 1 0 0 0.256151

Up PLCE1 1 0 0 0.258901

Up SFTPD 1 0 0 0.201125

Up TRIM24 1 0 0 0.273179

Up APOD 1 0 0 0.273179

Up THRB 1 0 0 0.21607

Up IKZF4 1 0 0 0.23715

Up SPRR3 1 0 0 0.23715

Up CNTNAP4 1 0 0 0.23412

Up ZNRF1 1 0 0 0.224644

Up ATXN7L1 1 0 0 0.211048

Up FLG 1 0 0 0.219296

Up MT2A 1 0 0 0.250147

Up SHISA5 1 0 0 0.250147

Up RWDD2B 1 0 0 0.230063

Up OAS1 1 0 0 0.231658

Up TMED5 1 0 0 0.231658

Up NR1D2 1 0 0 0.231658

Up GPATCH4 1 0 0 0.228011

Up KLF11 1 0 0 0.217829

Up ZFP36 1 0 0 0.239696

Continued
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Up MTMR3 1 0 0 0.239696

Up FOXN3 1 0 0 0.239696

Up PGAP2 1 0 0 0.221817

Up ELK1 1 0 0 0.237967

Up DUSP1 1 0 0 0.237967

Up IL6ST 1 0 0 0.248433

Up SNX12 1 0 0 0.221222

Up LSM11 1 0 0 0.237183

Up MED13L 1 0 0 0.232501

Down ESR1 448 0.115717 68,567,806 0.375827

Down FN1 445 0.130416 47,618,446 0.393806

Down TK1 155 0.044276 10,622,930 0.341187

Down ANLN 102 0.019831 5,950,428 0.327945

Down SMAD9 99 0.023512 10,495,428 0.31337

Down NEDD8 94 0.013216 4,708,022 0.323626

Down TTN 88 0.021791 4,877,390 0.354606

Down CDK1 76 0.019122 4,123,802 0.343387

Down KRTAP4-2 73 0.019925 3,654,538 0.300106

Down MED10 65 0.012717 3,973,710 0.302915

Down EXOSC8 61 0.015702 2,371,472 0.315244

Down NEK6 61 0.009473 2,973,110 0.31289

Down OIP5 60 0.013758 3,810,166 0.30688

Down PSMA6 57 0.012284 2,937,164 0.324778

Down BUB1B 54 0.010813 5,323,030 0.298111

Down FOXM1 43 0.007242 2,131,654 0.300317

Down RPL31 35 0.003717 1,156,016 0.323013

Down EEF1A2 33 0.002074 927,396 0.307212

Down JMJD6 31 0.006976 4,154,054 0.261751

Down VASP 30 0.005691 1,017,020 0.316768

Down MAP3K8 30 0.001715 773,154 0.310458

Down UCHL1 28 0.003224 905,164 0.308808

Down TOP2A 28 0.0032 1,042,178 0.328788

Down MYH11 28 0.003406 1,173,838 0.305103

Down RASSF1 27 0.004112 1,253,252 0.299175

Down KRTAP3-2 27 0.004532 1,398,432 0.265421

Down TXNDC9 26 0.004126 1,143,166 0.278477

Down ACTC1 24 0.004063 1,053,202 0.329594

Down SPC24 23 0.002762 801,496 0.268982

Down SH3BP2 21 0.001863 813,564 0.277887

Down IGF2BP3 20 0.001318 388,432 0.332401

Down KIF20A 20 0.004794 850,452 0.262706

Down SFRP4 20 0.001565 724,830 0.277404

Down KIF20B 18 0.003465 529,620 0.306935

Down RASD1 18 0.001969 611,526 0.282869

Down NEFM 18 0.002405 500,776 0.29515

Down RADIL 18 0.001925 718,708 0.28187

Down LCE1F 18 5.31E−04 1,078,996 0.215551

Down LUC7L 17 0.001779 331,232 0.297175

Down LYZ 17 0.002823 462,382 0.311441

Down PFKFB2 17 0.002624 984,686 0.285029

Down ACTBL2 17 5.95E−04 248,094 0.310647

Down FCHO1 17 0.002083 725,112 0.267588

Down KIF18A 17 0.002914 1,632,588 0.264802

Down SAMHD1 16 0.002408 964,652 0.269962

Down LAT 15 0.002067 607,316 0.301593

Down PBK 15 0.002668 669,380 0.294912

Continued
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Down TPX2 15 9.04E−04 407,858 0.293506

Down RRM2 15 0.002347 419,566 0.272147

Down LAMB3 15 0.002279 1,460,718 0.265531

Down ALOX5 15 0.003126 496,364 0.267099

Down TPM2 15 4.76E−04 162,954 0.290092

Down IP6K3 14 0.001497 346,042 0.275387

Down VAV3 14 0.001429 470,180 0.297573

Down NDUFA8 13 0.00167 479,156 0.290455

Down BIRC8 13 0.002152 927,372 0.24679

Down DLG2 13 0.002105 767,688 0.273896

Down MYCN 12 1.11E−04 41,976 0.304939

Down PRAM1 12 0.001039 343,780 0.260883

Down PCDH7 12 0.001704 788,890 0.266375

Down EDARADD 11 0.001215 325,252 0.268544

Down GREB1 11 9.15E−04 206,196 0.268968

Down ZNF622 11 8.30E−04 730,808 0.269663

Down RXRG 11 0.002054 800,986 0.250012

Down GLP1R 11 3.87E−04 306,068 0.257778

Down TTC8 11 0.003532 958,578 0.227362

Down SERPINA3 10 0.002011 543,412 0.243151

Down CDK15 10 2.37E−04 85,694 0.294623

Down HLA-DQA1 10 0.001488 682,934 0.249878

Down HSD17B3 10 1.13E−04 75,794 0.26087

Down TSHZ3 10 0.001111 304,690 0.256253

Down MAP1A 9 8.61E−04 207,068 0.312393

Down CSNK1G1 9 0.001614 637,430 0.248529

Down GTF2H2C 9 0.001734 341,202 0.245876

Down PDLIM3 9 0.001957 559,870 0.239831

Down WDR3 9 6.45E−04 234,640 0.274455

Down TNFAIP8 9 9.44E−04 850,962 0.230957

Down ADAMTS10 8 9.45E−04 260,474 0.258443

Down ABCB1 8 9.74E−04 146,904 0.3

Down QRICH2 8 0.001291 295,070 0.261336

Down INS 8 4.75E−04 194,074 0.248216

Down COMP 8 0.001207 326,670 0.231995

Down SHCBP1 7 4.46E−04 233,846 0.256678

Down DLGAP5 7 1.46E−04 74,806 0.290108

Down ARHGAP9 7 3.62E−04 66,924 0.28522

Down KCNH1 7 3.41E−04 213,892 0.253094

Down KLHL1 6 1.15E−04 30,788 0.283638

Down LCN2 6 4.47E−04 83,350 0.256575

Down TYMS 6 4.58E−04 134,624 0.25317

Down CDKN1C 6 4.20E−04 155,814 0.26589

Down DMBT1 6 0.001176 361,022 0.251748

Down SULT1C2 6 4.34E−04 98,520 0.244289

Down IL10 6 8.05E−04 231,670 0.245675

Down SAMD3 6 6.69E−04 135,970 0.268713

Down NCKAP5 6 4.03E−05 22,814 0.2639

Down CNN1 6 2.65E−04 64,314 0.23624

Down PREX1 6 8.35E−04 387,030 0.254975

Down CTNNA2 5 5.71E−04 182,504 0.281204

Down POU5F1 5 7.40E−04 107,680 0.274839

Down POSTN 5 5.96E−04 207,158 0.228766

Down CSF2RA 5 8.10E−04 258,390 0.252907

Down MATN3 5 1.69E−04 28,890 0.235848

Down ASB9 5 5.76E−04 238,362 0.238055
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Down KRTAP5-1 5 0.001174 179,682 0.190051

Down IL5RA 5 0.001176 281,872 0.257441

Down KANK4 5 7.94E−04 141,232 0.240633

Down ASB16 5 2.41E−05 16,592 0.266028

Down KIF4A 5 4.60E−05 13,994 0.259374

Down ROBO1 5 4.93E−04 116,624 0.246421

Down TNFRSF11A 4 4.04E−04 116,804 0.251934

Down KRTAP3-1 4 2.89E−05 20,452 0.252494

Down UBXN10 4 5.63E−04 69,202 0.248047

Down GLG1 4 4.17E−04 62,018 0.265572

Down LOXL1 4 4.78E−04 74,588 0.250404

Down COMMD7 4 4.03E−04 180,366 0.233127

Down SELPLG 4 8.09E−04 244,340 0.221136

Down YIPF4 4 4.79E−05 15,522 0.197986

Down TMEM108 4 2.77E−05 10,972 0.243081

Down KRTAP13-3 3 3.50E−07 422 0.210396

Down LRRC7 3 7.82E−04 166,682 0.180159

Down GPX2 2 0 0 0.299578

Down CDH23 1 0 0 0.215614

Down ISX 1 0 0 0.240905

Down NPTX2 1 0 0 0.287223

Down KCNG3 1 0 0 0.287223

Down SMIM5 1 0 0 0.239809

Down TFF3 1 0 0 0.239809

Down FAM111B 1 0 0 0.222435

Down CDKN3 1 0 0 0.255626

Down IFI27L2 1 0 0 0.250147

Down NTN1 1 0 0 0.226175

Down AGAP2 1 0 0 0.218611

Down PIR 1 0 0 0.238611

Down RNASE2 1 0 0 0.215016

Down ADCYAP1 1 0 0 0.189649

Down HADH 1 0 0 0.248433

Down NDRG4 1 0 0 0.221222

Table 3.  Topology table for up and down regulated genes.

Figure 4.  Modules of isolated form PPI of DEGs. (A) The most significant module was obtained from PPI 
network with 28 nodes and 63 edges for up regulated genes (B) The most significant module was obtained from 
PPI network with 14 nodes and 30 edges for down regulated genes. Up regulated genes are marked in green; 
down regulated genes are marked in red.
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Table 4.  miRNA-target gene and TF-target gene interaction.

Regulation Target genes Degree MicroRNA Regulation Target genes Degree TF

Up MYC 194 hsa-mir-4677-3p Up MAPK3 48 JUND

Up HSP90AA1 188 hsa-mir-3125 Up HSP90AA1 35 HSF2

Up FKBP5 116 hsa-mir-4779 Up SQSTM1 34 SMAD4

Up RNPS1 109 hsa-mir-548az-3p Up STUB1 31 ATF6

Up SQSTM1 108 hsa-mir-106a-5p Up EGFR 27 ELF3

Up EGFR 83 hsa-mir-219a-5p Up YBX1 24 TFAP2A

Up MAST3 76 hsa-mir-129-2-3p Up LNX1 21 MAX

Up YBX1 48 hsa-mir-1537-3p Up FKBP5 20 PGR

Up PRMT6 43 hsa-mir-4330 Up PRMT6 9 YY1

Up MAPK3 33 hsa-mir-3158-3p Up SGTA 7 MXI1

Up SGTA 24 hsa-mir-421 Up POU6F2 7 ALX1

Up TNFRSF1A 22 hsa-mir-548an Up RNPS1 7 STAT3

Up STUB1 16 hsa-mir-942-5p Up TNFRSF1A 6 EP300

Up POU6F2 15 hsa-mir-7850-5p Up MAST3 1 NFYA

Down ANLN 127 hsa-mir-664a-3p Down ESR1 126 FOXF2

Down CDK1 109 hsa-mir-5688 Down SMAD9 38 XAB2

Down FN1 105 hsa-mir-199b-3p Down CDK1 36 KHDRBS1

Down ESR1 98 hsa-mir-206 Down FN1 25 RELA

Down TK1 80 hsa-mir-6512-3p Down NEK6 16 SRY

Down OIP5 62 hsa-mir-767-5p Down TK1 11 DRAP1

Down SMAD9 58 hsa-mir-3689a-3p Down NEDD8 10 PARP1

Down MED10 41 hsa-mir-647 Down TTN 10 FOXD3

Down NEK6 34 hsa-mir-4485-3p Down ANLN 9 JUN

Down BUB1B 32 hsa-mir-449b-5p Down BUB1B 9 MYB

Down TTN 31 hsa-mir-181c-5p Down MED10 6 KDM4B

Down NEDD8 26 hsa-mir-583 Down PSMA6 6 EBF1

Down PSMA6 17 hsa-mir-539-5p Down OIP5 5 GATA2

Down EXOSC8 17 hsa-mir-191-5p Down KRTAP4-2 1 TBP

Figure 5.  MiRNA—hub gene regulatory network. The chocolate color diamond nodes represent the key 
miRNAs; up regulated genes are marked in green; down regulated genes are marked in red.
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polypeptide)46, INS (insulin)47 and MAFA (MAF bZIP transcription factor A)48 are proved to be involved in 
T1DM. Altered expression of ADCYAP1 was observed to be associated with the progression of type 2 diabetes 
 mellitus49. Gold et al.50 reported that CSNK1G1 might be essential for cognitive impairment. Therefore, these 
genes are might be essential in the advancement of T1DM and its complications.

Furthermore, we investigated the biological functions of these DEGs by using online website, and GO and 
pathway enrichment analysis. Husemoen et al.51, Zhang et al.52, Hartz et al.53, Słomiński et al.54, Johansson 
et al.55, Pan et al.56, Lopez-Sanz et al.57,  Grant58, Słomiński et al.59, Galán et al.60, Jordan et al.61, Winkler et al.62, 
Yip et al.63, Crookshank et al.64, Lempainen et al.65, Qu and  Polychronakos66, Morrison et al.67, Zhang et al.68, 
Gerlinger-Romero et al.69, Belanger et al.70, Dieter et al.71, Wanic et al.72, Ushijima Wanic et al.73, Guo et al.74, 
Davis et al.75, Elbarbary et al.76, Villasenor et al.77, Zhang et al.78, Lee et al.79, Zhi et al.80, Li Calzi et al.81, Sebas-
tiani et al.82, Cherney et al.83,  Doggrell84 and Yanagihara et al.85 studied the clinical and prognostic values of FLG 
(filaggrin), FGF21, PEMT (phosphatidylethanolamine N-methyltransferase) KL (klotho), CEL (carboxyl ester 
lipase), FOSL2, STAT1, TCF7L2, TP53, EGFR (epidermal growth factor receptor), ETS1, KCNJ8, DEAF1, GCG 
(glucagon), IKZF4, OAS1, IRS1, ABCG2, FBXO32, PTBP1, BACH2, CNDP2, KLF11, MT1E, DPP4, SLC29A3, 

Figure 6.  TF—hub gene regulatory network. The blue color triangle nodes represent the key TFs; up regulated 
genes are marked in green; down regulated genes are marked in red.

Figure 7.  ROC curve validated the sensitivity, specificity of hub genes as a predictive biomarker for dementia 
prognosis. (A) MYC (B) EGFR (C) LNX1 (D) YBX1 (E) HSP90AA1 (F) ESR1 (G) FN1 (H) TK1 (I) ANLN (J) 
SMAD9.
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RGS16, MAS1, GCGR (glucagon receptor), HLA-C, VASP (vasodilator stimulated phosphoprotein), CCR2, 
PTGS2, GLP1R and JMJD6 in patients with T1DM. Vassilev et al.86, Qin et al.87, Ma et al.88, West et al.89, Hoff-
mann et al.90, Deary et al.91, Belangero et al.92, Jung et al.93, Tang et al.94, Goodier et al.95, Petyuk et al.96, Roux 
et al.97, Castrogiovanni et al.98, Suleiman et al.99, Haack et al.100, Kwiatkowski et al.101, Pinacho et al.102, Luo 
et al.103, He et al.104, Moudi et al.105, Thevenon et al.106, Li et al.107, Reitz et al.108, Jenkins and  Escayg109, Letronne 
et al.110, Ma et al.111, Chabbert et al.112, Abramsson et al.113, Aeby et al.114 and Roll et al.115 showed the diagnostic 
values of genes include DCC (DCC netrin 1 receptor), PLP1, SNX19, SH3RF1, TNFRSF1A, NCSTN (nicastrin), 
DGCR2, NPAS2, CDNF (cerebral dopamine neurotrophic factor), SMCR8, HSPA2, STUB1, CHID1, ATP13A2, 
SQSTM1, LIG3, SP4, ACSL6, ERN1, ATF6B, LRFN2, NRG3, LRRTM3, GABRA2, ADAM30, GABRR2, TSHZ3, 
LOXL1, SCN1B and SRPX2 in patients with cognitive impairment. Previous studies have shown that genes 
include KCP (kielin cysteine rich BMP regulator)116, NOG (noggin)117,  COL6A3118,  BTG2119,  RPS6120,  KLF15121, 
 KLF3122,  ZFP36123,  ETV5124,  TLE3125, NNMT (nicotinamide N-methyltransferase)126,  WDTC1127,  ZFHX3128, 
 SIAH2129,  MBOAT7130,  RUNX1T1131,  MAPK4132,  KLF9133,  SELENBP1134,  HELZ2135,  ELK1136,  SERTAD2137, 
 CRTC3138,  ABCB11139,  TACR1140,  SLC22A11141,  PER3142,  P2RX5143,  MFAP5144,  FGL1145,  OLFM4146,  NTN1147, 
 ESR1148,  ABCB1149,  VAV3150 and  LAMB3151 can be used as clinical prognostic biomarkers for obesity. Genes 
include STAR (steroidogenic acute regulatory protein)152,IL1RN153,  AQP5154,  EGR1155, SFTPD (surfactant 
protein D)156,  KLF10157, PODXL (podocalyxin like)158,  FOXN3159,  IL6R160,  PBX1161, APOD (apolipoprotein 
D)162,  ACVR2B163,  CD34164, INSR (insulin receptor)165,  APOA5166, STAR (steroidogenic acute regulatory pro-
tein)167,  PDK4168, GLS (glutaminase)169,  FKBP5170,  SLC6A15171,  MT2A172,  SLC38A4173,  AQP7174,  ABHD15175, 
 ABCA1176,  ZNRF1177,  PPP1R3B178, MAOA (monoamine oxidase A)179,  UBE2E2180, RNASEK (ribonuclease K)181, 
 PREX1182, DGKG (diacylglycerol kinase gamma)183, POSTN (periostin)184, COMP (cartilage oligomeric matrix 
protein)185,  GAP43186,  P2RY12187, SELL (selectin L)188 and  DLG2189 were related to type 2 diabetes mellitus. 
Expression of  ERRFI1190,  ALOX12191,  SOCS5192,  DDIT4193,  DUSP4194,  IL6ST195,  DUSP1196,  SMAD1197, NCL 
(nucleolin)198,  METTL14199, FMOD (fibromodulin)200, CYGB (cytoglobin)201,  UNC5A202 and  TAAR9203 are 
believed to be associated with diabetic nephropathy. Genes include FAP (fibroblast activation protein alpha)204, 
 EYA4205,  BCL9206,  IRF2BP2207,  EGR3208,  GADD45B209, DMD (dystrophin)210, LSR (lipolysis stimulated lipo-
protein receptor)211,  DLL4212,  SUN2213,  SOS1214,  PIK3CA215, GAMT (guanidinoacetate N-methyltransferase)216, 
 RBM47217,  HSP90AA1218,  GAB1219,  S1PR1220, EDNRB (endothelin receptor type B)221, NFKBIA (NFKB inhibi-
tor alpha)222,  GJA1223,  GADD45G224,  PHLDA1225,  CMPK2226, FIGN (fidgetin, microtubule severing factor)227, 
 KCNJ2228,  ABCC9229,  DIRAS3230,  EPHX1231,  RAB4A232,  UBIAD1233,  CASQ2234, TTN (titin)235,  KCNH1236, 
 JPH2237,  OXGR1238,  UCHL1239,  SERPINA3240,  MMP28241,  ADAMTS2242,  P2RY1243,  CSF2RA244,  MYO1F245, 
SELPLG (selectin P ligand)246 and  SAMHD1247 have been reported to be associated with cardiovascular dis-
ease. Previous studies had shown that the altered expression of genes include MAOB (monoamine oxidase 
B)248, VEGFC (vascular endothelial growth factor C)249, DBP (D-box binding PAR bZIP transcription factor)250, 
MYADM (myeloid associated differentiation marker)251, NES (nestin)252,  SMURF1253, EDNRB (endothelin recep-
tor type B)254,  MUC6255,  TOR2A256, TNKS (tankyrase)257,  NEDD9258,  ASIC1259,  ADAMTS8260, DYSF (dysfer-
lin)261,  SLC26A9262,  SLC45A3263 and  KCNQ2264 were closely related to the occurrence of hypertension. Yang 
et al.265, Zhang et al.266 and Wang et al.267 revealed that genes include SYVN1, BTG1 and CFB (complement 
factor B) might be the potential targets for diabetic retinopathy diagnosis and treatment. Study indicating that 
these enriched genes might play important roles in the progression of T1DM.

Construction of PPI network of DEGs may be favorable for understanding the relationship of advancing 
T1DM. The results of the present investigation might provide potential biomarkers for the diagnosis of T1DM. 
SMAD9 plays an important role in the development of  hypertension268. Our results indicate the importance of 
this hub gene might be involved in occurrence and development of T1DM. MYC (MYC proto-oncogene, bHLH 
transcription factor), LNX1, YBX1, FN1, TK1 and ANLN (anillin actin binding protein) are likely to provide 
new potential biomarkers for clinical practice or treatment of T1DM with further research.

In this investigation, the miRNA-hub gene regulatory network and TF-hub gene regulatory network that 
regulates T1DM was constructed.  CDK1269, hsa-mir-199b-3p270,  JUND271 and  FOXF2272 are a promising biomark-
ers in obesity detection and diagnosis. Hsa-mir-106a-5p273, hsa-mir-206274,  SMAD4275 and  ATF6276 biomarkers 
were confirmed in type 2 diabetes mellitus progression. Hsa-mir-106a-5p277 and  HSF2278 have been shown 
to promote cardiovascular disease.. Mendes-Silva et al.279 reported that hsa-mir-664a-3p promotes cognitive 
impairment. Some scholars pointed out that ELF3 was involved in the pathogenesis of diabetic  nephropathy280. 
Previous studies have shown that SRY is involved in the development of  hypertension281. Our results showed that 
these hub genes, miRNAs and TFs are might be involved in progression of T1DM. Together, RNPS1, MAPK3, 
NEK6, hsa-mir-4677-3p, hsa-mir-3125, hsa-mir-4779, hsa-mir-548az-3p, hsa-mir-5688, hsa-mir-6512-3p, XAB2, 
KHDRBS1 and RELA might be effective targets in T1DM, but more experimental investigations and clinical 
trials are needed.

In conclusion, the study used a comprehensive bioinformatics analysis methods to identify DEGs, as well as 
unique biological functions and pathways of T1DM, thereby enhancing the current understanding of the molecu-
lar pathogenesis of T1DM. Moreover, these results might provide potential biomarkers for the initial and proper 
diagnosis of T1DM, as well as potential therapeutic targets for the advancementof novel T1DM treatments.
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ABSTRACT
Background: Chrysin is a phytoconstituent which has anticancer activity. The study 
aims to formulate, characterize and evaluate the cytotoxic effect of chrysin loaded 
phytosomes against HT29 cells. Materials and Methods: Antisolvent precipitation 
technique was employed to prepare phytosomes. Particle size, polydispersity index, 
zeta potential, entrapment efficiency, scanning electron microscope and Fourier 
transform infrared spectroscopic analysis were carried out for the characterization of 
chrysin loaded phytosomes. Cell viability was done to evaluate the cytotoxic effect of 
developed phytosomes comparing with plain chrysin. Results: The developed chrysin 
loaded phytosomes showed the particle size of 94.40nm, polydispersity index of 0.31, 
and zeta potential -1.33 mV. The entrapment efficiency was 74.28 %. Chrysin loaded 
phytosomes showed increased cytotoxic effect on HT-29 cells. Conclusion: This research 
work produces confirmative indication for the use of Chrysin loaded phytosomes in 
experimental animals to further gain in depth analysis for anticancer activity of chrysin 
loaded phytosomes against colon cancer.
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INTRODUCTION
As per the data provided by GLOBOCAN, 
it is found that colorectal cancer (CRC) 
is being the 3rd most fatal cancer and also 
4th most diagnosed cancer throughout 
the world.1 An elevation in the incidence 
rate of  CRC has being reported in both 
the developed and developing countries 
due to the consumption of  artificial foods 
which contain low fiber diet and also due 
to sedentary lifestyle.2 Treatment for CRC is 
available using chemotherapy if  diagnosed 
with CRC at an earlier stage. But it has been 
found that these chemotherapy drugs possess 
many adverse effects due to which the risk is 
more than the benefits. To avoid the adverse 
effects of  the chemotherapeutic drugs, it is 
recommended to use alternative medicines 
which include the herbal drugs either in 
the form of  extracted crude drugs or pure 
phytoconstituents. Chrysin also known as 

5’7 dihydroflavone is one phytoconstituent 
which falls under flavonoid category and is 
also known to possess anticancer properties 
against various types of  cancer. Chrysin is 
a phytoconstituent mainly found in honey, 
propolis and passion flower.3 Reviews from 
scientific literature which were previously 
published have revealed that chrysin 
exhibited enhanced cytotoxic effect against 
various colorectal cancer cell lines,4 and 
also in vivo studies.5 One study was done in 
Wistar rats and it revealed that the goblet 
cells in the crypts of  colon had deteriorated 
due to cis-diamminedichloroplatinum 
which was protected by phytoconstituent 
chrysin through breakdown of  oxidative 
stress and apoptosis.6 However, 
phytoconstituent Chrysin is found to be 
beneficial in the treatment of  colorectal 
cancer.7 Studies revealed that Chrysin had 
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very low bioavailability due to which the dose required 
to treat the colorectal cancer was more.8 Phytosomes 
is a novel nanoformulation which aids in reducing the 
size of  the phytoconstituent which in turn improves 
the surface area and thus better permeability.9 Studies 
also suggest that the stability of  the drug is enhanced 
by incorporating into phytosomal form.10 Since there 
are no studies that are being carried out to check the 
anticancer potential of  chrysin in phytosomal form, 
the primary objective of  this study is to enhance the 
pharmacokinetic and pharmacodynamics profile of  
chrysin by incorporating it into phytosomal form and to 
characterize and pharmacologically evaluate anticancer 
activity of  chrysin loaded phytosomes for the treatment 
of  colorectal cancer in Wistar rats.

MATERIALS AND METHODS
Materials

Soya lecithin and Chrysin (95%) was obtained from 
Tokyo chemical industries limited (Japan). The other 
chemicals and reagents used were of  analytical grade.

Formulation of Chrysin Loaded Phytosomes

Chrysin loaded phytosomes (CLP) were prepared by 
antisolvent precipitation technique.11 The required 
quantity of  soy lecithin and chrysin were taken in 250ml 
round bottomed flask and refluxed in the presence of  
dichloromethane in the temperature 60°C for 3 hr. The 
resultant solution was concentrated to about 5-10ml and 
hexane was administered to the concentrated solution 
with continuous stirring till a precipitate (ppt) was 
formed. Then the ppt was filtered out. It was kept under 
desicator for complete drying. The dried ppt was sieved 
in 100 mesh and stored in ambor coloured bottles.

Formulation and Structural Characterization of 
Chrysin Loaded Phytosomes
Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

10mg of  chrysin loaded phytosomes was added in 
100ml phosphate buffer saline along with rapid shaking 
and it was observed in the presence of  white light 
for the presence of  particle aggregates and also for a 
characteristic opalescence. Particle size of  chrysin loaded 
phytosomes was measured with the help of  Nanotrac. 
Here 1mg of  the formulation were added with 10ml 
of  water and this was ultrasonicated for an hour. After 
sonication, the solution was administered in nanotrac 
for determining particle size and polydispersity index. 
Zetasizer (Malvern Instruments, United Kingdom) was 
utilized for determining the zeta potential. The prepared 

formulation (1mg) was added in 10ml of  water by 
shaking rapidly. 0.5 ml of  chrysin loaded phytosome 
was administered in disposable zeta sizing cuvette. It was 
analyzed at 25°C at a measurement angle of  90°. 

Entrapment Efficiency

The amount of  phytoconstituent Chrysin present 
in the phytosomal form was determined using High 
performance thin layer chromatography (CAMAG, 
Switzerland).

Scanning Electron Microscopy (SEM)

Scanning electron microscope (Hitachi S3400 Japan) 
was utilized to check the surface morphology of  chrysin 
and chrysin loaded phytosomes. Photomicrographs 
were obtained by placing the dried samples which was 
coated with 5 nm gold.

FTIR Analysis

FTIR spectroscopy was utilized to determine molecular 
states of  CLP, pure chrysin and soya lecithin (Shimadzu, 
Japan). After collecting the background, sufficient 
quantity of  samples was administered above the crystal 
surface and gripper was set down on above the sample 
by turning it until a ‘click’ sound was heard to verify the 
gripper is in constant contact with the sample. Scanning 
was performed and the process was repeated for every 
individual sample respectively.

In vitro activity on HT-29 Cells
Cell Culture

Cell line of  human colorectal cancer that is HT-29 was 
procured from NCCS Pune and grown in McCoys 
5A+2mM medium at 37°C and a pH of  7.4 supplemented 
with 0.25% trypsin under humidified atmosphere of  5% 
carbon dioxide. These cells were then subcultured in 
McCoys 5A+2mM medium with an average density of  
1-3x10,000 cells/cm2.

Cell viability

MTT [3- (4,5-dimethylthiazol-2-yl) - 2,5- diphenyltet-
razolium bromide] assay were carried out according 
to previously published method. A 96-well plate was 
taken and 200 μl of  HT-29 cells was seeded. It was then  
incubated at a temperature of  37°C for 48 hr under 5% 
CO2. Solution of  pure chrysin and chrysin loaded 
phytosome solution were administered into the wells in 
the concentrations of  20,40,60,80,100 and 200μM. MTT 
solution (2ml) that is 5 mg/ml was added to individual 
well. It was incubated at temperature of  37°C under 5% 
CO2. The medium which was present in the well was 
replaced with 2 ml of  dimethyl sulfoxide after incubating  
it for 4 hr and the optical density was measured at 
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570 nm. Calculation of  percentage of  cell viability with 
pure chrysin and CLP was carried out.

RESULTS
Formulation and Structural Characterization

The composition of  phospholipid: phytoconstituent 
that soya lecithin and pure chrysin in the ratio of  2:1 
showed better formulation.

Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

The dispersion of  CLP in water appeared to be yellow 
coloured with a slight turbidity. Suspended particulate 
matter was absent in the dispersion. Chrysin loaded 
phytosomes exhibited a particle size of  94.40nm. The 
polydispersity index showed uniformity in the particle 
size distribution that is 0.31. Zeta potential of  CLP was 
found to be -1.33 mv.

Drug Entrapment

The quantity of  chrysin embedded within the 1ml 
of  chrysin loaded phytosome was found to be 
164.9 microgram respectively and the percentage of  
entrapment efficiency was found to be 74.28%.

Scanning Electron Microscopic Examination

The morphology of  chrysin (Figure 1a) and chrysin 
loaded phytosomes (Figure 1b) was revealed by scanning 
electron microscopy.

Fourier Transformed Infrared Spectroscopy

Evaluation of  the molecular states of  pure chrysin, soya 
lecithin and chrysin loaded phytosomes was done using 

FTIR analysis. The bands at 1649.19, 1579.75, 3529.85-
3287.11 in chrysin is assigned to C=O stretch, C=C 
and OH group. Similar peaks were seen in CLP and is 
shown in Figure 2.

In vitro study on HT-29 Cells

Cell Viability

MTT assay showed that pure chrysin solution and 
CLP (p< 0.05) showed the cytotoxic effect on HT-29 
cells when compared with normal control group. 
The inhibition of  cell viability significantly increased 
in CLP when compared to chrysin solution under all 
concentrations that is 20–200 μM with p < 0.05. Both 
the treatment group showed a raise in HT-29 cell viability 
in a dose dependent manner. IC50 value for chrysin and 
CLP was found to be 53.21 and 17.92 respectively and 
is shown in Table 1.Figure 1a: SEM image of chrysin.

Figure 1b: SEM image of chrysin loaded phytosome.

Figure 2: FTIR Image of chrysin, soya lecithin and chrysin 
loaded phytosomes.
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DISCUSSION
Nowadays the prevalence rate of  colorectal cancer is 
increasing vigorously.12 This might be because of  various 
factors like consumption of  processed food,13 which 
contains low fiber diet and also contains preservatives 
which is also known to be a cause of  colon cancer,14 and 
sedentary lifestyle.15 Oxidative stress is another factor 
known to produce colon cancer.16 Thus it important 
to come up with a treatment for colon cancer. Now 
there are number of  drugs which are being used for 
the treatment of  colorectal cancer such as 5-flurouracil, 
capacitabine etc.17 But there are multiple adverse effects 
observed when using such drugs like hepatotoxicity.18 
Thus it is of  utmost importance to come up with a 
treatment for colon cancer which does not cause any 
adverse or toxic effect. Through literature review,19 we 
found that herbal constituents play a crucial role for 
the treatment of  cancer,20 and therefore we selected a 
phytoconstituent that is chrysin which is an flavonoid 
and known to have anticancer effect on colon cancer. 
The major problem seen with respect to chrysin 
administration was that it had poor bioavailability due 
to its low lipid soluble property.21 Thus it is of  utmost 
importance to increase the bioavailability of  chrysin 
so that a better therapeutics effect can be achieved. 
To encounter this low bioavailability problem, we 
incorporated chrysin into the phytosomal form. In 
the current study, the chrysin loaded phytosomes were 
prepared by anti-solvent precipitation technique,22 by 
incorporating soya lecithin and pure chrysin in the 
ratio of  2:1. Characterization of  the chrysin loaded 
phytosomes was done. However, in the present work, 
we prepared phytosomes by incorporating pure chrysin 
and soya lecithin. Formulation of  chrysin loaded 
phytosomes was done in the molar ratio of  1:1, 1:2 and 

2:1. Better results were obtained in the molar ratio of  
2:1 (phospholipid: chrysin). Nanotrac was utilized to 
determine the size of  the formulation and polydispersity 
index and it was found to be 94.40 nm and 0.31 which 
revealed that the prepared formulation was within the 
nano range and also there was reduced prevalence 
rate of  flocculation. Zeta potential of  Chrysin loaded 
phytosomes was determined using Zetasizer Ver. 
7.11 (Malvern) and it was found to be -1.33mv which 
determines better stability in acidic medium.
As seen in the present research study, smaller particle 
size were observed for chrysin loaded phytosomes than 
chrysin alone.
In scanning electron microscope, an irregular 
arrangement of  bright particles were observed in pure 
chrysin (Figure 1a) with an less defined morphology 
and scattered distribution of  particle size. In case of  
chrysin loaded phytosomes (Figure 1b), a well- defined 
arrangement in the structure was seen in which bright 
particles that is chrysin were engulfed by phospholipids.
FTIR analysis was carried out to determine molecular 
states of  CLP and pure chrysin. Bands at 1649.19, 
1579.75, 3529.85-3287.11 in chrysin was assigned to 
C=O stretch, C=C and OH group. Similar peaks were 
observed in CLP. From the given spectra, it can be 
concluded that pure chrysin and CLP had no difference 
in the internal structures and the confirmation of  these 
samples at the molecular level.
In this study, HT-29 cell lines were selected as colorectal 
cancer cells and in order to examine the efficiency 
of  pure chrysin and chrysin loaded phytosome, the 
cytotoxicity test that is MTT assay was done. In HT-29 
cells, the chrysin loaded phytosomes showed IC50 
value of  17.92 µg/ml whereas pure chrysin showed 
IC50 value of  53.21 µg/ml. Similar result was observed 
in the study.23 They also found that cytotoxicity of  
phytoconstituent loaded in phytosomal form was 
more when compared to the free drug24 and it may be 
because of  the reduced particle size of  chrysin loaded 
phytosomes which enhanced the penentration of  chrysin 
loaded phytosomes through the cell wall because of  
which there was maximum inhibibitory cytotoxicity was 
observed in the solution of  chrysin loaded phytosomes 
when compared with pure chrysin alone.

CONCLUSION
The purpose of  this research was to formulate, 
characterize and evaluate the cytotoxic effect of  chrysin 
loaded phytosomes against HT29 cells. Looking into the 
results, we can say that formulation of  chrysin loaded 
phytosomes in the ratio of  2:1 showed better cytotoxic 

Table 1: Result of MTT assay.
Compound Concentration % Viability IC 50 value

Chrysin

200 46.4264082

53.21

100 57.3894609

80 64.3549364

60 79.0732889

40 81.5263477

20 82.1017565

Chrysin 
loaded 

phytosomes

200 38.5466617

17.92

100 43.7845813

80 54.9612689

60 57.1007008

40 63.1132423

20 74.6587975
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effect against HT29 cells and this provides indication for 
the use of  Chrysin loaded phytosomes in experimental 
animals to further gain in depth analysis for anticancer 
activity of  chrysin loaded phytosomes against colorectal 
cancer.

ACKNOWLEDGEMENT
The authors thank KLE College of  Pharmacy-Belagavi 
for providing necessary support for conducting research 
activity.

CONFLICT OF INTEREST
The authors declare no conflict of  interests.

ABBREVIATIONS
CRC: Colorectal cancer; CLP: Chrysin loaded phyto-
somes; HT-29: Human Colorectal Adenocarcinoma 
Cell Line; FTIR: Fourier Transform Infrared; NCCS: 
National Centre for Cell Science.

REFERENCES
1. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: Incidence, 

mortality, survival, and risk factors. Prz Gastroenterol. 2019;14(2):89-103. 
doi: 10.5114/pg.2018.81072, PMID 31616522.

2. Hofseth LJ, Hebert JR, Chanda A, Chen H, Love BL, Pena MM, et al. Early-
onset colorectal cancer: initial clues and current views. Nat Rev Gastroenterol 
Hepatol. 2020;17(6):352-64. doi: 10.1038/s41575-019-0253-4, PMID 
32086499.

3. Kamat S, Kumari M, Sajna KV, Jayabaskaran C. Endophytic fungus, 
Chaetomium globosum, associated with marine green alga, a new source 
of chrysin. Sci Rep. 2020;10(1):18726. doi: 10.1038/s41598-020-72497-3, 
PMID 33127928.

4. Khoo BY, Chua SL, Balaram P. Apoptotic effects of chrysin in human cancer 
cell lines. Int J Mol Sci. 2010;11(5):2188-99. doi: 10.3390/ijms11052188, 
PMID 20559509.

5. Bahadori M, Baharara J, Amini E. Anticancer properties of chrysin on colon 
cancer cells, in vitro and in vivo with modulation of caspase-3, −9, Bax and 
Sall4. Iran J Biotechnol. 2016;14(3):177-84. doi: 10.15171/ijb.1374, PMID 
28959334.

6. Khan R, Khan AQ, Qamar W, Lateef A, Tahir M, Rehman MU, et al. Chrysin 
protects against cisplatin-induced colon. toxicity via amelioration of oxidative 
stress and apoptosis: Probable role of p38MAPK and p53. Toxicol Appl 
Pharmacol. 2012;258(3):315-29. doi: 10.1016/j.taap.2011.11.013, PMID 
22155348.

7. Lin YM, Chen CI, Hsiang YP, Hsu YC, Cheng KC, Chien PH, et al. Chrysin 
attenuates cell viability of human colorectal cancer cells through autophagy 
induction unlike 5- fluorouracil/oxaliplatin. Int J Mol Sci. 2018;19(6):1763. doi: 
10.3390/ijms19061763, PMID 29899208.

8. Gao S, Siddiqui N, Etim I, Du T, Zhang Y, Liang D. Developing 
nutritional component chrysin as a therapeutic agent: Bioavailability 
and pharmacokinetics consideration, and ADME mechanisms. Biomed 
Pharmacother. 2021;142:112080. doi: 10.1016/j.biopha.2021.112080, PMID 
34449320.

9. Mukherjee PK, Harwansh RK, Bhattacharyya S. Bioavailability of herbal 
products: Approach toward improved pharmacokinetics. Evid Based 
Validation Herb Med. 2015:217-45.

10. Maryana W, Rachmawati H, Mudhakir D. Formation of phytosome containing 
silymarin using thin layer-hydration technique aimed for oral delivery. 
Materialstoday. Proceedings. 2016;3(3):855-66.

11. Lu M, Qiu Q, Luo X, Liu X, Sun J, Wang C, et al. Phyto-phospholipid 
complexes (phytosomes): A novel strategy to improve the bioavailability of 
active constituents. Asian J Pharm Sci. 2019;14(3):265-74. doi: 10.1016/j.
ajps.2018.05.011, PMID 32104457.

12. Christodoulides N, Lami M, Malietzis G, Rasheed S, Tekkis P, Kontovounisios 
C. Sporadic colorectal cancer in adolescents and young adults: A scoping 
review of a growing healthcare concern. Int J Colorectal Dis. 2020;35(8):1413-
21. doi: 10.1007/s00384-020-03660-5, PMID 32556652.

13. Santarelli RL, Pierre F, Corpet DE. Processed meat and colorectal cancer: 
A review of epidemiologic and experimental evidence. Nutr Cancer. 
2008;60(2):131-44. doi: 10.1080/01635580701684872, PMID 18444144.

14. Song M, Chan AT. Environmental Factors, Gut Microbiota, and Colorectal 
Cancer Prevention. Clin Gastroenterol Hepatol. 2019;17(2):275-89. doi: 
10.1016/j.cgh.2018.07.012, PMID 30031175.

15. Eaglehouse YL, Koh WP, Wang R, Aizhen J, Yuan JM, Butler LM. Physical 
activity, sedentary time, and risk of colorectal cancer: The Singapore 
Chinese Health Study. Eur J Cancer Prev. 2017;26(6):469-75. doi: 10.1097/
CEJ.0000000000000369. PMID 28542077.

16. Basak D, Uddin MN, Hancock J. The role of oxidative stress and its 
counteractive utility in colorectal cancer (CRC). Cancers. 2020;12(11):3336. 
doi: 10.3390/cancers12113336, PMID 33187272.

17. Vodenkova S, Buchler T, Cervena K, Veskrnova V, Vodicka P, Vymetalkova V.  
5-Fluorouracil and other fluoropyrimidines in colorectal cancer: Past, 
present and future. Pharmacol Ther. 2020;206:107447. doi: 10.1016/j.
pharmthera.2019.107447, PMID 31756363.

18. Vincenzi B, Armento G, Spalato Ceruso MS, Catania G, Leakos M, 
Santini D, et al. Drug-induced hepatotoxicity in cancer patients – 
implication for treatment. Expert Opin Drug Saf. 2016;15(9):1219-38. doi: 
10.1080/14740338.2016.1194824, PMID 27232067.

19. Huang WY, Cai YZ, Zhang Y. Natural phenolic compounds from medicinal 
herbs and dietary plants: Potential use for cancer prevention. Nutr Cancer. 
2010;62(1):1-20. doi: 10.1080/01635580903191585, PMID 20043255.

20. Li YH, Niu YB, Sun Y, Zhang F, Liu CX, Fan L, et al. Role of phytochemicals 
in colorectal cancer prevention. World J Gastroenterol. 2015;21(31):9262-72. 
doi: 10.3748/wjg.v21.i31.9262, PMID 26309353.

21. Mani R, Natesan V. Chrysin: Sources, beneficial pharmacological activities, 
and molecular mechanism of action. Phytochemistry. 2018;145:187-96. doi: 
10.1016/j.phytochem.2017.09.016, PMID 29161583.

22. Gaurav V, Paliwal S, Singh A, Pandey S, Siddhiqui MA. Phytosomes: 
Preparation, evaluation and application. Int J Res Eng Sci. 2021;9(2):35-9.

23. Sulaiman GM, Jabir MS, Hameed AH. Nanoscale modification of chrysin 
for improved therapeutic efficacy and cytotoxicity. Artif Cells Nanomed 
Biotechnol. 2018;46(1).

24. Babazadeh A, Zeinali M, Hamishehkar H. Nano-Phytosome: A Developing 
Platform for Herbal Anti-Cancer Agents in Cancer Therapy. Curr Drug 
Targets. 2018;19(2):170-80. doi: 10.2174/1389450118666170508095250, 
PMID 28482783.



Kudatarkar, et al.: Chrysin Loaded Phytosomes against Colorectal Cancer

S412 Indian Journal of Pharmaceutical Education and Research | Vol 56 | Issue 3 (Suppl) | Jul-Sep, 2022

Cite this article: Kudatarkar N, Jalalpure S, Kurangi B. Formulation and Characterization of Chrysin Loaded 
Phytosomes and its Cytotoxic Effect against Colorectal Cancer Cells. Indian J of Pharmaceutical Education and 
Research. 2022;56(3s):s407-s412.

PICTORIAL ABSTRACT

Mr. Namit Kudatarkar is presently working as an Assistant Professor, Department of Pharmacology, 
KLE College of Pharmacy, Belagavi, KLE Academy of Higher Education and Research, Belagavi. 
His areas of research include screening of phytoconstituents and drugs for cancer using in vitro 
and in vivo studies.

Prof. (Dr.) Sunil Jalalpure is presently working as a Professor and Principal, KLE College of 
Pharmacy, Belagavi, KLE Academy of Higher Education and Research, Belagavi. His areas of 
research include isolation/ characterization of active principles from medicinal plants and their 
pharmacological screening for various biological activities and training the research students in 
Pharmacognosy, Phytochemistry and Biotechnological aspects with modern tools and techniques. 
He is actively involved in nanoparticles drug delivery system of herbal phytoconstituents and 
green nanotechnology.

About Authors

SUMMARY

Chrysin loaded phytosomes were formulated by 
antisolvent precipitation technique. Particle size 
distribution, polydispersity index and zeta potential 
were determined. The amount of  phytoconstituent 
entrapped within phytosomes was determined 
using High performance thin layer chromatography. 
Photomicrographs of  chrysin and chrysin loaded 
phytosomes were obtained by scanning electron 
microscopy. FTIR spectroscopy was utilized to 
determine molecular states of  Chrysin loaded 
phytosomes, pure chrysin and soya lecithin. Cytotoxicity 
of  chrysin and chrysin loaded phytosomes were 
determined using MTT assay on colorectal cancer cell
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Introduction 
Plants based products have indistinct role in 

human development, apart from three basic needs of 
human life, health is also one of the important need 
which is greatly depends on natural resources. 
Medicinal plants having therapeutic effects are 
remained base for the various Ayurvedic, Unani, 
Homeopathy, Herbal and Allopathic medicines. Around 
25 % of medicines are plant based or their derivatives 
(1). Plant based medicines are utilized by early 
civilization to treat illness of human being as 
therapeutic agents and has gained more acceptance due 
to their better therapeutic efficiency (2, 3). Natural plant 
based products retained the human health due to fewer 
side effects, low price so there is an increasing demand 
for the plant based therapeutic products (4). The Indian 
medicinal systems utilized plants to cure different 
ailments. According to WHO, more than 40000 plant 
species have medicinal values and about 80 % of 

population utilizing herbal drugs for their therapeutic 
efficacies (5, 6, 7). India has great diversities consist of 
fern that shows therapeutic effects due to bioactive 
principles (8). The Indian system Sushruta, Charaka, 
Samhita has suggested use of pteridophytes for 
treatments of different ailments (9). Actiniopteries 
dichotoma is pretty fern belongs to family 
Actiniopteridaceae. The plant shows anti-inflammatory, 
an t ih is taminic , an t imicrobia l , an the lmint ic , 
anticholinergic, analgesic, antitubercular activity (10). 
Herbal drugs quality can be affected by physical and 
environmental factors so purity and safety of herbal 
crude drugs can be concerned by assessing the 
pharmacognostical parameters (11). Herbal drug 
material are very susceptible for detoriation due to 
physiological, environmental, biological factors which 
may form toxic compounds hence there is need to each 
and every medicinal plant to standardize and develop a 
quality control guidelines for identification, collection, 
raw material processing and also to avoid any 
adulterants in herbal products (12). 

Therefore, an attempt has been made for the 
development of pharmacognostical standardization 
parameters for Mayurshikha. In vitro biological 
activities such as antioxidant, antimicrobial, 
anthelmintic, and brine shrimp lethality assay were 
performed on the extract and its fractions.  
  
  

Pharmacognostical and biological evaluation of  
Mayurshikha (Actiniopteries dichotoma Bedd): An Ayurvedic medicinal plant
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Abstract
Aim: To evaluate pharmacognostical parameters and biological activities for Mayurshikha. Methods: The 

freshly collected plant material was subjected to pharmacognostical study followed by extraction and fractionation. 
Extract and fractions subjected for phytochemical investigation.The hydro-alcoholic extract and their four fractions 
were evaluated for in vitro antioxidant, antimicrobial, anthelmintic and brine shrimp lethality assay. The extract was 
subjected for fluorescence analysis. Total phenol content was estimated by Folin-Ciocalteu’s method. Results: The 
pharmacognostic study revealed the macroscopic characters, physicochemical constants and phytochemical nature of 
Mayurshikha. Phytochemical screening revealed the presence of lipids, phenols, terpenoids, sterols, alkaloids and 
flavonoids.Total phenol content was found to be 6.36 µg/mg of Gallic acid equivalents GAE/g. In vitro biological 
activities were performed to assess the biological efficacy. Fraction 4 showed promising antioxidant activity with IC50 
of 1.49µg/ml. Amongst four fractions, F3 and F4 showed pronounced antimicrobial activity with minimum inhibitory 
concentration of 100µg /ml. Fraction 3 showed better anthelmintic activity as death time for same fraction was 
4.78(±0.93) minutes. Further, with the LC50 value of 1.49µg/ml, Fraction 3 was found to exhibit better cytotoxicity 
amongst all fractions. Conclusion: From the above finding it clearly indicates that Mayurshikha consists of active 
phytoconstituents which can be utilized for therapeutic purpose.
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Materials and Methods 
Plant material and Chemicals 

Mayurshikha (Actiniopteris dichotoma Bedd) was 
collected from local region of Belagavi, Karnataka and 
it was identified by Dr. Harsha Hegde (Scientist E, 
ICMR-NITM, Belagavi, Karnataka) with voucher 
specimen RMRC 1448. The whole plant was thoroughly 
cleaned and shade dried, converted into powder and 
used for further study. DPPH (2, 2-diphenyl-1-
picrylhydrazyl) reagent was purchased from Himedia, 
India. All other chemical and reagents of analytical 
grade were used from KLE College of Pharmacy, 
Belagavi  

  
Pharmacognostical study 

The freshly collected plant material was 
subjected to the macroscopic evaluation. Macroscopic 
characters of Mayurshikha such as shape, size, color, 
odor, taste, surface characteristics and texture. 
Physicochemical evaluation including moisture content, 
ash value and extractive value carried out on powdered 
plant material (13, 14). 

Extraction and fractionation  
The extraction was carried by maceration 

followed by soxhlet apparatus. Initially, accurately 
weighed quantity of dried plant material was subjected 
for maceration for 24 hours using ethanol: water (70:30) 
as a solvent. The mark from maceration was subjected 
to soxhlet extraction. Both the filtrate were combined 
and concentrated on rotary evaporator and evaporated to 
get the crude extract. The resultant extract was 
subjected for fractionation by Cos et al method to 
separate Lipids (Fraction 1); Phenols, Terpenoids, 
Sterols (Fraction 2); Alkaloids (Fraction 3); and 
Polyphenols (Fraction 4) (15). The extract and fractions 
were subjected for qualitative phytochemical analysis 
(16). 

Fluorescence Analysis 
The plant extract was placed on clean glass slide 

and freshly prepared reagents were added to slide with 
gentle tilting. After standing for few minutes the slides 
were examined under UV chamber (17). 

Total phenolic content  
Test sample with reagents (0.2 mL of test sample 

+0.6mL of distilled water +0.2mL of Folin-Ciocalteu’s 
reagent) was added and kept for 5 minutes. To this, 1 ml 
of saturated sodium carbonate solution (8% w/v in 
water) added, volume was made up to 3 ml with 
distilled water and test tubes were kept in dark for 30 
minutes, the absorbance was measured at 765nm. The 
phenol content was calculated as gallic acid equivalents 
GAE/g of a standard curve of gallic acid (18, 19). 

Biological activities  
In vitro antioxidant activity  

In-vitro antioxidant potential of Mayurshikha 
extract and fractions were evaluated by DPPH radical 
scavenging assay (20). 1 ml of test fraction and 3 ml of 
standard DPPH reagent (0.1 mmol/L prepared in 

methanol) was added in test tube. Similarly, control was 
prepared by adding methanol to DPPH solution. The 
test tubes containing test solutions were properly closed 
and kept in dark at room temperature for 30 minutes. 
After 30 minutes, Absorbance was measured at 517 nm. 
The IC50 value was calculated based on the 
concentration at which DPPH radicals scavenged by 
50% and value obtained by interpolation from linear 
regression analysis (21, 22). The scavenging activity 
was calculated by using equation: 

 
In vitro antimicrobial activity  

In vitro antimicrobial activity were evaluated by 
agar well diffusion method. Microbial strains such as 
Staphylococcus aureus, Streptococcus pneumonia, 
Escherichia coli and Salmonella typhi were used. 
Nutrient broth was prepared by pouring 20 ml of molten 
agar in clean and sterilized petri plates. The plates were 
cooled and examined for any contaminations. Agar 
wells of 5 mm diameter in each petri plate were made 
by sterilized stainless steel bore and labeled as C, E, F1, 
F2, F3 and F4 on the back side of the petri plates 
representing control, Extract, Fraction 1, Fraction 2, 
Fraction 3 and Fraction 4 respectively. The agar well 
were loaded with control as gentamicin, whole extract 
of Mayurshikha, fraction 1, fraction 2, fraction 3 and 
fraction 4 in C, E, F1, F2, F3 and F4 respectively. The 
petri plates containing microorganism and samples were 
incubated at 37°C. Zone of inhibition were examined 
which appear as a clear area around the wells and it was 
measured using a meter ruler and the mean value for 
each organism was recorded and expressed in 
millimeter (23). 

In vitro anthelmintic activity 
In vitro anthelmintic activity of extract and 

fractions were performed on Lumbricus terrestris 
(Indian earthworms) due to morphological resemblance 
with the worms that causes helminthiasis. Paralysis time 
and death time were compared with standard 
Albendazole at concentrations of 25 mg/mL, 50 mg/mL 
and 100 mg/mL (24). 

Brine shrimp lethality assay 
Few milligrams of brine shrimp eggs were 

sprinkled in glass compartment containing saline water 
with small hole between the compartments and light 
source was kept ‘ON’ for 24 hours. After 24 hours, 
hatched nauplii move towards the light source as they 
are phototropic in nature. Different test tubes containing 
concentration of 10,100 and 1000 µg / ml of test 
sample, exactly 10 shrimps transferred and volume was 
made up to 5 ml using sea water. Little quantity of yeast 
suspension (3 mg in 5 ml sea water) used as food for 
shrimps. Potassium dichromate were used as standard. 
All test samples were kept on illumination for 24 hours. 
After 24 hours, shrimps were counted, number of 
survivals and number of deaths recorded. The lethal 
concentration (LC50) values were calculated by using 
SPSS-20 (Statistical Package for the Social Sciences) 
software (25, 26). 
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Results 
Pharmacognostical study 
Macroscopic study 

Mayurshikha (Actiniopteris dichotoma) is a 
pretty, green to dark brown fern, about 4 inch height, 
faint odor, tasteless rooted usually in the cervices of 
rocks in moist and shade places. Macroscopic 
characters are depicted in table1. 

Figure 1: Mayurshikha whole plant  

 

Table1: Macroscopic characters of Mayurshikha 

  
Physicochemical study 

The physicochemical parameters such as 
moisture content, ash values and extractive values are 
represented in table 2. Physicochemical parameters 
highly affects the stability, quality of any herbal crude 
drugs. The moisture content of whole plant of 
Mayurshikha is less, so there will not be microbial 
attack. Ash values are within limit. The result concludes 
alcohol will be better solvent for extraction.  

Table 2: Physicochemical analysis 

  
Phytochemical analysis  

The qualitative phytochemical analysis revealed 
the presence of Lipids, Phenols, Terpenoids, Sterols, 
Alkaloids and Flavonoids.  

Table 3: Phytochemical analysis 

(‘+’indicates positive results and ‘-’ indicates Negative 
results) 
  
Fluorescence analysis  

The plant extract showed different fluorescence 
reveals the presence of different chemical components.  

Table 4: Fluorescence analysis 

  
Total Phenol Content 

The total phenol content was estimated by Folin-
Ciocalteu’s reagent using UV Spectrophotometer. The 
phenol content was found to be 6.36 µg/mg of Gallic 
acid equivalents GAE/g of a standard curve of Gallic 
acid. 

Figure 2: Total Phenol Content        

 

Macroscopic  Parameters Conclusion
Rhizomes Horizontal
Segments Dichotomous

Leaves Circinate vernation
Sporangia Sub marginal

Spores Trilete

Sr.no Physico-chemical 
Parameters

Test Results %(w/
w)

1 Moisture content Loss on drying 2.66 (±0.34)
2 Ash values Total ash 8.94 (±0.59)

Acid insoluble 
ash

0.83 (±0.29)

Water soluble ash 1.50 (±0.50)
3 Extractive values Aqueous 8.33 (±0.58)

Alcohol 9.00 (±1.0)
Petroleum ether 4.67(±0.58)

Phyto-
chemicals

Extract Fraction 
1

Fraction 
2

Fraction 
3

Fraction 
4

Lipids + + - - -
Phenols + - + - -

Terpenoids + - + - -
Sterols + - + - -

Alkaloids + - - + -
Flavonoids + - - - +

Sr. 
No Test Visible 

light

UV light (Wavelength)
Short  

(254nm)
Long  

(366nm)

1 Extract + 1 mol/L 
NaOH (aq) Orange Brown Orange

2 Extract + 1 mol/L 
NaOH (alc) Green Yellow Green

3 Extract + Ethyl 
alcohol Yellow Green Green

4 Extract + 
Methanol Green Green Yellow

5 Extract + Ethyl 
acetate

Light 
green Red Red

6 Extract + 50% 
H2SO4

Pale 
yellow Yellow Yellow

7 Extract + 50% 
HCl

Pale 
yellow Green Blue

8 Extract + 
Petroleum ether

Pale 
yellow Orange red Pale 

yellow

9 Extract + Picric 
acid Yellow Green Green

10 Extract + 
Ammonia Orange Green 

brown
Reddish 
brown
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Biological activities  
In vitro antioxidant activity  

In vitro antioxidant activity on Mayurshikha 
extract and fractions were carried by DPPH free radical 
scavenging assay, the percent inhibitions are depicted in 
Table 5. The IC50 values are compared with standard 
ascorbic acid.  
  
In vitro antimicrobial activity  

In vitro antimicrobial efficacy of Mayurshikha 
extract and fractions were carried by agar well diffusion 
method using gentamicin as standard with gram 
negative and gram positive microbial samples. The zone 
of inhibition and minimum inhibitory concentration 
depicted in table 6 and 7 respectively. 

In vitro anthelmintic activity  
In vitro anthelmintic activity on Mayurshikha 

extract and fractions were carried using earthworms 
(Lumbricus terrestris). Paralysis time and death time 
were compared with standard albendazole. Mean time 
taken for paralysis and death were depicted in table 8. 

Brine shrimp lethality assay  
The brine shrimp lethality assay on Mayurshikha 

extract and fractions were carried for cytotoxicity using 
potassium dichromate as standard. Table 9 represents 
the number of survivals and number of deaths of 

shrimps. LC50 values were calculated with the help of 
SPSS-20 software based on the number of survivals and 
number of deaths. 

Figure 3: Absorbance  

 
  

  

Table 5: Percentage Inhibition 

  
Table 6: In vitro antimicrobial activity (Zone of Inhibition) 

  
Table 7: Minimum Inhibitory Concentration (µg /ml) 

Sr. No. % Inhibition

Conc 
(µg/ml)

Standard 
(Ascorbic acid)

Conc 
(µg/ml) Extract F1 F2 F3 F4

1 2 15.35 10 1.38 15.46 14.01 6.29 31.45
2 4 23.68 20 7.83 24.15 23.19 8.81 38.99
3 6 32.89 30 14.29 36.71 33.33 13.84 45.91
4 8 42.54 40 20.28 47.83 42.51 18.24 53.46
5 10 51.75 50 26.27 60.39 54.11 23.27 61.01

IC50 0.757 IC50 1.44 1.47 1.46 1.49 1.45

Microorganism Zone of Inhibition (mm)

- - Extract F1 F2 F3 F 4 Standard

Gram 
positive

S. aureus 15 7 9 14 11 24

S.pneumonia 14 - 5 12 10 21

Gram negative
E.Coli 13 5 7 14 11 18

S. typhi 14 - 5 11 9 20

Samples Extract Fraction 1 Fraction 2 Fraction 3 Fraction 4 Control

Gram 
positive

S. aureus 100 >300 >300 100 100 10

S.pneumonia 100 >300 >300 100 100 10

Gram 
negative

E. Coli 100 >200 >200 100 100 10

S. typhi 100 >300 >300 100 100 10
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 Table 8: In vitro anthelmintic activity 

  
Table 9: Brine shrimp lethality assay 

  
Discussion 

Mayurshikha is an important fern which can be 
used for treatment of several diseases. In the present 
work, attempt has been made on pharmacognostical and 
biological evaluation of Mayurshikha plant. The 
macroscopic study resembles the correct identification 
of plant. The stability of the crude drug depends on 
moisture which affects the shelf life of drug. Lower 
moisture content lead to high stability and higher 
moisture contents results to low stability (12). The ash 
values are important quantitative tools for evaluating 
purity of powdered crude drug (27). An extractive value 
confirms the amount of the active constituents present 
based on the solvent (28). Based on the results, all the 
physicochemical parameters are found to be within 
limit. The phytochemical analysis revealed presence of 
lipids, phenols, terpenoids, sterols, alkaloids and 
flavonoids. The chemical nature of plant constituents 
can be identified by fluorescence analysis (12). Due to 
presence of chemical constituents, Mayurshikha exhibit 
different fluorescence. It has reported that polyphenols 
present in plants shows the various biological activities 
which are due to free radical scavenging property of 
polyphenols (29, 30, 31).The phenolic content in 

Mayurshikha was found to be 6.36 µg/mg of Gallic acid 
equivalents GAE/g of a standard curve of Gallic acid.  

Furthermore, Mayurshikha extract and its 
fractions were subjected for in vitro biological assays. 
In vitro antioxidant activity were evaluated by DPPH 
free radical assay. It is revealed that fraction 4 showed 
promising effects due to presence of active chemical 
constituents responsible for antioxidant properties. In 
vitro antimicrobial activity on extract as well as on 
fractions were performed by agar well plate method. 
Based on the results it can be concluded that the 
fraction 3 and fraction 4 has promising antimicrobial 
efficiency as compared with other fractions. The 
anthelmintic activity showed the dose dependent 
activity. In vitro anthelmintic activity was performed on 
earthworms. Based on the results, it can be concluded 
that fraction 3 showed the better anthelmintic activity. 
Due to higher risk of adverse reactions associated with 
synthetic drugs, it will be promising plant based 
anthelmintic drug candidate. Furthermore, brine shrimp 
lethality assay on Mayurshikha extract and fractions 
were carried for cytotoxicity using potassium 
dichromate as standard. Based on results, Fraction 3 
showed better LC50 value as compared with other 
fraction. 

Sr. No. Sample Concentration
Earthworm

Time taken for paralysis (Mins) Time taken for death (Mins)
1 Control NA NA NA

2 Standard
25 4.05(±0.49) 4.67(±0.53)
50 3(±0.42) 3.92(±0.55)
100 2.2(±0.41) 3.07(±0.69)

3 Extract
25 5.35(±0.79) 6.37(±0.84)
50 3.98(±0.39) 5.03(±0.73)
100 2.82(±0.51) 4.45(±1.02)

4 Fraction 1
25 8.6(±0.53) 9.97(±0.94)
50 7.2(±0.54) 8.55(±0.73)
100 6.13(±0.67) 7.58(±0.70)

5 Fraction 2
25 10.5(±0.98) 12(±0.85)
50 9.35(±0.90) 10.85(±1.39)
100 7.35(±0.79) 8.95(±1.06)

6 Fraction 3
25 4.63(±0.42) 5.98(±0.70)
50 3.92(±0.50) 5.08(±0.97)
100 3.05(±0.45) 4.78(±0.93)

7 Fraction 4
25 5.98(±0.50) 7.23(±0.85)
50 4.35(±0.40) 5.92(±0.81)
100 3.3(±0.52) 4.48(±0.99)

Plant /standard Extract /fraction Mean Percent Death after 24 hours LC50

- - 10 µg/ml 100 µg/ml 1000 µg/ml -
Control - - - - 0

Standard Potassium dichromate 80 100 100 8.70
Mayurshikha Extract 80 100 100 8.70

Fraction 1 80 90 100 3.63
Fraction 2 70 80 90 2.39
Fraction 3 60 70 100 8.43
Fraction 4 60 90 100 4.10
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Conclusion 
Mayurshikha is an enormous valuable medicinal 

plant used since ancient times due to their medicinal 
properties. In the present study, attempt has been made 
for pharmacognostical evaluation followed by in vitro 
biological activity evaluation on extract and fractions. 
The pharmacognostical study will be bench marker for 
the identification and standardization of the plant 
material. In vitro biological activity assessment on 
extract and their fractions will helps to identify which 
fraction shows better activity and thereby focusing on 
same fractions for future lead molecule identification. 
Concerning the present work, it was found that fraction 
F3 conta in ing a lka lo ids showed promis ing 
antimicrobial, anthelmintic and cytotoxic effect. Based 
on the results, it can be concluded that present work can 
be used as scientific tool for the pharmacognostical 
evalution as well as for future plant research. 
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Introduction
Ayurvedic medicines and Herbal formulations 

including herbs, herbal materials, herbal preparations, 
and finished herbal products, has become an 
increasingly important part of the global healthcare 
system. Phytochemical and pharmacological studies 
revealed that one herb may contain hundreds, or 
thousands, of chemical components that exerted 
pharmacological effects via a network of various targets 
and pathways (1). 

Tridax procumbens L., often known as “coat 
buttons”, belongs to Asteraceae family. Plant bears 
daisy like yellow centered white or yellow flowers with 
three toothed ray florets. The leaves are serrated and 
arrowhead-shaped. The fruit is a rigid achene with stiff 
hairs on one end and a feathery, plume-like white 
pappus on the other end (2). 

Antioxidants protect cells from the harmful 
effects of free radical molecules like reactive oxygen 
free radicals (ROS), reactive hydroxyl radicals (OH), 
superoxide anion radicals (O2), hydrogen peroxides 
(H2O2) and peroxyl (ROO) produced during the normal 
metabolic process of oxidation and produce metabolic 
products that target lipids in cell membranes or DNA. 
Thus, including DNA damage, carcinogenesis, and 
cellular degeneration, as well as heart disease and 
arthritis (3, 4). 

Plants with an aromatic ring containing one or 
more hydroxyl groups are known as phenolic 
compounds. There are over 8000 naturally occurring 
plant phenolics, with flavonoids accounting for about 
half of them. Phenolics have a wide range of 
biochemical properties, including antioxidant, 
antimutagenic, and anticarcinogenic properties, as well 
as the potential to modify gene expression. Phenolics 
are the most abundant phytochemicals in plants and 
plant products, accounting for the majority of 
antioxidant action. 

Flavonoids are the most abundant group of 
naturally occurring phenolic chemicals, found in both 
free form and as glycosides in various plant parts. They 
exhibit antimicrobial, mitochondrial adhesion 
inhibition, antiulcer, anti-arthritic, anti-angiogenic, 
anticancer, protein kinase inhibition, and other 
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biological actions. Flavones and flavanols are common 
forms of phenolics. Flavonoids are antioxidants that 
protect against cardiovascular disease, certain types of 
cancer, and cell component degeneration. Because of 
their polyphenolic composition, they can scavenge 
harmful free radicals such as super oxide and hydroxyl 
radicals (5). 

This study deals with the evaluation of 
Pharmacognostic parameters, antioxidant and 
antimicrobial activity of Tridax procumbens L. extract 
and its various fractions. The results were compared 
between crude extract and its fractions. 
  
Materials and methods 
Materials 

All the chemicals, reagents and TLC plates were 
purchased from Sigma-Aldrich Ltd. 

Methods 
Collection and processing of plant material 

The plant material was collected randomly from 
local areas of Belagavi Karnataka (India) and 
authenticated by ICMR Belagavi. (Accession number 
RMRC-1577). Then the plant material was washed, air 
dried, homogenized to fine powder and stored in airtight 
container until further use. 

Pharmacognostic studies 
Macroscopic study 

The freshly collected plant material was 
subjected for macroscopic evaluation various characters 
like shape size colour odor taste surface characters and 
texture were observed. (Fig.1)  

Physicochemical parameters 
Powdered plant material was examined for 

various physicochemical parameters like loss on drying, 
total ash, water soluble ash, acid insoluble ash, and 
extractive value as per WHO guidelines (Table 1) (6). 

Powder microscopy 
The powder microscopy was carried out using 

Trinocular microscope as per standard procedure and 
their specific diagnostic characters were recorded (Fig. 
2) (7,8). 

Extraction of plant  
100 gm of powdered plant material was subjected 

for maceration using alcohol and water (70:25). Mark 
was further extracted by Soxhlet method using alcohol 
as a solvent and extract is fractionated using suitable 
method described by P. Cos et al. Various fractions 
obtained are F1 (Pet. Ether fraction for lipids waxes) F2 
(Methanol fraction for phenolics, terpenes and sterols) 
F3 (dichloromethane fraction for alkaloids) F4 (Water 
fraction for salts and hydrophilic substances)  % Yield 
is depicted in (Table 2) (9). 

Phytochemical investigation of extract and fractions  
Extract and fractions (F1, F2, F3, F4) were screened 

for various phytochemicals such alkaloids, glycosides, 

flavonoids, tannins, saponins, steroids, and triterpenes 
as per standard procedure. (Table 3) (6, 10). 
  
Spectroscopic analysis 

Spectroscopic analysis was performed using an 
UV-Spectrophotometer at wavelength ranging from 
200nm to 800nm for crude extract and its fractions (Fig 
3 & Table 4) (11). 

Chromatographic analysis 
Thin layer chromatography (TLC) 

By phy tochemica l s c r een ing and UV 
spectroscopy analysis it is confirmed that, crude 
extract and fraction 4 (F4) contains flavonoid. Thus, 
crude extract and fraction 4 were taken for further 
TLC study. Thin layer chromatographic study was 
performed as per standard procedure using Quercetin 
as a standard marker on silica gel 60 F254 plates and 
mobile phase used was Toluene: Ethyl acetate: Formic 
acid (7:3:0.5) using aluminum chloride reagent as 
detecting agent (Fig4 Table5) (12). 

Total flavonoid content by AlCl3method 
Total flavonoid content of crude extract and 

fraction 4 (F4) was analyzed using aluminum chloride 
colorimetric method with slight modification 
according to Chang et al. Quercetin was used to make 
the calibration curve. 10 mg of quercetin was 
dissolved in ethanol 95% and diluted to 2-10µg/mL. 1 
mL of each concentration of standard solutions, as 
well as 1 mL of each sample solution, were mixed 
with 3 mL ethanol 95%, 0.2 mL of aluminum chloride 
10%, 0.2mL 1 M Potassium acetate and 5.6mL of 
distilled water was added. The mixture was incubated 
at room temperature for 15 min with intermittent 
shaking. The absorbance was measured at 376 nm 
a g a i n s t a b l a n k u s i n g S I C A N 2 3 0 1 U V-
spectrophotometer. Total flavonoid was calculated as 
mean ± SD (n = 3) and expressed as weight of 
quercetin equivalent (QE) per 1g of dry extract and 
fraction (Fig5 Table 6) (13, 14). 

Total Phenolic content 
The total phenolic content of the crude extract 

and fraction 2 (F2) was analyzed using the Folin-
Ciocalteu reagent, as described by Pourmorad et al, 
with minor modifications. Gallic acid was used as a 
standard to plot a calibration curve. 10 mg Gallic acid 
was dissolved in 10 mL methanol and diluted to 
2-10µg/mL. 2.5 mL Folin–Ciocalteu and 2.5 mL 
distilled water were diluted with 0.5 mL of standards 
and samples. After 5-minutes incubation period, 2 mL 
of aqueous sodium carbonate solution (7.5 % w/v) was 
added. After shaking the final mixture, it was 
incubated at room temperature for 15 minutes in the 
dark. The absorbance of all standards and samples 
were measured at 765 nm using SICAN 2301 UV-
spectrophotometer. Total phenolics was calculated as 
mean ± SD (n = 3) and expressed as weight of gallic 
acid equivalent (GAE) per 1g of dry extract and 
fraction (Fig6 Table 7) (13,15,16). 
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Antioxidant activity 
The radical scavenging activity of crude extract 

and fraction 4 (F4) against the DPPH radical was 
determined according to standard procedure with slight 
modifications (18). 3 mL of 0.1 mM DPPH radical 
solution was diluted with 3 mL of methanolic solutions 
of crude extract and fraction 4 (concentration of 
10-50µg/mL). After 30 min incubation in the dark, 
absorbance of the mixture was measured at 515 nm. The 
colour of the solution changed from violet to light 
yellow during reduction by the antioxidant. The 
absorbance of blank solution was measured at 515nm 
using 3 mL methanol and 3 mL 0.1 mM DPPH radical 
solution. As a positive control, quercetin was used. The 
experiment was repeated three times. The activity of 
radical scavenging was determined using the following 
formula (15, 16). 

 
The 50% inhibitory concentration (IC50) was 

calculated as the amount of extract required to react 
with half of the DPPH radicals (Fig 7 Table 8). 

Antimicrobial activity 
In vitro antimicrobial activity was assessed by 

us ing Agar Well Diffus ion method against 
Staphylococcus aureus and Escherichia coli, which are 
the types of gram positive and gram negative organisms 
respectively. The crude extract, fractions (F1, F2, F3, 
F4) and the control (1000µg/ml in DMSO) were placed 
into wells bored with a sterile borer. To allow for 
prediffusion of the extracts into the agar, plates were 
kept in the refrigerator for two hours. The plates were 
then incubated at 37°C for 24 hours. The antimicrobial 
activity was determined by measuring the diameter of 
zone of inhibition (IZD) (Fig8 A, B&Table9) (18, 19, 
20). 

Results 
Pharmacognostic studies 
Macroscopic study 

Jayanti Veda (Tridax procumbens L.) is a 
flowering plant, widespread weed and pest plant. It is an 
annual, sometimes perennial prostrate to ascending herb 
with dark green leaves having lanceolate and ovate 
shape. Roots are brown in colour. Plant has the 
characteristic odor with acrid taste. Leaves are 3-7 cm 
long, 1-5 cm wide, roots are 15-32 cm long.  

Fig: 1. Jayanti Veda whole plant  

 

Physicochemical parameters 
Physicochemical screening was carried out to 

utilize the quality of selected medicinal plant Tridax 
procumbens L. Quality control parameters such as loss 
on drying, total ash, acid-insoluble ash, water soluble 
ash, alcohol and water-soluble extractive matter were 
studied. The total ash of crude powder was 4.8%, water 
soluble ash was 2.14% and acid insoluble ash was 
3.05%. Less amount of these three parameters indicate 
that the inorganic matter and silica was less in Tridax 
procumbens L. The extractive value of crude powder 
was maximum in water (13.2%) followed by methanol 
(7.17%) and minimum was in petroleum ether (6.2%). 

Table 1: Physicochemical parameters 

  
Powder microscopy 

The powder microscopy reveals the presence of 
different types cell constituents like trichomes, 
reticulate xylem vessel, cluster crystal cells, covering 
trichomes, diacytic stomata, silica deposits, bundle of 
fibers, unicellular trichomes, stomata. 

 
Fig: 2. Microscopic features of powder of Tridax 

procumbens L. 

 
Plant extracts preparation:  
After the extraction the crude extract obtained was 
subjected for fractionation. The yield and consistency of 

Parameters Values
LOD 8.30%

Ash value
Total ash 4.8%(w/w)

Acid insoluble ash 3.05%(w/w)
Water soluble ash 2.14%(w/w)

Extractive 
value

Ethanol 7.17%(w/w)
Petroleum ether 6.2%(w/w)

Water 13.2%(w/w)
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extract and various fractions (F1, F2, F3, F4,) were 
tabulated in Table 2. 
  

Table 2: Yield, consistency, color of extract & 
various fractions 

  
Phytochemical investigation  

Phytochemical investigation revealed the 
p re sence o f va r ious phy tocompounds l i ke 
carbohydrates, alkaloids, steroids, flavonoids, 
triterpenes, tannins, saponins in the extract and 
fractions. 

Table 3: Phytochemical investigation 

  
Spectroscopic analysis 

Crude extract and fract ions of Tridax 
procumbence was analyzed under UV range of 
200-800nm and the profile showed the peaks at 
different wavelength indicating the various 
phytoconstituents. 

Table 4: UV-VIS Spectroscopic analysis 

   
Chromatographic analysis 
Thin layer chromatography (TLC) 
TLC estimation of crude extract showed 9spots with Rf 
values 0.13, 0.24, 0.31, 0.50, 0.59, 0.62, 0.69, 0.75, 
0.96. Fraction4 (F4) showed 7 spots with Rf values 0.12, 
0.28, 0.49, 0.62, 0.78, 0.85, 0.95. Standard Quercetin 
with Rf value 0.49. (Table 6 &Fig 4). TLC estimation 
revealed the presence of flavonoid compound Quercetin 
in both extract and fraction 4 by comparing the Rf value 
0.49. 

Table 5: Retention Factor values of TLC 

  

Total flavonoid content  
Both extract and fraction 4 (F4) are rich in 

flavonoid compounds, the results of total flavonoid and 
quercetin concentration in the extract of Tridax 
procumbens L. was found to be 45 mg QE/g DW and 
F4 was 51.19 mg QE/g DW. The calibration curve for 
standard Quercetin with regression equation and R2 
value was y = 0.0042x - 0.005R² = 0.990.  
  

Extracts Yield % Consistency Color
Crude extract 16.6 Sticky Light brown

Fraction 1 7 Sticky Light green
Fraction 2 6.8 Sticky Light green
Fraction 3 5.3 Sticky Light green
Fraction 4 11.2 Sticky Light brown

Sl. No Phyto-compounds
Status

Crude F1 F2 F3 F4
1 Carbohydrates + - - - -
2 Alkaloids + - - + -
3 Steroids + + + - -
4 Flavonoids + - - - +
5 Lipids + + + - -
6 Triterpenes + + + - -
7 Tannins + - - - +
8 Saponins + - - - +

Sample Peaks (nm)

Crude 663,605,535,504,409,372,317,302,290,263,228

F1 651,524,472,408,264,236

F2 4,64,34,32,84,234

F3 2,52,234

F4 7,41,66,32,83,223

Fig: 3. UV-VIS Spectrum of Extract and Fractions

Sample No of spots Rf values

Crude 9 0.13,0.24,0.31,0.49,0.59,0.62, 
0.69,0.75,0.96

Standard 
Quercetin 1 0.49

Fraction 4 7 0.12,0.28,0.49,0.62,0.78, 
0.85,0.95

Fig: 4. Thin Layer 
Chromatography

Fig: 5. Standard Calibration of 
Quercetin
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-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0 5 10 15

Ab
so

rb
an

ce

Concentration (µg/ml)

714

http://ijam.co.in





International Journal of Ayurvedic Medicine, Vol 13 (3), 2022; 711-717

Published online in http://ijam.co.in 
  

ISSN No: 0976-5921

Total Phenolic content 
Both extract and Fraction 2 are rich with phenolic 

compounds, the results of total phenolic and Gallic acid 
concentration in the extract of Tridax procumbens L. 
was found to be 47.43 mg GAE/g DW and F2 was 
82.24 mg GAE/g DW. The calibration curve for 
standard Gallic acid with regression equation and R2 
value was y = 0.0042x + 0.02 R² = 0.992.  

Table 6: Total flavonoid and phenolic content 

  
Antioxidant activity  

Fraction 4 showed higher Antioxidant activity 
(IC5022.7795±0.8208µg/ml) than the crude extract 
(IC5023.347±0.7344µg/ml). These IC50 values are 
compared with standard Quercetin (18.0707±3.607µg/
ml). The calibration curve for standard DPPH with 
regression equation, R2and IC50value of extract and 
fraction has been depicted in Fig 7 Table 8. 

Table 7: Antioxidant activity 

Antimicrobial activity 
The results of antimicrobial activity of Tridax 

procumbens L. showed in the table 9. The extracts & 
fractions showed significant zone of inhibition against 
selected bacterial species viz., S. aureus and E. coli. 
Fraction 3 showed favorable antimicrobial activity as 
compared to crude extract. 
  

Table 8: Zone of inhibition of Extract & Fractions 

  

Fig: 6. Standard Calibration of Gallic acid

Fig: 7. Standard Calibration of DPPH
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Std

Linear (Crude)

Samples Conc. 
(µg/ml)

TFC  
(mg QC/g DW)

TPC  
(mg GAE/g DW)

Crude 1000 45 47.43

F2 1000 - 82.24

F4 1000 51.19 -

Sl. No.
% Inhibition

Conc 
(µg/ml)

Standard 
(Ascorbic acid) Extract F4

1 10 76.68 27.98 26.42
2 20 81.86 45.59 48.19
3 30 85.49 69.95 66.32
4 40 90.15 77.64 75.13
5 50 93.78 82.38 81.35

IC50 (µg/ml) 18.0707± 
3.607

23.347± 
0.7344

22.7795± 
0.8208

Sl 
No Sample Zone of inhibition (cm)

S. Aureus (a) E. coli (b)
1 Standard (ciprofloxacin) 2.5 2.4
2 Crude 0.6 0.5
3 F1 0.0 0.0
4 F2 0.4 0.3
5 F3 1.0 0.9
6 F4 0.7 0.6

Figure: 8 A.  Zone of inhibition of Extract & Fractions

Figure 8 B:  Effect of Extract & Fractions on S. aureus and E. coli
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Discussion 
Tridax procumbens L. is a well known plant that 

has been used as medicinal plant for diverse 
pharmacological activity. To study the effect of Tridax 
procumbens L. on antioxidant and antimicrobial 
activity, the plant material was collected, processed in to 
p o w d e r a n d i t w a s e x a m i n e d f o r v a r i o u s 
physicochemical, phytochemical, antioxidant and 
antimicrobial parameters Powered material was 
extracted by maceration using alcohol and water (70:25) 
as solvent followed by Soxhlet extraction. To ensure the 
quality and purity of Tridax procumbens L. extract & 
fractions on antioxidant and antimicrobial activity 
associated with the amounts of bioactive compounds in 
it, the physicochemical analysis has been conducted. 
Extract and its fractions showed values that satisfy the 
requirements for extracts quality and purity. To ensure 
the presence of specific phytocompounds in the 
fractions, TLC & spectroscopic analysis was conducted, 
which confirmed the presence of phenolics in F2 and 
flavonoids in F4 fraction. Total phenolic and total 
flavonoid represent the total amounts for phenolic and 
flavonoid compounds in the extracts. Total phenolic and 
total flavonoid content of F2 and F4 was higher 
(82.24±0.871 mg GAE/g DW and 51.19±0.412 mg QE/
g DW, respectively) than the crude extract. Antioxidant 
ability of the F4 was higher with IC50 (22.7795±0.8208 
µg/mL) than the crude extract. Antimicrobial potential 
of F3 was higher than the crude extract for both S. 
aureus and E. coli bacterial species (IZD- 1.0cm & 
0.9cm, respectively). This study confirmed that the 
antioxidant and antimicrobial activity of Tridax 
procumbens L. were attributed to the values of total 
phenolic, total flavonoid and IZD. Thus, the 
development of Tridax procumbens L. to be source of 
herbal medicine for oxidation and microbial was 
suggested. 
  
Conclusion 

The hydroalcoholic extract and its various 
fractions significantly showed flavonoids and phenolic 
content with antioxidant and antimicrobial activity. The 
study reflects on the comparative antioxidant and 
antimicrobial potential between crude extract and its 
fractions. Remarkably, fraction 3 showed good 
antimicrobial activity and fraction 4 showed good 
antioxidant potentials as compared to hydroalcoholic 
extract of Tridax procumbens L. 
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Introduction
Ayurveda is an Indian traditional system of 

medicine being practiced from thousands of years. It 
became a vital part of the Indian culture. Use of herbal 
medicine for alleviation of diseases and betterment of 
mankind is well practiced from centuries. These are 
estimated to by around 25,000 plant based formulations, 
used in folk medicine and known to rural communities 
in India. Because of this current trend of increasing use 
of herbal medicine and their growing popularity, the 
search for drug and pharmacognostic evaluation of plant 
have accelerated in recent years. (1,2)  

``Ipomoea is the largest genus in the flowering 
plant, with over 500 species. (3,4) The family is 
widespread in both tropical and subtropical areas. 
Ipomoea cairica (L.), commonly known as rail road 
wine or morning glory is an environmental weed, found 
in waste land areas (5) which is traditionally known to 
possess various therapeutic activity such as larvicidal,
(6) antifungal, anti-inflammatory, hepatoprotective,(7) 
antitumor,(8) antimicrobial activity (9) due to presence 
of various phytochemicals such as flavonoids, alkaloids, 
tannins, saponins, phenols, amino acids, glycosides, 
steroids anthraquinones, and lignans. The phytonutrient 

like flavonoid content shows anti-inflammatory effect 
and protect the body cells from oxidative damage which 
leads to various disease. (10) Phenolic and flavonoid 
compounds are important plant constituent with redox 
properties, which are responsible for antioxidant 
activity. (11,12)  

Antioxidants which are immensely present in 
Ipomoea cairica (L.)  work by significantly slowing or 
preventing the oxidative damage from oxidative process 
caused by free radicals. In continuation of our effort in 
this study the pharmacognostic evaluation and In vitro 
antioxidant potential of Ipomoea cairica (L.)  Using 
different solvents has been evaluated. The alcoholic and 
aqueous extracts of Ipomoea cairica (L.) is screened for 
their free radical scavenging properties using ascorbic 
acid as standard antioxidant by DPPH (2, 2-Diphenyl-1-
picrylhydrazyl) assay. (13, 14) 
  
Materials and Methods 
Materials                                                                         

All the chemicals and reagents were purchased 
from Sigma-Aldrich Ltd. and Quercetin, Folin-ciocalteu 
reagent. Gallic acid, Ascorbic acid, DDPH reagent, 
purchased from HIMEDIA.  
  
Method 
Collection of the plant  

The plant was collected from Local area of 
Belagavi during the month of September–October. 
Authentication of collected plant was done by ICMR- 
NITM (National institute of traditional medicine), 
Belagavi and the herbarium specimen of the same has 
been deposited in ICMR herbaria with accession 
number RMRC-1601. 

Pharmacognostic evaluation and in-vitro antioxidant potential of Bhovara 
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Abstract
In Ayurveda  Ipomoea cairica (L.) Sweet has its own importance to treat various health problems. It is tropical 

plant and a wild relative of sweet potato (Ipomoea batatas), which is considered as one of China's most invasive alien 
species. Ipomoea cairica (L.) is a climber plant frequently used as a medicinal herb in India and Western Asia. In this 
study two different solvents like water and ethanol were used for the extraction of Ipomoea cairica (L.). The highest 
extraction yield was obtained by using Ethanol.  The antioxidant activity, total phenolic content, and total flavonoid 
content of aqueous and Ethanolic extracts were investigated using various in vitro assays. Study revealed that 
Ethanolic extract showed the highest antioxidant potential by DPPH (2,2- diphenyl-1-picrylhydrazyl) radical 
scavenging activity. The same extract also exhibited the highest phenolic content (22.03±1.21 mg Gallic acid 
equivalent/g dried Ipomoea cairica L.) and the highest flavonoid content (8.54±0.42 mg Quercetin equivalent/g of 
Ipomoea cairica). These results indicate that ethanolic extract of Ipomoea cairica (L.) can be used to reduce 
oxidative stress.

661

* Corresponding Author:  
Sneha B Patil 
Assistant Professor,  
Department of Pharmacognosy,  
KLE College of Pharmacy Belagavi, 
KLE Academy of Higher Education and Research 
(KAHER), Belagavi. Karnataka. India.  
Email Id: snehabpatil11@gmail.com

mailto:kurbetrashmi@gmail.com
http://ijam.co.in





Jagadeesh Dodakallanavar et.al., Pharmacognostic evaluation and in-vitro antioxidant potential of Bhovara (Ipomoea cairica) extract

Published online in http://ijam.co.in ISSN No: 0976-5921

Processing of plant material 
The fresh plant material was washed, shade dried, 

powdered and stored in air tight container until further 
use. 
  
Pharmacognostic evaluation  

Plant material was evaluated for various 
pharmacognostic characters like morphology, 
microscopy, physicochemical and phytochemical 
evaluation. (15, 16) 
  
Morphology characteristics 

Plant was subjected for organoleptic examination 
and studied for various morphological characters; Fig.1. 
(2) 
  
Powder microscopy 

Various microscopical characters of the plant 
material were studied using trinocular microscope as 
per standard procedure. (3) The characteristic features 
of cell walls, cell content trichomes, fibers, vessels etc. 
have been studied in detail and shown in Fig.2. (13) 
  
Physicochemical studies 
Ash value  

Total ash, Acid insoluble ash, Water soluble ash 
and Sulphated ash of Ipomoea cairica (L.) was 
evaluated by standard procedure. Results are tabulated 
in Table.1. (15, 16) 
  
Total Ash value 

About 2g of powdered drug was weighed 
accurately into a tarred silica crucible. Incinerated at 
450°C. The crucible was cooled and weighed. 
Percentage of total ash was calculated with reference to 
air dried substance. 
  
Acid insoluble ash 

Ash obtained from the total ash was boiled with 
25ml of dil. HCl for a few minutes than filtered through 
an ash less filter paper. The filter paper was transferred 
into a tarred silica crucible and the insoluble matter 
obtained was washed with hot water and ignited. The 
crucible was cooled and weighed. Percentage of acid 
insoluble ash was calculated with reference to air dried 
substance. 

Water soluble ash 
Ash obtained from the total ash was boiled with 

25 ml of distilled water for five minutes and filtered 
through an ash less filter paper then filter paper was 
transferred into a tarred silica crucible and Incinerated 
at 450°C.The crucible was cooled and weighed the 
difference in weight was the water-soluble ash and the 
percentage of water-soluble ash was then calculated. 

 
X= weight of empty dish 
Y= weight of the drug taken 
Z= weight of the dish + ash (after complete 
incineration) 

Moisture content  
The presence of moisture was determined by loss 

on drying method as per standard procedure. Method 
includes weighing out 2gm of powdered drug and 
placed in thin porcelain dish and heated at 105oC in hot 
air oven, up to two repetitive weights do not differ by 
more than 0.5mg. Cool in desiccator and weigh. Table.1 
The loss in weight is usually considered as moisture 
level in powdered drug. (5) 

                
Extractive value 

Extractive value of plant material was performed 
using water, ethanol and ether as solvent as per standard 
procedure. (1, 4) The extractive value is calculated by 
the percentage of weight of the extract with reference to 
the air-dried drug; Table.1. 

 

Preparation of plant extract 
The coarse powdered plant material (40g) was 

extracted by using two different solvents i.e. water and 
ethanol (Table.2) initially plant material was subjected 
for solvent extraction by Cold maceration for 7 days. 
Then both the extracts were filtered and concentrated 
under reduced pressure using a rotary evaporator; and 
stored in an air tight container at cold temperature for 
future usage.(17) 
  
Phytochemical evaluation 

The plant possesses var ious bioact ive 
compounds, (2) both aqueous and alcoholic extracts of 
Ipomoea cairica (L.) were tested for various 
components by their specific tests and the results were 
tabulated in Table.3. (3,4) 
  
Thin layer chromatography (TLC) 

Thin-layer chromatography is a simple and 
efficient method used to identify and quantify 
secondary metabolites in herbal extract, TLC analysis 
for both the extracts was carried out using silica gel 60 
F254 (merck) plates as stationary phase. Both the 
extract samples and standard quercetin was prepared by 
dissolving in methanol then spotted on TLC plates. The 
solvent system taken was Toluene: Ethyl acetate: 
Formic acid (7:3:0.5) the chromatograph was developed 
in presence of aluminum chloride reagent and Rf value 
was calculated; Fig 4. (12) 
  
Total flavonoid content (TFC) 

The total flavonoid contents in crude extract was 
estimated by using Aluminum chloride colorimetric 
method with slight modification. Quercetin was used as 
standard. 10mg of Quercetin was dissolved in 10ml of 
ethanol further serial dilutions ranging from 20-100 µg/
ml were prepared by using ethanol. 0.5 ml of resulting 
solution was pipetted out to this 1.5 ml of ethanol (95%) 
0.1 ml of aluminum chloride (10%) 0.1ml of potassium 
acetate (1M) and 2.8ml of distilled water was added and 
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incubated at room temperature for half an hour and 
absorbance was measured at 415nm using UV-
spectrophotometer sample solutions were prepared in 
same way as that of standard and content of total 
flavonoids was estimated by utilizing Quercetin 
standard calibration curve Fig 5. and TFC was 
expressed as mg QCE/gm dried extract of Ipomoea 
cairica (L.); Table 4. (18, 19) 
                                                        
Total phenolic content (TPC) 

The amount of total phenolics in both the extracts 
was determined with Folin-ciocalteu reagent method. 
Gallic acid was used as a standard and the TPC content 
was expressed as milligram of gallic acid equivalent per 
gram of dried extract of Ipomoea cairica (L.) (mg GAE/
gm). For this purpose, the calibration curve of gallic 
acid was plotted by mixing 1ml aliquots of 20, 40, 60, 
80 and 100µg/ml of gallic acid solutions with 5.0 ml of 
Folin-ciocalteu reagent and 4.0 ml of sodium carbonate 
solution (75 g/l). Then samples (1mg/100ml) were 
prepared using methanol. 1ml of resulting sample 
solutions were mixed separately with same reagents. 
Tubes were covered with parafilm and allowed to stand 
for 30 min at room temperature for incubation and 
absorbance was measured at 765nm using UV-
spectrophotometer; Table 4. (18) 
  
Antioxidant activity 

         Antioxidant assay was performed as per 
standard procedure by utilizing DPPH Assay method. 
39.4mg DPPH was dissolved in 1000ml of methanol. 
Free radical scavenging properties of the extract was 
estimated using ascorbic acid as a standard. Which is 
strong anti-oxidizing agent. It was prepared by 
dissolving 10mg of ascorbic acid in 10ml of methanol 
then the serial dilutions were made by taking 0.2ml, 
0.4ml, 0.6ml, 0.8ml, 1ml from above solution and made 
up the volume to 10ml using same solvent to get 2%, 
4%, 6%, 8% and 10% of Ascorbic acid respectively.  

Sample of aqueous and alcoholic extracts were 
also prepared in different concentration by fallowing 
sample procedure and 3ml of each solution was mixed 
with 1ml DPPH to produce 2%, 4%, 6%, 8% and 10% 
test sample solution. The prepared solutions of ascorbic 
acid and test sample were incubated in dark  for half an 
hour then absorbance was measured at 517nm using UV 
spectrophotometer the percentage inhibition; Fig 7, and 
IC50 was calculated; Table 4. (20, 21) 
  
Results 
Pharmacognostic evaluation 
Morphological characteristic 

I p o m o e a c a i r i c a ( L . ) i s a v i n i n g , 
herbaceous, perennial plant with palmate leaves and 
large, showy white to lavender flowers. A species 
of morning glory, Leaves palmately 5 to 7-partite; 
segments elliptic - obovate or lanceolate, narrowed at 
both ends, retuse, mucronate at apex, glabrous. Flowers 
in 1 to 3-flowered cymes. Calyx- segments unequal, 
ovate, mucronulate, tuberculate on the back of outer 

ones. Corolla 6 -7 cm long, white or purple. Capsules 2 
-celled, 4 -valved. Seeds pubescent. 

  
Fig 1:  Ipomoea cairica in its natural habitat 

 

Powder microscopy  
Various microscopical characters were studied and 
represented in Figure 2.  
  

Physicochemical studies 
Several Physicochemical parameters were studied 

for plant material namely; Ash content, Extractive 
value, and moisture content. 

Table 1: Physicochemical parameters of plant 
Ipomoea cairica (L.) 

Extraction  
The Plant Ipomoea cairica (L.) (40g) was 

subjected for extraction using two different solvents i.e. 
water and ethanol. 

Fig 2: A. Epidermal parenchyma   B. Glandular trichomes.  
C. Polygonal Epidermis. 

D. Reticulate xylem vessels.  E. Stone cells   F. stomata G. 
pollen grain

Parameters Values in % w/w
Total Ash 10%
Acid insoluble ash 0.5%
Sulphated ash 2.3%
Water soluble ash 4.5%
Moisture content 11.3%
Aqueous extractive matter 42.8%
Alcoholic extractive matter 36.27%
Ether extractive matter 31.6%
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 Table 2: Extraction Yield 

  
Fig 3. Different extracts of Ipomoea cairica (L.) 

 

Phytochemical evaluation 
Table 3: Phytochemical evaluation of different extractions of plant  Ipomoea cairica (L.) 

Thin layer chromatography 
Rf value of both the extracts of Ipomoea cairica 

(L.) was calculated and compared with the standard 
quercetin. TLC observation indicates the presence of 
quercetin in both the extracts with the Rf value of 5.2; 
Fig 4A -4B    
  
Fig 4A:  Aqueous extract (sample A) and quercetin (std).  
Fig 4B:  Alcoholic extract (sample B) and quercetin (std) 

 

Total flavonoid content (TFC) 
The TFC of the extract measured using standard 

quercetin. Total flavonoid values were obtained from 
the calibration curve y = 0.0096x - 0.0683   R² = 0.9964 
where y is the absorbance and c is the concentration of 
Quercetin solution (mg/mL) expressed as mg QCE/g 
dried extract.In the same way both the extracts of 
Ipomoea cairica (L.) Shown the total flavonoid content, 
which is further compared with the standard Quercetin 
Table 4. 

Fig 5: Standard calibration curve for Quercetin 

 

Extract Yield% W/W Consistency Color
Ethanolic 

extract 17.12 Non sticky Light greenish

Aqueous 
extract 14.50 Sticky Light brown

Sl.No Test Plant constituents
Ipomoea cairica plant Extract

Methanol      
extract

Pet. Ether 
extract

Aqueous 
extract

Alcohol 
extract

1 Mayer’s Test

Alkaloid

+ - + +
2 Dragendorff’s + - + +
3 Wagner’s test - + + +
4 Hager’s test + + + +
5 Fecl3  test

Tannins
+ - + +

6 Lead acetate + - + -
7 Bromine water + - + -
8 Foam test Saponins + - + -
9 Test for tyrosine Amino acid - - - -
10 Cysteine test - - - -
11 Fehling’s test Reducing sugar - - + -
12 Benedict’s test - - + -
13 Fecl3 test

Flavonoids
+ - + +

14 Lead acetate + - + +
15 NaOH solution + - + +

y	=	0.0096x	- 0.0683
R²	=	0.9964

0
0.2
0.4
0.6
0.8

1

0 50 100 150

A
b
so
rb
an
ce

Concentration

TFC	calibration	curve	415nm

Quercetin
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Total phenolic content (TPC) 
Total Phenolic Content of the extract measured 

using the FC method. TPC values were obtained from 
the calibration curve y = 0.004x + 0.0344 with R² = 
0.9999, where y is the absorbance and c is the 
concentration of Gallic acid solution (mg/mL) 
expressed as mg GAE/g. In same way both the extracts 
of Ipomoea cairica (L.) shown the total phenolic 
content, which is further compared with the standard 
Gallic acid Table 4. 
  
Fig.6: Standard calibration curve for Gallic acid

 

Estimation of Antioxidant 
2,2-diphenyl-1-picrylhydrazyl is very stable free 

radical having an absorption band at 517nm. DPPH 
scavenging activity of the standard ascorbic acid and 
extracts of Ipomoea cairica (L.) in a concentration-
dependent manner, decrease in the absorbance is due to 
increase in the antioxidant property. And % inhibition 
increases with increase in concentration of the extract.  
  
IC50 Value 

The IC50 of a compound is inversely related to its 
antioxidant capacity, as it expresses the amount of 
antioxidant required to decrease the DPPH 
concentration by 50%, which is obtained by 
interpolation from a linear regression analysis.[18] 

(y=0.6393x+0.3606  R2= 0.999) A lower IC50 indicates 
a highest antioxidant activity of a compound. Ethanolic 
extracts possesses 138.6µg/ml IC50 value while aqueous 
extract showed 154µg/ml; Table 4. 
  

Fig 7:  DPPH (2,2-diphenyl-1-picrylhydrazyl) 
radical scavenging activity of Ipomoea cairica (L.) 

extracts in different solvents   

 

Table 4: TFC, TPC, and IC50 values of  
Ipomoea cairica extracts                                                  

  
Discussion 

The Purpose of this study was to evaluate the 
pharmacognostic characteristics and in-vitro 
antioxidant activity of different extracts of plant 
Ipomoea cairica (L.). Initially areal part of the plant 
was collected, dried and powdered then subjected to 
preliminary pharmacognostic evaluations such as 
morphology and powder microscopy. In microscopical 
study different cellular and non-cellular components 
like epidermal parenchyma, Glandular trichomes, 
Polygonal epidermis, reticulate xylem vessels, Stone 
cells, stomata, pollen grain were identified. Then 
p o w d e r e d m a t e r i a l i s e x a m i n e d f o r i t s 
physicochemical parameters like loss on drying 
(11.3%) and ash values like Total ash(10%w/w), acid 
insoluble ash (0.5%w/w), sulphated ash (2.3%w/w) 
and water soluble ash (4.5%w/w). The extractive value 
of the plant using different solvents is carried out it 
confirms that aqueous solvent has more extractive 
value (42.8%) than Alcoholic (36.27%) and ether 
solvent (31.6%). The plant material was subjected for 
extraction using alcohol and water as solvent and yield 
obtained 17.12% and 14.50% w/w respectively. Both 
the Aqueous and alcoholic extract possesses various 
bioactive compounds and these extracts were tested 
for various components by their specific tests and they 
show presence of different Phyto-constituents like 
Alkaloids, tannins, saponins and Flavonoids. In 
continuation of study thin layer chromatography 
confirms the presence of quercetin in the aqueous and 
ethanolic extract by comparing the Rf value (5.2) of 
quercetin in both the extracts.   

The TPC of both ethanolic and aqueous extracts 
were evaluated by utilizing Folin-ciocalteu reagent 
method and values ranges from 22.03±1.21 mg GAE/g 
and 14.6±0.54 mg GAE/g of dried extract respectively 
and it shows that TPC of the ethanol extract is 
significantly higher than that of the aqueous extract. 
These phenolic compounds may possess more phenol 
groups or have higher molecular weights than the 
phenolics in the aqueous extract and the effect of 
solvents on TFC is similar to that on TPC. Ethanolic 
extract showed highest total flavonoid content i.e. 
8.54±0.42 mg QCE/g dried extract as compared to 
aqueous extract (6.45±0.31 mg QCE/g). Radical 
scavenging activity of ethanolic and aqueous extracts 
shown promising results. IC50 values are inversely 
proportional to their antioxidant activity Ethanolic 
extracts possesses 138.6µg/ml IC50 value and aqueous 
extract shown 154µg/ml so it reveals that ethanolic 
extract has highest antioxidant capacity as compared 
to aqueous extract. 
  

y	=	0.004x	+	0.0344
R²	=	0.9999
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Extracts of 
Ipomoea cairica (L.)
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Conclusion  
This study reveals the different pharmacognostic 

parameters and phytochemical constituents of Ipomoea 
cairica (L.) which are responsible for various 
pharmacological medicinal properties. And the Antioxidant 
activity of different extracts of Ipomoea cairica (L.) was 
evaluated using DPPH assay. Ethanolic extract showed 
remarkable radical scavenging activity than aqueous 
extract. The Total phenolic contents of extracts were 
consistent with the total flavonoid content and antioxidant 
activity. By considering both yield and antioxidant activity, 
Ethanolic extract provided significantly better results than 
Aqueous extract. The results of TPC, TFC and radical 
scavenging in vitro activity confirms ethanol can be used 
as preferable solvent as compare to aqueous solvent. These 
results indicate that ethanolic extract of plant Ipomoea 
cairica (L.) could serve as better medicine against 
oxidative stress. 
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Introduction
Ayurveda, or "Science of Life," is an ancient 

Indian herbal medicine system that plays an essential 
role in treating and preventing diseases. Plants with 
medicinal properties could be used to generate novel 
herbal medicines. Herbal medicine treatments are the 
most common type of Traditional Medicinal system, 
and around 7500 plants are utilised in India's rural and 
tribal areas for treating and preventing ailments, and 
they continue to play an important part in the health-
care system. Secondary metabolites in plants are active 
compounds that have therapeutic effects and are used as 
medicine or drugs. (1)  

Urolithiasis is a one of the common health 
problems with increasing prevalence of up to 20% all 
over the globe. The increased prevalence of the disease 
is due to the lifestyle changes such as lower dietary 
intake of vegetables or fruit, higher consumption of 
animal proteins, salt, sweetened beverages, and 
inadequate fluid intake. Calcium oxalate stones are the 
most common type of nephrolithiasis which is most 
painful urinary tract illnesses in which calcium is 
combined with either oxalate or phosphate. (2,3) 

Medicinal plants serve as a raw material for drugs 
which are effective, reasonable and safer health care for 
people. Many plant-based remedies have proven to be 
effective in treating the kidney stones. Some of the 
medicinal plant extracts and phenolic fractions 
examined had the highest stone dissolving rate. (4) 

Hibiscus cannabinus Linn., sometimes known as 
Kenaf, belongs to Malvaceae family and Hibiscus 
Genus, grows in Tropical and temperate climates, with 
high water demanding crop. (5)  

            Plant contains many bioactive molecules 
such as phenolic compounds and phytosterols that have 
anti-oxidant, anti-inflammatory, anti-hypertensive, 
cardiac protecting, and anti-proliferative properties. 
Peelings from the stems are also known to be used as a 
hematinic medication to treat exhaustion and anaemia. 
It is utilised as a vegetable, blood tonic, and in the 
treatment of liver disease. (6) 

There have been no cited scientific evidences 
supporting the in-vitro pharmacological activity of 
Hibiscus cannabinus Linn. against renal calculi till date. 
The purpose of this study was to examine effect of 
Hibiscus cannabinus Linn. extract and its various 
fractions for in-vitro urolithiasis using a semi-permeable 
egg membrane as a dissolving model. (7) 

Materials and Methods 
Materials 

Methanol, Ethyl acetate, n-hexane, Gallic acid, 
Ethanol, Calcium chloride dihydrate, Disodium 
hydrogen phosphate, Sulphuric acid, Ammonia solution, 
Hydrochloric acid, Potassium permanganate, tris buffer 
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were purchased from HIMEDIA. Cystone was 
purchased from nearby Pharmacy. 

Methods 
Collection and processing of plant material 

Aerial part of Hibiscus cannabinus Linn. was 
collected from local areas of Belagavi, Karnataka, in the 
month of September-October and authenticated by 
ICMR, Belagavi with plant authentication Id: 
RMRC-1587. The plant material was cleaned, shade 
dried and later pulverised into coarse powder and stored 
in air tight container until further use. 

Plant material was studied for various 
Pharmacognostical parameters like Morphological, 
Microscopical, Physicochemical and Phytochemical 
parameters as per standard procedure. (8) 

Morphological evaluation 
Various morphological characters of the plant 

material were studied such as colour, odour, size, shape, 
and taste by organoleptic evaluation (6,9) The results 
are shown in Figure 1. 

Powder microscopy 
Different microscopical characters were studied 

by powder microscopy method using Trinocular 
microscope. (10,11) The images are shown in Figure 2. 
  
Physicochemical evaluation 

The phys i cochemica l pa rame te r s l i ke 
Determination of Total Ash content, Water soluble ash, 
Acid insoluble ash, Loss on drying, Extractive value 
were determined as per standard procedures. (8,12,13) 
The results are mentioned in Table no 1. 

Determination of Ash content 
Ash value is used to determine quality, purity and 

to establish identity of a crude drug. The sample was 
analysed for Ash content as per Standard procedures.  

Ash content was calculated from the formula 
given below;  

 
Loss on Drying 

The amount of moisture present in the crude 
powdered drug was determined by loss on drying 
method. 1.5gm of powdered plant material was weighed 
in a flat thin porcelain dish, dried in oven at 100oC then 
cooled in desiccators and weighed. The loss in weight is 
recorded as moisture. 

Extractive value 
Extractive value was determined by standard 

procedure using 1gm of coarse powder soaking with 
three different solvents viz. Methanol, Pet. Ether and 
Water for 24hrs with constant shaking for first 2hrs and 
allowed to stand for rest of the time. After 24hrs extract 
was filtered and filtrate was evaporated and the yield 
was calculated.  

Preparation of Extract and fractions 
The dried plant powder was subjected for cold 

maceration as per given standard procedure using 
methanol as a solvent. Methanolic Extract was 
concentrated in rotary evaporator to get a crude extract 
and it is stored in an airtight container at room 
temperature. The crude extract was subjected for 
fractionation as per the procedure given . The n-hexane, 
ethyl aetate, and water fractions were all evaporated to 
dryness and stored in an airtight container until further 
analysis. (8,14) The yield of extract and fractions 
obtained are mentioned in Table no 2 and Figure 3. 

Phytochemical analysis 
The phytochemical analysis was performed for 

screening various Phytocomponents from the crude 
extract. Then fractions were screened for Phenolics and 
Flavonoids.(15) The results are shown in Table no 3 and 4. 

Estimation of Total Phenolic content 
Total phenolic content of the Crude extract and 

three fractions were determined using Folin-Ciocalteau 
reagent method. An aliquot of the extract and fractions 
was mixed with F.C. reagent and saturated sodium 
carbonate solution to make the reaction mixture. The 
reaction mixture was incubated at room temperature for 
90 minutes and the absorbance was measured at 765nm. 
For each assay, the samples were produced in 
triplicates, and the mean value of absorbance was 
calculated. A standard solution of Gallic acid (20 µg/ml 
to 100 µg/ml) was used for standard calibration curve. 
(16,17) The results are given in Table no 5,6 and Figure 
4. By determining Total Phenolic content it was found 
that Ethyl acetate fraction has highest Phenolic content 
thus it was used for further study. 

Evaluation for Invitro Antiurolithiatic activity 
Preparation of experimental stones by homogenous 
precipitation (Calcium phosphate stones) 

In a beaker with enough distilled water, an 
equimolar solution of calcium chloride dihydrate and 
disodium hydrogen phosphate in 2N H2SO4 was 
allowed to react which results in to formation of 
Calcium phosphate precipitate, which was cleared using 
ammonia solution to remove residues of sulphuric acid 
further it is washed with distilled water and dried in a 
hot air oven at 60°C for 4 hours. (18,19) 
  
Preparation of semi-permeable membrane from eggs 

The egg shell was chemically removed by 
soaking it in 2M HCl overnight, resulting in complete 
decalcification. The egg was washed with distilled 
water and a hole was carefully made in the top to 
squeeze out the contents completely from the 
decalcified egg to get a semipermeable membrane then 
the egg membrane was washed thoroughly with distilled 
water, placed in an ammonia solution to neutralise acid 
traces, and rinsed with distilled water. The membrane 
was stored in the refrigerator at a pH of 7-7.4 until 
further usage. (18,19). The Semi-permeable membrane 
is mentioned in Figure 5.  
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Preparation of Standard 
Cystone tablets was placed in ethanol for 

removing colour coating of the tablet and it was then 
crushed in a motor and pestle to get powder form then 
dispersed into distilled water, filtered and then used for 
further study. 

Estimation of Calcium phosphate 
For the estimation of dissolution of Calcium 

phosphate stone, the semi-permeable membrane 
prepared was utilised and the following procedure was 
carried out. 

10mg of calcium phosphate was suspended in 
10ml of distilled water. 

• Group1: 1ml of calcium phosphate (1mg/ml) + 
1ml of distilled water = Negative control 

• Group2: 1ml of calcium phosphate (1mg/ml) + 
1ml cystone solution = Positive control 

• Group3: 1ml of calcium phosphate (1mg/ml) + 
1ml of extract (20mg/ml) 
The contents mentioned above are packed 

together in the prepared egg semipermeable membrane 
by suturing as shown in the Figure 7 and were 
suspended in a conical flask containing 100ml, 0.1M 
Tris buffer. Conical flasks of all the three groups were 
placed in an incubator preheated to 37°C for 4 hours, 
for about 4 days. The contents were then removed and 
4mL of 1N H2SO4 and 60µL of 0.02M KMnO4 were 
added and kept for 2 hours, the solution becomes 
colourless from dark pink. Change in the intensity of 
c o l o u r w a s m e a s u r e d a g a i n s t 6 2 0 n m 
spectrophotometrically. Concentration of undissolved 
calcium was determined from standard calibration curve 

of calcium phosphate by using measured absorbance 
readings. (20) 

The Concentration of Undissolved Calcium was 
calculated by formula obtained by standard calibration 
curve of Calcium phosphate i.e. 

 
The reduction in weight of calcium was 

calculated by subtracting the concentration obtained in 
previous column. % Dissolution was obtained by 
multiplying the weight of calcium reduced with 100. 
The results are mentioned Figure 6,7 and Table no 7,8. 

Results 
Morphological Evaluation 

Morphological characters of the Plant are 
described by visually assessing the plant as given in the 
Figure.  

Figure 1: Aerial Part of Hibiscus cannabinus Linn. 
Plant| 

 
Powder microscopy 

Various microscopical characters were studied 
and shown in Figure.     

Physicochemical evaluation 
Powder was analysed for various physicochemical 
characters like total ash, acid insoluble, water-soluble 
ash, extractive value, and moisture content. 
  

Table 1: Physiochemical parameters of Hibiscus 
cannabinus Linn 

Preparation of Extract and fractions 
The Methanolic extract, n-hexane and Ethyl acetate 
fractions obtained were studied for colour and 
consistency and yield was calculated. 
  

Table 2: Physical appearance and Yield of extract 
and fractions 

Figure 2: Microscopical characters
A: Pitted Xylem 

vessels B: Lignified fibres C: Trichomes D: Pollen grain E: Stomata F: Crystals

Parameters Value % W/W
Total ash 5.10

Acid insoluble ash 1.2
Water soluble ash 2

Loss on drying 1
Methanol soluble extractive value 26
Petroleum ether soluble extractive 

value
12

Water soluble extractive value 20

Extract Consistency and colour Yield % 
W/W

Methanolic extract Sticky, Greenish black 
colour. 14%

Ethyl acetate fraction Sticky, brownish colour. 40%
n-hexane fraction Sticky, yellowish colour. 60%

Water fraction Dry, brown colour. 45%
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Phytochemical analysis 
Table 3: Phytochemical evaluation of Raw plant 

material 

  
Table 4: Phytochemical evaluation for Phenolic 

Content in Fractions 

  
Estimation of Total Phenolic Content 

Total phenolic content in methanolic Extract and 
its various Fractions was estimated. The TPC contents 
from the FC measurements are expressed as µg/ml of 
GAE as standard calibration. The Results obtained are 
as bellow. 

Table 5: Concentration and absorbance of Standard 
Gallic Acid 

  
Table 6: Total Phenolic Content in Extract and 

Fractions 

Figure 4: Standard Calibration Curve Graph of 
Gallic acid 

 

Evaluation for Invitro Antiurolithiatic activity for 
Ethyl acetate fraction 
Preparation of Semi-permeable membrane from 
Eggs. 

Figure 3

A: Crude Extract B: n-Hexane Fraction C: Ethyl acetate Fraction D: Water Fraction

Phytochemical compounds Methanolic extract
Carbohydrates +

Proteins +
Saponin glycosides +

Tannins +
Flavonoids +
Alkaloids +

Phytochemical 
compound

Ethyl 
acetate 
fraction

n-hexane 
fraction

Water 
fraction

Phenol + + +

Concentration (Gallic 
acid) µg/ml Absorbance

0 0
20 0.149
40 0.247
60 0.374
80 0.484
100 0.564

Concentration 
100 µgm/ml Absorbance Total phenolics (µgm 

GAE/g)
n-hexane fraction 0.908 158.44 ± 1.24

Ethyl acetate 
fraction 1.614 284.51 ± 1.36

Water fraction 1.101 192.91 ± 0.98
Extract(methanol) 1.009 176.48± 1.56

Figure 5: Semi-permeable egg membrane

Table 7: Concentration and absorbance of Standard 

Concentration  
(Calcium Phosphate) Absorbance

0 0
0.6 0.40
0.8 0.53
1 0.67

1.2 0.80
1.4 0.93
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Figure 6: Standard Calibration Curve of  
Calcium phosphate 

 

Estimation of Stone Dissolution 
Figure 7: Contents packed in  
semi permeable membrane 

 
Table 8: Estimation of Calcium Phosphate stone 

Dissolution 

  
Discussion 

The plant material was evaluated for its 
microscopic characteristics which showed the presence 
of Pitted Xylem vessels, Lignified fibres, Trichomes, 
Pollen grain.  

The Physicochemical parameters were evaluated 
and the results were obtained as, the total ash 5.10%, 
water soluble ash 2 % and acid insoluble ash 1.2 %. 
Less amount of these three parameters indicate that the 
inorganic matter and silica was less in Hibiscus 
cannabinus Linn. plant material. The moisture content 
was found to be 1%. The extractive value of crude 
powder was maximum in methanol (26%) followed by 
water (20%) and minimum was in petroleum ether 
(12%).  

The powdered plant material was subjected for 
maceration and the extract obtained with yield of 
14%.The extract was subjected for fractionation using 
Ethyl acetate, n-hexane and water. Fractions obtained 
with the yield of 40%, 60% and 45% respectively 

Phytochemical analysis revealed for presence of 
various phytoconstituents present  like Carbohydrates, 
proteins, saponin glycosides, tannins, flavonoids and 
alkaloids. Various fractions were also evaluated for 
presence of Phenolic content and all three fractions 
showed presence of Phenolics. 

The extract and fractions were determined for  
Total Phenolic content, in which Ethyl acetate fraction 
showed highest Phenolic content and the concentration 
was 284.51 (µgm GAE/g) Thus this fraction was used 
for further study. 

Concentration of stone dissolved by Ethyl acetate 
fraction was compared with the standard cystone tablet 
by Spectrophotometric estimation. % of dissolution was 
calculated and the results revealed that ethyl acetate 
fraction showed the % dissolution of  72.8% and 
standard 92.7%. 
  
Conclusion 

As there is no Antiurolithiatic activity record of 
Hibiscus cannabinus Linn. which is a traditionally 
valued medicinal plant ,the present study focused on 
evaluating the same. Ethyl acetate fraction of the plant 
contains highest Phenolic content, which showed the 
ability to dissolve Calcium phosphate stone, thus it can 
be considered for further in-vivo and in-vitro studies to 
determine its ability to dissolve the Kidney stones 
formed in Human being.  
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Introduction 
Humans have been using medicinal plants in the 

treatment of disease since early ages. They knew the 
importance of medicinal plants in drug development. 
Different phytoconstituents present in plants are 
responsible for various therapeutic effects. Almost 45000 
plant species are present in different region of India, hence 
India is often called the emporium of medicinal plants. 
Wild sources provide supply of medicinal plants to 
industry. Novel medicines can be developed by taking in 
consideration traditional folk treatment. Primary health 
care needs of people are mostly fulfilled by the 
phytoconstituents (1).Plant constituents have main role in 
curing illness. Plant based drugs are inexpensive compared 
to modern synthetic medicines. Different parts of plants 
are exploited for treating various disease (2).There are 
large number of patients going for herbal therapy. Herbal 
medicines have wide range of benefits. Herbal medicines 

have good compatibility with human body. They are 
cheaper in cost. They have comparatively less side effects. 
Inflammation can be cured by using plant and plant 
extracts. Curcuma longa Linn, Zingiber officinalis Roscoe, 
Borago officinalis Linn, Oenothera biennis Linn (Evening 
primrose ), Harpagophytum procumbens (Devil’s claw)and 
Cedrus deodara  Roxb are traditionally reported anti-
inflammatory plants (3). 

Cedrus deodara  is found in North India, Pakistan, 
Afghanistan, Tibet and Nepal. It contains deodarin, 
cedodarin, taxifolin, myrcene, iso-pimpillin, α-pinene, β-
pinene, cedrin, deodarone, sesquiterpene, cedrinoside, 
dihydromyricetin, matairesinol, atlantone. It is used in 
treatment of inflammation, ulcer, pain, hyperglycemia, 
infection, insomnia, skin disorder, blood disorder, 
apoptosis, fever. Recently in-vivo and in-vitro studies have 
indicated its anti-inflammatory and analgesic property (4). 

The emulgel are type of formulations mainly used 
for topical delivery. When emulsion is incorporated into 
gel, it is called as emulgel shows dual control release 
property and it is the recent topical NDDS technology. 
Emulgel is used to treat pains and aches which are in the 
form of muscle ache, back ache and arthritis (5).The 
objectives of proposed research work are to formulate and 
evaluate the herbal emulgel loaded with extract of Cedrus 
deodara  and evaluate for its In-Vitro Anti-Inflammatory 
Activity. 
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Material and Methods 
Collection and Authentication of plant materials 

The raw material Cedrus deodara Heart wood was 
procured from KLE Ayurveda pharmacy. It was 
au then t ica ted f rom SHRI B.M.K Ayurveda 
Mahavidyalaya, Belagavi.  
  
Processing of the Plant Material 

After authentication, Cedrus deodara was dried 
and was powdered. This powder was further used to 
obtain the extract.  
  
Extraction of plant material 

The powder of Cedrus deodara was macerated 
with 70% alcohol for 48 hours. The marc was extracted 
with 70% ethanol by using Soxhlet apparatus. Both the 
extracts obtained from maceration and soxhlation were 
combined. This combined extracts was further 
concentrated.  

Preliminary Phytochemical Screening 
 Phytochemical screening is performed to identify 

presence of different Phytoconstituents. The extract was 
dissolved in ethanol. It was filtered and filtrate was used 
to carry out test for alkaloids, flavonoids, carbohydrates, 
saponins, tannins, steroids and terpenoids.    
  
Formulation of Emulgel 

Different batches of emulgel were prepared by 
using different gelling agents and by varying their 
concentration as per the Table 1. The emulsion was 
prepared using 2 % of Cedrus deodara  extract. The 
gelling agents were soaked in water and triethanolamine 
was added to adjust the pH. The emulsion was added to 
the gel and stirred vigorously to form emulgel (6). 
  

Table No. 1: Herbal Emulgel Composition of 
Different Batches (%w/w) 

Evaluation of Emulgel 
The prepared herbal emulgel was evaluated for 

pH, spreadability, viscosity, consistency, appearance, 
color, washability and appearance. 
  
Physical appearance  

The Physical appearance includes study of color, 
homogeneity, consistency, appearance, etc.Color was 
noted by visual observation. Homogeneity of emulgel 
was checked by rubbing the emulgel between fingers. 
The appearance of emulgel was checked by visual 
observation. Emulgel was applied to skin to check its 
consistency. 
  
Spreadability 

The emulgel was sandwiched between 2 petri 
plates and the diameter of circle of spreaded emulgel 
was used to determine the spreadability. 1 gram of 
emulgel was weighed and placed on a petri plate. Other 
petri plate was placed on its top and weight of 50 grams 
was placed on the top of petri plate for about 60 
seconds. After completion of 60 seconds the diameter of 
circles formed from the spreaded emulgel were 
measured in triplicate. The average of the reading was 
calculated. The reading was put into the following 
formula. 

S = M x L  
     T 

S: Spreadability 
M: Mass 
L: Diameter 
T: Time 
  
Viscosity 

The viscosity of emulgel was estimated using 
Brookfield viscometer. 1 gram of emulgel sample was 
taken. The spindle was rotated at the speed of 50 rpm. 
Readings were taken in triplicate and average of 
readings were calculated (7). 
  
pH 

The pH of the formulated emulgel batches were 
measured using digital pH meter. 0.5 grams was 
dissolved in 10 ml of distilled water and electrode was 
dipped in it to measure the pH (8). 
  
Stability studies 

The stability studies of emulgel were carried out 
by keeping the samples at 5 °C, 25 °C/60% RH, 30 °C/
65% RH, and 40 °C/75% RH for a period of 3 months. 
The samples were tested at interval of 15 days. They 
were evaluated for its appearance, pH, viscosity and 
spreadability (8). 
  
In vitro anti-inflammatory 
Human Red Blood Cell (HRBC) Membrane 
Stabilization Method 

The Human Red Blood Cell (HRBC) membrane 
stabilization method was used to evaluate the anti-
inflammatory activity of extract of Cedrus deodara 
heart wood. 2-3ml of blood was collected from healthy 
individual. The equal quantity of Alsever’s solution was 

Composition F1 F2 F3 F4 F5 F6
Cedrus 
deodara 
 extract

2 2 2 2 2 2

Sodium 
CMC 2 3 - - - -

Carbopol-94
0 - - 1 1.5 - -

Sodium 
alginate - - - - 2 3

Propylene 
glycol 5 5 5 5 5 5

Ethanol 5 5 5 5 5 5
Methyl 
paraben 0.03 0.03 0.03 0.03 0.03 0.03

Propyl 
paraben 0.01 0.01 0.01 0.01 0.01 0.01

Sesame oil 7 7 7 7 7 7
Span-20 1 1 1 1 1 1

Tween-80 0.5 0.5 0.5 0.5 0.5 0.5
Triethanola

mine 1.2 1.2 1.2 1.2 1.2 1.2

Water qs qs qs qs qs qs

750

http://ijam.co.in





International Journal of Ayurvedic Medicine, Vol 13 (3), 2022; 749-753

Published online in http://ijam.co.in 
  

ISSN No: 0976-5921

added to blood. iso-saline was added to the above 
mixture. This mixture was centrifuge for 5 minute to get 
Human Red Blood Cell (HRBC) suspension. Equal 
amount of sample was added to HRBC suspension. 100, 
200, 300 µg/ml of concentration of sample were 
prepared. It was incubated at 370C for 30 minutes. The 
mixtures were centrifuged for 5 minutes. Alsever’s 
solution and blood were taken as negative control. 
Aspirin was taken as a standard. The supernatant 
solution obtained from centrifugation was used to carry 
out estimation using UV Spectroscopy at wavelength 
560 nm.  
  
Inhibition of Protein Denaturation 

Around 0.02ml of sample was taken. 0.2 ml of 
1% Bovine Albumin was added. 4.78 ml of PBS 
(Phosphate buffer saline) was added to the mixture. 
This mixture was mixed and it was incubated for 15 
minutes. It was heated for 5 minutes on water bath at 
700C. The mixture was cooled. UV spectrophotometry 
used to check absorbance at wavelength 660 nm. 
Control used was phosphate buffer. A was taken as a 
standard. The % of inhibition of protein denaturation 
was calculated (9). 
  
Results and Discussion 

The heartwood of Cedrus deodara was 
collected and authenticated. The drug was dried and 
grinded into coarse powder. The powder was macerated 
for 48 hours using hydro alcoholic solvent. The marc 
that was obtained was subjected to Soxhlet extraction. 
The extracts were combined and further concentrated. 
The extract obtained was used to study the 
phytochemical and physico-chemical parameters. The 
presence of alkaloids, tannins, carbohydrate, flavonoids 
and terpenoidswere determined by performing 
phytochemical test. The Cedrus deodara  showed 

presence of alkaloids, tannins, carbohydrates, 
flavonoids, and terpenoids (Table 2). 

Table No. 2: Phytochemical Screening of Cedrus deodara  

  
Emulsion was prepared. Emulgel was prepared 

using different gelling agents like Carbopol-949, 
Sodium CMC and Sodium alginate. The concentration 
of gelling agent was decided on basis of review of 
literature. 6 formulations of emulgel were formulated. 
The prepared batches were evaluated for its colour, pH, 
greasiness, Spreadability, viscosity and appearance.  

The formulated batches had beige colour. The 
formulations F1, F3, F4 and F5 had good consistency 
whereas F2 and F6 had verygood consistency. The 
nature of all batches were non-greasy. The washability 
of all the formulations was good. Viscosity of 
formulations ranged from 1259-2125. The pH of 
formulation ranged from 6.29-6.37. Spreadability of 
formulations were found in range of 5.1-6.2. Stability 
studies of emulgel were carried per ICH guidelines. 
Batch F2 was found to be optimized Table 3. 
  

Table No. 3: Evaluation Parameters of Emulgel 

  
In vitro Anti-inflammatory Activity 

In-vitro anti-inflammatory activity of extract and 
optimized formulation was accessed. HRBC membrane 
stabilization method and protein denaturation method 
were two methods used to access anti-inflammatory 
activity. The extract showed good anti-inflammatory 
activity. The formulated emulgel also showed good anti-
inflammatory activity (Table4&5, Figure 1 & 2). The 
protein denaturation by extract were presented in Table 
5 &6, Figure 3 &4). 

 Table No. 4: Prevention of lysis by  
Cedrus deodara extract 

   

Phytoconstituent Test Cedrus deodara

Alkaloids

Dragendroff’s test +
Mayer’s test +
Hagers’s test +
Wagner’s test +

Carbohydrates
Molisch’s test +
Fehling’s test +
Benedict’s test +

Flavonoids Shinoda test +
Sulphuric acid test +

Tannins 5 % Fecl3 +
Lead acetate +

Terpenoids Salkowski’s test +
Saponins Foam test +
Steroids Salkowski’s test +

Parameters F1 F2 F3 F4 F5 F6
Color Beige Beige Beige Beige Beige Beige

Consistency Good Very good Good Good Good Very good
Homogeneity Good Good Good Good Good Good
Appearance Semi-solid Semi-solid Semi-solid Semi-solid Semi-solid Semi-solid
Greasiness Non-greasy Non-greasy Non-greasy Non-greasy Non-greasy Non-greasy

Washability Washable Washable Washable Washable Washable Washable
pH 6.30 6.35 6.29 6.37 6.34 6.32

Spreadability 5.9 5.6 6.2 5.7 5.5 5.1
Viscosity 1701 2125 1259 1582 1830 2110

Concentration 
(µg/ml)

Absorbance Prevention of 
lysis.300 0.160 36.75

200 0.179 29.01
100 0.189 25.29

Aspirin 0.156 38.33
Negative control 0.253
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Table No. 5: Prevention of lysis by emulgel 

  
Figure 1: Prevention of Lysis by  

Cedrus deodara Extract 

 
  

Figure 2: Prevention of Lysis by  
Cedrus deodara Emulgel 

 

Table No. 5: Protein Denaturation  
Cedrus deodara Extract 

  
Figure 3: Protein Denaturation by Extract 

 

Table No. 6: Protein Denaturation by Emulgel 

 
Figure 4: Protein Denaturation by Emulgel 

 

Conclusion 
Developing and developed countries are using 

herbal medicines for thousands of years for treatment of 
various disease. Our findings confirm that the 
hydroalcoholic extract of Cedrus deodara heart wood 
shows good anti-inflammatory activity. We have 
formulated emulgel using various gelling agent. The 
optimized formulation was found to be stable and 
showed good anti-inflammatory activity.  So Cedrus 
deodara emulgel can be used as anti-inflammatory 
agents for topical drug delivery. 
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Abstract: Herbs are widely utilized in the Western Ghats region of India to treat liver diseases and
viral-like infections. However, such practices lack scientific evidence at the molecular level and may
often pose adverse drug reactions. This study intends to identify phytocompounds with drugga-
bility and non-toxic profiles with potential activity against hepatitis B virus-induced hepatocellular
carcinoma. The details of phytocompounds in traditionally utilized herbs in the Western Ghats
region were collated from chemical databases and publications. The druggability and toxicity of these
compounds were predicted using MolSoft and ADVERpred, respectively. The probable targets of
these phytocompounds were predicted using BindingDB. Moreover, compound-gene set pathways,
cellular processes, and functional enrichment analyses were also performed using STRING and
KEGG pathway databases. Subsequently, herb–compound–target–disease pathway networks were
constructed using Cytoscape. The potential hub protein was virtually screened against the ligand
dataset using the POAP pipeline. Finally, molecular dynamics (MD) simulations of the most potential
protein–ligand complexes were performed in triplicate using Schrödinger Desmond. Amongst 274
compounds from 16 herbs studied, 36 showed drug-likeness with nontoxic properties and were
also predicted to modulate 16 potential targets involved in the pathogenesis of HBV-induced HCC.
Among all the molecules screened, flavonoids and diterpenoids from Andrographis paniculata and
Thespesia populnea scored the highest edge count via modulating multiple targets and pathways.
Moreover, molecular docking and MD simulation (100ns) also inferred that the top-ranking An-
drographin and Gossypetin exhibit stable intermolecular interactions with EGFR protein, which
was identified as a highly connected hub protein in the constructed network. All these findings are
suggestive of identified moieties as potential therapeutics for targeting HBV-associated HCC sans
adverse drug reactions.

Keywords: Andrographis paniculata; hepatitis B; hepatocellular carcinoma; molecular docking;
molecular dynamics; network pharmacology; Thespesia populnea

1. Introduction

Hepatitis B, caused by the hepatitis B virus (HBV), is a life-threatening chronic liver
infection and is one of the major risk factors for the development of hepatocellular carci-
noma (HCC), which accounts for 70–90% of all primary liver cancers. HCC is the sixth
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most common cancer worldwide with a significant mortality rate and is projected to in-
crease by 40% by 2030 [1,2]. Currently, more than 248 million individuals worldwide are
living with chronic HBV infection. Africa has the most elevated endemicity with 8.83% of
HBsAg prevalence. About 95 million people in China have chronic HBV infection [3]. India
is meso-endemic for HBV and is the second leading country after China to have about
50 million individuals with chronic HBV infection with an overall prevalence rate of 2.4%
(2.2–2.7%) and a much higher rate of 15.9% (11.4–20.4%) among the tribal population [4].

Multiple studies, such as the accumulation of genetic damage due to immune-mediated
hepatic inflammation and chronic hepatic oxidative stress, established a robust correla-
tion between chronic HBV infection and the progression to HCC [5–7]. Moreover, HCC
mediated by HBV is a polygenic disease that involves multi-protein, multi-pathway patho-
genesis. HBV viral proteins alter the expression of endogenous genes within the host tissue.
In the hepatocytes, HBV-mediated cytokine production by pro-inflammatory reactions and
T-cell dysfunction as well as inflammation-mediated up- and downregulation of signaling
pathways enhance the development of viral carcinogenesis and ultimately lead to HCC.
Further, Signal Transducer and Activator of Transcription 3 (STAT3) and nuclear factor
(NF)-κB play key roles in the regulation of communication between cancer cells and in-
flammatory cells, which further aids in the regulation of tumor angiogenesis. However,
HBV-mediated activation of these two pathways promotes immune escapes, production of
interleukin IL-6, and IL-22, and ultimately progresses to the development of HCC [8,9]. The
HBV X Interacting Protein (HBXIP) is a transcriptional transactivator that controls the tran-
scription of viral nucleic acid and cellular promotion, i.e., it mediates cell cycle regulatory
proteins including p16, p21, p27, cyclin A, D1, and B1, promoting CDK2 activity [10–15].
HBx regulates HBV replication and plays a crucial role in the development of HCC. The
correlation between HBV-mediated HCC is well established. However, the molecular
mechanism is not well understood, because post HBV infection, multiple cascades are
involved in HCC development. In addition, numerous scientific reports suggest that the
major cause of HCC is due to continuous hepatocyte destruction and regeneration [16].

Since ancient times, herbs and herbal products have been widely utilized as ther-
apeutics for various infectious diseases. Herbs are known to prevent viral infections,
delay or arrest the progression or extend the latency period by acting as an agonist, an-
tagonistic, or synergistic via modulating multi-proteins and multi-pathways associated
with the disease pathogenesis [17]. Although the use of herbs against specific etiolo-
gies such as HBV infection and its associated HCC is not adequately documented, at-
tempts are being continuously made to evaluate if traditionally used herbs could be used
against these specific etiologies by a screening of its use against signs and symptoms
resembling the disease. In the current study, we identified 16 herbs from the Western
Ghats region that are traditionally utilized by the local traditional practitioners against
conditions that represent viral infection, fever, inflammation, and jaundice, which are
documented in earlier studies by the ICMR-National Institute of Traditional Medicine,
Belagavi, India. These herbs include Achyranthes aspera L., Aerva lanata (L.) Juss. ex
Schult., Aloe vera (L.) Burm. f., Andrographis paniculata (Burm.f.) Nees, Cassia auriculata (L.)
Roxb., Centella asiatica (L.) Urban, Diospyros Montana Roxb., Leucas aspera (Willd.) Link,
Mangifera indica L., Phyllanthus virgatus G. Forst., Pongamia pinnata (L.) Panigrahi,
Ricinus communis L., Solanum nigrum L., Strychnus nux-vomica L., Thespesia populnea (L.)
Sol. ex Corrêa, and Vernonia cinerea (Carl Linnaeus) H.Rob.

In the present study, we utilized the knowledge of polypharmacology and chemoin-
formatics approaches such as compound-gene set enrichment analysis, network pharma-
cology, molecular docking, and dynamics studies to identify potential classes (e.g., group
of flavonoids, alkaloids, terpenoids, tannins, etc.) of bioactives from herbs with druggable
characteristics, non-toxic properties, and potent beneficial effect in the management of
HCC induced by HBV. Polypharmacology is the study based on the effect of a single
compound on two or multiple protein targets and pathways, which involves a network-
based regulation of numerous physiological responses [18]. Understanding the effect of
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multi-component drug therapy using traditional knowledge provides new insight for the
identification of potent therapeutics against complex diseases such as HCC. The workflow
of polypharmacology and chemoinformatics approaches implemented in this study is
illustrated in Figure 1A, and the findings are illustrated in Figure 1B.
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2. Materials and Methods
2.1. Selection of Plants and Retrieval of Phytocompounds

Sixteen medicinal plants utilized in the region of Western Ghats and North Karnataka
for the treatment of fever, jaundice, inflammation, and viral infection were selected based
on an online resource documented by ICMR-National Institute of Traditional Medicine
(http://nitmmedplantsdb.in/) (accessed on 6 March 2021) [19]. The selected medicinal
plants with Ayurveda/common names and a list of references for their above-claimed
uses are provided in Table S1. Reported phytocompounds from each plant were retrieved
from Dr. Duke’s DB (https://phytochem.nal.usda.gov/phytochem/search; accessed on
7 March 2021) [20], Phytochemical Interaction DB (https://www.genome.jp/db/pcidb/)

http://nitmmedplantsdb.in/
https://phytochem.nal.usda.gov/phytochem/search
https://www.genome.jp/db/pcidb/
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(accessed on 7 March 2021), ChEBI (https://www.ebi.ac.uk/chebi/) (accessed on 7 March
2021) [21], Database of Ethnomedicinal Plants of Western Ghats (http://nitmmedplantsdb.
in/) (accessed on 7 March 2021) [19] and other public repositories.

2.2. Druggability and Toxicity Profile

Molecular formula (MF), molecular weight (MW), hydrogen bond acceptor (HBA),
hydrogen bond donor (HBD), logP value, and canonical SMILES of each molecule were
retrieved from the PubChem chemical database (https://pubchem.ncbi.nlm.nih.gov/)
(accessed on 18 March 2021). The canonical smile data of individual compounds was
queried in MolSoft online server (https://molsoft.com/mprop/; accessed on 15 March
2021) [22] to predict the druggability of each phytocompound based on the Lipinski rule
of five. The server provides structural information, viz., MF, MW, HBA, HBD, logP, and
predicts probable drug-likeness score (DLS). Further, phytocompounds with positive DLS
were chosen, and their toxicity was predicted using the ADVERpred server [23]. We opted
for this server, as it predicts hepatotoxicity, nephrotoxicity, arrhythmia, and myocardial
infarction of unknown molecules based on the probable activity (Pa) and probable inactivity
(Pi) and predicts probable side effects. Phytocompounds with a Pa value of ≤0.5 proceeded
for further studies.

2.3. Target Identification

Canonical SMILES of the shortlisted phytocompounds were queried into BindingDB [24]
for probable target protein identification (p ≥ 0.7). The Gene IDs of the predicted protein
targets were retrieved manually from the UniProt web server (https://www.uniprot.org/;
accessed on 9 April 2021) [25]. Further, the reported targets involved in the pathogenesis of
HBV-induced HCC were retrieved from the KEGG database (https://www.genome.jp/
kegg/) (accessed on 9 April 2021) and public repositories.

2.4. Gene Ontology and Pathway Enrichment Analysis

To understand the molecular functions, processes of probable protein targets modu-
lated by the phytocompounds, and to retrieve the protein–protein interactions systemati-
cally, a set of retrieved gene IDs was provided as input to STRING 11.0 (Search Tool for
the Retrieval of Interacting Genes/Proteins (https://string--db.org) accessed on 9 April
2021) [26]. Gene ontology (GO)-based functional and process enrichment analyses were
carried out using the STRING GO tool to retrieve the molecular functions and processes
of protein targets. The KEGG pathway (https://www.genome.jp/kegg/pathway.html;
accessed on 9 April 2021) [27] was utilized to identify the enriched pathways involved in
HBV-induced HCC. In this study, to obtain significant functions, processes, and pathway
enrichment, the default false discovery rate (FDR) p value cut-off of <0.05 was considered.
The overall pathways involved in HBV-mediated HCC are shown in Figure 2.

https://www.ebi.ac.uk/chebi/
http://nitmmedplantsdb.in/
http://nitmmedplantsdb.in/
https://pubchem.ncbi.nlm.nih.gov/
https://molsoft.com/mprop/
https://www.uniprot.org/
https://www.genome.jp/kegg/
https://www.genome.jp/kegg/
https://string--db.org
https://www.genome.jp/kegg/pathway.html
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2.5. Network Construction

The compound–protein pathway network was constructed using Cytoscape v3.6.1
software (Washington, USA), an open-source software utilized to visualize biological
pathways and complex molecular interaction networks [28]. During the construction of the
network, the “Network Analyzer” command was used and treated as directed. To express
the degree of connections among the compound–protein pathways, edge count calculation
was applied. Further, “low values to small sizes” for node size and “low values to bright
colors” for node color were applied to design the network [29].

2.6. Structure Refinement, Homology Modeling, and Assessment of Active Site Residues

Among the total targets predicted by bioactive phytocompounds, EGFR was found to
score the highest edge count within the network (found to be involved in MAPK, PI3K-
Akt, Ras, and Jak-STAT signaling pathways). Hence, EGFR, a highly connected target
within the network and a known therapeutic target for hepatocellular carcinoma was
chosen to virtually screen the bioactive intermolecular phytocompounds to infer significant
intermolecular interactions at active site residues. The wild-type EGFR kinase domain in the
complex with dacomitinib (PDB id: 4I23 (2.8 Å resolution) expressed in Spodoptera frugiperda
expression system) was selected from the Protein Data Bank (PDB) (https://www.rcsb.
org/structure/4i23; accessed on 30 April 2021) [30]. Discovery Studio Visualizer version
2019 (DSV 2019) was used to visualize the missing amino acid residues. ClustalW (https:
//www.genome.jp/tools-bin/clustalw; (accessed on 30 April 2021) [31] multi-sequence
alignment online server was used to align the sequence of crystal structure (PDB 4I23)
with the complete sequence of EGFR from Uniprot (UniProt accession no. P00533). This
identified twenty amino acid residues data to be missing in the PDB id: 4I23 crystal
structure. Further, these missing amino acid residues were fixed using Modeller9.10v
software (accessed on 30 April 2021) [32]. While modeling the ligand unbound form,
the crystal structure (PDB id: 4I23) was used as a template, and the sequence of UniProt
accession no. P00533 entry was used as a query. By using Modeller 9.10v, 100 model
structures were generated, and the model with the least discrete optimized protein energy

https://www.rcsb.org/structure/4i23
https://www.rcsb.org/structure/4i23
https://www.genome.jp/tools-bin/clustalw
https://www.genome.jp/tools-bin/clustalw
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(DOPE) score was chosen and checked for structural homology with the template using
superimpose RMSD option in PyMol. The stereochemical check for the modeled structure
was assessed using the PROCHECK web server. Further, EGFR active site residues were
mapped based on the crystal structure of EGFR in a complex with dacomitinib.

2.7. Least Potential Energy Conformation by Molecular Dynamics (MD) Simulation

MD simulation has become an important method in computational biology for under-
standing the dynamic behavior of molecular complexes and intermolecular interactions
in biologically simulated conditions [33]. To obtain the lowest potential energy (PE in
kcal/mol) conformation of the modeled structure of EGFR, MD simulation was performed
for 50 ns using the OPLS force field by Schrodinger Desmond v6.5 software [34]. The
protein structure was kept at the center of the cuboidal box and solvated using the SPC
water model using periodic boundary conditions in all directions. The distance of the cubic
box was set to 10 Å far from all protein edges. The system was neutralized by adding
6 Na+ counterions. Further, the SHAKE algorithm was applied to restrain the geometry
of water molecules, bond lengths, and bond angles of heavy atoms. The Particle Mesh
Ewald method was applied to estimate the long-range interactions that exist between
the molecules. The Lennard–Jones interactions cut-off was set to 10 Å. The system was
minimized for a 100.0 ps production run using the OPLS force field. Finally, the NPT
ensemble was utilized, implementing the Thermostat “Nose-Hoover chain” method with
1.0 ps relaxation time, and the Barostat “Martyana–Tobias–Klein” method (with 2.0 ps
relaxation time) was used to maintain the pressure of 1.01325 bar and 300 K temperature.
The Coulombic short-range cut-off radius was set to 9.0 Å. The trajectory sampling for the
entire run was recorded at an interval of 10.0 ps.

2.8. Molecular Docking
2.8.1. Preparation of Ligand and Protein Target

Based on the network analysis and polypharmacology approach, 11 phytocompounds
from Andrographis paniculata and 3 from Thespesia populnea were also found to interact with
EGFR (a highly connected target within the network). Thus, the 3D structures of 14 phyto-
compounds were downloaded from the PubChem database and virtually screened against
EGFR protein. Each ligand was energy minimized by mmff94 force field using the steepest
descent algorithm at 5000 energy minimization steps by executing the “prepare_ligand4.py”
script [35]. The energy minimization step eliminates the clashes within ligand atoms and
produces a reasonable starting pose. Further, the convergence criteria were set to default
(1 × 10–6) with van der Waals (VDW) cut-off distance to 6.0 Å. Finally, the pose with
the lowest energy conformation was chosen and converted into an AutoDock vina file
(.pdbqt) using the AutoDock vina POAP pipeline [35]. The EGFR structure with the lowest
potential energy conformation from the MD simulation was chosen for subsequent virtual
screening studies.

2.8.2. Ligand–Protein Molecular Docking

Molecular docking was carried out using AutoDock vina by POAP pipeline [35]. The
grid box was created to center x = 4.00245, y = 10.9442, z = −4.3899; and size x, y, z = 26 Å;
spacing 1 Å based on the active site residues inferred from an earlier ligand co-crystallized
complex (PDB: 4I23) of EGFR protein. The exhaustiveness was set to 100 in vina. As a result,
it generated nine docked conformations and the protein–ligand complex with the lowest
RMSD value was considered as the best pose and was visualized for key intermolecular
interactions using Discovery Studio Visualizer 2019. The compound with the lowest BE and
the maximal number of interactions with the active site residues was chosen and examined
for complex stability by MD simulation (100 ns).
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2.9. Stability of Protein–Ligand Complex

After the molecular docking step, protein–ligand complexes MD simulation was
performed in triplicate to infer the stability of complex formation during 100 ns of the
production run, to ensure plausibility. The above-mentioned “MD simulation” procedure
was followed, and the trajectories generated were analyzed using in-build Desmond. The
parameters describing structural stability and their residue-wise interaction fluctuations
were analyzed. RMSD of backbone, complex, ligand heavy atoms was estimated consid-
ering the first frame as a reference, a C-α RMSF, radius of gyration (rGyr) of ligand and
protein, and residue-wise interactions were considered during analysis.

2.10. Statistical Analysis

False Discovery Rate < 0.05 was considered significant during gene set enrichment
analysis. The network was analyzed by the “Edge count” topological parameter. Docking
score was represented in kcal/mol. RMSD, RMSF, and rGyr were used to interpret the
stability and fluctuations of ligand–protein interactions using MD simulation.

3. Results
3.1. Selection of Plants and Mining of Phytocompounds

Sixteen plants that are utilized by traditional practitioners/local healers in the region
of Western Ghats of India for the treatment of fever, jaundice, inflammation, and viral
infection were selected. Initially, 629 phytocompounds from the 16 plants were retrieved
from various herbal databases and documented literature. Further, 274 phytocompounds
were shortlisted by removing the duplicate and aliphatic chain compounds.

3.2. Druglikeness and Toxicity Profile

Among 274 compounds, 145 compounds showed positive drug-likeness properties.
Among these 145 compounds, 36 compounds showed Pa ≤ 0.5 and nontoxic properties.
Table 1 represents the 36 compounds chemical information, druggability, and toxicity profile
with their figures (downloaded from PubChem chemical database). The drug-likeness
property and toxicity profile of 274 compounds are shown in Tables S2 and S3, respectively.

3.3. Target Identification

Potential protein targets of 36 phytocompounds were predicted using BindingDB.
All these phytocompounds were predicted to modulate 206 protein targets (Table S4).
Among these, 16 targets were potentially involved in the pathogenesis of the HBV infection-
associated HCC (Table 2).
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Table 1. Phytocompounds with positive for drug-like properties and their toxicity profile.

Plant Name Phytocompounds PubChem CID MF MW (g/mol) HBA HBD LogP DLS Pa (≤0.5) Pi Side Effect Structure

Aloe vera 2-Methyl-2-Phytyl-6-Chromanol 9865117 C26H44O2 388.33 2 1 10.24 0.83 0.421 0.244 Hepatotoxicity
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Table 2. Phytocompounds and their probable predicted protein targets involved in hepatitis B
infection pathways and associated hepatocellular carcinoma.

Plant Name Phytocompounds Plant Part Compound
Type

Gene
Count

Protein Targets Involved in
Hepatitis B Infection and
HCC Pathways

Aerva lanata
Isorhamnetin Aerial Flavonoid 7 CDK1, CDK2, CDK6, EGFR,

HGF, IGF1R, TERT
Tiliroside Aerial Flavonoid 1 TNF

Aloe vera

2-Methyl-2-Phytyl-6-Chromanol Whole plant Phylloquinone 1 AKT1
Aloe-Emodin Leaf, Juice Anthraquinone 1 BCL2
Aloenin Whole plant Glucoside 1 TNF
Feralolide Leaf Coumarin 2 MAP2K1, MAPK1

Andrographis
paniculata

5-Hydroxy-7,8,2′,3′-
Tetramethoxyflavone Whole plant, Root Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
5-Hydroxy-7,8,2′-
Trimethoxyflavone Whole plant, Root Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
Neoandrographolide Whole plant, Root Diterpenoid 1 STAT3
Paniculide-B Whole plant, Stem Diterpenoid 3 PRKCA, PRKCB, PRKCG

Andrographiside Whole plant, Stem Flavonoid 4 PRKCB, PRKCA, PRKCG,
STAT3

Altisin Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,
IGF1R, TERT

2′-hydroxy-5,7,8-
trimethoxyflavone Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
5-hydroxy-7,8,2′,3′,4′-
pentamethoxyflavone Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT

Wightin Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,
IGF1R, TERT

5-hydroxy-7,8-
dimethoxyflavanone Whole plant, Stem Flavonoid 3 AKT1, HGF, TERT

5-hydroxy-7,8-dimethoxyflavone Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,
IGF1R, TERT

Skullcapflavone I Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,
IGF1R, TERT

5-hydroxy-7,8,2′,5′-
tetramethoxyflavone Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
5,4′-dihydroxy-7,8,2′,3′-
tetramethoxyflavone Whole plant, Stem Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
Andrographidine C Whole plant, Stem Flavonoid 2 EGFR, TNF

Cassia auriculata Pelargonidin 5-galactoside Leaves Anthocyanidin 2 EGFR, TNF

Centella asiatica
3-Glucosylkaempferol Leaves Flavonoid 2 EGFR, TNF
3-Glucosylquercetin Leaves Flavonoid 2 EGFR, TNF

Mangifera indica

Cyanidin 3-arabinoside Peel Anthocyanin 1 TNF

Myrtillin - Phenolic
compound 1 TNF

Peonidin galactoside Peel Anthocyanin 1 TNF
Petunidin 3-glucoside Peel Anthocyanin 1 TNF

Phyllanthus virgatus Kaempferol 8-C-sulfate Whole plant Flavonoid 1 EGFR

Pongamia pinnata
Pinnatin Seed Flavonoid 6 CDK1, CDK6, EGFR, HGF,

IGF1R, TERT
Pongamone A Stem Flavonoid 1 EGFR

Thespesia populnea

Gossypetin Flower, Stem, Root Flavonoid 7 CDK1, CDK2, CDK6, EGFR,
HGF, IGF1R, TERT

Herbacetin Flower Flavonoid 7 CDK1, CDK2, CDK6, EGFR,
HGF, IGF1R, TERT

Kaempferol-7-Glucoside Flowers Flavonoid 2 EGFR, TNF

Vernonia cinerea Luteolin-7-Mono-Beta-
D-Glucoside Seed Flavonoid 2 EGFR, TNF

3.4. Gene Set Enrichment Analysis and Network Construction

Gene IDs of the 16 targets were fetched and provided as input to the STRING
11.0 search. The GO functional and process enrichment showed featured 46 molecular
functions and 599 molecular processes to be potentially modulated by these 16 targets
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(Tables S5 and S6 respectively). Further, the KEGG pathway enrichment analysis inferred
that 139 pathways were modulated by 36 compounds. Among these 139 pathways, 14 were
found to be involved in the pathogenesis of HBV-induced HCC. The 16 targets involved
in 139 pathways were predicted to be potentially modulated by the phytocompounds, as
shown in Table S7. Pathways that are solely involved in the HBV-induced HCC modulated
by the phytocompounds are shown in Table 3.

Table 3. Pathways involved in HBV infection and associated hepatocellular carcinoma modulated by
the phytocompounds.

KEGG ID Pathway Name Gene Count False Discovery Rate Modulated Gene within a Pathway

hsa05161 Hepatitis B 11 1.07E-18
AKT1, BCL2, CDK2, CDK6, MAP2K1,
MAPK1, PRKCA, PRKCB, PRKCG,
STAT3, TNF

hsa05225 Hepatocellular carcinoma 11 3.43E-18
AKT1, CDK6, EGFR, HGF, IGF1R,
MAP2K1, MAPK1, PRKCA, PRKCB,
PRKCG, TERT

hsa01521 EGFR tyrosine kinase
inhibitor resistance 11 6.37E-21

AKT1, BCL2, EGFR, HGF, IGF1R,
MAP2K1, MAPK1, PRKCA, PRKCB,
PRKCG, STAT3

hsa05206 MicroRNAs in cancer 9 2.07E-14 BCL2, CDK6, EGFR, MAP2K1, MAPK1,
PRKCA, PRKCB, PRKCG, STAT3

hsa04010 MAPK signaling pathway 10 7.51E-14 AKT1, EGFR, HGF, IGF1R, MAP2K1,
MAPK1, PRKCA, PRKCB, PRKCG, TNF

hsa04151 PI3K-Akt signaling pathway 10 3.22E-13 AKT1, BCL2, CDK2, CDK6, EGFR, HGF,
IGF1R, MAP2K1, MAPK1, PRKCA

hsa04014 Ras signaling pathway 9 5.60E-13 AKT1, EGFR, HGF, IGF1R, MAP2K1,
MAPK1, PRKCA, PRKCB, PRKCG

hsa04150 mTOR signaling pathway 8 1.52E-12 AKT1, IGF1R, MAP2K1, MAPK1,
PRKCA, PRKCB, PRKCG, TNF

hsa04210 Apoptosis 5 2.18E-07 AKT1, BCL2, MAP2K1, MAPK1, TNF
hsa05203 Viral carcinogenesis 5 8.12E-07 CDK1, CDK2, CDK6, MAPK1, STAT3
hsa04668 TNF signaling pathway 4 3.85E-06 AKT1, MAP2K1, MAPK1, TNF
hsa04630 Jak-STAT signaling pathway 4 1.57E-05 AKT1, BCL2, EGFR, STAT3
hsa04115 p53 signaling pathway 3 4.58E-05 CDK1, CDK2, CDK6
hsa04110 Cell cycle 3 0.00021 CDK1, CDK2, CDK6

3.5. Network Analysis

Network analysis identified Skullcapflavone I, Wightin, 2′-hydroxy-5,7,8-trimethoxyflavone,
Altisin, Andrographiside, 5-Hydroxy-7,8,2′-Trimethoxyflavone,5-hydroxy-7,8,2′,3′,4′-
pentamethoxyflavone, 5-hydroxy-7,8,2′,5′-tetramethoxyflavone, 5,4′-dihydroxy-7,8,2′,3′-
tetramethoxyflavone, Andrographidine C, Wightin, 5-hydroxy-7,8-dimethoxyflavanone,
5-hydroxy-7,8-dimethoxyflavone, 5-Hydroxy-7,8,2′,3′-TetramethoxyflavoneandPaniculide-
B from Andrographis paniculata (whole plant); Herbacetin, Gossypetin, Kaempferol-7-
Glucoside from Thespesia populnea (Flowers); Isorhamnetin from Aerva lanata (Aerial part);
and Pinnatin from Pongamia pinnata (Seed) to have highest edge count. Further, among
14 pathways, EGFR tyrosine kinase inhibitor resistance, hepatitis B, and hepatocellular car-
cinoma pathways were identified as enriched pathways via modulating EGFR, AKT1, BCL2,
HGF, IGF1R, MAP2K1, MAPK1, PRKCA, PRKCB, PRKCG, STAT3, CDK2, CDK6, STAT3,
TNF, and TERT as common target proteins (Tables 2 and 3). However, the above-selected
compounds were considered based on polypharmacology therapy due to their probable
affinity toward multiple targets and pathways. The herb–compound–protein pathway
network is shown in Figure 3. For further docking studies, based on the polypharmacology
analysis, phytocompounds that are predicted to modulate multiple protein targets and
pathways were selected; therefore, 11 phytocompounds from Andrographis paniculata were
predicted to target 13 protein molecules and 3 phytocompounds from Thespesia populnea
were predicted to target 8 protein molecules involved in HBV-induced HCC and are repre-
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sented in a Venn diagram (Figure S1). Phytocompound-affected checkpoints within the
Hepatitis B infection pathway (hsa05161) were traced from the KEGG pathway and are
represented in Figure 4.
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Figure 3. Network representation of herbs–phytocompounds–proteins pathways of HBV infection
and HCC. The network node size “Low to High” representation is based on the degree of connec-
tion among the nodes and was analyzed by a network topological parameter “edge count”. It is
highly evident that the EGFR node scored the highest edge count of 29, compared to all the other
targets studied.

Further, the study was extended to molecular docking and dynamics simulations. As
discussed earlier, EGFR was chosen as the most potential target, as it was found to be the
highly connected protein target within the network and is also a well-known therapeutic tar-
get in many types of cancer, viz., lung cancer [36], glioblastoma [37], breast carcinoma [38],
HCC [39,40], and so on. In this study, EGFR was found to be involved in hepatocellular
carcinoma, MAPK, PI3K-Akt, Jak-STAT, and Ras signaling pathways, and the EGFR tyro-
sine kinase inhibitor resistance pathway. Based on the docking study, 11 phytocompounds
from Andrographis paniculata and 3 from Thespesia populnea were identified to potentially
target EGFR protein.
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3.6. Structure Refinement, Homology Modeling, and Active Sites Assessment

As the WT-EGFR crystal structure (PDB id: 4I23) had missing amino acids, the entire
structure was rebuilt by homology modeling. To fill the missing residues and to obtain a
plausible structure, 100 homology structural models of WT-EGFR were generated using
Modeller 9.10v software. Among these, Model number 30 was chosen as the best model,
as it featured the lowest DOPE score, and it had an RMSD of 0.292 Å w.r.t. template PDB
id: 4I23. The Ramachandran plot also revealed about 89.9% and 8.7% residues in the most
favored and additionally allowed region (Figure S2). The active site residues of WT-EGFR
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reported in the co-crystallized structure are Leu23, Ala48, Lys50, Glu67, Met71, Leu93,
Thr95, Gln96, Met98, Pro99, and Gly101 [30].

3.7. Model Stability and Lowest Potential Energy Conformation Sampling by MD Simulation

The stability of the WT–EGFR protein modeled structure was validated by an MD
run of 50 ns, and it was found to be highly stable with few perturbations. The lowest PE
conformation for the WT–EGFR protein was found to be−129,809.51 kcal/mol at 45,252.0th
ps (45.2 ns) (Figure S3B). The lowest PE conformations were extracted and used further for
docking studies.

3.8. Molecular Docking Study

Molecular docking of 11 phytocompounds from Andrographis paniculata and 3 from
Thespesia populnea were performed with WT–EGFR, and the corresponding binding en-
ergies (BE) and intermolecular interactions are summarized in Table 4. First, all 11 com-
pounds from A. paniculata were predicted to form interactions with the active site residues.
Among these, Andrographin scored the lowest BE of −8.3 kcal/mol via forming two hy-
drogen bonds, i.e., Met98 . . . =O, Met98 . . . OH, and forming ten hydrophobic interactions,
i.e., Thr159, Lys50, Val31 (2), Ala48 (2), Leu149 (2), Leu23 (2) residues. Among these, seven
interactions were found to span the active site residues. The intermolecular interactions of
Andrographin with WT-EGFR are shown in Figure 5A. Second, all three compounds from
T. populnea were predicted to form stable interactions with active site residues. Among
these, Gossypetin scored the lowest BE of −8.5 kcal/mol via forming three hydrogen
bond interactions, i.e., Met98...OH, Thr95 . . . OH (2) and eight hydrophobic bonds, i.e.,
Thr159, Ala48, Val31 (2), Leu149 (2), Leu23 (2). Among these, six interactions were found to
span with active site residues. The interactions of Gossypetin with WT–EGFR are shown
in Figure 5B.

3.9. Stability of Protein–Ligand Complexes

Based on the lowest BE and maximum intermolecular interactions with active site
residues, two compounds were prioritized for MD simulation, i.e., Andrographin from
A. paniculata and Gossypetin from T. populnea. The stability of complex formation of the
WT-EGFR-Andrographin complex and WT-EGFR-Gossypetin complex were validated by
MD simulation for 100 ns. The simulation for both complexes was carried out in triplicate,
to ensure plausibility.

3.9.1. Andrographin and WT–EGFR Complex

The Andrographin with WT-EGFR simulation of the system was neutralized by adding
8 Na+ ions (12.777 mM concentration) and was subjected to a 100 ns run of production run
with a 10 ps recording interval. The backbone RMSD fluctuation was within 0.7 to 3.6 Å,
and the average RMSD was 2.28 Å (Figure 6A). The complex RMSD was found within
the range of 0.3 to 3.5 Å from 0 to 100 ns in all three replicates. The average RMSD of the
complex was 1.24 Å (Figure 6B). Similarly, the initial average RMSD of ligand w.r.t. ligand
for all three replicas was 0.356 Å, and the final was 0.45 Å. The total average RMSD of ligand
w.r.t. ligand for all three replicas was 0.44 Å (Figure 6C). The RMSF analysis was performed
to infer residue-wise fluctuations observed during the production run. The average RMSF
value of residues was∼0.7 Å. The c-terminal loop region shows maximum fluctuations due
to the flexibility of terminal residues’ maximum fluctuation (~2.5 Å), whereas the RMSF of
active residues involved in the ligand interactions, viz., Gly24, Val31, Met98, and Leu149
was ~1.0 Å (Figure 7A). Additionally, the radius of gyration (rGyr) trajectory over the 100 ns
production run was analyzed. The rGyr deviation of Andrographin with EGFR was found
within 3.60 to 3.68 Å, which indicates the higher compactness of the Andrographin–EGFR
complex (Figure 7B). Similarly, in all three replicas, the protein rGyr was also found to be
uniform (within ~20 to 20.8 Å) throughout the simulation period (Figure 7C).
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Table 4. Binding energy and molecular interactions of phytocompounds with WT–EGFR protein target.

Compound Name BE
(kcal/mol)

Hydrogen Bond
Interactions
(No. of Interactions)

Van der Waals, Pi-Alkyl, CH,
Pi-Cation, Pi-Sigma, Pi-Pi
Stacked, Pi-Pi T-Shaped
Interactions (No. of Interactions)

Active Sites Residues
within Interactions

No. of In-
teractions
with
Active Site
Residues

Kaempferol-7-
Glucoside −8.8

Asp105 . . . OH,
Thr95 . . . OH,
Gln96 . . . OH

Val31, Leu149, Leu23 (3), Cys102 Thr95, Gln96 5

Herbacetin −8
Thr95 . . . OH,
Met98 . . . OH (2),
Gly101 . . . OH

Leu23 (2), Leu149 (2), Val31 (2),
Ala48, Cys80, Thr159

Thr95, Met98, Gly101,
Leu23, Ala48 7

Gossypetin −8.5 Met98...OH,
Thr95 . . . OH (2)

Thr159, Ala48, Val31 (2),
Leu149 (2), Leu23 (2)

Thr95, Met98,
Leu23, Ala48 6

Andrographidine C −8.3 Thr95 . . . OH (2),
Gln96 . . . OH, Gly26

Arg146, Val31, Leu149, Leu23 (2),
Cys102 (2), Asp105

Thr95, Gln96,
Leu23, Cys102 7

5-Hydroxy-7,8,2′-
Trimethoxyflavone
(Andrographin)

−8.3 Met98 . . . =O,
Met98 . . . OH

Thr159, Lys50, Val31 (2), Ala48 (2),
Leu149 (2), Leu23 (2)

Met98, Lys50,
Ala48, Leu23 7

Skullcapflavone I −8.1 Met98 . . . =O,
Met98 . . . OH

Thr159, Val31 (2), Lys50, Ala48 (2),
Leu23 (2), Leu149, Asp105

Met98, Lys50,
Ala48, Leu23 7

2′-hydroxy-5,7,8-
trimethoxyflavone −8.1 Nil Gly101, Leu23 (2), Leu149 (2),

Val31 (2), Gly24 Leu23 2

5,4′-dihydroxy-
7,8,2′,3′-
tetramethoxyflavone

−7.7 Nil
Gln96, Ala48, Thr159, Lys50,
Val31 (2), Leu149, Leu23 (2),
Cys102 (2), Asp105

Gln96, Ala48, Lys50,
Leu23, Cys102 7

5-hydroxy-7,8-
dimethoxyflavone −8.2 Met98 . . . =O Leu23 (2), Thr159, Val31 (2), Lys50,

Ala48 (2), Lue149 (2), Asp105
Met98, Lys50,
Ala48, Leu23 5

5-hydroxy-7,8,2′,5′-
tetramethoxyflavone −8.4 Met98 . . . =O Val31 (2), Lys50, Thr159, Ala48,

Leu23 (2), Leu149 (2), Asp105
Met98, Lys50,
Ala48, Leu23 5

5-hydroxy-
7,8,2′,3′,4′-
pentamethoxyflavone

−8 Nil Lys50, Thr159 (2), Val31 (2), Gln96,
Ala48, Leu149, Leu23 (2), Cys102 (2)

Lys50, Gln96,
Ala48, Leu23 5

Wightin −8.3 Met98 . . . =O, Met98 . . .
OH

Val31 (2), Lys50, Thr159, Ala48 (2),
Leu23 (2), Leu149 (2), Asp105

Met98, Lys50,
Leu23, Ala48, 7

5-Hydroxy-7,8,2′,3′-
Tetramethoxyflavone −8.6 Met98 . . . =O

Asp105, Val31 (2), Thr159, Lys50,
Leu23 (2), Leu149 (2),
Ala48, Gln96

Met98, Lys50, Leu23,
Ala48, Gln96 6

Altisin −7.8 Met98 . . . O- Val31 (2), Ala48,
Leu149 (2), Leu23 (2) Met98, Ala48, Leu23 4

BE, binding energy.
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Further, Andrographin–EGFR contact analysis concluded that Met98 formed stable
hydrogen-bonded interactions for around 98–99% and 73–77% of the duration with =O
and OH group of Andrographin, respectively, in all three replicates. Pro99 and Cys102
and Asp105 were found to be involved in water–bridge interactions and showed around
10–15%, 12–20%, and 19–32% of the time with interaction fractions in all three replicates,
respectively. Figure 6, Figure 7, and Figure 8 represent the RMSD, RMSF, rGyr, and contacts
of the Andrographin WT–EGFR complex.

Appl. Sci. 2022, 12, 10691  21  of  31 
 

 

 

Figure 7. EGFR–Andrographin complex 100 ns MD production run. (A) Protein RMSF plot. (B) A 

gyration plot depicting the extendedness of a ligand. (C) A gyration plot of protein during a 100 ns 

production run. 

 

Figure 8. EGFR–Andrographin complex sustained intermolecular interactions and percentage  in‐

teraction fraction throughout 100 ns production run. 
Figure 8. EGFR–Andrographin complex sustained intermolecular interactions and percentage inter-
action fraction throughout 100 ns production run.

3.9.2. Gossypetin and WT–EGFR Complex

The Gossypetin with WT–EGFR simulation of the system was neutralized by adding
eight Na+ ions (12.778 mM concentration) and being subjected to a 100 ns run of production
with a 10 ps recording interval. The backbone RMSD fluctuation was to be within 1.2 to
3.0 Å, and the average RMSD was found to be ∼2.6 Å for all three replicas (Figure 9A). The
complex RMSD fluctuation was found to be within 0.699 to 3.53 Å, and the average RMSD
was found to be ∼2.6 Å. In all three replicates, the complex RMSD was gradually increased
with slight fluctuation from 0 to 50 ns (~0.7 to ~2.2 Å) and again attained stability from
50 to 100 ns (Figure 9B). Similarly, the initial average RMSD of ligand w.r.t. ligand for all
three replicas was 0.294 Å, and the final was 0.313 Å. The total average RMSD of ligand
w.r.t. ligand for all three replicas was 0.3 Å. However, replica 3 of Gossypetin showed slight
fluctuation from 35 to 50 ns (0.3 to 0.7 Å) and again attained stability from 50 ns at 0.7 Å.
Further, a decrease in RMSD was seen at 75 ns (0.7 to 0.3 Å) and was found to be stable
throughout 100 ns (Figure 9C). The RMSF analysis was performed to infer residue-wise
fluctuations observed during the production run. The average RMSF value of residues was
∼1.4 Å. The c-terminal loop region showed maximum fluctuations due to the flexibility
of terminal residues’ maximum fluctuation (~2.5 Å), whereas the RMSF of active residues
involved in the ligand interactions, viz., Ser25, Lys50, Cys80, Thr95, Gln96, Met98, Pro99,
Leu149, and Thr159 was <1.3 Å (Figure 10A). The radius of gyration (rGyr) trajectory over
the 100 ns production run was also analyzed. The rGyr deviation of Gossypetin with EGFR
was found within 3.7 to 3.8 Å, which indicates the higher compactness of the Gossypetin–
EGFR complex (Figure 10B). Similarly, in all three replicas, the protein rGyr was also found
to be uniform (within ~20 to 20.8 Å) throughout the simulation period (Figure 10C).
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100 ns production run.
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Further, Gossypetin–EGFR contact analysis concluded that Gln96 formed stable
hydrogen-bonded interactions for around ∼93% and 21% of the duration with the OH
group of Gossypetin in replicas 1 and 3 and around 53% and 27% of the water–bridge in
replicas 2 and 3. Met98, Thr95, and Asp105 residues were found to be common interactive
residues and to be involved in hydrogen bonds, hydrophobic bonds, and water–bridge
interactions in all three replicates. Figure 9, Figure 10, and Figure 11 represent the RMSD,
RMSF, rGyr, and contacts of the Gossypetin–EGFR complex.
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4. Discussion

Hepatocyte damage due to HBV infection and pathogenesis of liver disease are not
directly associated with HBV; however, they are caused by immune-mediated host HBV
interactions [41]. The complex mechanisms that cause HBV-mediated liver disease are
not fully understood due to the involvement of complex protein–protein interactions with
multiple host factors [42]. However, the utilization of already existing single drug molecules
against a cluster of HBV-mediated liver disease pathways may cause adverse drug effects
by disrupting the host tissue mechanisms. The utilization of chemotherapeutic agents
during HCC may alter hepatic metabolism, reduce efficacy, or may cause liver toxicity
by the disposition of the drug in liver tissue [43]. Further, physicians utilize palliative
treatments such as systemic chemotherapy, interferon, transarterial chemo-embolization,
and hormone therapy against HCC when there are no curative treatment options. However,
the utilization of these therapies for HCC patients is challenging because HCC is highly
resistant to systemic therapies [44]. In the current study, we elucidated the molecular
mechanisms and probable safe use of traditionally used herbs of Western Ghats, Karnataka
against jaundice, fever, inflammation, and viral infections via cluster and enrichment
analysis of potential HBV disease protein targets that participate in the progression of
immune processes and inflammatory responses. The results obtained from the current
study predict that flavonoids and diterpenoids from A. paniculata and flavonoids from
T. populnea could potentially prevent disease progression and could be effective therapeutics
against chronic HBV-induced HCC.

Identification of potent candidates from herbal medicines is not only the key focus
of new drug discovery against HBV-induced HCC, but drug safety is also a key concern.
This means that ensuring that the drugs have a positive benefit–risk balance is the goal [45].
Hepatotoxicity induced by herbs is one of the most important factors limiting treatment.
The issue has often been responsible for post-marketing warnings and withdrawal [46].
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Many researchers have well documented adverse hepatic reactions and idiosyncratic liver
damage caused by herbs. The major hepatotoxic herbs reported thus far are Teucrium
chamaedrys, Larrea tridentate, Cimicifuga racemosa, Scutellaria lateriflora, and Scutellaria baicalen-
sis [47]. In the current study, we screened 274 phytocompounds from 16 herbs for their
druggable characteristics using the Lipinski rule of five, and we selected only compounds
with positive drug-like properties. Further, these compounds were screened for major
adverse drug reactions and side effects, i.e., hepatotoxicity, cardiac toxicity, nephrotoxicity,
and potential to cause myocardial infarction using the ADVERpred online prediction. To
minimize the toxicity, compounds with a probable toxic activity (Pa) with a p value ≤ 0.5
were considered. Further, compounds were also predicted for their probable affinity to-
ward potential drug targets using BindingDB (p value ≥ 0.7), and they segregated the
target associated with HBV infection and HCC with the aid of published literature, KEGG
pathway, and Therapeutic Target Database (TTD).

STRING database was also utilized to identify the molecular functions, biological
processes, and pathways regulated by the predicted targets, wherein the targets were metic-
ulously chosen solely based on potential molecular functions, processes, and pathways with
higher significance (p ≤ 0.05) and those that are only associated with HBV-induced HCC.
Based on the results obtained from STRING, we constructed a compound–protein pathway
network building to understand the relations between compounds, target proteins, and
pathways. One pathway containing many protein molecules modulated by one compound
is more essential than the function of one protein that involves many pathways modulated
by one drug molecule. The impact of one target in numerous pathways may be less, and
the impact of one pathway with multiple protein targets modulated by one compound
could be large [48]. Based on this theory, we chose 11 phytocompounds, viz., Andro-
graphidine C, 5-Hydroxy-7,8,2′-Trimethoxyflavone (Andrographin), Skullcapflavone I, 2′-
hydroxy-5,7,8-trimethoxyflavone, 5,4′-dihydroxy-7,8,2′,3′-tetramethoxyflavone, 5-hydroxy-
7,8-dimethoxyflavone, 5-hydroxy-7,8,2′,5′-tetramethoxyflavone, 5-hydroxy-7,8,2′,3′,4′-
pentamethoxyflavone, Wightin, 5-Hydroxy-7,8,2′,3′-Tetramethoxyflavone, and Altisin from
A. paniculata (are of Andrographolide derivatives) contained in A. paniculata whole plant
and Gossypetin, Herbacetin, and Kaempferol-7-Glucoside contained in T. populnea flow-
ers [49]. These phytocompounds were identified as flavonoids and diterpenoids and
were found to modulate thirteen protein molecules involved in the progression of HBV
infection to HCC, i.e., CDK1, CDK2, CDK6, EGFR, HGF, IGF1R, TERT, STAT3, PRKCA,
PRKCB, PRKCG, AKT1, and TNF. Further, these protein targets were also found to mod-
ulate 14 major molecular pathways, i.e., Hepatitis B pathway, hepatocellular carcinoma,
MicroRNAs in cancer, MAPK signaling pathway, PI3K-Akt signaling pathway, Ras sig-
naling pathway, mTOR signaling pathway, apoptosis, viral carcinogenesis, TNF signaling
pathway, Jak-STAT signaling pathway, p53 signaling pathway, and cell cycle. The roles of
each protein target associated with the identified pathways involved in the pathogenesis of
HBV infection and progression of HCC are shown in Table S8.

After gene ontology, enrichment, and network analysis, we further extended the study
to examine the intermolecular interactions between phytocompounds and predicted pro-
tein targets using docking and MD simulation studies. As a result, we have chosen EGFR,
as it earned the top-scoring node with the highest edge count of 29. Thus, this formed the
sole rationale for the initial blind selection of EGFR as a potential target. On secondary
literature analysis, it was found to be well documented as a therapeutic target for cancer
(identified to be involved in the MAPK, PI3-Akt, Ras, and Jak-STAT signaling pathways
within the network). Moreover, earlier studies have demonstrated that overexpression of
EGFR is common in HCC, meaning that it can play a role in the pathogenesis and treatment
of the disease. Hence, on cumulative analysis of blind network topology prediction and the
documented studies, EGFR was finalized as the most potential target. It is well known that
NTCP host receptors are essential for HBV entry. However, NTCP expression alone is not
enough for the entry of HBV. EGFR is a host cofactor that regulates the host cell’s ability
to support HBV internalization and is essential for NTCP’s viral receptor activity [50].
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After HBV binds to NTCP on the cell surface, the HBV–NTCP complex is internalized via
EGFR endocytosis machinery, which includes EGFR phosphorylation and the subsequent
recruitment of adaptor molecules such as “AP2A1 and EPS15” [51–53]. The EGFR-sorting
machinery (involving EGFR ubiquitination, STAM, and LAPTM4B) coordinates HBV trans-
port in the endosomal network (early and late endosome and lysosome) [51]. In addition,
researchers examined the EGF-related host factor(s) in HBV infection by siRNA-mediated
knockdown of endogenous EGFR in HepG2-NTCP cells, HepaRG cells, and primary hu-
man hepatocytes and observed a significant reduction in HBV infection. The researchers
reported that HBV viral attachment was not decreased in EGFR-knockdown cells, but
the level of HBV DNA internalized into cells was significantly reduced by knockdown
of EGFR [52]. From early inflammation and hepatocellular proliferation to fibrogenesis
and neoplastic transformation, the EGFR signaling mechanisms have been recognized as a
central player in all stages of the liver response to injury [39,40]. Schiffer et al. [54] reported
Gefitinib, a potent EGFR tyrosine kinase inhibitor to curtail HCC development in rats ex-
posed to diethylnitrosamine. Further, Zheng et al. [55] reported that Tropomodulin 3 levels
rise in HCC conditions, especially when it spreads outside the liver. Tmod3 expression
was also linked to aggressive malignancy and poor patient survival in HCC patients [56].
Tmod3 enhances matrix metalloproteinase-2, -7, and -9 transcription, which is dependent
on PI3K-AKT. The interactions between Tmod3 and EGFR, which promote EGFR phos-
phorylation, are required for signaling activation of PI3K-Akt. Similarly, VersicanV1 was
also found to enhance the EGFR–PI3K–Akt signaling pathway in HCC cells [56]. A recent
study by Liu et al. [57] demonstrated that in HCC cells, the EGFR-P38 MAPK axis may
upregulate PD-L1 via miR-675-5p and downregulate HLA-ABC via HK2, and this might be
responsible for the immune suppression in HCC, and they suggest that EGFR signaling
might be targeted for HCC immunotherapy. Hence, based on the potential role of EGFR in
HCC and key network hub status in the current study, the phytocompounds were screened
against EGFR. Table S9 provides information on phytocompounds targeting protein target
and modulated pathways (edge count was mentioned for w.r.t. protein target, i.e., number
of compounds and number of pathways connecting to respective protein targets). First, the
WT–EGFR X-ray crystallographic protein structure was obtained from the PDB, and the
missing residues were fixed by homology modeling. The structural stability of the best
model of the EGFR protein was confirmed by molecular dynamics for a 50 ns production
run. The least potential energy conformation from MD simulations was retrieved for uti-
lization in docking studies. The molecular docking of 11 compounds from A. paniculta and
3 from T. populnea showed significant intermolecular interactions with active site residues.
Further, based on the BE and highest interactions with active site residues, 5-Hydroxy-
7,8,2′-Trimethoxyflavone (Andrographin) from A. paniculata and Gossypetin (T. populnea)
were identified as lead hits against WT–EGFR. All shortlisted compounds were predicted
to interact with active site residues. On post docking studies, the MD method was used to
delineate the effects of protein structure stability on ligand binding. To explain the struc-
tural modification of the protein upon ligand binding, we ran three replicates of 100 ns MD
simulations for Andrographin and Gossypetin with WT–EGFR to ensure the plausibility of
complex formation. The protein–ligand interactions for RMSD were found to be stable and
formed stable interactions throughout 100 ns production runs in all three replicates.

Andrographis paniculata and Thespesia Populnea

Andrographis paniculata Nees. is known as the “king of bitters”, a member of an Acan-
thaceae family, and is native to India and Sri Lanka. In Ayurveda, the roots and leaves are
used for medicinal purposes [58]. A. paniculata is a key ingredient of many herbal formula-
tions for the treatment of liver disease, hepatitis, diabetes, cancer, etc. [59,60]. A previous
study by Tan et al. [61] demonstrated Andrographolide to downregulate EGFR expressed
in epidermoid carcinoma (A-431) cells. Andrographolide and Neoandrographolide from A.
paniculata showed a protective effect against tert-butyl hydroperoxide intoxication-induced
hepatotoxicity in mice [62,63] and protective activity against galactosamine-induced hepa-
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totoxicity in rats [64]. The crude extract of A. paniculata showed potent inhibitory activity
against the HBV surface antigen [65]. Dehydroandrographolide and Andrographolide
showed potent inhibitory activity against HBV DNA replication [66]. Neoandrographolide
is a potent anti-inflammatory compound that acts via inhibition of iNOS and COX-2 ex-
pression through inhibiting p38 MAPK activation [67]. It also suppresses NO production
in LPS-activated macrophages [65].

Thespesia populnea Soland ex. Correa belongs to the family Malvaceae. It is mainly
found in tropical regions and the coastal forests of India. Ayurvedic physicians use bark de-
coction for the treatment of skin and liver diseases. The bark and flower possess hepatopro-
tective, antioxidant, anti-inflammatory, memory-improving, and cholesterol-lowering activ-
ities, and have been reported for the management of Alzheimer’s disease [68]. In the current
study, we identified Gossypetin, Herbacetin, and Kaempferol-7-Glucoside flavonoids from
T. populnea flower as potent hepatoprotective hits against HBV-induced HCC. This supports
earlier reports of these compounds as potent antiviral flavonoids [49,69,70]. Arthanari et al.
also demonstrated that methanolic flower extracts of T. populnea have a strong antiviral
potency and possess nontoxic properties [71].

The idea of modulating multiple proteins by a single molecule has triggered re-
searchers’ interest in finding the first strike on specific targets. Phytocompounds from
A. paniculata and T. populnea have also been shown to have antiviral and hepatoprotective
properties in the past. As a result, the current research discovered 11 compounds from
A. paniculata and 3 from T. populnea that may have effectiveness against hepatocellular car-
cinoma caused by the HBV virus, which has further prompted us to investigate the binding
affinity and intermolecular interactions of these compounds with active site residues of
EGFR, a well-known cancer therapeutic target. The identified small molecules possess
druggability and a non-toxic profile, which ensures safety and efficacy.

5. Conclusions

Currently, there is no satisfactory therapy for HBV infection and HCC. The present
study identified a group of druggable and nontoxic phytocompounds from herbs modulat-
ing the therapeutic targets involved in HBV infection and HCC through in silico techniques
involving compound–protein pathway enrichment analysis coupled with network phar-
macology, molecular docking, and dynamics simulation studies. Results of this study
suggest that flavonoid and a diterpenoid fraction of A. paniculata and flavonoid fraction of
T. populnea could be potent as a combined therapy for the treatment of patients with HBV
infection and its associated HCC without expecting adverse drug reactions. Theoretical and
predicted knowledge generated in this study needs to be further confirmed using in vitro
studies including in viral cell lines and animal models.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/app122110691/s1, Table S1: List of references for the selected medicinal plant for the treatment
of hepatitis-like illness including jaundice, hepatitis, fever, inflammation and for hepatoprotective and
antiviral potential; Table S2: List of plants with their phytocompounds and druglikeness properties;
Table S3: Toxicity profile of phytocompounds; Table S4: Overall probable targets modulated by
phytocompounds (Predicted using BindingDB); Table S5: Gene Ontology (GO) functional enrichment
analysis: regulated molecular functions of 16 protein targets modulated by the phytocompounds;
Table S6: GO process enrichment analysis: molecular processes of 16 protein targets modulated
by phytocompounds. Table S7: Pathway enrichment analysis: 16 protein targets modulated by
139 pathways; Table S8: Role of 16 protein targets in the pathogenesis of hepatitis B viral infection and
hepatocellular carcinoma (HCC); Table S9: Interaction of phytocompounds with protein targets and
pathways and Edge Count w.r.t. protein target. Figure S1: Venn diagram representing the modulated
protein targets involved in HBV-induced HCC by the phytocompounds from Andrographis paniculata
and Thespesia populnea; Figure S2. WT- EGFR model 30. (a) Ramachandran plot for amino acid
distribution (b) PyMOL superimposed (Red: Template (PDB file 4I23) and Blue: Model 30), (c) Clustal
W template and model 30 alignment; Figure S3. WT-EGFR model-30 RMSD plot showing the
deviation and minimum energy conformation observed at 45,252.0 thps (−129,809.51 kcal/mol).
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A B S T R A C T   

Silymarin is used as a hepatoprotective agent since ancient times which could be via its potent anti-oxidant effect. 
However, the mode of silymarin for the hepatoprotective effect has not been established with the targets 
involved in hepatic cirrhosis. The present study investigated the multiple interactions of the flavonolignans from 
Silybum marianum with targets involved in hepatic cirrhosis using a series of system biology approaches. Chemo- 
informative tools and databases i.e. DIGEP-Pred and DisGeNET were used to predict the targets of flavonolignans 
and proteins involved in liver cirrhosis respectively. Further, STRING was used to enrich the protein-protein 
interaction for the flavonolignans-modulated targets. Similarly, molecular docking was performed using Auto-
Dock Vina. Additionally, molecular dynamics simulation and MM-PBSA calculations were carried out for the 
lead-hit complexes by GROMACS. Thirteen flavonolignans were identified from S. marianum, in which silymonin 
exhibited the highest drug-likeness score i.e. 1.09. Similarly, CTNNB1 was found to be regulated by the 12 
different flavonolignans and was majorly expressed within the compound(s)-protein(s)-pathway(s) network. 
Further, silymonin had the highest binding affinity; binding energy − 9.2 kcal/mol with the CTNNB1 and formed 
very stable hydrogen bond interactions with Arg332, Ser336, Lys371, and Arg475 throughout 100 ns molecular 
dynamic production run. The binding free energy of CTNNB1-silymonin complex was found to be − 15.83 ± 2.71 
kcal/mol. The hepatoprotective property of S. marianum may be due to the presence of silymonin and sily-
christin; this could majorly modulate CTNNB1, HMOX1, and CASP8 in combination with other flavonolignans. 
Our findings further suggest designing the in-vitro and in-vivo studies to validate the interaction of flavonolignans 
with identified targets to strengthen present findings of S. marianum as a hepatoprotective..   

1. Introduction 

Hepatic drug metabolism or first-pass metabolism involves phase 1 
(oxidation, hydrolysis, and reduction) and phase 2 (conjugation re-
actions) reactions that occur within the hepatocytes [1]. Drugs may 
cause serious unwanted effects in the liver leading to improper drug 
excretion; this further worsens if the homeostatic function is affected 
[2]. Hepatotoxicity is one of the leading causes of acute hepatic failure, 

which may occur due to drug deposition in the liver [3]. Additionally, 
liver toxicity prevention is one of the major issues, as its malfunction 
may lead to improper drug metabolism and contribute to hepatic 
toxicity [4]. 

Silymarin is composed of flavonolignans from the seeds of Silybum 
marianum (L.) belonging to the family Asteraceae [5]. S. marianum, also 
known as milk thistle was used in classical Greece to treat gallbladder 
diseases [6] and has been chiefly used as a folk medicine for its first-rate 

* Corresponding author. 
** Corresponding author., 
*** Corresponding author., 

E-mail addresses: pukar.khanal@nitte.edu.in, pukarkhanal58@gmail.com (P. Khanal), drbmpatil@klepharm.edu, bmpatil59@hotmail.com (B.M. Patil), roys@ 
icmr.gov.in, drsubarnaroy@gmail.com (S. Roy).   

1 Equal contribution. 

Contents lists available at ScienceDirect 

Computers in Biology and Medicine 

journal homepage: www.elsevier.com/locate/compbiomed 

https://doi.org/10.1016/j.compbiomed.2022.105223 
Received 24 September 2021; Received in revised form 4 January 2022; Accepted 4 January 2022   

mailto:pukar.khanal@nitte.edu.in
mailto:pukarkhanal58@gmail.com
mailto:drbmpatil@klepharm.edu
mailto:bmpatil59@hotmail.com
mailto:roys@icmr.gov.in
mailto:roys@icmr.gov.in
mailto:drsubarnaroy@gmail.com
www.sciencedirect.com/science/journal/00104825
https://www.elsevier.com/locate/compbiomed
https://doi.org/10.1016/j.compbiomed.2022.105223
https://doi.org/10.1016/j.compbiomed.2022.105223
https://doi.org/10.1016/j.compbiomed.2022.105223
http://crossmark.crossref.org/dialog/?doi=10.1016/j.compbiomed.2022.105223&domain=pdf


Computers in Biology and Medicine 142 (2022) 105223

2

hepatoprotective effect [7]. Additionally, it is a mixture of 3 chief fla-
vonolignans, i.e. silychristine, silidianin, and silybin, in which silybin 
has been categorized to be the most prominent bio-active [8]. Further, 
silymarin is one of the choices of the therapeutic agent to deal with 
hepatic disorders, including viral and chemical (drug/toxin)-induced 
hepatitis, cirrhosis, alcoholic/non-alcoholic fatty liver pathogenesis [9], 
and certain hepatic cancers [10]. Further, it inhibits the binding of 
hepatotoxin to the receptor sites present on the hepatocyte membrane. 
This ameliorates glutathione oxidation and enhances its homeostatic 
function within hepatocytes; upregulates ribosomal RNA polymerase to 
succeed the protein synthesis; regenerates the hepatocyte [11,12]. 
However, the complete interaction of flavonolignans with multiple 
proteins of liver cirrhosis has not been reported yet. 

Network pharmacology provides an overview of the molecular 
mechanism by illustrating the regulated-proteins involved in the disease 
and other biological pathways and proteins [13] to trace the regulated 
core bioactives, proteins, and pathways [14]. Further, molecular dock-
ing studies clarify the interaction between the identified target and 
bioactive principle as demonstrated previously [15,16]. In this regard, 
the present study aimed to report the possible hepatoprotective mech-
anism of S. marianum by using network pharmacology, molecular 
docking, molecular dynamic (MD) simulation, and MM-PBSA ap-
proaches. Additionally, multiple parameters associated with the ab-
sorption, distribution, metabolism, excretion, and toxicity (ADMET) 
profile and biological spectra for the hepato-protective activity of each 
flavonolignan were predicted. 

2. Material and methods 

2.1. Mining of flavonolignans and their biological spectrum 

The reported bioactives were retrieved from the Chemical Entities of 
Biological Interest (ChEBI; https://www.ebi.ac.uk/chebi/) database [17] 
and PhytoChemical Interactions DB (PCIDB; https://www.genome. 
jp/db/pcidb/) database using the keyword “Silybum marianum”. The 
flavonolignans were identified, and the canonical simplified molecular 
input line entry system (SMILES), molecular weight, PubChem CID of 
each flavonolignan were retrieved from the PubChem (https://pubchem. 
ncbi.nlm.nih.gov/) database (Table 1). The SMILES of each compound 
were queried to predict their up- or down-regulated targets in 
DIGEP-Pred (http://www.way2drug.com/ge/) web-service and the targets 
involved in liver cirrhosis were retrieved from DisGeNET (https://www. 
disgenet.org/search) database. Further, the biological spectrum of each 
bio-active was retrieved using canonical SMILES by querying at PASS 
online (http://www.way2drug.com/passonline/) [18] at the pharmaco-
logical activity (Pa) > pharmacological inactivity (Pi). Two keywords i. 
e. “hepatoprotectant” and “hepatic disorders treatment” were used to trace 
the pharmacological spectrum against liver cirrhosis. 

2.2. Prediction of the drug-likeness score, ADMET profile, and side effects 

The flavonolignans were predicted for their drug-likeness property 
using MolSoft (https://molsoft.com/mprop/) online server. Similarly, the 
ADMET profile of the bio-actives was predicted using admetSAR2.0 [19] 
(http://lmmd.ecust.edu.cn/admetsar2/). Also, ADVERPred [20] 
(http://www.way2drug.com/adverpred/) was used to predict the probable 
side effects of each flavonolignan. 

2.3. Gene enrichment analysis and network construction 

The bioactive–regulated targets from DIGEP-Pred at Pa > 0.5 and 
reported targets of liver cirrhosis (DisGeNET database: C0023890) were 
identified. Additionally, Kyoto Encyclopedia of Genes and Genomes 
(KEGG; https://www.genome.jp/kegg/) pathway analysis was used to 
trace the flavonolignans –modulated pathways which were further in-
tegrated into bioactive(s)-target(s)-pathway(s) interaction using 

Cytoscape [21] (https://cytoscape.org/) ver. 3.7.2; the network was 
treated as directed and analyzed based on the edge count by mapping 
node color and size. Gene ontology (GO) of protein-protein interaction 
was evaluated using STRING [22] (https://string-db.org/) biological 
database to assess cellular components, molecular functions, and bio-
logical processes which were based on known interactions (from curated 
databases and experimentally determined), predicted interactions (gene 
neighborhood, gene fusions, and gene co-occurrence) and miscellaneous 
(text mining, co-expression, and protein homology). 

2.4. In-silico molecular docking 

2.4.1. Ligand preparation 
The 3D conformation of each flavonolignan was retrieved in .sdf 

format from the PubChem database, converted into .pdb using Discovery 
Studio Visualizer (BIOVIA Discovery Studio Visualizer; 
https://discover.3ds.com/discovery-studio-visualizer-download) 2019. The 
energy of the individual ligand was minimized using mmff94 forcefield 
[23] and converted into the ligand in.pdbqt format. 

2.4.2. Homology modeling and target preparation 
The 3D crystal structure of the β-catenin armadillo repeat region and 

its C-Terminal domain (CTNNB1, PDB:2Z6H), heme oxygenase 1 
(HMOX1, PDB:6EHA), and caspase-8 (CASP8, PDB:1QDU) was retrieved 
from the RCSB (https://www.rcsb.org/) protein data bank; the missing 
amino acids in CTNNB1 were filled using SWISS-MODEL 
(https://swissmodel.expasy.org/) [24] concerning the FASTA sequence 
(accession number: 2z6h.1.A). All the hetero-atoms present in the pro-
tein were removed and saved in.pdb format using Discovery studio 
2019. 

2.4.3. Ligand-protein docking 
All ligand molecules were docked against (CTNNB1, HMOX1, and 

CASP8 using AutoDock Vina at PyRx (https://pyrx.sourceforge.io/) ver. 
0.8 platform to identify the binding affinity of flavonolignans. The grid 
box size was set to maximum to infer the probable binding mode at 20 
exhaustiveness. After docking, the ligand poses with the least binding 
energy and maximum intermolecular interactions were selected to 
envisage the ligand-protein interface using Discovery Studio Visualizer. 

2.5. MD simulation 

The docked complexes of silymonin with CTNNB1, HMOX1, and 
CASP8 were chosen based on their lowest binding energy and maximum 
intermolecular interaction. Further, these selected complexes were 
subjected to MD simulation using GROMACS v 2021.3 (https://www. 
gromacs.org/) package [25]. The topology of the complex file was 
generated using the xleap module of AmberTools (https://ambermd. 
org/AmberTools.php) by using Amber ff99SB ildn force field. The com-
plexes were solvated using a three-site water model in an orthorhombic 
box having 10.0 Å boundary condition from the protein’s edges in all 
directions. The modeled system was neutralized by the addition 
required numbers of counter ions. Steepest descent followed by the 
conjugate gradient method was used to get the least energy conforma-
tions. The systems were equilibrated using “canonical (NVT) and 
isobaric (NPT)” for 1 ns. In NVT equilibration, a modified Berendsen 
thermostat algorithm was applied to maintain the constant volume and 
temperature (300 K). Similarly, in NPT equilibration, Parrinello-Rahman 
barostat was applied to maintain the constant pressure of 1 bar. For 
computing coulomb, van der Waals, and the long-range electrostatic 
interactions, the Particle Mesh Ewald approximation was applied with a 
1 nm cut-off. The LINCS algorithm was used to constraint bond length. A 
complex was subjected for 100 ns of production MD run (A total of 200 
ns for HMOX1-silymonin complex), and the coordinates were saved at 
every 2 fs. The trajectories generated were analyzed using in-build 
gromacs utilities, and some other additional software packages were 

P.S.R. Dwivedi et al.                                                                                                                                                                                                                           

https://www.ebi.ac.uk/chebi/
https://www.genome.jp/db/pcidb/
https://www.genome.jp/db/pcidb/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.way2drug.com/ge/
https://www.disgenet.org/search
https://www.disgenet.org/search
http://www.way2drug.com/passonline/
https://molsoft.com/mprop/
http://lmmd.ecust.edu.cn/admetsar2/
http://www.way2drug.com/adverpred/
https://www.genome.jp/kegg/
https://cytoscape.org/
https://string-db.org/
https://discover.3ds.com/discovery-studio-visualizer-download
https://www.rcsb.org/
https://swissmodel.expasy.org/
https://pyrx.sourceforge.io/
https://www.gromacs.org/
https://www.gromacs.org/
https://ambermd.org/AmberTools.php
https://ambermd.org/AmberTools.php


Computers in Biology and Medicine 142 (2022) 105223

3

Table 1 
Flavonolignans from S. marianum and their 2D structure regulating multiple proteins.  

Flavonolignans PubChem 
CID 

Molecular 
weight 

Molecular 
formula 

Downregulation Upregulation 

Isosilybin 

3085830 482.4 C25H22O10 CTNNB1, MMP7 HMOX1, PLAU, PLAT, NFE2L2, SMN2, 
NPPB, KRT1, AR 

Silandrin 

441663 466.4 C25H22O9 MMP7, CTNNB1 PLAU, HMOX1, PLAT, NFE2L2, NPPB, 
SMN2, KRT1, AR 

Silychristin 

441764 482.4 C25H22O10 CHEK1, MMP7, CTNNB1, CASP8, 
NOS2, MMP3, NFE2L2 

HMOX1, PLAT, PLAU, NFE2L2, SMN2, KRT1, 
PRDX4, TIMP1, AR, VDR 

Silibinin 

31553 482.4 C25H22O10 CTNNB1, MMP7 HMOX1, PLAU, PLAT, NFE2L2, SMN2, 
NPPB, KRT1, AR 

Silychristin B 

12442785 482.4 C25H22O10 CHEK1, MMP7, CTNNB1, CASP8, 
NOS2, MMP3, NFE2L2 

HMOX1, PLAT, PLAU, NFE2L2, SMN2, KRT1, 
PRDX4, TIMP1, AR, VDR 

Silybin B 

1548994 482.4 C25H22O10 CTNNB1, MMP7 PLAU, PLAT, HMOX1, SMN2, NPPB, NFE2L 

Isosilybin B 

10885340 482.4 C25H22O10 CTNNB1, MMP7 HMOX1, PLAU, PLAT, NFE2L2, SMN2, 
NPPB, KRT1, AR 

Silyhermin 

10389806 466.4 C25H22O9 MMP7, CHEK1, CASP8, CTNNB1, 
NOS2, NFE2L2 

HMOX1, PLAU, PLAT, NFE2L2, KRT1, 
TIMP1, PRDX4, SMN2, VDR, AR 

Neosilyhermin A 

42607997 466.4 C25H22O9 MMP7, CHEK1, CASP8, CTNNB1, 
NOS2, NFE2L2 

HMOX1, PLAU, PLAT, NFE2L2, KRT1, 
TIMP1, PRDX4, SMN2, VDR, AR 

Isosilychristin 

14849116 482.4 C25H22O10 CHEK1, MMP7, CTNNB1, CASP8, MM 
P3, NOS2, NFE2L2 

HMOX1, PLAT, PLAU, NFE2L2, SMN2, KRT1, 
PRDX4, TIMP1, AR, VDR 

Neosilyhermin B 

42607998 466.4 C25H22O9 MMP7, CHEK1, CASP8, CTNNB1, 
NOS2, NFE2L2 

HMOX1, PLAU, PLAT, NFE2L2, KRT1, 
TIMP1, PRDX4, SMN2, VDR, AR 

Silymonin 

156051 466.4 C25H22O9 MDM2, MMP7, CASP8 PLAU, HMOX1, PLAT, PRDX4, NFE2L2, AR, 
KRT1 

Silydianin   

11982272 482.4 C25H22O10 MDM2, MMP7, CASP8, CTNNB1 PLAT, PLAU, HMOX1, NFE2L2, PRDX4, 
SMN2, AR, KRT1  
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used for specific analysis wherever required. 

2.6. Molecular mechanic/Poisson-Boltzmann surface area (MM-PBSA) 
calculation 

The relative binding energy of a protein-ligand complex is popularly 
used in MD simulations and thermodynamic computations. MM-PBSA in 
combination with MD simulations is used to calculate the binding en-
ergy of protein and ligand complexes using the equation ΔG(Binding) =

G(Complex)− G(Receptor)− G(Ligand), where “G (complex) is total free energy of 
the ligand-protein complex, G(receptor) and G(ligand) are total free energies 
of the isolated protein and ligand in the solvent, respectively. The mo-
lecular mechanic’s potential energy plus the energy of solvation may be 
used to determine the total free energy of any of the three entities stated 
(ligand, receptor, or complex). We used the “g_mmpbsa” tool [26] to 
perform binding energy calculations using the MM-PBSA approach. The 
stable trajectory observed between the 50–100 ns was chosen for the 
binding energy calculation by selecting representative snapshots with an 
interval of 50 frames. 

3. Results 

3.1. Identification of flavonolignans and targets involved in liver cirrhosis 

A total of 13 flavonolignans (Table 1) were identified from the plant 
S. marianum and 1182 gene-disease associations were recorded in the 
DisGeNET (C0023890) database for hepatic cirrhosis for the keyword 
“liver cirrhosis”. Herein, 68.42% of the total regulated proteins by the 
flavonolignans were involved in the hepatoprotective activity (Fig. 1) 
and the targets were regulated in the order as MMP7, PLAT, PLAU, 
HMOX1 (13 bioactives) >CTNNB1, AR, KRT1, NFE2L2, SMN2 (12 bio-
actives) >CASP8, PRDX4 (8 bioactives) >TIMP1, VDR, NOS2, CHEK1 (6 
bioactives) >NPPB (5 bioactives) >MMP3 (3 bioactives) >MDM2 (2 
bioactives) >NFE2L (1 bioactive). 

3.2. Drug-likeness, ADMET profile, probable side effects, and biological 
spectrum of bioactives 

All the identified flavonolignans were predicted for a positive drug- 
likeness score indicating better human intestinal absorptivity (oral 
bioavailability) within the molecular weight <500 Da, a LogP< 5, and 
the hydrogen bond donors and acceptors count <5 and 10 respectively. 
Among all, silymonin was predicted to possess the highest drug-likeness 
score i.e. 1.09 (Table S1). Similarly, the ADMET profile of the bioactives 
was predicted using admetSAR 2.0 to assess oral bioavailability, com-
partments permeability, inhibitor or substrate affinity for multiple cy-
tochrome family isoenzymes, and p-glycoprotein. Further, bioactives 
were also screened for cytochrome inhibitory promiscuity, UGT catal-
ysis, and toxicity including AMES mutagenesis, hERG inhibition, hepa-
totoxicity, and acute oral toxicity (Fig. 2). Also, 5 flavonolignans i.e. 
isosilybin, silandrin, silibinin, and silybin B, and isosilybin B were pre-
dicted to possess nephrotoxicity as side effects at Pa 0.258. Similarly, 
silandrin was predicted to possess hepatotoxicity as a side effect at Pa 
0.374 (Table S2). Also, the biological spectrum of flavonolignans from 
S. marianum was obtained from the PASS online server using the key-
words “hepatoprotectant” and “hepatic disorders treatment” with Pa > Pi 
in which silymonin was predicted to possess the highest Pa as hepatic 
disorders treatment. Also, silymonin was predicted to possess the 
highest Pa as a hepatoprotectant compared to the rest of the fla-
vonolignans (Table S3). 

3.3. Gene enrichment analysis and network construction 

The gene enrichment analysis predicted that 26.31% of the down- 
regulated proteins and 36.84% of the up-regulated proteins modulated 
by the flavonolignans from S. marianum were involved in the 

hepatoprotective activity in which nuclear factor, erythroid 2 like 2 
(NFE2L2) was predicted for both up-and down-regulation by the ma-
jority of the bioactives (Table 1). Additionally, KEGG analysis predicted 
12.8% of the flavonolignans-regulated pathways were in common with 
the pathways involved in the liver cirrhosis pathogenesis (Fig. 1). 
Further, silychristin was predicted to modulate the most number of 
targets involved in liver cirrhosis i.e. 17, and CTNNB1 was predicted to 
be modulated by the 12 different bioactive. Likewise, table S4 summa-
rizes the KEGG pathway analysis of flavonolignans-regulated proteins. 

GO analysis identified 13 cellular components in which the extra-
cellular region (GO:0005576) scored the lowest false discovery rate i.e. 
0.0067 via the regulation of 9 genes i.e. HMOX1, TIMP1, PLAT, KRT1, 
MMP7, MMP3, PLAU, NPPB, and PRDX4 against 2505 background genes 
at a strength of 0.59. Similarly, 25 molecular functions were identified in 
which signaling receptor binding (GO:0005102) scored the lowest false 
discovery rate i.e. 0.0005 via the modulation of 9 genes i.e. TIMP1, PLAT, 
MDM2, NOS2, CTNNB1, CASP8, AR, NPPB, and VDR against 1513 
background genes at a strength of 0.81. Likewise, 283 biological pro-
cesses were identified in which regulation of multicellular organismal 
process (GO:0051239) scored the lowest false discovery rate i.e. 4.74E- 
06 via the modulation of 14 genes i.e. HMOX1, TIMP1, PLAT, KRT1, 
MDM2, NOS2, CTNNB1, CASP8, PLAU, AR, NPPB, PRDX4, NFE2L2, and 
VDR against 2788 background genes at a strength of 0.74 (Fig. 3). In 
addition, a total of 6.3%, 8.55%, and 8.7% of flavonolignans-regulated 
cellular components, molecular function, and biological process 
matched with 155, 268, and 3075 for each category respectively in 
targeted disease (liver cirrhosis; C0023890) respectively (Fig. 1). The 
interaction of the flavonolignans with respective targets and probably 
modulated pathways is presented in Fig. 4 and the protein-protein 
interaction of flavonolignans-modulated proteins is presented in Fig. 5. 

3.4. In-silico molecular docking 

The criterion for the choice of the final targets i.e. CTNNB1, HMOX1, 
and CASP8 for molecular docking and simulation was based on the 
majorly targeted proteins analyzed via the edge count in the network. In 
the network of bioactive-protein-target-pathway interaction (Fig. 4), we 
identified CTNNB1, HMOX1, and CASP8 with high node size and edges; 
hence, they were considered for the molecular docking and molecular 
dynamics simulations. 

Silymonin possessed the binding affinity and maximum intermolec-
ular interaction with CTNNB1, HMOX1, and CASP8 (binding energy 
− 9.2, − 9.6, and − 8.4 kcal/mol, respectively). In addition, the silymo-
nin-CTNNB1 complex formed 5 hydrogen bond interactions with 
Lys371, Arg475, and Arg332 (Table S5). Similarly, the silymonin- 
HMOX1 complex formed 2 hydrogen bond interactions with Arg136 and 
1 with Thr135 and formed 4 hydrophobic bonds with Met34, Ala28, 
His25, and Gly139. Additionally, silydianin was found to be the next lead 
hit that scored binding energy of − 9.8 kcal/mol via 1 hydrogen bond 
with Arg136 and 5 hydrophobic bonds with His25, Val50, Met34, Phe37, 
and Leu147 (Table S6). Similarly, silymonin in complex with CASP8 
formed 2 hydrogen bonds with Typ348 and 1 bond with Asn381. In 
addition, sylichristin B (binding energy − 8.5 kcal/mol) and silychristin 
(binding energy − 8.4 kcal/mol) were also found to be the lead hits 
against CASP8 (Table S7). 

3.5. MD simulation and MM-PBSA calculation 

3.5.1. CTNNB1-silymonin complex 
The all-atom explicit MD simulation trajectory revealed stable dy-

namics throughout 100 ns after the equilibration period of 50 ns. The 
average RMSD value for backbone and complex was observed to be ~3 Å 
and ~3.5 Å, respectively (Fig. 6a). The linker region connecting two 
helices formed by the residues Thr403 to Arg417 adjacent to the binding 
site showed maximum residual fluctuations up to 6 Å. The N- and C- 
terminal regions comprising flexible loops were highly dynamic (>7 Å) 
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during the MD simulations. It is interesting to note that the residues 
participating in the active non-bonded interactions showed much lesser 
fluctuations (Fig. 6b). The radius of gyration is another parameter that 
explains the structural stability and the compactness of the protein. The 
Rg value revealed the partial folding (up to 20 ns) as revealed by the 
sharp decrease in the Rg value from the ~36.5 Å to 33.2 Å and thereafter 
it unfolds (Fig. 6c). The distance plotted between N and C-terminal 
residues also reveals a similar pattern as that of Rg values. Careful 
structural analysis revealed that the folding and unfolding pattern was 
responsible for the stable complex formation between CTNNB1-sily-
monin (supplementary movie S1). Further, we monitored several H- 
bonds formed between silymonin and CTNNB1 during the 100 ns of MD 
simulations. It was observed that a maximum of five H-bonds were 
formed during the simulation of which three were consistent throughout 
the simulations (Fig. 6d). The initial and final confirmation extracted 
from the MD simulation trajectory revealed stable binding to the C- 
terminal region, and the complex was stabilized by the intermolecular 

interactions mainly dominated by the closure movement of the C-ter-
minal helices by 97.1% with the rotation angle of 13.7◦. The closure 
movement was observed mainly due to the bending residues (Ala255, 
Lys257, Gly263, Leu264, Thr291, Cys292, Glu308, Ala309, Thr335, 
Ser336, Met343, and Ala344); analyzed using DynDom. The overall 
RMSD observed between initial and final conformations of the trajectory 
is 3.720 Å. Further, the binding affinity of the CTNNB1-silymonin 
complex was investigated using the MMPBSA approach by the 
g_mmpbsa tool. Table S8 summarizes the free energy contribution of 
complexes of silymonin with CTNNB1, HMOX1, and CASP8. The esti-
mated relative binding energy of the complex CTNNB1-silymonin was 
− 14.36 kcal/mol. Further, the residues Lys298, Arg332, Arg337, Lys371, 
Arg378, Gly438, Arg445, Arg475, and Val476 favored the complex sta-
bility; however, residues Asn293, His333, and Glu434 didn’t favor the 
interactions (Fig. 6e). A total of 3 residues i.e. Arg332, Arg337, and 
Arg378 showed significant contributions to the binding energy as they 
had the least contribution energy of − 8.22, − 9.27, and − 16.29 kJ/mol 

Fig. 1. Venn diagram A liver cirrhosis (C0023890_disease) vs flavonoligan-modulated and targets, to present the portion affected by the silymarin over the hepatic 
cirrhosis (C0023890), B upregulated vs downregulated proteins, C cellular components vs liver cirrhosis (C0023890_disease), D molecular function vs liver cirrhosis 
(C0023890_disease), E biological process vs liver cirrhosis (C0023890_disease), and F KEGG-modulated proteins vs liver cirrhosis (C0023890_disease). 
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respectively. 
Supplementary video related to this article can be found at https://d 

oi.org/10.1016/j.compbiomed.2022.105223 

3.5.2. HMOX1-silymonin complex 
The complex HMOX1-silymonin showed stable dynamics after an 

equilibration period of 100 ns. The RMSD value increased from ~2 to 3 
Å and 2.5 to ~5 Å for backbone and complex, respectively (Fig. 7a) 
during the MD simulation equilibration period. The MD simulation was 
further extended to 200 ns as this complex was not equilibrated up to 
100 ns compared to other complexes. Further, other structural param-
eters explaining the stability such as RMSF and Rg for this complex were 
also analyzed. Residual fluctuations plotted for the Cα, revealed the 
residues forming non-bonded contacts with the silymonin fluctuated less 
compared to other non-interacting residues (Fig. 7b). However, the loop 
region formed between the Pro158 and Ser174 was highly dynamic and 
showed maximum fluctuations. Also, the N-and C-terminal loop region 

was freely moving due to a lack of properly folded secondary structure 
(supplementary movie S2). The complex showed stable complex for-
mation during the MD simulation forming a very compact globular 
shape as revealed by a decrease in the Rg value after 140 ns (Fig. 7c). The 
complex formed a maximum of five H-bonds of which 4 H-bonds are 
consistent. The binding affinity of the silymonin to the HMOX1 was 
estimated by calculating relative binding energy (Fig. 7d). The complex 
showed binding energy of − 6.277 kcal/mol. Further residue decompo-
sition energy was studied to gain more structural insights into the 
contribution of individual residues in the binding energy. It is observed 
that residues Phe95, Trp96, Leu155, Leu157, and Pro158 promoted stable 
complex formation with the least contribution energy while residues 
Arg44, Asp156, and Glu162 did not favor the interactions (Fig. 7e). 
Importantly, the residues Phe95, Leu157, and Pro158 showed significant 
contributions in the binding affinity of the HMOX1-silymonin complex. 

Supplementary video related to this article can be found at https://d 
oi.org/10.1016/j.compbiomed.2022.105223 

Fig. 2. Heatmap presenting the ADMET profile of flavonolignans from S. marianum.  
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3.5.3. CASP8-silymonin complex 
Similar to the CTNNB1-silymonin complex, CASP8-silymonin also 

showed stable dynamics after the equilibration period of 50 ns. The 
complex RMSD value decreased from ~5 Å to 3.5 Å (Fig. 8a) forming a 
stable complex via 5 H-bonds. Silymonin occupied the cavity formed 
between the two helices of chain B. The backbone RMSD value also 
showed a similar trend as that of the RMSD value of the complex with 
relatively less RMSD value (~0.5 Å). The RMSF values were plotted 
separately for both chains and it showed stable residual fluctuations 

except the fluctuating C-terminal tail region of chain A (Fig. 8b). This 
complex also formed a compact globular shape as revealed by 
decreasing the Rg values from ~18.75 Å to 18.2 Å (Fig. 8c). Structural 
analysis performed on the initial and final conformations of the MD 
trajectory reflected the change in ligand orientation ~90◦ in the anti- 
clockwise direction. Further, it was observed that the C-terminal flex-
ible loop of chain A pushes the loop at the binding pocket region of 
Chain B (Asn379 to Pro387) affecting the overall architecture of the 
binding pocket. This major conformational change triggered the change 

Fig. 3. Gene ontology of flavonolignans from S. marianum concerning cellular components, molecular function, and biological process.  
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in the orientation of silymonin (supplementary movie S3 and Fig. 8d). 
Further, the complex showed the formation of 5 intermolecular H- 
bonds, and 4 of them were consistent throughout the MD simulation 
(Fig. 8e). The relative binding energy was observed as − 19.48 kcal/mol. 
Among all the studied complexes, the CASP8-silymonin complex showed 
maximum binding affinity. Interactions of the silymonin in the initial 
conformations existed only with chain B, however, change in orientation 
of silymonin enhances its interactions by increasing the molecular sur-
face and gets deeply buried compared to initial conformation, and hence 
showed maximum binding affinity. The residues Tyr290, Val338, 
Ser339, Tyr340, Asn342, Pro343, and Lys384 favored the stable complex 
formation; however, the residue Lys381 did not favor the interactions 
(Fig. 8f). The residue Tyr340 showed significant contributions to the 
binding energy as it showed the least contribution energy of − 13.49 kJ/ 
mol. 

Supplementary video related to this article can be found at https://d 
oi.org/10.1016/j.compbiomed.2022.105223 

4. Discussion 

The present study aimed to propose the probable mode of action of 
milk thistle (silymarin) for its hepatoprotective effect by integrating the 
series of system biology tools i.e. network pharmacology, molecular 
docking, and MD simulation. Also, the study predicted their 
pharmacokinetic-pharmacodynamic and ADMET profile including 
druglikeness character. Previously, the efficacy of silymarin for hep-
atoprotective activity has been demonstrated via the amelioration of 
multiple enzymatic and non-enzymatic antioxidant biomarkers [27]. 
However, it is to be understood that, the secondary metabolites from the 
medicinal plants cover broad pharmacological spectra, and the 
anti-oxidant effect shown by them could be the secondary outcome in 

disease amelioration. Hence, it may not be a specific rationale to indi-
cate the “silymarin as potent anti-oxidant to treat liver cirrhosis”. One can 
think, that the secondary metabolites, majorly flavonolignans from 
silymarin could trigger the regulation of the multiple proteins involved 
in hepatic cirrhosis and generate the complex network to trigger various 
pathways concerned with hepatic cirrhosis. In this regard, the network 
pharmacology of the flavonolignans from milk thistle for hep-
atoprotective effect was performed followed by molecular docking and 
MD simulations for majorly triggered proteins within the complex 
network of flavonolignans, proteins, and pathways. 

Initially, the reported targets involved in liver cirrhosis were iden-
tified from DisGeNET to assess their prototype phenomena [28] which 
were cross-matched with the flavonolignans-regulated proteins from 
DIGEP-Pred; predicts the up-regulation and down-regulation of proteins 
[29]. In addition, the oral route is the most preferred for drug admin-
istration in patients [30]; each flavonolignans’ efficacy for oral 
bioavailability was then predicted via “Rule of 5” [31]. In this aspect, it 
was observed that all the flavonolignans scored the positive 
drug-likeness score; indicating the oral bioavailability in which sily-
monin scored the highest drug-likeness score i.e. 1.09. Further, it is to be 
accepted that a biologically active molecule with pharmacological 
spectra may also regulate various anti-proteins which may be closely 
concerned with the amplification of the side/adverse effects. Thus, we 
used ADVER-Pred, to predict if the flavonolignans have any anti-target 
interaction to reflect their probable adverse effect. However, no major 
adverse effect(s) were predicted concerning the ADVERPred web-server; 
although silandrin was predicted to possess the highest Pa 0.374 with 
hepatotoxicity as an adverse effect, it may not be expressed pharmaco-
logically as the effect was less than 50%. 

Medicinal plants compose multiple secondary bioactives which add a 
beneficial effect to deal with multiple polygenic pathogeneses. Among 

Fig. 4. Interaction of each flavonolignans from S. marianum with respective targets and regulated pathways.  
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Fig. 5. Protein-protein interaction of flavonolignans-modulated proteins. colored nodes: query proteins and first shell of interactors, white nodes: second 
shell of interactors, Node content; empty nodes: proteins of unknown 3D structure, filled nodes: some 3D structure is known or predicted. 

Fig. 6. The parameters describing CTNNB1-silymonin complex structural stabilities such as RMSD of backbone and complex (a), RMSF(b), and Rg(c) are shown. The 
contribution energy plot highlighting the importance of the binding pocket residues contributing in stable complex formation (d) and number of H-bonding in-
teractions (e) formed during the MD simulations. 
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them, the best recognized natural hepatoprotective i.e. S. marianum may 
trigger multiple pathways leading to the transcription of various pro-
teins and generate therapeutic effects [32]. The current approach of 
network pharmacology identifies the effect of bio-actives on various 
proteins and pathways; helps to generate a hypothesis that 
bioactive-regulated target interaction with other pathways [33]. In this 
regard, in the present study, we constructed a proteins’ network 
involved in liver cirrhosis and matched it with the 
flavonolignans-modulated proteins’ network which provided an 

inference that 68.42% of total regulated proteins were involved in the 
hepatoprotective activity. Also, a network of up-regulated and 
down-regulated proteins with bioactives supported that 38.46% of the 
down-regulated proteins and 53.84% of the up-regulated proteins were 
involved in the hepatoprotective activity. In addition, KEGG enrichment 
analysis inferred 12.8% of overall pathways involved in the pathogen-
esis of liver cirrhosis which were modulated by flavonolignans. 

Further, the bioactive-protein-pathway network reflected silychris-
tin, isosilychristin, and silychristin B as the regulators of the highest 

Fig. 7. The parameters describing HMOX1-silymonin complex structural stabilities such as RMSD of backbone and complex (a), RMSF (b), and Rg (c) are shown. The 
contribution energy plot highlighting the importance of the binding pocket residues contributing in stable complex formation (d) and number of H-bonding in-
teractions (e) formed during the MD simulations. 

Fig. 8. The parameters describing CASP8-silymonin complex structural stabilities such as RMSD of backbone and complex (a), RMSF (b), and Rg (c) are shown.The 
semi-transparent cartoon representation of CASP8-silymonin complex representing the change in the orientation of silymonin in the initial and final conformation 
during MD simulations (d).The contribution energy plot highlighting the importance of the binding pocket residues contributing in stable complex formation (e) and 
number of H-bonding interactions (f) formed during the MD simulations. 
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count of modulated proteins. Additionally, pathways in cancer (KEGG 
entry: hsa05200) were predicted to be majorly modulated; may possess a 
hepatoprotective effect over hepatic carcinoma. In addition, CTNNB1, 
the transducer of intercellular signal in the wnt signaling pathway [34] 
was majorly modulated by a maximum count of flavonolignan i.e. 12. 
Variation in this pathway has been reported to develop hepatocellular 
carcinoma and other hepatic diseases [35]. Additionally, CASP8 and 
HMOX1 were modulated by flavonolignans apart from CTNNB1 in 
which CASP8 regulates the cellular response to infection or injury by 
affecting multiple cellular functions; including cell death and prolifer-
ation followed by inflammation [36]. Also, CASP8 has been reported to 
comprise a non-apoptotic function during liver regeneration by 
balancing RIP1, NF-κB, and JNK activation. However, CASP8 loss trig-
gers NF-κB activation and improves hepatic cell regeneration. Addi-
tionally, the combined loss of CASP8 and NEMO genes impairs a 
controlled regenerative response and drives hepatomegaly [37]. 
Further, HMOX1 cleaves heme to produce biliverdin, Fe2+, and carbon 
monoxide. Up-regulation of HMOX1 deals with oxidative injure drawn 
by lipid peroxidation which is one of the critical stages in disease 
development [38]. Further, GO analysis helps to describe the features of 
gene/gene target interaction concerning 3 terms i.e. biological process, 
molecular function, and its cellular location [16]. In the present study, 
GO analysis identified an extracellular region to be majorly affected for 
the cellular component enrichment. Similarly, signaling receptor 

binding was identified with the lowest false discovery rate for molecular 
function and the multicellular organism process was identified as a 
major biological process in which 6.3%, 8.55%, and 8.7% of 
flavonolignans-modulated genes are involved in the pathogenesis of 
liver cirrhosis concerning cellular components, molecular function, and 
biological process respectively; this reflects its involvement to directly 
affect the proteins that are directly concerned with the liver cirrhosis 
progression. Next to it, we identified a few checkpoints affected by the 
bioactives in the liver cirrhosis concerning the KEGG (entry hsa04932) 
pathway to present the probable mode of action over liver cirrhosis 
(Fig. 9). 

Additionally, in-silico molecular docking and dynamics studies also 
provided insights and predicted the binding affinity and intermolecular 
interactions of the bioactives with proteins. In this regard, we identified 
silymonin to possess the highest binding affinity and stable interactions 
with the CTNNB1 whose mutation may cause improper transcription 
leading to liver cirrhosis [39]. Further, silymonin showed stable RMSD 
in complex with CTNNB1, HMOX1, and CASP8 throughout the MD 
simulation and exhibited the least binding free energy. In addition, 
silymonin possessed the highest drug-likeness score with negligible 
adverse effects along with the highest biological spectrum for hep-
atoprotective effect which can be further investigated using in-vitro and 
in-vivo experimental studies. 

Fig. 9. Major checkpoints to be affected by the flavonolignans from S. marianum, pathways mediated, direct target mediated and indirect target 

mediated, Activation of caspases and increased mitochondrial permeability, Neutrophil infiltration, Stellate cell activation (collagen synthesis). 
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5. Conclusion 

The study identified CTNNB1 to be regulated by the most number of 
flavonolignans and silychristin modulated the highest count of proteins. 
Likewise, silymonin was predicted to possess the highest Pa to manage 
the hepatic disorders; this reflects the hepatoprotectant effect. In addi-
tion, silymonin possessed the highest drug-likeness score indicating 
better human intestinal absorptivity with minimum side effects. Further, 
it possessed the highest binding affinity with CTNNB1 which supports 
silymonin could be a possible lead hit as hepatoprotective agent from 
milk thistle. Further, the study suggests investigating the role of 
CTNNB1, CASP8, and HMOX1 regulators from S. marianum primarily 
focusing on silymonin via a series of in-vitro and in-vivo studies which is a 
perspective of the present study. 
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Abstract

Parkinsonism is a neurodegenerative disease, mainly imbalance in dopamine and acetylcholine neurotransimitter in mid 

brain, which manifestation of dysfunctions of extrapyramidal like akinesia, tremor, rigidity and catalepsy etc., even cogni-

tive and memory loss. The current study is framed to evaluate the effect of Vitex negundo (VNL) leaf extract in Haloperidol 

induced PD in rats. In vitro studies of antioxidant capacity were checked via DPPH and NO assays and identified its Ace-

tylcholinesterase (AChE) inhibitory activity. Secondly the In vivo study of anti-PD activity in Haloperidol induced in rats 

were evaluated by Rotarod, morris water maze (MWM), cooks pole climb (CPC), actophotometer, novel object recognition 

(NOR), and T-maze were utilized to assess extrapyramidal, cognitive and memory function. Thirdly, changes in biomarker 

level viz. (AChE), butyrylcholinesterase. (BChE) in hippocampus and cortex, reduced glutathione (GSH), malondialde-

hyde (MDA), total protein (TP), superoxide dismutase (SOD), catalase (CAT), and dopamine level in the whole brain 

were measured. Finally, histopathology of hippocampus and cortex was examined at 40x magnification to access restoring 

integrity and maintaining the architecture of neuronal cell in the treatment group compared to control group and L-DOPA 

as a standard treatment group. V. negundo showed potent antioxidant potency on scavenging of DPPH  (IC50 84.81 μg/ml) 

and NO  (IC50 133.20 μg/ml) and possess AChE inhibitory potency  (IC50 114.35 μg/ml) by in vitro studies. The Rotarod, 

MWM, CPC, Actophotometer, NOR, T-maze demonstrated that Haloperidol group administration declines performance 

time, ELT, TL and decreases locomotion, cognitive and memory respectively. The treatment of VNL 100, 200, and 400 mg/

kg p.o. significantly (p < 0.05 to p < 0.0001) reversed. Whole brain AChE, BChE, and MDA level were significantly raised 

and GSH, TP, SOD, CAT and Dopamine were significantly declined in Haloperidol treated group rats, especially V. negundo 

400 mg/kg p.o. highly significantly ameliorate the Haloperidol group altered pathological changes through the restoration of 

the cholinergic function, enhancing the antioxidant defense and by increasing the dopaminergic function. The current study 

provides validation of V. negundo for its anti-PD activity and could be a valuable source for the treatment of PD in future.

Keywords Haloperidol · L-DOPA · Parkinson’s disease · Vitexine · Vitex negundo L

Introduction

Parkinsonism disease is a motoric neurodegenerative dis-

ease, which mainly affect the dopaminergic neuron, due 

to depletion in dopaminergic neurotransmitter and acetyl-

choline at substantia nigra pars compacta (SNpc), which 

affects the extrapyrimidal and cognitive process according 

to James Parkinson (1817). The common cause in PD is 

the presence of intracytoplasmic inclusions that contain the 

protein, α-synuclein. The presence of toxic aggregated forms 

of α-synuclein, amyloid and tau protein damage, etiological 

causes are environmental factor, genetic and aging causes 

for PD (Mhyre et al. 2012). However, the epidemiological 
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study indicates it affect in aged people (Rizek et al. 2016). 

According to meta-analysis increased from 107/1,00,000 

in aged 50–59  years old people, 1087/1,00,000 people 

aged70–79 years are most likely to develop PD with male 

to female ratio1:5 (Moisan et al. 2016). Latest symptomatic 

treatment options for PD include dopamine precursor such 

as Levodapa (L-DOPA) and carbidopa (Gandhi et al. 2021). 

Enhances the dopamine level in brain by dopaminergic 

agonist like pramipexole, ropinirole, and bromocriptine for 

advanced treatment, have lost the ability to synthesis the 

process (Rascol 1999; Luo et al. 2020). Now, selegiline and 

rasagiline belong to a class of drug called MAO B inhibitor, 

to overcome “wear off” effect (Finberg and Rabey 2016) 

combination with levodopa to reduce extrapyramidal, even 

Enatacapone and Tolcapone COMT inhibitors for advanced 

treatment.long trem leading to side effect like dyskinesias, 

or repetitive and irregular spontaneous motions, jerky or 

twisted muscle motions, hallucinations, mood fluctuations, 

nausea, muscle pain, insomnia, numbness, suicidal impulses, 

etc. (Tønjum et al. 1989).

However, traditional medicines holistic approach in 

Ayurveda medicine (Pandey et al. 2013). Gokshuru, Sweet 

Vacha, and Yashtimadhu, Ashwagandha, Brahmi, Nagar-

motha, Bala, Prishnaparni Brihati, Shalaparni, Kantakari, 

Shankhapushpi, etc. are some of the traditional medicines 

used to cure PD (Gourie-Devi et al. 1991; Singh et al. 2018).

V. negundo Linn, a member of the Verbenaceae family, 

is reported to have antiparkinson activity (Hu et al. 2018) 

leaves V. negundo hydroalcoholic extract phytoconstituents 

like Vitexin protects dopaminergic neurons (Hu et al. 2018), 

triterpenes, diterpenes, sesquiterpenes, lignan, flavonoids, 

flavones, glycosides, iridoid glycosides and stilbene deriva-

tive. The leaves extract has potential effects on improving 

cognitive impaired in rats, through inhibiting lipid peroxi-

dation, decrease acetylcholinestrase inhibitory in brain, it 

stimulates hair growth; it is useful for asthma, bronchitis, 

biliousness, spleen enlargement, eye disease, leucoderma, 

inflammation, and painful teething in infants (Dharmasiri 

et al. 2003; Gill et al. 2018). The root is a snake venom 

remedy (Alam and Gomes 2003).

The most common sign of PD include rigidity of move-

ments i.e. catalepsy, akinesia i.e. slowing of movements, 

tremors, cognitive decline and memory impairments (Maz-

zoni et al. 2012).

According to the literature there is no scientific evidence 

for V. negundo Linn against haloperidol induced PD. Halo-

peridol is a neuroleptic drug that by inhibiting the postsyn-

aptic D2 receptor antagonistic in mesolimbic pathway and 

anticholinergic and β-adrenergic receptor antagonist (Li 

et al. 2016) and leading to oxidatative stress by over activ-

ity causing neurodegenration. The V. negundo hydroalco-

holic extract phytoconstituents will ameliorate the halop-

eridol induced catalepsy in PD rats mainly in invivo model 

of cataleptic and altered locomotion and rigidity of mus-

cle along with cognitive and memory enhancer activity is 

accessed by rotarod, actophotometer, morris water maze of 

extraceptive and interceptive models. Whereas Invitro the 

whole brain estimations of Dopamine, Acetylcholinestrase 

inhibitory activity and Antioxidant like GSH, LPO, Total 

protein, SOD etc. histopathological evidence of architecture 

and integrity of neuronal cell in CA1 and CA3 of hippocam-

pal and cortex.

Materials and methods

Chemicals and equipment’s

Chemicals: Heloperidol (PD [Catalepsy] Inducing agent), 

Levodopa (Standard molecule for PD), Acetylthiocholine 

iodide (Sigma USA), Buterylthiocholine iodide (Sigma 

USA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Dopamine, 

DTNB (Sigma USA) and other chemicals utilized in this 

study are analytical graded. Equipment’s: Elisa plate reader 

(Thermo Scientific multiskan GO version 1.00.40), Centri-

fuge (Remi), Morris Water Maze, Actophotometer, T-Maze, 

NOR apparatus, Cook’s pole climbing, Rotarod, Rotary 

evaporator and many more.

Collection, authentication, and preparation of plant 
material

The leaves of V. negundo L. gathered from Bailhongal, Bela-

gavi, Karnataka and authenticated by the plant taxonomist 

from ICMR-NITM, Belagavi. Accession number: RMRC 

– 1583. The collected plant specimen was stored for her-

barium for future reference. The fresh plant material was 

washed properly using running water and to remove dust 

particles and shade dried at room temperature. The dried 

plant material was further crushed into the coarse powder 

using a grinder and subjected to the extraction process.

Extraction: The dried coarse powder 1 kg was subjected 

to the maceration technique and hydroalcoholic solvent 

(Ethanol: Water 7:3) was used as a solvent. The mixture 

was kept for 7 days with occasional shaking. After 7 days, 

the solvent was filtered out and concentrated under reduced 

pressure at 45-55 °C using a rotary evaporator. The obtained 

extract was sticky, which was further air-dried, collected in 

an amber color glass container, and stored in the refrigerator 

for future use. The % yield of extracts was calculated using 

the following equation,

%Yield =
weight of dry extract (g)

Weight of dry plant (g)
X 100
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In vitro acetylcholinesterase enzyme inhibitory 
assay

AChE enzyme inhibitory assay was performed by Ellman’s 

method (Ellman et al. 1961). Initially, prepared stock solu-

tion of extract (1 mg/mL) and Donepezil (1 mg/mL). Using 

this, prepared 10, 20, 40, 80, 160 and 320 μg/ mL of plant 

extract and 1, 2, 4, 8, 16 and 32 μg/ mL of Donepezil. Fur-

ther, in a test tube, added 50 mM Tris HCl buffer 1.7 ml 

(pH 8.0) and 250μLof different concentration of extract and 

Donepezil, separately. To this, added 10 μL of 6.67UmL1 

AChE enzyme and 20  μL of DTNB. This mixture was 

incubated for 15 min and after incubation added 10 μL of 

Acetylthiocholine iodide and the absorbance was read at 

412 nm every 45 s for 3 min. The % inhibition was calcu-

lated from change in Abs with respect to change in time. 

The  IC50 was calculated between the inhibition percentage 

v/s extract concentrations.

Experimental animals

To evaluate the anti-PD capacity of V. negundo, we used 

male Wistar rats having 180-200gweight and were procured 

from the In vivo Biosciences, Bangalore. All the animals 

were housed in a clean and transparent polypropylene cage 

and were randomized through making into six groups (N = 6 

and n = 6). All the animals were maintained under 12/12 h 

natural light-dark cycle at room temperature and the rela-

tive humidity was maintained at 45–55%.The overall study 

protocol was reviewed and approved by the Institutional Ani-

mal Ethical Committee, KLE College of Pharmacy, Bela-

gavi, Resolution No- KLECOP/CPCSEA- Reg.No.221/Po/

Re/S/2000/CPCSEA, Res.25–13/10/2020.

The model used for PD The chronic administration of Halo-

peridol (1.25 mg/kg i.p.) causes symptoms like PD mainly 

catalepsy. In the current study, we administered Haloperidol 

for 21 days based on the literature survey (Naidu et al. 2003).

In vivo experimental study design

The dose of the plant extract is selected based on the acute 

toxicity study reports  (LD50: 2000  g/kg, b.wt of rats.) 

(Tandon and Gupta 2004; Aiyalu et al. 2015).

Control group animals received normal food and water 

throughout the experiment. Negative control (NC) group 

received Haloperidol (1.25 mg/kg) i.p. suspended in 1%v/v 

tween 80 for 21 days. Positive Control (PC) group received 

%Inhibition = 100 −
Sample Abs

Blank Abs
X 100

Haloperidol (1.25 mg/kg) i.p + L-DOPA (6 mg/kg) i.p. for 

21 days. VNL100, VNL200, and VNL400 group received 

Haloperidol (1.25 mg/kg) i.p. along with extract (100, 200, 

and 400 mg/kg p.o.) for 21 days. Before initiating the study, 

all the animals were subjected to exteroceptive behavioral 

models using Rotarod, MWM, CPC, T-maze, NOR, and 

Actophotometer for acquisition. After subjecting to the 

test agent, changes in the latency were examined on 0th 

(first dose), 7th,  14th, and 21st day. After completion of the 

in vivo studies, rats were euthanatized, brains were isolated 

and cerebral cortex, hippocampus AChE and BChE enzyme 

activity and whole-brain Dopamine, LPO, reduced GSH, 

MDA, TP, SOD, CAT, and Glutathione level were measured.

In vivo screening models for PD

Rotarod apparatus

The rotarod test was performed as per Hamm et al. (1994) 

method to test the grip power. The rotarod test is often used 

in rats to determine their “minimal extrapyramidal deficit,” 

such as muscle control and balance. Before starting the 

therapy, each rat was given a training session to acclimate 

them to the rotarod apparatus. The animal was placed on a 

rotating rod with a diameter of 7 cm and a speed of 25 rpm 

(rpm). Following drug/test sample administration, each rat 

was subjected to three independent trials at 2 min intervals 

on day 0th, 7th, 14th, and 21st with a 90 s cut-off period 

retained during the experiment.

Morris water maze

MWM test was performed as per (Biradar et al. 2020; Ishola 

et al. 2018) method. MWM is a large circular water tank 

with a white surface [diameter 110 cm, height 60 cm] that 

is filled with water (temperature 26-20 °C) to a depth of 

30 cm. The MWM tank circle is divided into four equal 

quadrants [North Q1, East Q2, West Q3, and South Q4]. 

It also has a stationary base with a diameter of 10 cm.The 

escape latency time (ELT) of the individual rat was noted at 

60s cut off time.

Locomotor activity by actophotometer

Individual rat locomotion was measured using an actopho-

tometer with a 5 min cut-off period. A photocell is attached 

to a circuit with a counter in this device. The moving animal 

cuts off the light beam going through the photocell, and a 

count is taken. Each animal readings were taken on the 0th, 

7th, 14th, and 21st days. To stop the animal odour, the cham-

ber was cleaned with 10% ethanol before the experiment 

began (Goverdhan et al. 2012).
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Cook’s pole climbing

The escape latency/conditional avoidance of each rat was 

screened by CPC. The ground part consisting of rods that acts 

as shock. First, individual rats were trained and readings were 

noted acquisition and the retention trail were noted 0th, 7th, 

14th, and 21st day. The cut-off time of 120 s is considered for 

evaluation (Goverdhan et al. 2012).

Novel object recognition

This test was performed as described by (Antunes and Biala 

2012) method. The test includes both acquisition and retention 

trials. During acquisition trial, two identical objects (green 

balls) were placed equidistant from each other. Further, for 60s 

animals were placed in the arena and then placed back in the 

cage. The process was repeated for all the animals for 7 days 

(training period). During this trial, to avoid the bias for par-

ticular location of identical and novel objects, we interchanged 

the objects from left to right. After training, the same method-

ology was performed for retention trail. Here, one green ball 

(identical object) is replaced with red ball (novel object) and 

the time taken to explore an object was noted. Object explora-

tion recording includes: a) rat head to orient towards the object 

within a distance of 2 cm. b) animal to sniffing, touching, and 

licking the object with the paws.

The discrimination index (DI in %) was calculated by using 

DI (%) = (A1-A2) / (A1 + A2) and DI (%) = (A1-B)/(A1 + B) 

formula. Where, A1 is time spent with familiar object 1; A2 is 

time spent with the familiar object 2 (A2); and B is Time spent 

with the novel object.

T‑maze

This test was performed according to the method of Wenk 

1998. The T-Maze test involves both acquisition and reten-

tion sessions. Initially, animals were trained for 7 consecutive 

days. After that on 0th day (Treatment period) food was placed 

in one side arm (left arm we selected) before beginning the 

experiment. The overnight fasted animal is placed in the start 

box for 60 s. Then, slowly sliding door was opened noted the 

number of entries in the left arm (right choices). Similarly, the 

tests were repeated on day 12th and 21st day.% Alternation was 

calculated by dividing the Number of entries into the left arm 

in the acquisition and during treatment period.

Determination of biomarkers level

Acetylcholinesterase and Butyrylcholinesterase enzyme 

level

The test is carried out by Ellman et al. 1961 method. Cortex 

and hippocampus were isolated and placed in an ice-cold 

water container to stop the enzymatic reactions. Weighed 

appx. 100 mg and homogenate in Phosphate buffer [0.1 M; 

pH 8.0]. To 0.4 mL above mixture (homogenate), (i) added 

2.6 ml 0.1 M (pH 8) Phosphate buffer (ii) 100 μl of 10 mM 

DTNB and mixed well. To the above mixture, added 20 μl 

of AChI (0.075 M) [Note: AChI is replaced with BChI 

to estimate BChE enzyme activity]. The mixture absorb-

ance was noted at 412 nm for 5 min.The rate of moles 

of substrate hydrolyzed/min/g of tissue is calculated by 

R = 5.74 ×  10−4(ΔA/Co). Where, R is Rate, in moles of sub-

strate hydrolyzed per min per gram of tissue; ΔA is change 

in Abs per min. Co is Concentration of tissue (mg/ml).

Determination of LPO

Ohkawa et al. 1979; Ramakrishnan et al. 2015 method was 

used to estimate the level of MDA in the whole brain. 0.2 ml 

of tissue homogenate is added to8.1% w/v 0.2 ml of sodium 

lauryl sulphate (SLS), 1.5 ml of 20% acetic acid, and 1.5 ml 

(0.8%) thiobarbituric acid. The mixture is vortexed for one 

minute and diluted up to 4 ml using DM water. Further, the 

mixture is boiled at 90 °C for 1 h using the water bath. The 

whole mixture was cooled and added 1 mL of DM water 

and 5 ml mixture of pyridine:n-butanol (1:15 v/v). Finally, 

centrifuged at 4000 rpm for 10 min. The Abs of the organic 

layer was noted at 532 nm. The cerebrum malondialdehyde 

(MDA)  mg−1 of protein level was estimated and expressed 

in nanomoles using the formula, MDA = nmoles of MDA/

mg of protein in the cerebrum is,

where, A = Absorbance at 535 nm; V = Volume of mixture; 

E = Extinction coefficient (1.56 ×  105 m/cm); P = mg of pro-

tein per g of tissue. All the values were indicated in nM of 

MDA/mg of protein.

Determination of reduced GSH

Ellman G. L. method (Ellman 1959) was utilized to estimate 

whole-brain reduced GSH level. 0.25 ml of tissue homoge-

nate, 2.5 ml sodium phosphate buffer, and 50 μl DTNB 

[pH 7.0] was mixed. The mixture was further vortexed and 

incubated at 25-27 °C for 2 min. Within 15 min of this step, 

the absorbance was noted at 412nmand expressed GSH level 

in μmoles/mg of tissue.

where,  C0 is the original concentration; A is Absorbance at 

412 nm; € is molar extinction coefficient i.e. 13,600/M/cm; 

D is the dilution factor.

Concentration = A × (V∕E) × P
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Determination of Total protein

Briefly, added 2.25 ml of 0.5 M NaOH to 0.25 ml of tis-

sue homogenate. Then, pipette out 0.5 ml from the above 

mixture and added 0.5 ml of 10% TCA and centrifuged at 

3000 rpm for 10 min at 4 °C. After this, discarded the super-

natant and the remaining precipitate is dissolved in 0.5 ml of 

0.5 M NaOH and 2 ml of Alkaline mixture. Further, waited 

for 10 min and added 0.25 ml of Folin–Ciocâlteu reagent and 

again waited for 10 min. Finally, the absorbance of mixture 

was noted at 540 nm (Sedlak et al. 1968; Shalavadi et al. 

2012).

Determination of SOD

The capacity of SOD to antagonize the autooxidation of 

epinephrine to adrenochrome in the presence of alkaline 

pH. To the 25 μl of homogenate sample, added 0.1 mM of 

epinephrine in carbonate buffer (pH 10.2). At 295 nm, the 

adrenochrome formation in the above mixture was measured 

using the ELISA plate reader. Further, the SOD level was 

determined from the total protein value and expressed in U/

mg of protein (Misra and Fridovich 1972).

Determination of catalase

Mixed 50 μl of tissue homogenate with 1.95 ml of PBS 

7.0pH and 1 ml of 0.7 mM  H2O2 solution. Read the absorb-

ance at 240 nm. Further, the Catalase level was determined 

from the total protein value and expressed in U/mg of protein 

(Claiborne 1985; Shalavadi et al. 2012).

Determination of dopamine level

The level of dopamine in the whole brain was estimated via 

UV-Visible spectroscopy. First, the standard linear curve of 

dopamine was removed via serial dilution of standard dopa-

mine (50 to 500 ng/mL). The detection range of dopamine 

was set to 240-280 nm and the linear curve was obtained for 

conc. v/s abs. The supernatant obtained from each test group 

was diluted 10 times and the absorbance was read at 278 nm 

to detect the dopamine. Using the y = mx + c obtained equa-

tion from the linear curve and the sample absorbance, the 

whole brain dopamine level was estimated and expressed in 

ng/g of tissue (Manoharan et al. 2016).

Statistical analysis

The results were expressed as Mean ± SEM/SD. One-way 

and two-way ANOVA followed by Bonferroni and Tukey’s 

comparison tests were used to determine the difference 

between the groups in GraphPad Prism v5.0. The degree 

of freedom of 5% with a confidence interval of 95% was 

applied for all the tests. *p < 0.05, **p < 0.01, ***p < 0.001, 

and ****p < 0.0001 is compared to Normal group; #p < 0.05, 

##p < 0.01 ###p < 0.001, and ****p < 0.0001 is compared to 

Haloperidol induced PD group.

Results

Extract yield

The hydroalcholic extract obtained from leaves part is 48 g 

from 500 g of raw material. The percentage yield (w/w) of 

V. negundo extract by maceration method was found to be 

9.6%.

Effect of E. variegata hydroalcoholic extract 
on in vitro AChE inhibitory

The  IC50 of Donepezil was found to be 10.23 μg/ml and the 

 IC50 of V. negundo hydroalcholic extract was found to be 

114.35 μg/ml. The AChE inhibitory activity of Donepezil 

was found to be more potent compared to V. negundo. The 

% inhibition and  IC50 value are shown in Fig. 1 and the 

obtained linear equation and absorbance are given at Sup-

plementary Table 1.

In vivo studies

Effect of V. Negundo hydroalcholic extract on performance 

time (grip strength) using rotarod

During the acquisition trial, 0th day and on the 7th day 

of treatment with Haloperidol group, L-DOPA group, 

VNL100, VNL200, and VNL400, the performance time 

was in the range of 15 s to 23 s, and no significant dif-

ference was observed. However, on the 14th day, the NC 

group exhibited a decline (p < 0.05) in the performance 

compared to Control. Whereas, treatment with L-DOPA, 

VNL100, and VNL200 didn’t showed effect on perfor-

mance time but VNL400 exhibited rise in performance 

(p < 0.01) compared to Negative control (NC) group on 

14th day. Further, on 21st day, the entire treatment group 

exhibited rise (p < 0.0001) in the performance time com-

pared to Negative control (NC) group that showed decline 

(p < 0.0001) in the performance time. The effect of VNL 

on performance time is shown in Fig. 2 and Supplementary 

Table 2

Effect of V. negundo hydroalcholic extract on ELT using 

MWM

During the acquisition trial and on the 0th day of first 

treatment with Haloperidol group, L-DOPA group, 
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VNL100, VNL200, and VNL400, the ELT was 30s 

to 35  s, and no significant difference was observed. 

However, on the 7th day and 14th day, the Negative 

control (NC) group exhibited a rise (p < 0.05) and 

(p < 0.01) in the ELT respectively, whereas, treatment 

with L-DOPA group (p < 0.05), VNL100 (p < 0.01), 

VNL200 (p < 0.05), VNL400 (p < 0.01) showed a 

decline in the ELT. Further, on the 21st day a significant 

(p < 0.0001) increase in ELT was observed in the Nega-

tive control (NC) group (ELT: 50s) compared to con-

trol and on treatment with L-DOPA group (p < 0.0001), 

VNL100 (p < 0.0001), VNL200 (p < 0.0001), VNL400 

(p < 0.0001) reversed the ELT increased by the Halop-

eridol treatment. All the treatment doses showed a good 

effect on ELT compared to Haloperidol group. The 

effect of VNL on ELT is shown in Fig. 3. Supplemen-

tary Table 3

Effect of V. negundo hydroalcholic extract on locomotion 

using actophotometer

The effect of V. negundo on ELT was screened via CPC. 

During acquisition and 0th day, no significant differ-

ence in ELT is observed in all the groups. Further, on 

7th day, a significant increase in the Negative control 

(NC) group (p < 0.01) is seen compared to the control 

group. However, on 14th day, the ELT in the Negative 

control (NC) group was significantly raised to p < 0.01 

compared to the control group and but no significant 

difference is in treatment group. On 21st day, the ELT 

Fig. 1  Effect of Vitex negundo 

hydroalcoholic extract with 

Donepezil inAChE inhibitory 

assay
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Fig. 2  Effect of Vitex negundo on grip strength using rotarod for 90s cut off time. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 is 

compared to Normal group; #p < 0.05, ##p < 0.01 ###p < 0.001, and ****p < 0.0001 is compared to Haloperidol induced PD group
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in the Negative control (NC) group was significantly 

raised to p < 0.0001 compared to the control group and 

treatment with L-DOPA group and VNL100 (p < 0.001), 

VNL200 and VNL400 (p < 0.0001) decreased the ELT 

compared to the Negative control (NC) group. The effect 

of V. negundo on ELT in CPC is illustrated in Fig. 4 

Supplementary Table 4.

Effect on V.negundo on ELT using CPC for cut‑off 
time of 120 s

Effect of V. negundo hydroalcholic extract on ELT using CPC

The effect of V. negundo on ELT was screened via CPC. 

During acquisition and 0th day, no significant difference 

Fig. 3  Effect of Vitex negundo hydroalcholic extract ELT using 

MWM for 60s cut off time.*p < 0.05, **p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared to Normal group; #p < 0.05, ##p < 0.01 

###p < 0.001, and ****p < 0.0001 is compared to Haloperidol 

induced group

Fig. 4  Effect of Vitex negundo 

hydroalcholic extract locomo-

tion using actophotometer for 

5 min cut-off period.*p < 0.05, 

**p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared 

to Normal group; #p < 0.05, 

##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to 

Haloperidol induced group
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in ELT is observed in all the groups. Further, on 7th day, 

a significant increase in the Negative control (NC) group 

(p < 0.01) is seen compared to the control group. However, 

on 14th day, the ELT in the Negative control (NC) group 

was significantly raised to p < 0.01 compared to the control 

group and but no significant difference is in treatment group. 

On 21st day, the ELT in the Negative control (NC) group 

was significantly raised to p < 0.0001 compared to the con-

trol group and treatment with L-DOPA group and VNL100 

(p < 0.001), VNL200 and VNL400 (p < 0.0001) decreased 

the ELT compared to the Negative control (NC) group. The 

effect of V. negundo on ELT in CPC is illustrated in Fig.5 

and Supplementary Table 5.

Effect of Vitex negundo hydroalcholic extract on novel 

object recognition

The effect of V. negundo on motor and memory is evaluated 

via NOR by discrimination index for both A1-A2 and A1-B1 

Fig. 6 (Supplementary Table 6).

Observations of novel object recognition: A1‑A2 on 0th 

day No significant difference is observed among the entire 

group for time spent with A1-A2. A1-A2 on 21st day: No 

significant difference is observed among all the group for 

time spent with A1-A2.A1-B on 0th day: A significant 

increase in novel object recognition (time spent with object 

B) was observed in Control (ns), NC (p < 0.001), VNL100 

((p < 0.01), VNL200 (p < 0.01), and VNL400 (ns) compared 

to A1 object. A1-B on 21st day: A significant increase in 

novel object recognition (time spent with object B) was 

observed in control (p < 0.01) and VNL400 (p < 0.01) com-

pared to object A1. Whereas, Negative control group(NC), 

Positive control group (PC), VNL100, and VNL200 group 

animals didn’t showed significant increase in novel object 

recognition (Fig. 6a–d) and supplementary Table 6.

Discrimination index of novel object recognition: A1‑B on 

0th day No significant difference of DI was observed among 

all the groups. A1-B on 21st day: A significant decrease 

in DI was seen in Negative control (NC) group (p < 0.01) 

compared to Control group. However, Positive control 

group (PC) (ns), VNL100 (ns), VNL200 (ns), and VNL400 

(p < 0.01) showed significant increase in the DI on 21st day 

(Fig. 6e,f).

The effect of V. negundo hydroalcholic extract 
on T‑maze

The effect of V. negundo on percentage alteration was 

screened via T-maze. During 0th and 12th day, no signifi-

cant difference in percentage alteration is observed in all 

the groups. However, on 21st day, significant decrease in 

percentage alteration in the Negative control (NC) group 

(p < 0.01) was seen compared to the control group. How-

ever, percentage alteration in the L-DOPA group, VNL100, 

VNL200, and VNL400 was significantly raised to p < 0.05, 

p < 0.05, p < 0.01, and p < 0.001 respectively compared to 

the NC group. The effect of V. negundo on percentage altera-

tion in T-maze is illustrated in Fig. 7 and Supplementary 

Table 7.

Fig. 5  Effect on V.negundo on ELT using CPC. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 is compared to Normal group; 

#p < 0.05, ##p < 0.01 ###p < 0.001, and ****p < 0.0001 is compared to Haloperidol induced group for 120 s
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In vitro biochemical estimation

Effect of V. negundo hydroalcholic extract 

on acetylcholinesterase inhibitory activity (Hippocampus 

and cerebral cortex)

A) Effect on AChE level

The treatment of Haloperidol in the Negative control 

(NC) group remarkably raised the level of AChE in the 

cortex (p < 0.001) and hippocampus (p < 0.001) compared 

to the control group. However, treatment with L-DOPA, 

VNL100, VNL200, and VNL400 remarkably declined the 

level of AChE in the cortex and hippocampus compared to 

the Negative control (NC) group. All three treatment groups 

of V. negundo exhibited a potent inhibitory effect on AChE. 

Fig. 6  Effect of Vitex negundo on novel object recognition. a) A1-A2 

on 0th day b) A1-A2 on 21st day, c) A1-B on 0th day, d) A1-B on 

21st day, e) DI of A1-B on 0th day, and f) DI of A1-B on 21st day. 

*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 is com-

pared to Normal group; #p < 0.05, ##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to Haloperidol induced PD group

Fig. 7  Effect of Vitex negundo 

on percentage alteration 

using T-Maze. *p < 0.05, 

**p < 0.01, ***p < 0.001, 

and ****p < 0.0001 is 

compared to Normal con-

trol group; #p < 0.05, 

##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to 

Haloperidol induced PD group
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The effect of V. negundo on the hippocampus and cerebral 

cortex AChE enzyme activity is shown in Supplementary 

Table 8 and Fig. 8a and b, respectively.

B) Effect of V. negundo hydroalcholic extract on BChE 

level

The treatment of Haloperidol in the Negative control 

(NC) group remarkably increased the level of BChE in the 

cortex (p < 0.001) and hippocampus (p < 0.001) compared 

to the control group. However, treatment with L-DOPA 

group showed remarkable declined effect on BChE level 

in both cortex (p < 0.0001) and hippocampus (p < 0.0001) 

compared to the Negative control (NC) group. Whereas, 

treatment with VNL100, VNL200, and VNL400 remark-

ably decreased the level of BChE in the cortex (p < 0.0001) 

and hippocampus ((p < 0.0001) compared to the Negative 

control (NC) group. The effect of V. negundo on BChE 

enzyme level in the hippocampus and cerebral cortex 

is shown in Supplementary Table 9 and Fig. 8c and d. 

respectively.

Effect of V. negundo hydroalcholic extract 
on reduced GSH

The treatment of Haloperidol in the Negative control (NC) 

group remarkably (p < 0.0001) reduced GSH level in the 

whole brain compared to the control group. However, treat-

ment with L-DOPA group (p < 0.05) VNL200 (p < 0.0001), 

and VNL400 (p < 0.0001) significantly increased the level 

of GSH compared to the Negative control(NC) group. Fur-

ther, no significant change in GSH level is observed in the 

VNL100 group compared to the NC group. The effect of V. 

negundo on whole-brain GSH level is shown in Supplemen-

tary Table 10 and Fig. 9a.

Fig. 8  Effect of Vitex negundo on brain AChE and BChE level. a) 

AChE of Hippocampus, b) AChE of Cortex, c) BChE of Hippocam-

pus, and d) BChE of Cortex. *p < 0.05, **p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared to Normal group; #p < 0.05, ##p < 0.01 

###p < 0.001, and ****p < 0.0001 is compared to Haloperidol 

induced PD group



Metabolic Brain Disease 

1 3

Effect of V. negundo hydroalcholic extract on MDA 
level

The treatment of Haloperidol in the NC group remarkably 

(p < 0.0001) raised MDA level in the whole-brain compared 

to the control group. However, treatment with L-DOPA 

(p < 0.05) VNL100 (p < 0.01), and VNL100 (p < 0.05), 

VNL200 (p < 0.01), VNL400 (p < 0.001) remarkably 

decreased the level of MDA compared to the NC group. The 

effect of V. negundo on whole-brain MDA level is shown in 

Supplementary Table 10 and Fig. 9b.

Effect of V. negundo hydroalcholic extract on TP

The treatment of Haloperidol group in the Negative control 

(NC) group didn’t show a significant change in TP level but 

showed a slight rise in TP level in the whole brain com-

pared to normal. However, treatment with L-DOPA group 

showed, not significant but decline in the TP level com-

pared to the Negative control group (NC). Further, VNL100 

and VNL200 didn’t show a change in TP level but a slight 

decline in TP level was seen compared to the NC group. The 

effect of V. negundo on whole-brain TP level is shown in 

Supplementary Table 10 and Fig. 9c respectively.

Effect of V. negundo hydroalcholic extract on SOD

The treatment of Haloperidol in the Negative control (NC) 

group decreased the SOD level in the whole cerebrum 

compared to normal but data were found non-significant. 

Although, L-DOPA group, VNL100 and VNL200 treatment 

didn’t show any significant change in SOD level but sig-

nificant rise in SOD level was seen in VNL400 (p < 0.05) 

compared to the Negative control (NC) group. The effect 

of V. negundo on whole-brain SOD level is shown in Sup-

plementary Table 10 and Fig. 9d.

Effect of V. negundo hydroalcholic extract on CAT 

The treatment of Haloperidol group in the Negative group 

(NC) group didn’t show a significant change in CAT level 

but showed a slight decrease in CAT level in the whole cer-

ebrum. However, L-DOPA treatment group showed its effect 

on the CAT level but not significantly, whereas, VNL100 

didn’t show any effect on CAT level. However, VNL200 

and VNL400 showed not significant but a increase in CAT 

level compared to the NC group. The effect of V. negundo on 

whole-brain CAT level is shown in Supplementary Table 10 

and Fig. 9e.

Effect of V. negundo hydroalcholic extract 
on dopamine level

The treatment of Haloperidol group in the Negative control 

(NC) group remarkably (p < 0.0001) decreased the Dopa-

mine level in the whole cerebrum compared to the control 

group. However, treatment with L-DOPA group (p < 0.01), 

VNL100 (p < 0.0001), VNL200 (p < 0.05) and VNL400 

(p < 0.0001) remarkably increased the level of Dopamine 

compared to the Negative control (NC) group. The effect 

of V. negundo on whole-brain Dopamine level is shown in 

Supplementary Table 11 and Fig. 9f.

Effect of V. negundo hydroalcholic extract 
on histopathology of hippocampus and cortex

The histology of the control group cerebrum indicated mild 

cerebral odema, cerebral congestion, neuronal eosinophilia, 

meningeal congestion, and no change in anatomy was visu-

alized in RBC extravasation, macrophage influx, neuronal 

micro vacuolisation, neuronal nuclear pyknosis, neutrophilic 

infiltration, neuronal karyorrhexis, reactive gliosis, and vas-

cular proliferation. However, the Negative group (NC) group 

Fig. 9  Effect of Vitex negundo on whole brain antioxidant mark-

ers and dopamine level. a) GSH, b) MDA, c) TP, d) SOD, e) CAT, 

and f) Dopamine level. *p < 0.05, **p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared to Normal group; #p < 0.05, ##p < 0.01 

###p < 0.001, and ****p < 0.0001 is compared to Haloperidol 

induced PD group
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histogram indicated severe damage in the above-mentioned 

parameters (+++ to +). The VNL400 group reversed the 

Haloperidol damaged parameters. The histopathology of the 

brain (hippocampus and cortex) at 10x and 40x magnifica-

tion is shown in Figs. 10 and 11 respectively and Supple-

mentary Table 12.

Discussion

This study carried out anti-PD activity of V. negundo of 

hydroalcholic extract in Haloperidol induced PD in rats 

through the analysis of motor and memory function. In vivo 

studies were carried out through Rotarod, CPC, MWM, 

Actophotometer, NOR, and T-Maze apparatusand cerebrum 

biochemicals (AChE, BChE, GSH, MDA, TP, SOD, CAT, 

Dopamine) level were estimated. The overall in vivo experi-

ment includes two test 1) acquisition and 2) retention. All 

the animals were trained for their acquisition and training to 

each apparatus previously before study. The rotarod appa-

ratus was utilized to assess neuromuscular motor coordina-

tion and grip strength of muscle. It is well known that, PD 

patients are associated with lower grip strength (Roberts 

et al. 2015). In this study, inducing agents of Haloperidol  D2 

receptor antagonistic remarkably declined the performance 

time from  14thto 21stdays, which indicated the reduced grip 

strengthand extrapyramidal activity of PD. Treatment with 

L-DOPA and V. negundo of hydroalcholic extract 200 mg/kg 

and 400 mg/kg exhibited a remarkable decline in retention 

time. Further, MWM was utilized to check “spatial mem-

ory and learning” and also to check the motor coordination 

(Vorhees and Williams 2006). The ELT of the Haloperidol 

treated rats raised remarkably in ELT compared tostand-

ard of L-DOPA and V. negundo of hydroalcholic extract of 

three doses, exhibited a critical decline ELT. As a result of 

these findings, it is suggested that V. negundo hydroalcholic 

extract changes the rat motor and memory activity. Loco-

motion activity using actophotometer (Mazzoni et al. 2012; 

Greenland and Barker 2018) was remarkably declined from 

7 to 21st day in Haloperidol treated rats, reduce the locomo-

tion and were reversed by L-DOPA and V. negundo hydroal-

cholic extract treatment for 21 days lead to a remarkable rise 

in locomotion. Further, CPC was used to investigate cogni-

tive function, primarily a response to conditioned stimuli 

to access the coordination of movements, grip strength to 

hold the pole, learning and memory (Kamila et al. 2014) 

is compared with Haloperidol induced group, exhibited a 

significant rise in ELT on day 21st and whereas NVL and 

L-DOPA significantly reversed via decreasing ELT in CPC. 

Further, to analyse the recognition memory and animals 

fast moments, we utilized the NOR apparatus (Cole et al. 

2019). Compared with NC with NVL and L-DOPA groups 

exhibited a remarkably raised the discriminatory index, time 

to recognise the novel object and movements were dose 

Fig. 10  Effect of Vitex negundo on hippocampus. a) 10x b) 40x. 

1) Control 2) Negative control (NC) 3) Positive control (PC) 4) 

VNL100, 5) VNL200, 6) VNL400. CA1-Cornu ammonis neurons 

(Hippocampus) CA3-Cornu ammonis neurons (Hippocampus). NN-

Normal Neutrophile, A PMR- Aggressions of PMR, INF-Infiltration 

KY- Karyohexsis, INF-Infiltration and L INF-Less infiltration
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dependent action and highly significance in NVL 400 mg/kg. 

Treatment with Haloperidol exhibited a remarkable decline 

in percentage alternation on day  21st and treatment with V. 

negundo remarkably raised the percentage alternation and 

movements. These findings suggest that V. negundo protects 

against Haloperidol induced PD and associated compliances 

i.e. memory loss.

Further, through the in vitro biochemical analysis meth-

ods, cholinesterase’s function in hippocampus and cor-

tex, GSH, MDA, TP, SOD, CAT, and Dopamine level in 

the cerebrum were examined. It is well known that, the 

level of ACh and BCh chemicals associated with memory 

improvement, and this is diminished in PD because of 

fast hydrolysis by AChE and BChE action respectively 

(Lane et al. 2006; Cacabelos 2007). In the present study, 

initially, we performed AChE inhibitory activity of V. 

negundo hydroalcholic extract. The results suggested that 

V. negundo hydroalcholic extract possess an AChE inhibi-

tory potency compared in terms of  IC50(μg/ml)values. 

However, V. negundo hydroalcholic extract of different 

groups on  21stday exhibited a remarkable highly signifi-

cantly reduction in the AChE and BChE activity in both 

cortex and hippocampus, which suggests that V. negundo 

possess AChE and BChE inhibitory activity on par with 

standard L-DOPA group. This indicates a higher amount 

of ACh retention i.e. responsible for the motor function. A 

previous study by Rahiman et al. (2015) demonstrated V. 

negundo leaf extract to pose AChE inhibitory activity in 

scopolamine treated rats. (Otari et al. 2012) also revealed 

the effectiveness of V. negundo leaf extract in enhancing 

learning and memory processes through the inhibition of 

AChE and increase in cholinergic transmission and neu-

rotransmitter balanced for coordination of movements. 

Hence, V. negundo leaf compounds play major role in 

inhibition of both AChE and BChE in cerebrum.

Free radicals and reactive oxygen species (ROS) are 

produced during physiological and pathological changes. 

Among other cell signalling pathways, ROS have a role in 

phagocytosis, enzyme activation, and cell cycle regulation 

(Brieger et al. 2012; Di Meo et al. 2016). An imbalance 

in free radical and ROS formation weakens the antioxidant 

defence system, resulting in cell damage and inflammation 

within the brain tissue. Superoxide O˙2,  H2O2, and reactive 

nitrogen speciesare the primary free radicals involved in oxi-

dative stress and are key component of the development of 

neurodegenerative diseases PD (Kumar et al. 2012). Further-

more, the generation of ROS causes a variety of undesirable 

effects, including DNA harm, lipid peroxidation aberrations, 

and protein mutilation (Biradar et al. 2020). In the present 

study, administration of V. negundo hydroalcoholic extract 

acts as a scavenging actions and antioxidant markers viz., 

GSH, MDA, SOD, TP, and CAT level in the whole brain. 

Fig. 11  Effect of Vitex negundo on cortex. a) 10x b) 40x. 1) Con-

trol 2) Negative control (NC) 3) Positive control (PC) 4) VNL100, 

5) VNL200, 6) VNL400. NN-Normal Neutrophile, C BI V C- Com-

pressed Blood Vessel, PY-Pyknosis, ND-Neuro degeneration, INF-

Infiltration, KY- Karyohexsis, KL- karyolysis
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The results suggest, V. negundo leaf as a potent anti-oxidant 

herb and pose a potential ROS neutralizing capacity.

As part of the basal ganglia circuitry, the substantia nigra 

(SN) is a midbrain dopaminergic nucleus that plays a cru-

cial role in regulating motor activity and reward functions 

(Sonne et al. 2021). Dopamine, a neurotransmitter involved 

in reward motivated actions and aids in the regulation of 

expression and the formation of motor coordination and new 

memories (Triarhou 2013). The SN’s Dopamine neurons 

deteriorate over time in PD, reducing the quantity of DA 

available for neurotransmission in the corpus striatum. Rest-

ing tremor, stiffness, bradykinesia, poor balance, and motor 

coordination are all common clinical signs of a PD (Triarhou 

2013). In the present study investigation, Haloperidol  D2 

receptor antagonist administration significantly decreased 

the level of Dopamine and treatment with L-DOPA and V. 

negundo hydroalcoholic extract increased the dopamine 

level in brain.

Histopathology examination of the brain of the nor-

mal animals showed no significant changes in the nor-

mal group. While, Haloperidol treated rats brain showed 

moderate cerebral congestion, odema, microvacuolisa-

tion, Gliosis and moderate meningeal congestion, nuclear 

pyknosis,karyorrhexis, neutrophilic infiltration, RBC 

extravasation, and vascular proliferation. However, treat-

ment with in the V. negundo hydroalcoholic extract 400 mg/

kg reversed the damage induced by Haloperidol. Treatment 

with L-DOPA and V. negundo hydroalcoholic extract groups 

maintained the CA1 and CA3 neurons of posterior part of 

limbic system integrity, morphological and cellular architec-

ture of neuronal. Also, various investigations demonstrated 

of V. negundo hydroalcoholic extract, believes the bioactive 

phytoconstituents mainly of vitexin will ameliorate the halo-

peridol induced PD in rats. Herein, we suggest proposing the 

molecular mechanism of V. negundo against PD as using 

network pharmacology and molecular docking as explained 

by Duyu et al (2020) which is the future scope of this study.

Conclusion

The current study identified V. negundo leaf hydroalco-

holic extract act as a potent herbfor PD through in vivo 

and in vitro experiments, PD symptoms like neuromotor 

co-ordination by rota-rod, movement by locomotion, recog-

nition i.e. Memory and cognitive function through MWM 

and so on. In vitro studies, V. negundo leaf hydroalcoholic 

extract Phytoconstituents vitexine inhibits AChE and BChE 

in cortex and hippocampus, increases Dopamine level, and 

possess a potent antioxidant potency. The current study data 

were comparable to a standard molecule L-DOPA. Herein, 

based on the current study reports, V. negundo can be taken 

for further studies to identify key component responsible for 

enzyme inhibition, to explore the possible mode of action 

and protein expression analysis, which helps to explore V. 

negundo leaf as a herbal therapy for PD.

Abbreviations V. negundo: V. negundo; VNL100 : V. negundo 100 mg/

kg Group; VNL200 : V. negundo 200 mg/kg Group; VNL400 : V. 
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neal; IC50 : Inhibition Concentration; LPO : Lipid Peroxidation; MDA 
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Abstract

Memory disorders are the progressive neurological disorder, mainly causing dementia, memory loss and cognitive dysfunc-

tions. The current study is aimed to experimentally validate the crude extract of Canna indica aerial parts (CIA) and root 

(CIR) against aluminium chloride induced altered memory in rats. Initially, methanolic extract of CIA, hydroalcoholic extract 

of CIR, and their combination of CIA + CIR were screened for Invitro antioxidant activity via 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) and nitric oxide (NO) assays, acetylcholinesterase (AChE) inhibitory assay and were also screened for their memory 

enhancing activity by in-vivo models such as elevated plus maze (EPM), morris water maze (MWM), cooks pole climb 

(CPC), Actophotometer, novel object recognition (NOR), and T-maze. Aluminium chloride  (AlCl3) (17 mg/kg/day p.o.) for 

21 days, was used as an Alzheimer’s disease inducing agent and Donepezil (AChE inhibitor) as a standard treatment agent. 

The AChE, butyrylcholinesterase (BChE) activity and malondialdehyde (MDA) level were significantly increased, and glu-

tathione (GSH), total protein (TP), catalase (CAT), and Dopamine were decreased only in  AlCl3 treated rats and treatment 

with CIA 200 mg/kg and CIA + CIR 200 mg/kg significantly reversed these mechanisms.Histopathology of cortex and hip-

pocampus was examined at 40× magnification, indicating maintain of integrity and architecture of CA1 and CA3 neuronal 

cells compared to control and standard groups. The in vivo studies of interospective and exteroceptive behavior models 

(EPM), MWM, CPC, Actophotometer, NOR, T-maze revealed that  AlCl3 administration enhanced transfer latency (TL), 

escape latency time (ELT) and decreases locomotion, discriminatory index, and percentage alternation respectively. However, 

treatment with CIA and CIA + CIR 200 mg/kg highly significantly reversed the pathological changes of disease, extracts of 

Canna indica of both root and aerial parts phyto constituents are rich in flavonoids, phlobatannins, anthocyanin pigments, 

saponins, alkaloids, steroids, terpenoids etc. Which will decipher the acetylcholinestrase inhibitory, antioxidant and anti-

inflammatory activity, will ameliorate the pathological state of Alzheimer disease.
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Abbreviations

AD  Alzhemeir disease

AlCl
3
  Aluminum chloride

AChE  Acetylcholinestrase enzyme

BChE  Butrylcholinestrase enzyme

ELT  Escape latency time

CIA + CIR200  Canna indica aerial + root part (200 mg/

kg) Group

CIA200  Canna indica aerial part (200 mg/kg) 

Group

CIR200  Canna indica root part (200 mg/kg) 

Group

CPC  Cook’s pole climbing

CAT   Catalase

EPM  Elevated plus maze

DPZ  Donepezil

GSH  Glutathione

IC
50

  Inhibition concentration

LPO  Lipid peroxidation

MDA  Malondialdehyde

LPO  Lipid peroxidation

MWM  Morris water maze

NOR  Novel object recognition

N  Number of groups

NC  Negative control

PC  Positive control

p.o.  Per. oral

TL  Transfer latency

SOD  Super oxide dismutase

STL  Step through latency

TP  Total protein

ROS  Reactive oxygen species

Introduction

Alzheimer disease (AD) is a devastative neurodegenera-

tive syndrome (progressive memory decline) reflecting 

the dysfunction of cerebral nerve cells and abnormal neu-

rotransmitter activities. Currently more than 55 million 

people live with dementia worldwide, and there are nearly 

10 million new cases every year (WHO report 2021). India 

is going through a demographic shift, with the elderly 

population significantly increasing. In India, life expec-

tancy has nearly doubled, from 36.98 years in 1950–1960 

to 69.27 years in 2015–2020. In the twenty first century, 

understanding the complete etiology, pathogenesis, and 

ascertaining disease modifying agents/therapy against AD 

is one of the most important challenges. AD is biochemi-

cally characterized by the Aβ elevation, insoluble protein 

aggregates (neuritic senile plaques and neurofibrillary tan-

gles) accumulation, central cholinergic and dopaminergic 

systems impairment, increased cerebral oxidative stress 

etc., while it is clinically characterized by performance 

abnormality, behavior worsening, thought leisureliness 

etc. AD is associated with a heterogeneous cause due to 

the multiple gene mutations and accounted for complex 

multi- proteins and multi-pathways mechanisms. (Blen-

now et al. 2006; Korczyn and Vakhapova, 2007; Bachurin 

et al. 2017). The inducing compound Aluminium chloride 

causes the highly reactive oxygen species (ROS) leading 

the Neuroinflammation, Aβ and Tau protein degradation 

characterizing similar to AD pathogenesis (Prema et al. 

2017).

To date, AD symptoms can be managed with two classes 

of drugs that are approved by the US-FDA, which includes 

(I) Cholinesterase (ChE) inhibitors (II) NMD Aantagonists 

(Colović et al., 2013). However, these agents provide a par-

tial improvement of memory and cognitive function and 

are associated with several side effects viz. bronchospasm, 

bradycardia, increased respiratory secretion, hypotension, 

decreased intraocular pressure, nausea and vomiting during 

long term therapy. Also, these agents lose effectiveness as 

the disease progresses (Ali et al. 2015).

Traditional medicinal plants have received valuable atten-

tion in the management of various ailments, India is consid-

ered as a Goldmine for medicinal plants and their traditional 

uses with less side effects and multiple target mechanism 

for the neurodegenerative diseases. WHO has recommended 

and encouraged the use of traditional herbs remedies dur-

ing the COVID-19 pandemic, because of their therapeutic 

efficacy, safety and availability (Gautam et al. 2020).

Canna indica, a member of the “Cannaceae” family and 

“Canna” genus. Traditionally, rhizomes are used for gonor-

rhoea, dropsy, febrifuge, dyspepsia, and as an antipyretic 

through decoction, and roots were utilized against amenor-

rhoea (Kanase and Vishwakarma 2018). The leaves were 

utilized for malaria, rheumatic pain, and arthritis and pos-

sess Haemostatic effect (Lin et al 2011). The flowers were 

used for eye diseases and their decoction for external wound 

healing. Numerous pharmacological experiments demon-

strated its therapeutics against inflammation, diabetes, viral 

diseases, immune related disorders, brain disorders includ-

ing its effect on Acetylcholinesterase enzyme. (Chigurupati 

et al. 2021; Talluri et al. 2018) Canna indica whole plant 

extracts exhibited potential radical scavenging, anti-inflam-

matory and were reported to possess neuroprotective activ-

ity (Chigurupati et al. 2021). Canna indicia enriched with 

flavonoids, phlobatannins, anthocyanin pigments, tannins, 

saponins, cardiac glycosides, alkaloids, steroids, terpenoids, 

etc. bioactive molecules (Oladotun et al 2019).

However, there is a paucity of scientific reports on Canna 

indica L., constituent’s molecular mechanisms in the treat-

ment of AD. Herein, we designed this study to explore the 

possible mechanisms of Canna indica aerial part and root 

extract in  AlCl3 induced memory impairment by utilizing 



 P. S. Ojha et al.

1 3

Invivo studies by interospective and exteroceptive behavior 

models as well Invitro biochemical estimations.

Materials used in the current study

Chemicals

Aluminium chloride  (AlCl3) (Sigma, USA), Donepezil 

(DPZ) (Cipla, Goa), Acetylthiocholine iodide (Sigma, USA), 

Butyrylthiocholine iodide (Sigma, USA). 2,2-diphenyl-1 

picrylhydrazyl (DPPH) Dopamine, DTNB (Sigma, USA) 

and other analytical graded chemicals.

Plant material

The aerial parts and root of Canna indica L. gathered 

from Sujoy and Aditya Nursery, Chicalim, Goa, India and 

authenticated by the plant taxonomist from ICMR-NITM, 

Belagavi. Accession number: RMRC -1584. The collected 

plant specimen was stored as an herbarium for future refer-

ence. The fresh plant material was washed properly using 

running water and to remove dust particles and shade dried 

at room temperature. The dried plant material was further 

crushed into coarse powder using a grinder and exposed to 

the extraction method.

Extraction

1. The aerial part dried coarse powder 1 kg were subjected 

to the maceration technique using Solvent: methanol 

(95%) as a solvent

2. The dried root parts coarse powder 1  kg was sub-

jected to the maceration technique using Hydroalcohol 

(Water:Ethanol 3:7).

Both the mixtures were kept for 7 days with random shak-

ing. After 7 days, the solvent is filtered out and concentrated 

under reduced pressure at 45–55 °C using a rotary evapo-

rator. The obtained extract was sticky, which were further 

air-dried, collected in an amber color glass container, and 

stored in the refrigerator.

The marc was used for Soxhlet extraction with the respec-

tive solvents i.e. aerial marc (methanol-75%), Root part (eth-

anol-70%). Phytoconstituents screening tests were carried 

out using standard protocols.

Flavonoid and phenolic content

Total flavonoid content of methanolic extract of aerial part 

and hydroalcoholic extract of root part of Canna indica was 

performed as explained by Zhishen et al. (1999) with equiva-

lent to Rutin Similarly, Total phenolic content of both the 

extracts were performed as mentioned by Baba et al (2014) 

with equivalent to gallic acid and IC50 value is expressed

In‑vitro antioxidant activity

The DPPH free radical scavenging assay of the methanolic 

extract of the aerial part and hydroalcoholic extract of root 

part of Canna indica was performed as explained by Tharun 

and Kumar (2013) and Noreen et al. (2017). Similarly, the 

nitrous oxide free radical scavenging assay for both the 

extracts was carried out as illustrated by Boora et al. (2014). 

Ascorbic acid was used as a standard. Appropriate controls 

were taken for standard and test compounds and IC50 value 

was calculated.

In‑vitro acetylcholinesterase activity

Methanolic extract of the aerial part and hydroalcoholic 

extract of the root part of Canna indica was evaluated for 

acetylcholinesterase inhibitory activity by using Ellman’s 

method (Dhanasekaran et al. 2015). The concentration range 

from 10 to 320 μg/mL for extract and 1 to 32 μg/mL for 

Donepezil was tested. 1.7 mL (pH 8.0) and 250 µL different 

concentrations of extract and Donepezil was prepared. To 

the above mixture, 10 µL of 6.67 U  mL−1 AChE enzyme and 

20 µL of DTNB was added. The mixture was incubated for 

15 min, after incubation added 10µL of Acetylthiocholine 

iodide, and the absorbance was read at 412 nm every 45 s 

for 3 min. The percentage inhibition was calculated from the 

change in Abs w.r.t. change in time.

IC50 was calculated between the inhibition percentage 

v/s extraction concentration.

Experimental animals

To evaluate the memory enhancing capacity of the Canna 

indica, male Wistar rats having 250–300  g weight of 

8 weeks old rats were used. All the animals were housed 

in a hygienic and translucent polypropylene cage. Further 

animals were randomized and made into six groups (N = 6 

and n = 6) N = Number of groups and n = Number of ani-

mals in each group. All the animals were kept under 12/12 h 

natural light–dark cycle [27 °C temp. and 45–55%RH]. The 

overall research procedure was revised and approved by the 

IAEC, KLE College of Pharmacy, Belagavi.Resolution No- 

KLECOP/CPCSEA- Reg.No.221/Po/Re/S/2000/CPCSEA, 

Res. No 29–03/09/2020.

%Inhibition = 100 −
SampleAbs

BlankAbs
× 100
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Experimental study design

Male Wistar rats were divided into 6 groups (Study Design) 

LD50 of Canna indica was reported to be 2000 mg/kg for 

28 days with no mortality. Thus, an intermediate dose of 

200 mg/kg was chosen from 1/10th of the LD50 for the 

experiment. Control group animals received normal food 

and water throughout the experiment. Negative Control 

(NC) group received  AlCl3 (17 mg/kg/day p.o.) for 21 days. 

Positive Control (PC) group received  AlCl3 (17 mg/kg/day 

p.o.) along with Donepezil (DPZ) (3 mg/kg p.o.) for 21 days. 

CIA200, CIR200, and CIA + CIR 200 group received  AlCl3 

(17 mg/kg/day p.o.) along with extracts for 21 days. Before 

initiating the study, acquisition trials were carried out for all 

the animals using Elevated plus maze (EPM), Morris water 

maze (MWM), Cooks pole climb (CPC), T-maze, novel 

object recognition (NOR), and Actophotometer. After sub-

jecting to the test agent, changes in the Latency were exam-

ined on 0th (first dose) 7th, 14th and 21st day. After com-

pletion of the in-vivo studies, rats were euthanatized, brains 

were isolated and cerebral cortex, hippocampus AChE and 

BChE enzyme level and whole brain Dopamine, lipid perox-

idation (LPO), reduced glutathione GSH, malondialdehyde 

(MDA), total protein (TP), superoxide dismutase (SOD) and 

catalase (CAT) level were measured.

Study Design  In vivo study plan, N = 6 (N—No. of groups) and n = 6 

(n—No. of animals in each groups)

Groups (N) Treatment (n)

Control Received normal food and water

Negative Control (NC) Received  AlCl3 (17 mg/kg 

p.o.)—21 days

Positive Control (PC) AlCl3 (17 mg/kg p.o.) + Donepezil 

HCl. (3 mg/kg p.o.)—21 days

Canna indica Aerial Mentah-

nolic extract (CIA) 200

AlCl3 (17 mg/kg p.o.) + CIA 

extract (200 mg/kg p.o.)—

21 days

Canna indica Root hydroalcholic 

extract (CIR) 200

AlCl3 (17 mg/kg p.o.) + CIR 

extract (200 mg/kg p.o.)—

21 days

Canna indica CIA + CIR 200 AlCl3 (17 mg/kg 

p.o.) + CIA + CIR extract 

(200 mg/kg p.o.)—21 days

In‑vivo screening model for memory: Morris water 
maze (MWM) test

MWM is a big round water tank “diameter: 110 cm and 

height: 60 cm” consisting of a white surface and that is 

filled using opaque water (Temp. 26 ± 2 °C) to a distance 

(depth) of 30 cm. The MWM tank circle is divided into 4 

equal quadrants [North Quadrant 1, East Quadrant 2, West 

Quadrant 3, and South Quadrant 4]. Further, it consists of a 

10 cm diameter platform in a constant position. The ELT of 

the individual rat was noted at the 60 s cut-off time (Ishola 

et al. 2018; Biradar et al. 2020).

Index of memory improvement- Escape Latency Time 

(ELT).

Elevated plus maze (EPM) test

EPM contains of 2 closed and 2 open arms (four arms; equal 

dimensions of 50 × 10 cm). These 4 arms connect at central 

with a 10 × 10 cm square gap as an initial point. The transfer 

latency (TL) was recorded via stopwatch by keeping rats 

independently toward one side of the open arm. The EPM 

TL cut-off was set to 60 s throughout the study. In EPM, 

when the rat does not enter the closed arm, such rat was 

directed back into one of the closed arms, and 60 s TL was 

given. (Bhuvanendran et al. 2018 and Biradar et al. 2020).

Index of memory improvement -A drop of transfer 

Latency(TL) by test drug.

Locomotor activity by actophotometer test

The individual rat locomotion was assessed via actopho-

tometer at a cut-off time of 5 min. The system consists of a 

photocell connected to the circuit with a counter. The beam 

of light passing on the photocell is cut off by the moving ani-

mal, then a count is recorded. On the 0th, 7th, 14th, and 21st 

day, individual group readings were noted. Before initiating 

the experiment, 10% ethanol was used to wipe the chamber 

for avoiding the animal odour. (Goverdhan et al. 2012).

Index of memory improvement -Increase in locomator 

activity neuromuscular coordination and spatial learning by 

test drug.

Cook’s pole climbing (CPC) test

The escape latency/conditional avoidance of each rat during 

learning and its retention was screened by CPC. The ground 

part consists in grid rods that acted as a shock stimulus. 

First, individual rats were trained and readings were noted 

acquisition, the retention trail was noted 0th, 7th, 14th, and 

21st day. The cut-off time of 120 s was considered for evalu-

ation (Goverdhan et al. 2012).

Index of memory improvement - Exterceptive punishment 

based valence memory and strength of the neuromuscular 

activity of the treated drug.

Novel object recognition (NOR) test

This test is utilized to assess short- and long-term mem-

ory. The test includes both acquisition and retention trials. 
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During the acquisition trial two identical objects (green 

balls) were placed equidistant from each other. Further, 

for 60 s animals were placed in the arm and then placed 

back in the cage. The process was repeated for all the 

animals for 7 days (training period). During this trial 

after a period of 30 min, to avoid the bias for a particu-

lar location of identical and novel objects, interchanged 

the objects from left to right. After training, the same 

methodology was performed for the retention trial after a 

period of 30 min. Here, one green ball (identical object) 

is replaced with the red ball (novel object), and the time is 

taken to explore an object was noted (Antunes et al 2012)

Object exploration recording includes:

• Animal head to orient towards the object within a dis-

tance of 2 cm.

• Animal to sniffing, touching, and licking the object 

with the paws.

Discrimination index (DI in %) was calculated by using 

DI (%) = (A1  − A2)/(A1 + A2) and DI (%).

 = (A1 − B)/(A1 + B) formula.

1. Time spent with familiar object 1 (A1)

2. Time spent with the familiar object 2 (A2)

3. Time spent with the novel object (B)

Index of memory improvement: assessment of working 

memory of the treated drug.

T‑maze test

The test involves both acquisition and retention ses-

sions. Initially, animals were trained for 7 consecutive 

days. After that, on the 0th day (Treatment period) food 

was placed in one side arm (left arm we selected) before 

beginning the experiment. The overnight fasted animal is 

placed in the start box for 60 s. Then, a slow sliding door 

was opened noted the number of entries in the left arm 

(right choices). Similarly, the tests were repeated on day 

12th and 21st day.

% Alternation was calculated by dividing the number 

of entries into the left arm in the acquisition and during 

the treatment period (Wenk et al. 1998).

Index of memory improvement: Assessment of reward 

based memory of the treated drug.

Biochemical estimation

AChE and BChE level in the cerebral cortex 

and hippocampus

At the end of the study, the rats were decapitated, their 

brains removed quickly and kept in ice cold saline. Cor-

tex and hippocampus were isolated and placed in an ice-

cold water container to stop the enzymatic reactions. Ell-

man’s method 1961 was followed to estimate AChE and 

BChE level in the cortex and hippocampus regions of the 

brain. For this, approximately 100 mg of the isolated sec-

tions was weighed and homogenated in Phosphate buffer 

[0.1 M; pH 8.0]. To 0.4 mL above mixture (homogenate) 

was added, (1) 2.6 mL 0.1 M (pH 8) Phosphate buffer 

(2) 100µL of 10 mM 5,5-dithio-bis-(2-nitrobenzoic acid 

(DTNB) and mixed well. Further, 20µL of Acetylthiocho-

line iodide (AChI) (0.075 M) was added to the above mix-

ture. The Abs was then noted at 412 nm for 5 min “The 

rate of moles of substrate hydrolyzed/min/g of tissue is 

calculated by”

where R Rate, in moles of substrate hydrolyzed per min per 

gram of tissue. ΔA change in Abs per min, Co Conc. of tis-

sue (mg/mL).

Determination of MDA level in LPO

To the 0.2 mL of tissue homogenate was taken. 0.2 mL 

of SLS (8.1% w/v) was added followed by 1.5 mL of 20% 

CH3COOH and 1.5 mL TBA (0.8%). The above mixture 

was vortexed for 1 min and diluted up to 4 mL using DM 

water. Further, it was boiled at  900C for 1 h using the water 

bath. The whole mixture was cooled and 1 mL of DM 

water was added followed by 5 mL mixture of “pyridine:n-

butanol” (1:15 v/v). Lastly, the mixture was centrifuged 

at 4000 rpm for 10 min. The Abs of the organic layer was 

read at 532 nm. (Ohkawa et al. 1979; Ramakrishnan et al. 

2015).

Cerebrum malondialdehyde (MDA)  mg−1 of  LPO level 

was estimated and expressed in nanomoles using the 

formula,

MDA = nmoles of MDA/mg of  LPO (P)  in the cer-

ebrum is

where A = Abs at 535  nm, V = Volume of mixture, 

E = Extinction coefficient.

R = 5.74 × 10
−4(ΔA∕Co)

C = A × (V∕E) × P
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Determination of reduced γ‑L‑Glutamyl‑L‑cysteinyl‑
glycine (GSH)

Ellman GL 1959 method was utilized to estimate whole-

brain reduced GSH level. To 0.25 mL of tissue homogen-

ate, 2.5mL sodium phosphate buffer was added followed 

by 50µL (5,5-dithio-bis-(2-nitrobenzoic acid) DTNB [pH 

7.0]. The mixture was then vortexed the above mixture and 

incubated at 25-27°C for 2min. Within 15min, at 412nm, 

Abs of the mixture was read and expressed γ-L-Glutamyl-

L-cysteinyl-glycine (GSH) level in µmoles/mg of tissue.

where Co is the original concentration A is Ab at 412 nm, 

N is molar extinction coefficient i.e. 13,600/M/cm. Dilution 

factor (D).

Determination of SOD

The capacity of SOD to antagonize the auto-oxidation of 

epinephrine to adrenochrome in the presence of alkaline 

ph. To the 25 µL of homogenate sample, added 0.1 mM of 

epinephrine in carbonate buffer (pH 10.2). At 295 nm, the 

adrenochrome formation in the above mixture was measured 

using the ELISA platereader. Further, the SOD level was 

determined from the total protein value and expressed in U/

mg of protein (Misra et al. 1972).

Determination of total protein

Taken, 2.25 mL of 0.5MNaOH was added to 0.25 mL of 

tissue homogenate. Then, 0.5 mL was pipetted out from the 

above mixture and 0.5 mL of 10% TCA was added followed 

by centrifugation at 3000 rpm for 10 min at 4 °C. After, this 

the supernatant was discarded and the remaining precipi-

tate was dissolved in 0.5 mL of 0.5 M NaOH and 2 mL of 

Alkaline mixture. Further, after waiting for 10 min 0.25 mL 

of Folin Ciocâlteu reagent was added followed by another 

span of 10 min after which absorbance was read at 540 nm 

(Sedlak et al. 1968).

Determination of catalase

50 µL of tissue homogenate was mixed with 1.95 mL of 

PBS7.0 pH and 1 mL of 0.7 mM H2O2 solution. The absorb-

ance was read at 240 nm. (Claiborne et al. 1985).

Determination of dopamine level

The level of dopamine in the whole brain was estimated via 

UV–Visible spectroscopy. First, the standard linear curve of 

Co = A × DN

dopamine was derived via serial dilution of standard dopa-

mine (50 to 500 ng/mL).The detect in range of dopamine 

was set to 240–280 nm and the linear curve was obtained 

for Conc. v/s Abs. The supernatant obtained from each test 

group was diluted10 times and the absorbance was read 

at 278 nm to detect the dopamine. Using the y = mx + c 

obtained equation from the linear curve and the sample 

absorbance, the whole brain dopamine level was estimated 

and expressed in ng/g of tissue (Khale et al. 2018).

Histopathology examination

Animals were euthanized at the end of the study, and the 

brain was isolated and placed in 10% formalin. Haematoxy-

lin and eosin were used to stained the cortex and hippocam-

pus slides. An electroscopic microscope with a magnifica-

tion of 10× and 40× was used to examine the lesions.

Statistical analysis

The results were presented as Mean, Standard Error of the 

Mean (SEM) and SD. One-way and two-way ANOVA were 

used to determine the difference between the groups, fol-

lowed by Bonferroni and Tukey's comparison tests, utiliz-

ing GraphPad Prism 6.0. The difference between the groups 

was considered significant and probability level at the 

degree of freedom at 0.05 *,**,***,**** indicates p < 0.05, 

0.01, 0.001, 0.0001 compared. Treatment group with  Con-

trol group respectively & #, ##, ###,#### indicates p < 0.05, 

0.01, 0.001, 0.0001 compared to Negative control with 

Treatment  group respectively.

Results

Plant extraction and phytochemical screening

The extract obtained from the aerial and root part is 64 g 

and 73 g respectively. The percentage yield (w/w) of Canna 

indica L. aerial part methanolic and root hydroalcoholic 

extract was found to be 6.4 and 7.4% respectively. The pre-

liminary phytochemical screening of the aerial and root parts 

of Canna indica revealed the presence of carbohydrates, pro-

teins, amino acids, alkaloids, flavonoids, terpenoids, ster-

oids, polyphenols, tannins and cardiac glycosides.

Total flavonoid and phenolic content

The total flavonoid content of the methanolic extract of 

aerial part and hydroalcoholic extract of the root part of 

Canna indica was found to be 58.58 rutin equivalent/g 

of dry extract weight and 55.25 mg rutin equivalent/g of 

dry extract weight, rutin respectively. Similarly, the total 
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phenolic content of the hydroalcoholic extract of aerial part 

and hydroalcoholic extract of the root part of Canna indica 

was found to be 15 mg gallic acidequivalent/g of dry extract 

weight and 8.83mg gallic acid equivalent/g of dry extract 

weight.

In‑vitro antioxidant assay

DPPH free radical scavenging assay

The IC50 of Ascorbic acid was found to be 84.8153 µg/mL 

and the IC50 of Canna indica aerial part methanolic extract, 

root hydroalcoholic extract, and in combination was found to 

be 15.793, 130.589, 102.92 µg/mL respectively. The DPPH 

radical scavenging activity of Canna indica aerial part meth-

anolic extract was found to be more potent compared to root 

alone and in a combination of aerial and root parts. The % 

inhibition and IC50 value are shown in Fig. 1a.

NO free radical scavenging assay

The IC50 of Ascorbic acid was found to be 133.20 µg/mL 

and the IC50 of Canna indica aerial part methanolic extract, 

root hydroalcoholic extract, and in combination was found to 

be 120.99, 397.77, 298.87 µg/mL respectively. The NO radi-

cal scavenging activity of Canna indica aerial part metha-

nolic extract was found to be more potent compared to root 

alone and in a combination of aerial and root parts. The % 

inhibition and IC50 value are shown in Fig. 1b

In‑vitro AChE inhibitory activity

The IC50 of Donepezil was found to be 10.23 µg/mL and the 

IC50 of Canna indica aerial part methanolic extract and root 

hydroalcoholic extract was found to be 142.397 µg/mL and 

214.666 µg/mL respectively. The AChE Inhibitory Activity 

of Canna indica aerial part methanolic extract was found 

to be more potent compared to root alone. The % inhibition 

and IC50 value are shown Fig. 2 and supplementary Table 1.

In‑vivo studies

Elevated Plus maze (EPM): Effect of Canna indica on Transfer 

latency (TL)

The retrieval of memory “TL” from EPM was determined. 

A decline in the TL indicates the retrieval of memory. On 

the 0th day of the first treatment, the TL was found to be 

Fig. 1  Effect of Canna indica on a) DPPH free radical scavenging activity b) NO free radical scavenging activity

Fig. 2  Effect of Canna indica on AChE inhibition



Evaluation of neuroprotective effects of Canna indica L against aluminium chloride induce…

1 3

similar to that of Acquisition trial readings. However, on 

the 7th day a significant increase in transfer latency (TL) 

was observed in the Negative control group (NC) compared 

to the control group ***p < 0.001, whereas, treatment with 

Donepezil (PC) and CIA 200 showed a significant decline in 

the TL but no significant difference was observed in CIR 200 

and CIA + CIR 200 group compared to NC group. Further, 

on the14th day and 21st day, a significant rise in TL was 

observed in the NC group compared to the control group 

***p < 0.001, whereas the treatment groups saw a decline in 

the TL as compared to NC group Among the three treatment 

groups, CIA 200 and CIA + CIR 200 groups were found be 

most effective as compared to NC and Donepezil group 

###p < 0.001. The effect of CIA, CIR, and CIA + CIR on 

TL is shown in Fig. 3a and supplementary Table 2.

Morris water maze: effect of Canna indica on escape 
latency time (ELT)

Throughout the acquisition trial and on the  0th day no sig-

nificant difference was observed, among the groups. How-

ever, on the 7th day, the Negative control group (NC) exhib-

ited a rise in the Escape latency time (ELT) *** p < 0.001, 

whereas, treatment with CIA 200 and CIA + CIR 200 

showed a decline in the ELT ## p < 0.01, however, no signifi-

cant difference in ELT was observed in the Donepezil and 

CIR200 group compared to NC group## p < 0.01. Further, 

on the 14th day and 21st days a remarkable rise in ELT was 

observed in the NC group ****p < 0.0001compared to the 

control group, whereas, all the treatment groups exhibited a 

decline in ELT as compared to NC group #### p < 0.0001.

The effect of CIA, CIR, and CIA + CIR on ELT is shown in 

Fig. 3b and supplementary table 3.

Actophotometer: effect of Canna indica 
on locomotion activity

Percentage change in locomotion was assessed by the acto-

photometer. On the 0th day and 7th day, no significant 

change in locomotion was observed among all the groups. 

However, on 14th and 21st day, a significant change in loco-

motion was observed in the NC group compared to the con-

trol group (− 1.57 ± 0.309) ****p < 0.0001. The treatment 

of Donepezil, CIA200 (0.762 ± 0.767) #### p < 0.0001 CIR 

200, and CIA + CIR 200 (0.721 ± 0.583) #### p < 0.0001 

reversed the decreased locomotion caused by  AlCl3. The 

percentage change in locomotion is illustrated in Fig. 3c and 

supplementary Table 4.

CPC: effect of Canna indica on escape latency time 
(ELT)

During acquisition and 0th day, no significant difference 

in Escape latency time (ELT) was observed between 

the groups NC (16.33 ± 1.75)***p < 0.001 compared to 

CIR200 (15.67 ± 1.63). However, on the 7th, 14th and 

Fig. 3  Effect of Canna indica on a TL using EPM, b ELT using 

MWM, c) % change in locomotion using Actophotometer, d ELT 

using CPC.*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 is 

compared to Control group; #p < 0.05, ##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to  AlCl3 induced AD group
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21st days a significant increase in the ELT was seen in 

the NC group (23.5 ± 3.020)**** p < 0.0001as com-

pared to the control group (11 ± 1.79), while treatment 

with Donepezil, CIA200 (12.5 ± 1.64) #### p < 0.0001 

and CIA + CIR 200 decreased the ELT (14.5 ± 2.88) 

#### p < 0.0001,When compared to the NC group 

(23.5 ± 3.02)**** p < 0.0001.The effect of Canna indica 

on ELT in CPC is illustrated in Fig. 3c and supplementary 

Table 5.

NOR: effect of Canna indica on discriminatory index

The effect of Canna indica on memory was evaluated via 

NOR by discrimination index for both A1–A2 and A1-B1 

Fig. 4  Effect of Canna indica on novel object recognition a A1–A2 

on 0th day b A1–A2 on 21st day, c A1-B on 0th day, d A1-B on 21st 

day, e DI of A1-B on 0th day, and f DI of A1-B on 21st day.*p < 0.05, 

**p < 0.01, ***p < 0.001, and ****p < 0.0001 is compared to Con-

trol group; #p < 0.05, ##p < 0.01 ###p < 0.001, and ****p < 0.0001 is 

compared to  AlCl3induced AD group
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(Supplementary table 6 and Fig. 4). On the 0th and 21st day, 

no significant difference was observed among all the groups 

for time spent with A1–A2 i.e., there was no significant dif-

ference in the time spent by the rats with the two familiar 

objects. However, on the 0th day, All the groups showed 

remarkable increase in time spent with B object compared to 

A object i.e., the time spent by the rats with the novel object 

(red box) was considerably higher than the time spent with 

the familiar object (green ball) suggestive of good reten-

tion of memory and natural exploratory behavior of the rats 

towards the novel object.

Similarly, on the 21st day, a significant increase in novel 

object recognition (time spent with object B) was observed 

in control, CIA 200 and CIA + CIR compared to A1 object 

(##p < 0.01). Whereas, NC, PC, CIR 200 groups animals 

didn’t show a significant increase in novel object recognition 

behavior. As for the discriminatory index, there was no sig-

nificant difference in the DI among all the groups on the 0th 

day. On the other hand, a remarkable decline in DI was seen 

in the NC compared to the Control whereas PC, CIA 200, 

and CIA + CIR 200 group saw a remarkable rise in the DI.

T‑maze

The effect of Canna.indica on % Alternation was screened 

via T-maze. During 0th and 12th day, no significant dif-

ference in %. Alternation is observed between the groups. 

However, on 21st day, a remarkable decline in % Alternation 

in the NC group was seen compared to the control group 

while % Alternation in the CIA 200 and CIA + CIR 200 

group was remarkably raised when compared to the NC 

group(##p < 0.01). The effect of Canna. indica on % Alter-

nation in T-maze is illustrated in Fig. 5 and Table 7.

In‑vivo biochemical estimations

Acetylcholinesterase level [Hippocampus and Cerebral 

Cortex]:

(A) Canna indica effect on AChE level.

The treatment of  AlCl3 in the NC group remark-

ably increased the level of AChE in the cortex and hip-

pocampus compared to the control group (4.66 ± 0.65). 

However, treatment with Donepezil, CIA200, CIR200, 

and CIA + CIR 200 significantly decreased the level of 

AChE in the cortex (###p < 0.001) and hippocampus 

(p < 0.001***) compared to the NC group. All three treat-

ment groups of Canna indica exhibited a potent inhibi-

tory effect on AChE. The effect of Canna indica on AChE 

enzyme level in the cerebral cortex and hippocampus is 

shown in supplementary table 8 and Fig. 6a, b respectively.

(B) Canna indica effect on BChElevel.

The treatment of  AlCl3 significantly increased the level 

of BChE in the cortex and hippocampus in the NC group 

as compared to the control group. However, treatment with 

Donepezil didn’t show a significant effect on BChE level 

in both cortex and hippocampus compared to the NC group 

while treatment with CIA 200, CIR 200, and CIA + CIR 

200 (0.284 ± 0.153) #### p < 0.0001 significantly 

decreased the level of BChE in the cortex when compared 

to the NC group (1.07 ± 0.11)**** p < 0.0001, On the other 

hand, only CIA 200 and CIA + CIR 200 (0.326 ± 0.095) 

#### p < 0.0001 significantly decreased the level of BChE 

in the hippocampus and CIR200 didn’t show any effect as 

compared to the NC group (0.936 ± 0.079**** p < 0.0001. 

Among three treatment groups of Canna indica, CIA 200 

and CIA + CIR 200 exhibited a potent inhibitory effect on 

BChE. The effect of Canna indica on BChE enzyme level 

in the cerebral cortex and hippocampus is shown in sup-

plementary table 9 and Fig. 6c, d respectively.

Canna indica effect on reduced GSH

Treatment with  AlCl3 in the NC group remarkably reduced 

GSH level in the whole brain compared to the control 

group. However, treatment with Donepezil, CIA 200, and 

CIA + CIR 200 (### p < 0.001) significantly increased the 

Fig. 5  Effect of Canna indica 

on percentage alternation 

using T-Maze. *p < 0.05, 

**p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared 

to Normal group; #p < 0.05, 

##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to 

 AlCl3 induced AD group
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level of GSH compared to the NC group (***p < 0.001). 

Further, no significant change in GSH level is observed in 

the CIR200group compared to the NC group. The effect 

of Canna indica on whole brain GSH level is shown in 

supplementary Table 10 and Fig. 7a.

Canna indica effect on malondialdehyde (MDA) level

Treatment with  AlCl3 in the NC group remarkably raised 

MDA level in the whole brain compared to the control 

group. However, treatment with Donepezil, CIA200, and 

CIA + CIR 200 (###p < 0.001) remarkably decreased the 

level of MDA compared to the NC group (***p < 0.001). 

Further, no significant change in MDA level is observed in 

the CIR200 group compared to the NC group. The effect of 

Canna indica on whole-brain MDA level is shown in sup-

plementary table 10 and Fig. 7b.

Canna indica effect on total protein (TP)

The treatment with  AlCl3 in the NC group didn’t show a 

significant change in TP level but showed a slight increase 

in TP level in the whole brain compared to normal. How-

ever, treatment with Donepezil showed, not significant 

but decrease in the TP level compared to the NC. Further, 

CIA + CIR 200 and CIR200 didn’t show a change in TP 

level, however, CIA 200 showed not significant but a slight 

decrease in TP level compared to the NC group. The effect 

of Canna indica on whole brain TP level is shown in sup-

plementary table 10 and Fig. 7c respectively.

Canna indica effect on superoxide dismutase (SOD)

The treatment with  AlCl3 in the NC group decreased the 

SOD level in the whole cerebrum compared to normal but 

data was found statistically non-significant. Also, Donepezil, 

CIA 200, CIR 200, and CIA + CIR 200 treatment didn’t 

show any significant change in SOD level compared to the 

Fig. 6  Effect of Canna indica on brain AChE and BChE level. a 

AChE in cortex, b AChE in Hippocamous, c BChE in cortex, and 

d BChE in Hippocampus. *p < 0.05, **p < 0.01, ***p < 0.001, and 

****p < 0.0001 is compared to Normal group; #p < 0.05, ##p < 0.01 

###p < 0.001, and ****p < 0.0001 is compared to  AlCl3 induced AD 

group
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NC group. The effect of Canna indica on whole brain SOD 

level is shown in supplementary Table 10 and Fig. 7d.

Canna indica effect on catalase CAT 

Treatment with  AlCl3 in the NC group didn’t show a sig-

nificant change in CAT level but showed a decrease in CAT 

level in the whole cerebrum. Also, Donepezil treatment 

showed slight increase in the CAT level but didn’t show any 

significant change compared to the negative control. Further, 

CIA 200 and CIR 200 didn’t show CAT activity, however, 

combination therapy CIA + CIR 200 showed not significant 

but a slight increase in CAT level compared to the NC group. 

The effect of Canna indica on whole brain CAT level is 

shown in supplementary Table 10 and Fig. 7e.

Canna indica effect on dopamine level

Treatment with  AlCl3 in the NC group remarkably decreased 

Dopamine level in the whole cerebrum compared to the 

control group. However, treatment with Donepezil, CIA 

200, CIR 200 and CIA + CIR 200 (0.123 ± 0.026) #### 

p < 0.0001 remarkably increased the level of Dopamine as 

compared to the NC group (0.04 ± 0.007****). The effect of 

Canna indica on whole brain Dopamine level is shown in 

supplementary Table 11 and Fig. 7f.

Effect of Canna indica on whole‑brain 
histopathology

The histology of the control group cerebrum indicated mild 

cerebral oedema, cerebral congestion, neuronal eosinophilia, 

meningeal congestion, and no change was observed in RBC 

extravasation, macrophage influx, neuronal micro vacuoli-

zation, neuronal nuclear pyknosis, neutrophilic infiltration, 

neuronal karyorrhexis, reactive gliosis and vascular prolif-

eration. However, the NC group histogram indicated severe 

damage in the above mentioned parameters (+ +  + to +). 

The PC and CIA and CIA + CIR groups reversed the  AlCl3 

induced damage. The histopathology of the brain (cortex 

and hippocampus) at 10 × and 40 × magnification is shown 

in Figs. 8 and Fig. 9 respectively and Table 12 (Table 1).

Discussion

The neuroprotective and memory enhancing mechanism 

of action of Canna indica has been shown in this study 

via in  vitro and in vivo. Firstly, using the interceptive 

Fig. 7  Effect of C. indica on whole brain antioxidant markers and 

dopamine level. a GSH, b LPO, c TP, d SOD, e CAT, and f Dopa-

mine level. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 is 

compared to Normal group; #p < 0.05, ##p < 0.01 ###p < 0.001, and 

****p < 0.0001 is compared to  AlCl3 induced AD group
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and exterceptive models like MWM, EPM, Actophotom-

eter, CPC, NOR, and T-Maze, analyzing the biochemical 

(AChE, BChE, GSH, MDA, TP, SOD, CAT, Dopamine) 

level from the cerebrum, the memory restoring function of 

Canna indica against  AlCl3 mediated memory dysfunction 

in rats was investigated. The MWM was used to assess spa-

tial memory. Administration of  AlCl3 significantly raises 

the ELT and treatment with Donepezil and Canna indica 

[A+R] indicated a critical decline in ELT. EPM was used 

to determine the transfer latency (TL). The TL was signifi-

cantly increased in the  AlCl3 treated rats. However, pro-

longed Donepezil and Canna indica [A+R] treatment for 

21 days lead to a remarkable reduction in TL. The change 

in body movement was observed by measuring locomo-

tor activity through actophotometer. Administration of 

 AlCl3 significantly decreased locomotory activity in rats and 

Fig. 8  Effect of C. indica on cortex. a ×10 b ×40. 1) Control 2) NC 3) PC 4) CIA200, 5) CIR200, 6) CIA + CIR 200

Fig. 9  Effect of C. indica on hippocampus. a ×10 b ×40. 1) Control 2) NC 3) PC 4) CIA200 5) CIR2006) CIA + CIR 200
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treatment with Donepezil and Canna indica reversed this 

mechanism. Further, CPC was used to investigate cognitive 

function, primarily a response to conditioned stimuli during 

learning and memory. AD induced using  AlCl3 exhibited 

a noteworthy rise in ELT on day 21st and treatment with 

Canna indica [A+R] and Donepezil successfully reversed 

this change. Further, to analyze the recognition memory and 

the ability to discriminate between two discrete objects, the 

NOR apparatus was used. Treatment with  AlCl3 exhibited a 

significant decline in the discriminatory index on day 21st 

while treatment with Canna indica [A andA+R] and Done-

pezil remarkably raised the discriminatory index. Finally, the 

exploratory behavior as well as the working memory of the 

rats was analyzed by using the T-maze apparatus. Treatment 

with  AlCl3 exhibited a remarkable decline in % alternation 

on day 21st and treatment with Canna indica [A+R] signifi-

cantly raised the % alternation. These findings suggest that 

Canna indica memory improving function protects against 

 AlCl3 Induced memory loss.

Cholinesterase’s function, GSH, MDA, TP, SOD, CAT, 

and Dopamine level in the cerebrum were examined. The 

level of ACh and BCh chemicals associated with memory 

improvement, is diminished in AD because of fast hydroly-

sis by AChE and BChE action respectively. In the present 

study, the Invitro results suggest that CIA and CIR possess 

an AChE inhibitory potency. Similarly, chronic administra-

tion of CIA and CIR in rats exhibited a remarkable reduc-

tion in the AChE and BChE activity in both cortex and 

hippocampus, which suggests that Canna indica [A and R] 

both possess AChE and BChE inhibitory activity in a dose 

dependent manner. This may be due to the presence of vari-

ous phytoconstituents in the plant such as flavonoids, terpe-

nes, sesquiterpenes and sterols.

During physiological and pathological processes, free 

radicals and reactive oxygen species (ROS) are generated 

ROS are important in phagocytosis, enzyme activation, 

and cell cycle control, among other cell signaling path-

ways. (Manoharan et al. 2016) An imbalance in free radi-

cal and reactive oxygen species (ROS) formation weakest 

the antioxidant defense system, resulting in cell damage 

and inflammation. O3, H2O2, and NO2 are the primary 

free radicals involved in oxidative stress and the develop-

ment of AD.Further, more the generation (production) of 

ROS causes a variety of undesirable effects, including DNA 

harm, lipid peroxidation, and protein mutilation. It is well-

known that “plant extracts with higher flavonoid and phe-

nolic content have the highest DPPH scavenging and nitric 

oxide scavenging activity” (Manoharan et al. 2016). In the 

present study, in vitro antioxidant assays showed that Canna 

indica to possess DPPH and NO radical scavenging activ-

ity. Further, administration of CIA and CIR showed remark-

able change in the antioxidant level in the whole brain viz., 

GSH, MDA, TP, and CAT level. The antioxidant effect of Ta
b
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Canna indica may be due to the abundant presence of fla-

vonoids and triterpenoids in the plant. Further, Dopamine a 

neurotransmitter present in the VTA, is involved in reward 

motivated actions and aids in the regulation of expression 

and the formation of new memories. In the present study 

investigation,  AlCl3 administration significantly decreased 

the level of Dopamine, and treatment with Donepezil and 

Canna indica reversed the above changes in dopamine 

level. Lastly, the histopathology examination of the brain of 

the normal animals revealed no significant changes, while 

the histopathology of the cerebrum in animals treated with 

 AlCl3 revealed significant changes viz., cerebral oedema, 

cerebral congestion, neuronal eosinophilia, meningeal con-

gestion etc. Also, it was found that CA1 neurons and CA3 

neurons (subdivision of CA1 neurons) which are majorly 

implicated in the formation and retrieval of hippocampal 

dependent memories were significantly disrupted. (Bartsch 

et al. 2011) Treatment with Donepezil and Canna indica on 

the other hand, resulted in normal histopathology of the cer-

ebrum, indicating that Donepezil and Canna indica reversed 

the harm caused by  AlCl3.

Conclusion

In this study, In vivo and In vitro experiments were 

employed to decode the intramolecular interaction of 

Canna indica memory enhancement activity. Chronic 

Canna indica therapy improves memory damage caused 

by  AlCl3 by restoring cholinergic system activity, regulat-

ing antioxidant pathways, and increasing dopamine levels. 

The study utilized MWM, EPM, CPC, Actophotometer, 

NOR, and T-Maze to demonstrate the memory functions 

modulated by both  AlCl3 and Canna indica. It can be said 

that the study results are comparable with the clinically 

approved molecule Donepezil. However, the current study 

is only limited to preclinical and which further validation 

using other AD models and gene expression level studies 

are needed to be carryout to explore the Canna indica 

pharmacotherapy in Alzheimer disease.

Supplementary Information The online version contains supplemen-

tary material available at https:// doi. org/ 10. 1007/ s13596- 021- 00627-x.
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Abstract

The present study is aimed to evaluate the effect of ylang ylang essential oil in alcohol induced hepatotoxicity in rats. Alco-

hol was used as an inducing agent and Silymarin as a standard molecule. Body weight was measured at a 3 days interval till 

the twenty first day and at the end of the study, serum AST, ALT, TP, TC, TG, and TB biomarkers were estimated. Further, 

the liver tissue was evaluated for antioxidant enzymes namely CAT, LPO, SOD and GSH level. Liver weight and histopa-

thology was accessed at the end. Phytocompounds were shortlisted from literature and curated databases. Probable targets 

of each compound were identified using the SwissTargetPrediction web server. Probable mechanisms of phytocompounds 

against Alcohol induced hepatotoxicity were analyzed by the STRING and KEGG pathway database. The network between 

compounds, targets, and pathways was generated via Cytoscape ver. 3.6.1. Docking was performed by AutoDock vina using 

PyRx0.8v. YYEO group showed increased BW compared to alcohol group and also reversed the increased serum AST, ALT, 

TP, TC, TG, and TB biomarkers and also increased the level of antioxidant enzymes compared to alcohol induced group. 

YYEO 400 mg/kg exhibited normal liver weight and histology compared to alcohol. Enrichment and network analysis iden-

tified YYEO 63 compounds as beneficial modulators of protein molecules associated with hepatotoxicity via modulating 

Toll-like receptor, Adipocytokine, TNF, Sphingolipid, FoxO, AMPK, Relaxin, MAPK, NF-kappa B, HIF-1, Fc epsilon RI, 

IL-17, VEGF, T cell receptor, NOD-like receptor, mTOR, PI3K- Akt signaling pathway, etc. Canangaterpene 1 was identi-

fied as a potent inhibitor of aldose reductase.
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Introduction

The liver is the biggest glandular organ in the body and has 

maximum activities than other organs in the body. The Liver 

has a pivotal role in human metabolism and it produces so 

many actions related to haematology parameters, biochemi-

cal parameters, and enzyme-related activities (Sharma et al. 

2009). As it is a major functional organ, injury or infection 

to this organ causes a lot of alterations in the human body. 

Hepatic injury happens because of contagions, certain medi-

cations, natural and social factors, for example, liquor abuse 

or alcoholism, drug abuse, etc. (Ali et al. 2004).

One of the major problems associated with hepatic 

injury/damage is the continued consumption of alcohol 

by the locals as well as professionals. Alcohol misuse and 

reliance are turning out to be an undeniably major issue 

around the world because of its temperament as quite pos-

sibly the most generally psychoactive substance. Regular 
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and exorbitant liquor utilization leads to around a 2.5 mil-

lion deaths/year. Alcohol instigated liver injury is a lead-

ing main danger issue for the advancement of multiple 

liver sicknesses. Massive changes occur in tissue defense 

capacity after usage of liquor, along with modified reticu-

loendothelial paintings just as altered immune, platelet 

capacities, granulocyte, lymphocyte (McCuskey et  al. 

1991).

The utilization of herbs constituents for the manage-

ment of liver illnesses has a long past and therapeutic 

herbs and their moieties are as yet utilized everywhere in 

the world in one form or the other for this reason. Numer-

ous medicinal plants and their derivatives were used as 

hepato- protectants. The traditional plants available as 

hepatoprotective are Acacia catechu, Zingiber officinale, 

Podophyllum hexandrum, Garcinia indica, Asparagus 

racemosus, and many more (Amit et  al. 2014). Also, 

numerous essential oils played a crucial role in the reg-

ulation of hepatotoxicity due to their high content of 

steroidal compounds.

Among the essential oils obtained from the different 

parts of plants, Ylang Ylang essential oil (YYEO) sepa-

rated from the blossoms of Cananga odorata is prestig-

ious for its scent and used in different makeup, massage 

oils, creams, fragrances, etc. It is extracted by water/water 

and steam distillation. Customarily YYEO is utilized in 

treating rheumatism, asthma, antiseptic, gout, stomach 

ailments, malaria, depression. The essential oil is spe-

cifically believed to be antimicrobial, antibiofilm, anti-

inflammatory, anti-vector, insect repellent, anti-diabetic, 

and anti-fertility and anti- melanogenesis, antioxidants, 

etc (Burdock et al. 2008). YYEO consisting of 161 bioac-

tive constituents (reported) or more out of which eugenol, 

linalool, linalyl acetate, geranyl acetate, germacrene-d, 

beta- caryophyllene, farnesene, methyl benzoate, geran-

iol, and quercetin are said to be useful in hepatoprotection. 

However, no such scientific data are available on in silico 

and in vivo based hepatoprotective actions by YYEO to 

validate folkfore claims.

In the field of drug discovery, currently available system 

biology data in combination with computational or chemo-

informatics approaches are being continuously applied to 

elucidate the molecular mechanisms of herbs/traditional 

medicines or polyherbal formulation. These methods help 

researchers to understand the complex relations between 

the regulation of pathways and protein molecules by 

phytocompounds.

Thus, based on earlier study reports as mentioned above, 

the present study is directed to examine the liver protec-

tion potency of YYEO by in silico tools (target identifica-

tion, enrichment analysis, system pharmacology by network 

analysis, docking, and druggability studies), and by in vivo 

studies in rodents.

Materials and methods

Materials used in the current study

Drugs, chemicals, reagents and diagnostic kits

Silymarin Tablets Silybon-140, Alcohol, Sodium, DTNB 

(Ellman’s reagent), Potassium dihydrogen phosphate, DPPH, 

Aspartate aminotransferase kit (AST kit), Alanine transami-

nase kit (ALT kit), Total protein kit, Bilirubin kit, Total cho-

lesterol Kit (TC kit), etc. were used during the study.

Instruments utilized

Micropipettes (Finepipette, Thermo Labsystems), cuvettes 

(0.5 and 3 ml), microplate reader (BioRad, model550), auto-

analyzer, microcentrifuge (Remi, R & C), incubator, Teflon 

homogeniser, rotary vacuum evaporator (JSGW) and many 

more.

Dose selection for Ylang Ylang essential oil (YYEO)

YYEO was procured from the certified vendor. As reported 

in the earlier acute-toxicity studies showed no mortal-

ity amongst the treated animals at a dose of 2000 mg/kg 

(14 days). Depending onearlier studies, YYEO therapeutic 

dose was identified to be safe at 100, 200, and 400 mg/kg 

BW. Thus 1/5th, 1/10th, 1/20th of the  LD50 2000 mg/kg as 

mentioned above were administered orally for the proposed 

experiment (Mohan et al. 2002).

In‑vitro antioxidant activity

The DPPH free radical scavenging assay of Ylang Ylang 

essential oil was performed as explained by Baba et al. 

(2014). Similarly, the nitrous oxide free radical scavenging 

assay was carried out as illustrated by Boora et al. (2014). 

Ascorbic acid was used as a standard. Suitable controls were 

taken for standard and test compounds and  IC50 value was 

calculated.

Animals

Male wistar rats weighing 180–220 g were used for the experi-

ment. All the animals were housed in a hygienic and trans-

lucent polypropylenecage and randomized into six groups 

(N = 6 and n = 6) N = Number of groups and n = Number of 

animals in each group. All the animals were kept under 12/12 h 

natural light–dark cycle [27 °C temp. and 45–55% RH]. The 

overall research procedure was revised and approved by the 
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IAEC, KLE College of Pharmacy, Belagavi. Resolution No- 

KLECOP/CPCSEA- Reg. No. 221/Po/Re/S/2000/CPCSEA, 

Res. No. 29-03/09/2020.

Experimental study design

Group I received normal food and water. Group-II (nega-

tive control) received Alcohol (40%) 3 ml/day orally q.d. 

up to 21 days. Group III (Positive control) received Sily-

marin 50 mg/kg orally and alcohol 3 ml/day p.o. q.d. up to 

21 days. Group IV, V and VI (Disease induced) received 

alcohol (40%) 3 ml/day p.o. and Ylang Ylang essential oil 

100, 200, and 400 mg/kg body weight p.o. once daily for 

21 days respectively. The grouping of animals is illustrated 

in Table 1. At the end of the study blood was withdrawn 

via “retro-orbital plexus puncture” and was subjected for 

the biochemical estimation viz., TP, TC, AST, and ALT; 

whereas hepatic tissue homogenate was utilized for the eval-

uation of antioxidant biomarkers viz., LPO, SOD, Catalase, 

and GSH.

In‑vivo biochemical estimations

At the end of the study, blood was collected from retro-

orbital plexus. The collected blood was centrifuged at 

3000 rpm for 10 min to separate serum for the estimation 

of liver parameters such as AST/SGPT, ALT/SGOT, Total-

Protein, Total Cholesterol and Total Bilirubin. All these 

parameters were measured by the YUCCA Kit Standard 

Procedures.

In‑vivo antioxidant activity

Determination of LPO

Ohkawa et al. (1979) method was used to estimate the level 

of MDA in the liver tissue. To 0.2 ml of tissue homogenate 

0.2 ml of SLS (8.1% w/v) was added followed by 1.5 ml of 

20%  CH3COOH and 1.5 ml TBA (0.8%). The above mix-

ture was for 1 min and diluted up to 4 ml using DM water. 

Further, it was boiled at 90 °C for 1 h using the water bath. 

The whole mixture was cooled and 1 mL of DM water was 

added followed by 5 mL [n-butanol: Pyridine, 15:1 v/v) mix-

ture and for 10 min the solution is centrifuged [rpm: 4000]. 

The Abs of the organic layer was noted at 532 nm. The cer-

ebrum malondialdehyde (MDA)  mg−1 of protein level was 

estimated and expressed in nanomoles using the formula,

MDA = nmoles of MDA/mg of protein in the liver is

where A = Abs, V = Mixture volume, E = 1.56 ×  105 m/cm 

extinction coefficient, P = mg of protein per g of tissue.

Data represented in “nM of MDA/mg of protein”.

Determination of reduced GSH

Ellman (1959) method was utilized to estimate liver tissue 

reduced GSH level. To 0.25 ml of tissue homogenate was 

added 2.5 ml sodium phosphate buffer followed by 50 µl 

DTNB [pH 7.0]. The above mixture was vortexed and incu-

bated at 25-270C for 2 min. Within 15 min, at 412 nm, read 

the mixture Abs and expressed GSH level in “µmoles/mg 

of tissue”.

where C0 is the original concentration, A is Absorbance, € 

is 13,600/M/cm, D is the “dilution factor”.

Determination of catalase

50 µl of tissue homogenate was mixed with 1.95 ml of PBS 

7.0pH and 1 ml of 0.7 mM  H2O2 solution. Then the absorb-

ance was at 240 nm (Claiborne et al. 1985).

Determination of SOD

The capacity of SOD to antagonize the auto-oxidation of 

epinephrine to adrenochrome in the presence of alkaline 

pH. To the 25 µl of homogenate sample, 0.1 mM of epineph-

rine was added in carbonate buffer (pH 10.2). At 295 nm, 

the adrenochrome formation in the above mixture was meas-

ured using the ELISA plate reader. Further, the CAT and 

SOD levels were determined from the total protein value and 

expressed in U/mg of protein (Sun et al. 1978).

Concentration = A × (V∕E) × P

C0 = A × D

C

Table 1  In vivo study plan, 

N = 6 and n = 6
Animal groups (N = 6) Treatment

Group I (Normal group) Receives normal food and water

Group II (Negative control group) Alcohol (40%) 3 ml/day for 21 days

Group III (Positive control group) Silymarin 50 mg/kg + Alcohol 3 ml/day p.o for 21 days

Group IV YYEO (100 mg/kg p.o.) + Alcohol 3 ml/day p.o for 21 days

Group V YYEO (200 mg/kg p.o.) + Alcohol 3 ml/day p.o for 21 days

Group VI YYEO (400 mg/kg p.o.) + Alcohol 3 ml/day p.o for 21 days
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Histological preparations

The liver tissues from all the groups were added to 10% 

formalin solution and these tissues were processed and 

implanted in paraffin wax. Sections were cut into 6 µm thick-

ness and added with haemotoxylin and eosin dye for low 

power histopathological examination at 40 × magnification.

In silico studies

1. Retrieval of bioactives from YYEO and collection of 

their information

  The reported bioactive from the YYEO were retrieved 

from the published literature and phytochemical data-

bases. The chemical properties of each bioactive phyto-

compounds were assessed from the PubChem database 

viz., Canonical smiles, MW, MF, NHBA, NHBD, and 

logP values. The Druggability of each bioactive mol-

ecule was predicted by the molsoft online server.

2. Target identification

(a) Targets related to Alcohol

  A peer review of the literature was done to iden-

tify the specific protein molecules regulated by 

Alcohol in rodents and cell lines. Based on the 

literature, a datasheet was built for Alcohol regu-

lated genes that are associated with hepatotoxicity.

(b) Targets related to phytocompounds

Canonical smiles of each compound are quired into Swis-

sTargetPrediction (http:// www. swiss targe tpred iction. ch/) 

server to predict the probable protein molecules.

3. Targets (genes) enrichment analysis

(a) Alcohol-modulated genes protein–protein interac-

tions network was analysed by the STRING data-

base and their molecular pathways were analysed 

by the KEGG pathways. Further, pathways associ-

ated with hepatotoxicity and its complications are 

sorted manually and a datasheet was prepared.

(b) Phytocompounds regulated set of genes protein–

protein interactions network was analyzed by the 

STRING database and their molecular pathways 

were analyzed by the KEGG pathways. Further, 

pathways associated with hepatotoxicity and its 

complications are sorted manually and a datasheet 

was prepared.

4. Network construction

  Based on the pathways analysis, the network between 

(i) Alcohol, its targets, and pathways; (ii) phytocom-

pounds-proteins-pathways were constructed by the 

Cytoscape ver. 3.6.1. The edge count topological param-

eter was applied for assessing the degree of interaction 

among the multiple nodes to identify the maximum 

interacting protein molecules and pathways.

5. Docking studies

Phytocompounds 2D and 3D structures were downloaded 

from the PubChem and converted 2D into 3D using Marvin 

sketch software. The energy minimization step for com-

pounds was carried out using MMFF94 forcefield by open 

babel to minimize the clashes during docking simulation. 

X-ray crystallographic structure of protein molecules was 

retrieved from the RCSB PDB. Docking of protein–ligand 

was carried out by PyRx 0.8v software and their interactions 

were visualized by Discovery Studio Visualizer 2019.

Statistical analysis

The data were expressed in mean ± SEM/SD and assessed 

via “one-way ANOVA” followed by “Dunnet’s multiple 

comparison” executing through GraphPad Prism. p < 0.05 

were considered statistically significant.

Results

Antioxidant activity

DPPH free radical scavenging activity

Scavenging effect of DPPH plotted in a graph with Absorb-

ance vs Concentration of Ylang Ylang oil and compared 

with Ascorbic acid (Standard antioxidant agent). The DPPH 

scavenging response was found to be dose-dependent. All 

the concentrations of Ylang Ylang oil exhibited DPPH 

scavenging property. The concentration of 400 and 800 µg/

ml showed the highest percentage inhibition i.e., 72.61% 

and 77.71% respectively. On the other hand, standard drug 

Ascorbic Acid exhibited a percentage inhibition of 85.99% 

and 92.99%.The  IC50 value of YYEO was identified to be 

221.08 µg/ml while Std molecule Ascorbic acid exhibited an 

 IC50 value of 84.82 µg/ml. The DPPH free radical scaveng-

ing activity of YYEO is shown in Fig. 1a.

NO free radical scavenging activity

Nitrous Oxide (NO) radical scavenging assay performed 

for YYEO and Ascorbic acid at 50–800 µg/ml concen-

tration and % free radical scavenging was plotted against 

concentrations of Ylang Ylang oil v/s absorbance. At the 

concentration 800 µg/ml, YYEO showed percentage inhi-

bition of 75.14% whereas Standard Drug Ascorbic acid 

showed 97.84% inhibition. YYEO exhibited an  IC50 value 

http://www.swisstargetprediction.ch/
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of 371.83 µg/ml whereas Standard molecule Ascorbic acid 

showed 133.30 µg/ml.The NO free radical scavenging activ-

ity of YYEO is shown in Fig. 1b.

Effect of YYLE on body weight

The effect of YYLE on body weight in normal, Alcohol-

induced liver toxicity and YYEO treated rats were exam-

ined and % change in body weight is given in Supplemen-

tary Table 1 and Fig. 2. In normal treated rats, a gradual 

increase in the bodyweight is observed from day 0 to 30 

i.e., 2.36% on 0th day and 21.95% (p < 0.001) on day 30th. 

However, in the alcohol-treated group, an increase in body 

weight on 0th (2.23%), 3rd day (3.59%), and 6th day (5.73%) 

was observed and from day 9 (5.11%) to day 30 (− 1.19%) 

(p < 0.001) gradual decline in body weight was observed. 

Further, the positive control group (Silymarin) reversed the 

alcohol-induced decreased body weight that showed initially 

a 2% increase in body weight 0th day and 17.79% (p < 0.001) 

on the 30th day. Similarly, YYEO 200 and 400 mg/kg exhib-

ited gradual increase in the body weight from day 0 (3.58%, 

2.72%) to day 30 (9.37%, 17.65%).

Serum biochemical and enzyme estimations

The overall data is represented in Supplementary Table 2 

and Fig. 3.

Total protein

Disease control (115.55 ± 4.23), Positive Control 

(70.38 ± 4.02), 100 mg/kg group (97.24 ± 1.51) and 200 mg/

kg (82.13 ± 1.94) displayed significant (p < 0.001, p < 0.05, 

p < 0.001 and p < 0.001) enhancement in TP level compared 

to Normal (67.28 ± 1.59). In treated groups such as Posi-

tive Control, 100, 200, and 400 mg/kg (70.36 ± 3.21), DC 

displayed significant (p < 0.001) increase in TP level. 100 

and 200 mg/kg exhibited remarkable (p < 0.001, p < 0.001) 

increase in TP level compared to PC. 200 mg/kg and 400 mg/

kg of YYEO displayed remarkable (p < 0.001) reduction in 

TP level compared to 100 mg/kg (Fig. 3a).

Total cholesterol

Disease control (3.22 ± 0.04), 100 mg/kg (2.86 ± 0.03), 

200 mg/kg (1.84 ± 0.03) and 400 mg/kg (1.49 ± 0.02) exhib-

ited remarkable (p < 0.001, p < 0.001 and p < 0.05) increased 

TC level compared to Normal (1.44 ± 0.03). DC group 

exhibited remarkable (p < 0.001) increase (3.22 ± 0.04) 

in TC level compared to Positive Control (1.49 ± 0.01), 

100  mg/kg (2.86 ± 0.03), 200  mg/kg (1.84 ± 0.03) and 

400 mg/kg (1.49 ± 0.02). In contrast to Positive Control, 

100 mg/kg and 200 mg/kg displayed remarkable (p < 0.001) 

TC level enhancement. In accordance with 100 mg/kg, 200 

Fig. 1  Effect of YYEO on a DPPH free radical scavenging activity b NO free radical scavenging activity

Fig. 2  Effect of YYEO on body weight. All values are expressed as 

Mean ± SEM where n = 6. *p < 0.05, **p < 0.01 and ***p < 0.001 

compared to Normal, #p < 0.05, ###p < 0.001 when compared to DC, 

ΔΔΔp < 0.001 when compared to PC, @@p < 0.01, @@@p < 0.001 

compared to Low Dose, ^p < 0.05, ^^^p < 0.001 compared Mid Dose
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and 400 mg/kg resulted in significant (p < 0.001) reduction 

in TC level (Fig. 3b).

Aspartate aminotransferase

Disease control  (379.86 ± 16.30) ,  100  mg/kg 

(319.29 ± 17.57) and 200 mg/kg (188.87 ± 7.29) exhibited 

remarkable (p < 0.001) raise in AST level compared to 

Normal (112.11 ± 6.30). In accordance with treated groups 

(Positive Control (125.81 ± 3.42), 100 mg/kg, 200 mg/kg 

and 400 mg/kg (121.87 ± 1.84), Disease control group exhib-

ited remarkable (p < 0.001) raise in AST level. Compared 

to Positive Control, 100 mg/kg and 200 mg/kg group and 

400 mg/kg was exhibited remarkable (p < 0.001) elevation 

in AST level. 200 and 400 mg/kg group exhibited remark-

able (p < 0.001) decline in AST level compared to 100 mg/

kg group. Remarkable (p < 0.001) decline in AST level was 

seen in 400 mg/kg, when compared to 200 mg/kg (Fig. 3c).

Alanine aminotransferase

Disease control (286.85 ± 6.533), Positive Control 

(104.34 ± 2.945), 100 mg/kg (253.93 ± 3.145), 200 mg/kg 

(141.76 ± 7.291) and 400 mg/kg (104.61 ± 2.911) resulted 

remarkable (p < 0.001) rise in ALT level on compared 

to Normal (89.64 ± 3.124). Compared to treated groups 

(Positive Control, 100, 200 and 400 mg/kg), DC group 

showed significant (p < 0.001) increase in ALT level. 100 

and 200 mg/kg groups were showing remarkable rise in 

ALT level compared to Positive Control. 200 and 400 mg/

kg were showing remarkable (p < 0.001) decline in ALT 

level compared to 100 mg/kg. A significant (p < 0.001) 

decrease in AST level was seen in 400 mg/kg, when com-

pared to 200 mg/kg treated group (Fig. 3d).

Bilirubin

Disease control (3.95 ± 0.40), 100 mg/kg (3.84 ± 0.15), 

200  mg/kg (2.81 ± 0.11) and 400  mg/kg (1.95 ± 0.08) 

showed remarkable (p < 0.001, p < 0.001 and p < 0.05) 

rise in bilirubin compared to Normal (1.96 ± 0.09). While, 

Positive Control (1.96 ± 0.09), 100, 200, and 400 mg/kg 

exhibited remarkable (p < 0.001) decline in bilirubin. In 

contrast to Positive Control, 100 and 200 mg/kg displayed 

remarkable (p < 0.001) bilirubin level enhancement. In 

Fig. 3  Effect of YYEO on a total protein b total cholesterol c 

AST d ALT e Bilirubin f liver weight. All values are expressed as 

Mean ± SEM where n = 6. *p < 0.05, **p < 0.01 and ***p < 0.001 

compared to Normal, #p < 0.05, ###p < 0.001 when compared to DC, 

ΔΔΔp < 0.001 when compared to PC, @@p < 0.01, @@@p < 0.001 

compared to Low Dose, ^p < 0.05, ^^^p < 0.001 compared Mid Dose
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accordance with 100, 200, and 400 mg/kg resulted in 

remarkable (p < 0.001) decline in bilirubin (Fig. 3e).

In‑vivo antioxidant activity

The overall data is represented in Supplementary Table 3 

and Figs. 4 and 5.

Catalase

There is no remarkable difference shown among the control, 

DC and other treated groups. DC (41.67 ± 15.259), Posi-

tiveControl (54.49 ± 12.275), 100 mg/kg (38.46 ± 7.402), 

200 mg/kg (44.87 ± 9.065) and 400 mg/kg (51.28 ± 9.065) 

groups were exhibited decline in CAT level compared to 

Normal (54.49 ± 8.276). In contrast to treated groups (Posi-

tive Control 100, 200, and 400 mg/kg), DC exhibited decline 

in CAT level (Fig. 4a).

Lipid peroxidation

DC (49.68 ± 3.205) exhibited remarkable (p < 0.001) rise in 

LPO level on comparing to Normal Group (20.83 ± 6.137). 

Treated groups such as Positive Control (25.64 ± 5.234), 

100 mg/kg (35.26 ± 3.701), 200 mg/kg (30.45 ± 6.137) and 

400 mg/kg (20.83 ± 6.137) exhibited remarkable (p < 0.001, 

p < 0.05, p < 0.001, p < 0.001) decline in LPO level com-

pared to Disease control. On comparing with Positive Con-

trol group, 100 mg/kg and 200 mg/kg groups exhibited 

decline in LPO level. However, 400 mg/kg group exhib-

ited remarkable (p < 0.01, p < 0.05) decline in LPO level 

compared to 100 mg/kg and 200 mg/kg group respectively 

(Fig. 4b).

Superoxide dismutase

There is no remarkable difference shown between the con-

trol, DC, and all the treated groups. DC (70.03 ± 109.065) 

exhibited a decline in SOD level compared to the Normal 

Group (243.86 ± 49.503). Treated groups such as Positive 

Control (99.71 ± 165.819), 200 mg/kg (144.50 ± 121.465) 

and 400 mg/kg (141.55 ± 339.445) exhibited decline in SOD 

level compared to DC. 200, and 400 mg/kg group exhib-

ited decline in SOD level compared to 100 mg/kg group 

(Fig. 4c).

Fig. 4  Effect of YYEO on a CAT b LPO c SOD. All values are 

expressed as Mean ± SEM where n = 6. *p < 0.05, **p < 0.01 and 

***p < 0.001 compare to Normal, #p < 0.05, ###p < 0.001 when com-

pared to DC, ΔΔΔp < 0.001 when compared to PC, @@ p < 0.01, 

@@@p < 0.001 compared to Low Dose, ^p < 0.05, ^^^p < 0.001 

compared Mid Dose

Fig. 5  Effect of YYEO on GSH. All values are expressed as 

Mean ± SEM where n = 6. *p < 0.05, **p < 0.01 and ***p < 0.001 

compare to Normal, #p < 0.05, ###p < 0.001 when compared to DC, 

ΔΔΔp < 0.001 when compared to PC, @@ p < 0.01, @@@p < 0.001 

compared to Low Dose, ^p < 0.05, ^^^p < 0.001 compared Mid Dose
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Glutathione

DC (0.45 ± 0.104), Positive Control (1.26 ± 0.027), 100 mg/

kg (1.23 ± 0.025), and 200 mg/kg (0.75 ± 0.010) exhibited 

remarkable (p < 0.001, p < 0.05, p < 0.01, p < 0.001) decline 

in GSH level compared to Normal Group (1.41 ± 0.073). 

Treated groups viz., Positive Control, 100, 200, and 400 mg/

kg (1.30 ± 0.046) exhibited remarkable (p < 0.001) rise in 

GSH level compared to DC. When compared to PC, 200 mg/

kg exhibited remarkable (p < 0.001) reduction in GSH level. 

200 mg/kg exhibited remarkable (p < 0.001) reduction in 

GSH level compared to 100 mg/kg group. 400 mg/kg exhib-

ited remarkable (p < 0.001) elevation in GSH level compared 

to 200 mg/kg (Fig. 5).

Effect on liver weight

Disease control (0.0569 ± 0.00163), 100  mg/kg 

(0.0467 ± 0.00163) and 200  mg/kg (0.0422 ± 0.00147) 

exhibited remarkable (p  < 0.001, p  < 0.001 and 

p < 0.05) increase in liver weight compared to Normal 

(0.0328 ± 0.00194). Likewise, DC group also saw a signifi-

cant (p < 0.001) increase in liver weight compared to Posi-

tive Control (0.0318 ± 0.00160), 100, 200 and 400 mg/kg 

(0.0325 ± 0.00207). In contrast to Positive Control, both 100 

and 200 mg/kg displayed remarkable (p < 0.001) liver weight 

enhancement. In accordance with 100 mg/kg, 200 mg/kg 

and 400 mg/kg resulted in significant (p < 0.001, p < 0.01) 

reduction in Liver weight (Supplementary Table 4, Fig. 3f).

Histopathology

Normal group rat’s histopathology examination displayed a 

normal histology at 40 × magnification while Alcohol treated 

rats group showed a-focal collection of lymphocytes around 

hepatocytes within the lobule, b-spotty necrosis, c-lympho-

cytic infiltration around portal tract, and micro vesicular ste-

atosis. Silymarin group showed a spotty (minute) necrosis in 

hepatocytes. While rats treated with YYEO (100-400 mg/kg) 

showed a reduction in the lymphocytic infiltration around the 

portal tract and showed mild necrosis. The histopathology 

results have been summarised in Fig. 6.

In silico studies

Retrieval of bioactives from YYEO and collection of their 

information

About 65 bioactive phytocompounds were shortlisted fro-

mYYEO and their druggability w.r.t. Lipinski rule of five 

was summarized in Supplementary Table 5.

Targets related to Alcohol and Phytocompounds

Alcohol: Based on the literature, Alcohol was found to target 

63 protein molecules to cause hepatotoxicity.

Phytocompounds: Based on target prediction by Swiss 

Target Prediction 65 phytocompounds from YYEO were 

predicted to modulate 71 protein molecules.

Fig. 6  Histopathology of the 

Liver for Alcohol Induced Ani-

mal. a Normal group, b Disease 

Control, c Standard, d YYEO 

Low Dose, e YYEO Mid Dose 

and f YYEO High Dose
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Targets (genes) enrichment and network analysis

Alcohol The enrichment analysis of 63 protein molecules 

targeted by Alcohol was found to modulate 182 molecular 

pathways. Among 182 pathways, 51 were associated/related 

to hepatotoxicity (Supplementary Table 6). NAFLD, Toll-

like receptor, Adipocytokine, TNF, Sphingolipid, FoxO, 

AMPK, Relaxin, MAPK, NF-kappa B, HIF-1, Fc epsilon RI, 

IL-17, VEGF, T cell receptor, NOD-like receptor, mTOR, 

PI3K-Akt signaling pathway, etc. were found to score the 

least FDR value and significantly modulated by Alcohol. 

Figure 7 represents the alcohol-target-pathway network.

Phytocompounds The enrichment analysis of 71 protein 

molecules targeted by 63 phytocompounds were found to 

modulate 169 molecular pathways. Among 169 pathways, 

62 were associated/related to hepatotoxicity (Supplemen-

tary Table 7). HIF-1 signaling pathway, Hepatitis B related 

mechanisms, EGFR tyrosine kinase inhibitor resistance, 

PI3K-Akt, Calcium, Estrogen, Relaxin, IL-17, NF-kappa B, 

TNF, MAPK signaling pathways, etc. were found to score 

the least FDR. Figure  8 represents the phytocompounds-

protein targets andpathways network.

Docking studies

Based on the target prediction, therapeutic targets, and lit-

erature on YYEO constituents effect protein target “Aldose 

Fig. 7  Network representation of Alcohol, regulated genes, and their molecular pathways
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Reductase (AR)” was chosen to identify YYEO constituent’s 

interactions with AR. Among 63 compounds, 7 compounds 

viz., Benzyl cinnamate, Canangaterpene 1, Cinnamic acid, 

Kaempferol, Quercetin, and Isoeugenol were predicted to 

target AR. Sulindac sulfone, a known standard aldose reduc-

tase inhibitor was also docked with aldose reductase enzyme 

for comparison purpose. Among them, Canangaterpene 1 

scored the lowest BE of—10 kcal/mol via forming 1 HBI i.e. 

His110, and 6 NHBI i.e., Tyr209, Trp20 (2), Cys298, Val47, 

Ile260. Canangaterpene 1 formed 7 interactions with active 

site residues. Interestingly, all 7 compounds formed interac-

tions with active site residues (supplementary Table 8). Fig-

ure 9 represents the interaction of phytocompounds withAR.

Discussion

The present study was carried to explore the hepatoprotec-

tive and antioxidant efficacy of ylang ylang essential oil in 

drug-induced hepatotoxicity (Alcohol-induced hepatotoxic-

ity) in Wistar rats. This study mainly includes three stages 

(1) in vitro, (2) in vivo followed by biochemical estimation, 

(3) In silico studies to probe the molecular mechanisms of 

YYEO.

Liver cells seem to take part in an assortment of protein 

metabolic functions, and alcohol causes effective hepatic 

harm at the doses used (Kenneth et al. 1992). The develop-

ment of ROS cause oxidative stress and hepatocellular injury 

have been involved in alcoholic liver disease. It has been 

reported that Kupffer cells are the significant wellsprings 

of ROS during severe alcohol intake, and these initiated for 

Fig. 8  Network representation of YYEO phytocompounds, probable protein molecules, and their molecular pathways
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improved formations of pro-inflammatory influences (Bau-

tista et al. 2001). Moreover, alcohol-induced liver injury has 

been related to the expanded measure of lipid peroxidation 

(Nanjiet al. 2003). As a result, it's possible that the raised 

levels of marker chemicals including ALP, ALT, AST, and 

bilirubin resulted in the “loss of membrane structure and 

integrity” due to LPO process. In fact, in our investigation, 

YYEO supplementation Alcohol model was conceivably 

viable in blunting lipid peroxidation via reducing MDA 

level, recommending that the concentrate potentially has 

antioxidant prevention agent property to reduce membrane 

lipid peroxidation, which could be because of high level 

triterpenoids, and other moieties as “flavonoids, saponins 

glycosides, triterpenoids, and tannins” (Patel et al. 2011).

In the current study examination further we uncovered that 

long alcohol exposure, diminished ROS potency, viz., SOD 

and CAT, which in accordance with supposition recommended 

before by Balasubramaniyan et al. (2003) that decline in the 

action of antioxidants viz., “GSH, CAT, and SOD subsequent 

alcohol contact might be because of the harmful impacts of 

ROS or then again could be because of an immediate impact 

of acetaldehyde, produces from oxidation of alcohol (Das 

et al. 2005). In the current study, YYEO administration could 

reestablish the activity of these antioxidant prevention agents 

and could decrease the occurrence of free radicals and hepatic 

harm which may be due to the presence of bioactive moeties in 

YYEO mainly terpenoids and sterols that are known to possess 

antioxidant capacity (Gautam et al. 2007, Singh et al. 2008).

From our investigation, more prominent histopathologi-

cal impacts were observed as cell changes that were noticed 

more in the Disease Control treated rats with a longer span 

of exposure in the liver. The DC group exhibited chronic 

damage and slight construct, and necrosis, and also this was 

found similar in the 100 mg/kg group with additional mild 

hemorrhage. However, PC exhibited reversible mechanism 

to NC via little degeneration and normal histology. PC and 

400 mg/kg group exhibited similar effects on histology with 

slight degeneration followed by congestion.

Further, the study is extended to explore the molecular 

mechanisms behind the hepatoprotective action of YYEO. 

First, protein targets modulated by Alcohol were retrieved 

from literature and it was found that alcohol targeted 63 pro-

tein molecules. Enrichment analysis of 63 protein targets 

of alcohol were found to modulate 51 pathways associated/

related to the hepatotoxicity viz., Non-alcoholic fatty liver 

disease (NAFLD), Toll-like receptor, Adipocytokine, TNF, 

Fig. 9  2D and 3D representation of interaction of aldose reductase with a Quercetin, b Kaempferol c Sulindac sulfone. *Sulindac sulfone is a 

standard aldose reductase inhibitor molecule
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Sphingolipid, FoxO, AMPK, Relaxin, MAPK, NF-kappa B, 

HIF-1, Fc epsilon RI, IL-17, VEGF, T cell receptor, NOD-

like receptor, mTOR, PI3K-Akt signaling pathway, etc.

On the other hand, 63 bioactive molecules from YYEO 

were found to target 71 protein molecules. Enrichment 

analysis of 71 targets was found to modulate 62 pathways 

associated/related to the hepatotoxicity viz., HIF-1 signal-

ing pathway, Hepatitis B related mechanisms, EGFR tyros-

ine kinase inhibitor resistance, PI3K-Akt, Calcium, Estro-

gen, Relaxin, IL-17, NF-kappa B, TNF, MAPK signaling 

pathways, etc. Majorly, among these pathways, Hepatitis 

B related mechanisms, EGFR tyrosine kinase inhibitor 

resistance, PI3K- Akt, HIF-1, Calcium, Estrogen, Relaxin, 

IL-17, NF-kappa B, MAPK signaling pathways were found 

to share with Alcohol and Paracetamol induced hepatotox-

icity. These findings corroborate the in vitro and in vivo 

findings and provide support for the hepatoprotective action 

of YYEO. Further, based on the target prediction, therapeu-

tic targets, and literature on YYEO constituents to target 

a protein molecule “Aldose Reductase (AR)” was chosen 

to identify YYEO constituent’s intramolecular interactions 

with AR. Among 63 compounds,7 compounds viz., Benzyl 

cinnamate, Canangaterpene 1, Cinnamic acid, Kaempferol, 

Quercetin, Sulindac sulfone, and Isoeugenol were predicted 

to target AR. Among them, Canangaterpene 1 scored the 

lowest BE via forming 1 HBI and 6 NHBI. Canangaterpene 

1 formed 7 interactions with active site residues. Interest-

ingly, all 7 compounds formed interactions with active site 

residues, which supports their major AR inhibitory effect.

Conclusion

Our study suggested a significant protective effect of 

YYEO extract against Alcohol-induced hepatotoxicity 

and reports 400 mg/kg as a recommended dose in adult 

Wistar rats which brings serum and antioxidant biomark-

ers to normal level. Hence, YYEO could be one of the best 

sources of natural hepatoprotective agents. YYEO is rich 

in antioxidant compounds, which support the antioxidant 

and hepatoprotective properties Alcohol-induced model. 

Although, YYEO constituents are found to blunt molecular 

pathways dysregulated by Alcohol. Further research work 

on the clarification of its gene expression and individual 

compound action that may exhibit potent hepatoprotective 

property in rodents is needed to be carried out.

Supplementary Information The online version contains supplemen-

tary material available at https:// doi. org/ 10. 1007/ s13596- 022- 00630-w.
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In Silico Studies in Predicting Mechanism of Action of 
Amaranthus tricolor on Alzheimer’s Disease
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Patil et al.: Amaranthus tricolor Modulates Pathways Involved in Alzheimer’s Disease

There is a constant demand to develop an effective and affordable new drug entity to manage cognitive 
impairment. Medicinal herbs serve as natural resources for mining of new drug candidates. We used 
chemoinformatics to identify the bioactive compounds from Amaranthus tricolor L. a common leafy 
vegetable and often used in traditional medicine to manage cognitive dysfunction. We carried out a 
series of bioinformatics studies with the phytoconstituents of Amaranthus tricolor to elicit their possible 
molecular functions in cognitive disorders including Alzheimer’s disease. We first identified the bioactive 
phytoconstituents from Amaranthus tricolor and predicted their potential protein targets involved in the 
pathogenesis of cognitive dysfunction using BindingDB (p≥0.7). Gene ontology functional enrichment 
analysis was performed using search tool for the retrieval of interacting genes/proteins. The pathways that 
are probably regulated by the identified plant phytoconstituents were analyzed using Kyoto encyclopedia 
of genes and genomes. Docking studies were carried out with AutoDock4.2v. Molecular dynamics 
analyses were performed using Schrodinger Desmond 6.1v software for a 50 ns production run. Thirty 
nine phytoconstituents were identified in Amaranthus tricolor, five of which were predicted to modulate 
eight potential protein targets involved in cognitive impairment. Gene ontology functional enrichment 
analysis revealed twenty eight biological processes and 10 molecular functions associated with cognitive 
impairment. Kyoto encyclopedia of genes and genomes pathway identified eight pathways that are directly 
related to cognitive impairment. Serotonergic and cholinergic synapse was identified as key pathways. 
Kaempferol exhibited the highest binding affinity with acetylcholinesterase, monoamino oxidase A and 
monoamino oxidase B. Molecular dynamics simulation demonstrated stable intermolecular interactions 
between kaempferol and acetylcholinesterase. Our study identified flavonoids from Amaranthus tricolor as 
having benefits in managing cognitive impairment and offers a broader scope to mine for potential drug 
candidates from this natural resource. Our study was limited to computer simulations and calls for wet lab 
validation of the predicted molecular functions.

Key words: Amaranthus tricolor, cognitive dysfunction, molecular docking, molecular dynamics, gene 
ontology, network pharmacology

Cognitive impairment is a complex disorder of old age 
people characterized by changes in cognitive functions 
like trouble in remembering, concentrating, learning and 
decision making. A significant increase in life expectancy 
in the twentieth century has resulted in conditions 
like Alzheimer's Disease (AD) becoming the most 
common neurocognitive disorder with high incidence 
and intricate pathogenesis. AD is characterized by the 
presence of extracellular deposits of insoluble amyloid-
beta (β) plaques, Neurofibrillary Tangles (NFT) and 
cholinergic deficits[1].  From a clinical point of view, AD 
has a strong impact on the lifestyle of patients which is 

characterized by a prodromal phase with a subsequent 
progressive loss of memory and decline of cognitive 
functions, leading to the need for continuous medical 
care[2]. The primary clinical features of AD are loss of 
memory and memory impairment at the early stage, 
subsequent topographical difficulties, loss of attention, 
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confidence and judgment[3]. The five drugs approved 
by the US Food and Drug Administration (FDA) that 
are currently used to treat the cognitive manifestations 
of AD viz. Acetylcholinesterase (ACHE) inhibitors 
rivastigmine (Exelon), tacrine (Cognex), donepezil 
(Aricept), galantamine (Razadyne) and N-methyl-D-
aspartate (NMDA) receptor antagonist memantine 
(Namenda)[4]. However, these agents lose effectiveness 
as the disease progresses due to their actions on a 
specific protein i.e. donepezil acts on ACHE enzyme 
and memantine on NMDA receptor. These are also 
associated with numerous side effects i.e. bradycardia, 
hypotension, increased respiratory secretion, decreased 
intraocular pressure and vomiting[5,6]. 

With increasing life expectancy, the number of geriatric 
people (>60 y of age) is increasing worldwide. In 2015, 
about 47 million people were living with dementia and 
it is expected to triple by 2050[7]. The increase in the 
number of people with dementia has been exponential 
in Low Middle-Income Countries (LMICs) like India. 
Knowledge about the risk factors of developing 
dementia in LMICs are scanty and very little has been 
done at ground level for its prevention and treatment. 
India is going through a significant epidemiological 
transition with a tremendous increase in non-
communicable diseases. There is a strong correlation 
between the onset of dementia and age. A study carried 
out in the United States in 2014 estimated a reduction 
of dementia cases by 2 million in the USA alone by 
2020 if any intervention could delay the onset of 
dementia only by only 2 y[8]. Therefore dementia cases 
can be delayed and the number of cases decreased by an 
effective intervention strategy in an aging population. 
The economic implication of delaying dementia in a 
resource-limited country like India is tremendous. Since 
the pathophysiology of dementia starts years before the 
actual manifestation of symptoms, there is a window 
of opportunity to intervene and prevent or delay the 
clinical manifestations[9]. Therefore attempts are being 
made to ‘delay’ dementia because there is no ideal drug 
to prevent it or cure it completely. In the effort to delay 
dementia/cognitive impairment, several approaches 
are being tried, some of which rely upon traditional/
alternative/complementary forms of medicine and even 
their combination[10,11].

Ayurveda is an ancient Indian holistic system of 
medicine that primarily uses plants and minerals in 
prescriptions that play an important role in managing 
various diseases, including cognitive disorders, because 
of their therapeutic effects, often on multiple targets[12]. 

The introduction of the concept of systems biology 
into Ayurveda research has opened up a new vista to 
gain systematic insights into the holistic understanding 
of the effects of multiple compounds on multiple 
targets through traditional medicine’ complex network 
analysis. Investigation into the role of traditional herbs 
for the management of complex diseases like dementia 
and cognitive disorders has enormous potential and can 
open up opportunities for the discovery of new drugs 
for these conditions following the concept of multi-
drug, multi-target and multi-pathway approaches.

‘Gene Ontology (GO) functional enrichment analysis’ 
and ‘network pharmacology’ are the two emerging 
areas of pharmacology that deal with the concept of 
“multicomponent therapeutics and network targets”. 
These disciplines provide new insights for elucidation 
of the multi-scale mechanisms of action of herbs in the 
management of complex diseases like AD[13]. The use of 
network pharmacology and bioinformatics in research 
on herbal medicines with classical pharmacognosy 
and pharmacology has greatly facilitated mechanistic 
studies on the synergistic/antagonistic actions of herbal 
phytoconstituents at a molecular level[3,14].

Amaranthus tricolor L. (A. tricolor) (tambdi bhaji/
lal saag) belongs to the family Amaranthaceae[15]. 
Amaranth (Amaranthus spp.) is cultivated and 
consumed as a leafy vegetable[16]. The leaves of 
this plant contain flavonoids, alkaloids, cardiac 
glycosides, phenol, amino acids, saponins, tannins, 
terpenoids, pterocarpans, steroids, quinones, resins 
and coumarins as major phytoconstituents. A. tricolor 
also contains amaranthine, kaempferol, ferulic acid, 
quercetin, apigenin, quercetin 3-o-glucoside, quercetin 
3-orutinoside, apigenin 4-o-beta-d-glucopyranoside, 
feruloylquinic acid, boropinic acid, amarantholidols A, 
B, C betanin, 4-geranyloxyferulic acid, isoamaranthine, 
xylofuranosyl uracil, 7-p-coumaroyl, betaxanthin, 
7-isopentenyloxycoumarin, etc. The leaves are used as 
traditional medicine and reported for antioxidant, anti-
inflammatory and neuroprotective activity[17-21].

However, there is no credible information on the 
potential targets regulated by A. tricolor for the 
management of cognitive impairment. GO functional 
enrichment analysis, network pharmacology and 
wet lab experiments have not been reported on this 
potentially important natural herb. In the current study, 
we used computational tools and public scientific data to 
investigate the pharmacological interaction of bioactive 
phytoconstituents from A. tricolor with potential protein 
targets and pathways for the management of cognitive 
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impairment. The complete workflow of this study is 
represented in fig. 1.

MATERIALS AND METHODS

Identification of bioactive phytoconstituents from  
A. tricolor and target screening:

Bioactive phytoconstituents of A. tricolor were identified 
from Dr. Dukes Database (DB), Phytochemical 
Interaction DB (PCIDB)[22] and scientific journals 
using the keyword “A. tricolor”. The Compound 
Identification number (CID), canonical Simplified 
Molecular Input Line Entry System (SMILES), 
Molecular Formula (MF), Molecular Weight (MW), 
Number of Hydrogen Bond Acceptor (NHBA) and 
Number of Hydrogen Bond Donors (NHBD) were 

retrieved from the PubChem chemical database[23]. 
Canonical SMILES were queried for target prediction 
in BindingDB[24] at the probability score of ≥0.7  
(≥70 %) with respect to the known chemical compounds 
targeting protein molecules. Gene ID of each protein 
molecule was retrieved from UniProt[25]. The protein 
molecules associated with cognitive impairment were 
separated with reference to the successful and approved 
targets reported in the Therapeutic Target Database 
(TTD)[26].

GO functional enrichment analysis and network 
construction:

Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) is a universally utilized system 

Fig. 1: Detailed workflow of the present study
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for retrieval of protein-protein interaction, known 
interaction, predicted interaction, process and function 
of genes, etc. To understand protein interactions 
systematically, predicted targets were provided as 
input to STRING 11.0 (Search Tool for the Retrieval 
of Interacting Genes/Proteins, https://string–db.org) 
to obtain relevant information on protein interaction. 
The GO method can efficiently identify the process 
related to biological phenomena and helps to get 
more meaningful gene functional information. GO 
functional enrichment analysis was performed using 
the functional annotation tool of STRING. The Kyoto 
Encyclopedia of Genes and Genomes (KEGG), (https://
www.genome.jp/kegg/pathway.html) database was 
used to identify the pathways involved in cognitive 
impairment. Cytoscape v3.6.1[27] was used to construct 
the network between compounds, protein molecules 
and pathways. The network was analyzed by choosing 
the command “network analyzer” and the network 
was treated as direct. Layout algorithm (degree sorted 
layout) was applied in constructing the network.

Druglikeness and probable side effects of A. tricolor 
phytoconstituents:

Druglikness property of the phytoconstituents were 
predicted using Molsoft (http://molsoft.com/mprop/) 
an online server, which predicts the probable drug-
like property based on Lipinski’s rule of five, that 
eliminates compounds having poor absorptivity 
and bioavailability i.e. if their molecular weight is  
>500 g/mol, having >5 hydrogen bond donors, >5 log 
P and >10 hydrogen bond acceptors. ADVERpred 
(http://www.way2drug.com/adverpred/) an online tool, 
uses the data of most frequent and severe adverse drug 
events that have either known or probable relationships 
to drug consumption and predicts the possible side 
effects of a compound based on structure-activity 
relationship. In the current study, we used ADVERpred 
to predict the probable side effects (Probable activity 
(Pa) and Probable inactivity (Pi)) of phytoconstituents. 
The current study utilized the admetSAR2.0 (http://
lmmd.ecust.edu.cn/admetsar2/). This online tool 
contains 2 10 000 experimental data for 96 000 drug 
candidates. It contains 27 computational models to 
predict the ADMET profiles i.e. absorptivity, Blood-
Brain Barrier (BBB) permeability, oral bioavailability, 
cytochrome P450 (CYP450) and isoenzyme inhibitory 
activity, mutagenicity, plasma protein binding affinity 
and fish aquatic toxicity.

Ligand-protein docking studies:

The ligands were retrieved from the PubChem chemical 
database in a Three Dimen sional (3D) structure data 
format (.sdf), minimized using the mmff94 force field 
and saved in protein data bank (.pdb) file by using 
MarvinSketch[28]. The protein molecules i.e. ACHE 
(PDB ID: 4PQE), monoamino oxidase B (PDB ID: 
1OJD), monoamino oxidase A (PDB ID: 2Z5X) and 
Prostaglandin G/H Synthase 1 (PTGS1) (PDB ID: 
3N8X) were retrieved from the Research Collaboratory 
for Structural Bioinformatics PDB (RCSB PDB) 
(https://www.rcsb.org/). The protein structure was 
prepared by removing heteroatom and water using 
Discovery Studio Visualizer v2019[29]. The docking 
of ligands with their respective protein molecules was 
performed using AutoDock4.2[30]. The ligand protein 
complex was viewed using Discovery Studio Visualizer 
v2019.

Molecular dynamics (MD) simulation studies:

MD simulation has become a popular tool in 
computational biology for analyzing the dynamic 
behavior of molecular complexes and intermolecular 
interactions under physiologically realistic 
circumstances[31]. The stability of intermolecular 
interactions between kaempferol and ACHE was 
assessed using MD simulation for 50 ns production 
run using Schrodinger desmond 6.1v software[32,33]. The 
complex system was built in a cubic box with 10 Å×10 
Å×10 Å dimensions as the periodic boundary, using a 
preset Simple Point Charge (SPC) water model as the 
solvent. 5 Sodium (Na+) counter ions (concentration of 
6.533 mM) were added to neutralize the system. Water 
molecule geometry, bond lengths and bond angles of 
heavy atoms were all restrained using the SHAKE 
algorithm. To calculate the long range interactions 
between the molecules, the Particle Mesh Ewald method 
was used. The Lennard-Jones interactions cut-off was 
set to 10 Å. For a 100.0 ps production run, the system was 
minimized. Finally, the isobaric-isothermal ensemble 
(NPT) was used to maintain a pressure of 1.01325 bar 
and temperature of 300 K using the Thermostat "Nose-
Hoover chain" method with 1.0 ps relaxation time and 
the Barostat "Martyana-Tobias-Klein" method with  
2.0 ps relaxation time. The short range coulomb cut-off 
radius was adjusted at 9.0 Å. The entire simulation was 
analyzed for 5000 frames and recorded at an interval 
of 10.0 ps. The Root Mean Square Deviation (RMSD) 
and Root Mean Square Fluctuation (RMSF) were used 
to check the residue-wise interaction fluctuations and 

https://www.genome.jp/kegg/pathway.html
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the complex compactness was analyzed by the radius 
of Gyration (rGyr).

RESULTS AND DISCUSSION

Thirty nine phytoconstituents were identified in  
A. tricolor from different databases and other open 
source records. Among them, five compounds were 
predicted to modulate eight protein molecules involved 
in cognitive impairment, showing synergistic effect. 
Apigenin was found to modulate ACHE, Amyloid 
Precursor Protein (APP), Butyrylcholinesterase 
(BCHE), KDR, KIT, Monoamine Oxidase A (MAOA), 
Monoamine Oxidase B (MAOB) and PTGS1; boropinic 
acid modulated APP; ferulic acid modulated ACHE, 
APP, BCHE and PTGS1; kaempferol was found to 
modulate ACHE, KIT, MAOA and MAOB; while 
quercetin was found modulating ACHE, KDR, KIT, 
MAOA, MAOB and PTGS1. These phytoconstituents 
were identified as flavonoids, organoborane and 
phenolic compounds (Table 1).

The GO functional enrichment analysis result showed 
121 biological processes and 18 molecular functions. 
The peer interpretation revealed 28 biological processes 
and 10 molecular functions were associated with 
cognitive impairment (Table 2 and Table 3). The result 
analyzed from the STRING database showed 19 possible 
pathways based on the protein-protein interaction. The 
peer interpretation of the protein-protein interaction 
using the KEGG pathway identified eight pathways 
that are directly associated with cognitive impairment. 
Among 8 pathways, the serotonergic synapse pathway 
scored the lowest false discovery rate with the 
highest edge count within the network (Table 4). The 
constructed network contains 42 edges. Among them, 
23 are compound-protein interactions and 19 protein-
pathway interactions (fig. 2).

Quercetin, apigenin and kaempferol showed positive 
drug-likeness scores i.e. 0.93, 0.77 and 0.77 respectively. 
Ferulic acid and boropinic acid showed negative 
drug-likeness property i.e. -0.44 and -0.41. Further, 
quercetin, apigenin and kaempferol were predicted to 
show hepatotoxicity. Ferulic acid showed myocardial 

infarction and boropinic acid showed cardiac failure 
and myocardial infarction. The drug-likeness character 
and toxicity profiles obtained are shown in Table 5. The 
predicted probability score for absorptivity, blood-brain 
barrier permeability, bioavailability, carcinogenicity, 
isoenzyme inhibition, plasma protein binding affinity 
and fish aquatic toxicity, etc., of the phytoconstituents 
of A. tricolor is shown in fig. 3.

Molecular docking performed on phytocompounds 
having drug-like property i.e. kaempferol, quercetin, 
apigenin and clinically approved drug candidates 
with ACHE, MAOB, MAOA and PTGS1 showed 
kaempferol having the highest binding affinity 
with ACHE, MAOA and MAOB i.e. -7.8 kcal/mol  
(1.92 µM), -8.28 kcal/mol (0.850 µM) and -8.6 kcal/
mol (0.498 µM) respectively. Meloxicam showed the 
highest binding affinity with PTGS1 i.e. -7.64 kcal/mol  
(2.52 µM) with four hydrogen bond interactions. However, 
among apigenin and quercetin, apigenin showed the 
highest binding affinity with PTGS1 i.e. -4.4 kcal/mol  
(591.39 µM) with four hydrogen bond interactions. 
The binding energy, Half-Maximal Inhibitory 
Concentration (IC50) and hydrogen bond interactions 
of each compound with their respective protein target 
are compared with clinically accepted standard drug 
molecule (Table 6). The interaction of kaempferol with 
ACHE is shown in fig. 4.

Kaempferol and ACHE complex includes 49 862 atoms 
with 13 916 water molecules. The system was neutralized 
by adding 5 Na+ ions (6.533 mM concentration) and 
was simulated for 50 ns with a 10 ps recording interval. 
The RMSD of protein alpha Carbon (Cα) (0.738 Å to 
2.219 Å) and backbone (0.764 Å to 2.23 Å) was found 
to be stable throughout the 50 ns simulation. The ligand 
RMSD values were within the range of 0.114 Å to 
0.818 Å from 0 to 50 ns. The average RMSD of ligand 
with respect to protein was 3.806 Å and ligand with 
respect to ligand was 0.297 Å. The rGyr deviation of 
kaempferol with ACHE was found within 3.588 Å to 
3.759 Å, which indicates the higher compactness of the 
kaempferol-ACHE complex.

Phytoconstituents Compound type PubChem ID Targets modulated by phytoconstituents
Ferulic acid Phenolic 445858 APP, PTGS1
Quercetin Flavonoid 5280343 ACHE, ADORA2A, MAOA, MAOB, PTGS1, KIT, KDR

Apigenin Flavonoid 5280443 APP, ACHE, BCHE, ADORA2A, MAOA, MAOB, PTGS1, KIT, KDR

Kaempferol Flavonoid 5280863 ACHE, ADORA2A, MAOA, MAOB, KIT
Boropinic Acid Organoboranes 10682896 APP

TABLE 1: TYPE OF PHYTOCONSTITUENTS WITH THEIR PROBABLE TARGETS INVOLVED IN AD

Note: AD: Alzheimer's Disease
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GO ID Genes modulated by compounds Gene 
count Biological function FDR

GO:0001505 ACHE, ADORA2A, APP, BCHE, MAOA, MAOB 6 Regulation of neurotransmitter levels 3.33E-06
GO:0042133 ACHE, BCHE, MAOA, MAOB 4 Neurotransmitter metabolic process 5.96E-05
GO:0042135 ACHE, MAOA, MAOB 3 Neurotransmitter catabolic process 8.55E-05
GO:0007271 ACHE, ADORA2A, CHRM5 3 Synaptic transmission, cholinergic 0.00013

GO:0065008 ACHE, ADORA2A, APP, BCHE, KDR, KIT, MAOA, 
MAOB, PTGS1 9 Regulation of biological quality 0.00031

GO:0032222 ACHE, ADORA2A 2 Regulation of synaptic transmission, 
cholinergic 0.0011

GO:0007612 APP, BCHE, KIT 3 Learning 0.0029
GO:0006954 ADORA2A, APP, KIT, PTGS1 4 Inflammatory response 0.0039
GO:0048167 ADORA2A, APP, KIT 3 Regulation of synaptic plasticity 0.0039

GO:0048169 APP, KIT 2 Regulation of long-term neuronal synaptic 
plasticity 0.0039

GO:0007610 ADORA2A, APP, BCHE, KIT 4 Behavior 0.0043
GO:0042417 MAOA, MAOB 2 Dopamine metabolic process 0.0043
GO:0050877 ADORA2A, APP, BCHE, CHRM5, KIT 5 Nervous system process 0.0069
GO:0008542 APP, KIT 2 Visual learning 0.0072
GO:0061515 APP, KIT 2 Myeloid cell development 0.0085
GO:0040012 ADORA2A, APP, KDR, KIT 4 Regulation of locomotion 0.0137
GO:0007631 ADORA2A, APP 2 Feeding behavior 0.0156
GO:0042391 ADORA2A, APP, KDR 3 Regulation of membrane potential 0.0156
GO:0008360 KDR, KIT 2 Regulation of cell shape 0.0268
GO:0000187 APP, KIT 2 Activation of MAPK activity 0.0278
GO:0007166 ADORA2A, APP, KDR, KIT, MAOA 5 Cell surface receptor signaling pathway 0.0289
GO:0010646 ACHE, ADORA2A, APP, BCHE, KDR, KIT 6 Regulation of cell communication 0.0289
GO:0007399 ACHE, ADORA2A, APP, BCHE, KIT 5 Nervous system development 0.0291
GO:0007626 ADORA2A, APP 2 Locomotory behavior 0.0347

GO:0044237 ACHE, ADORA2A, APP, BCHE, KDR, KIT, MAOA, 
MAOB, PTGS1 9 Cellular metabolic process 0.0365

GO:0007154 ACHE, ADORA2A, APP, CHRM5, KDR, KIT, MAOA 7 Cell communication 0.0398
GO:0035556 ADORA2A, APP, KDR, KIT 4 Intracellular signal transduction 0.0401

GO:0065007 ACHE, ADORA2A, APP, BCHE, CHRM5, KDR, KIT, 
MAOA, MAOB, PTGS1 10 Biological regulation 0.0447

TABLE 2: GO ENRICHMENT ANALYSIS OF PROTEIN TARGETS FOR THEIR BIOLOGICAL PROCESSES 
INVOLVED IN AD

Note: GO: Gene Ontology and FDR: False Discovery Rate

GO ID Genes modulated by compounds Gene count Gene function FDR

GO:0003990 ACHE, BCHE 2 ACHE activity 0.00021

GO:0008131 MAOA, MAOB 2 Primary amine oxidase activity 0.00025

GO:0042277 ACHE, APP, BCHE 3 Peptide binding 0.0054

GO:0046983 ACHE, ADORA2A, APP, KIT, MAOB 5 Protein dimerization activity 0.0054

GO:0001540 ACHE, BCHE 2 Amyloid-beta binding 0.006

GO:0004714 KDR, KIT 2 Transmembrane receptor protein 
tyrosine kinase activity 0.0062

GO:0003824 ACHE, BCHE, CHRM5, KDR, KIT, 
MAOA, MAOB, PTGS1 8 Catalytic activity 0.01

GO:0005178 APP, KDR 2 Integrin binding 0.0145

GO:0004888 ADORA2A, CHRM5, KDR, KIT 4 Transmembrane signaling receptor 
activity 0.0181

GO:0016491 MAOA, MAOB, PTGS1 3 Oxidoreductase activity 0.0302

TABLE 3: GO ENRICHMENT ANALYSIS OF PROTEIN TARGETS FOR THEIR MOLECULAR FUNCTIONS 
INVOLVED IN AD

Note: GO: Gene Ontology and FDR: False Discovery Rate
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Pathway ID Pathway description No. of gene involved in 
the pathway FDR Protein involved in pathways 

associate with AD
hsa04726 Serotonergic synapse 4 9.33E-06 APP, MAOA, MAOB, PTGS1
hsa04725 Cholinergic synapse 2 0.0051 ACHE, CHRM5
hsa04728 Dopaminergic synapse 2 0.0062 MAOA, MAOB
hsa04015 Rap1 signaling pathway 2 0.0129 KDR, KIT
hsa04014 Ras signaling pathway 2 0.0151 KDR, KIT
hsa04010 MAPK signaling pathway 2 0.0216 KDR, KIT
hsa04151 PI3K-Akt signaling pathway 2 0.0283 KDR, KIT
hsa01100 Metabolic pathways 3 0.0459 MAOA, MAOB, PTGS1

TABLE 4: AD PATHWAYS MODULATED BY THE PHYTOCONSTITUENTS

Note: FDR: False Discovery Rate and AD: Alzheimer's Disease

Phytocompounds PubChem ID MF MW (g/mol) HBA HBD Log P DL score Probable side effect(s)

Ferulic acid 445858 C10 H10 O4 194.06 4 2 2.04 -0.44 Myocardial infarction

Quercetin 5280343 C15 H10 O7 302.04 7 5 2.11 0.93 Hepatotoxicity

Apigenin 5280443 C15 H10 O5 270.05 5 3 3.06 0.77 Hepatotoxicity

Kaempferol 5280863 C15 H10 O6 286.05 6 4 2.49 0.77 Hepatotoxicity

Boropinic acid 1.10E+07 C15 H18 O4 262.12 4 1 4.05 -0.41 Cardiac failure, 
myocardial infarction

TABLE 5: DRUGLIKNESS AND PROBABLE SIDE EFFECTS PROFILE OF PHYTOCONSTITUENTS FROM 
 A. tricolor

Note: MF: Molecular formula; MW: Molecular weight; HBA: Hydrogen Bond Accepter; HBD: Hydrogen Bond Donor; Log P: Partition coefficient 
and DL score: Druglikeness score 

Fig. 2: Network representation of the interaction between phytoconstituents, targets and pathways. Diamond shape represents 
phytocompounds, round represents protein targets and down arrow represents pathways

Further, kaempferol-ACHE contact analysis concluded 
that Glu202 and Gln71 to form stable hydrogen-bonded 
interactions for 100 % and 77 % of the duration with 
the Hydroxy (OH) group of kaempferol, respectively. 

Tyr133, Gly120, His447, Tyr337 were found to be 
involved in hydrophobic and water bridge interactions 
and showed around 67 %, 53 %, 25 % and 20 % of 
the time with interaction fraction, respectively. Fig. 5 
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Fig. 3: Heat map representation of ADMET profile of phytoconstituents 

Targets PDB ID Compound p BE (kcal/mol) IC50 (µM) Amino acid…ligand interactions

ACHE 4PQE Kaempferol 0.7 -7.8 1.92 Tyr72…OH, Asp74…OH, Glu202…OH

Apigenin 0.7 -6.76 11.1 Asp74…OH, Phe295…O, Tyr337…=O

Quercetin 0.7 -6.03 38.27 Pro88…OH, Asp131…=O

Donepezil* 1 -5.15 168.86 Thr436…O-

MAOA receptor 1OJD Kaempferol 0.7 -8.28 0.85 Asn181…OH

Apigenin 0.86 -3.97 1023 Asn133…=O, Ile164…OH

Quercetin 0.71 -6.09 34.46 Arg109…OH, Asn125…OH, Thr205…=O, Thr205…OH

Moclobemide* 1 -6.32 23.22 Nil

MAOB receptor 2Z5X Kaempferol 0.7 -8.6 0.498 Tyr188…=O, Cys172…OH

Apigenin 0.97 -4.64 393.85 Lys73…=O, Glu466…OH, AspP471…OH

Quercetin 0.7 -4.31 697.85 Glu366…OH, Lys370…=O

Safinamide* 1 -6.87 9.16 Arg42…O-, Ala263…NH

PTGS1 3N8X Quercetin 0.7 -3.87 1044 Leu92…OH, His95…OH

Apigenin 0.92 -4.4 591.39 Thr60…OH, Arg61…OH, Ile151…OH, Arg469…OH

 Meloxicam* 0.78 -7.64 2.52 Phe210…OH, Thr212…=O, Thr212…S, His386…=O

TABLE 6: PROBABLE SCORE, BINDING AFFINITY, INHIBITORY CONSTANT AND HYDROGEN BOND 
INTERACTION OF COMPOUNDS WITH RESPECTIVE TARGETS 

Note: ACHE: Acetylcholinesterase; MAOA: Monoamino Oxidase A; MAOB: Monoamino Oxidase B and PTGS1: Prostaglandin G/H Synthase 1, 
*Standard drug of specific protein for AD; BE: Binding Energy and IC50: Half-Maximal Inhibitory Concentration
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Fig. 4: Intermolecular interactions of kaempferol with ACHE, (a) 2D interaction representation; (b) Kaempferol within protein 
pocket; (c) Kaempferol at binding site-I of ACHE and (d) 3D interaction representation

Fig. 5: MD simulation of kaempferol-ACHE complex for 50 ns production run, (a) RMSD; (b) RMSF with ligand contacts;  
(c) Protein-ligand contractions; (d) Residue-wise contacts and interaction fractions; (e) r-Gyr of ligand molecule and (f) Ligand-
protein contractions
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represents the ligand-protein complex RMSD, residue-
wise contacts and rGyr of the kaempferol-ACHE 
complex.

Our study showed flavonoids, organoboranes, flavone 
glycosides and phenolic phytocompounds from  
A. tricolor are likely to interact with numerous protein 
targets involved in the pathogenesis of AD[34] viz., ACHE 
[35], MAOA[36], MAOB[36], etc. Further, we identified a 
number of protein molecules that regulate biological 
processes, molecular functions and pathways as likely 
targets of bioactive phytoconstituents of A. tricolor. 
GO functional, process and pathway enrichment 
analysis was the mainstay of our study. It deals with the 
interaction and behavior of the biological entities, focus 
on understanding the relationship between the drug 
molecules with the biological targets and helps to know 
the functions of protein complexes, gene regulatory 
networks and significant pathways associated with 
disease pathogenesis[37]. The GO analysis identified 
regulation of neurotransmitter levels, neurotransmitter 
metabolic process, learning, inflammatory response, 
behavior, regulation of locomotion, cell communication 
and many more biological processes associated with 
cognitive impairment. Results obtained from the GO 
enrichment analysis in our study revealed various 
molecular functions viz. ACHE activity, primary 
amine oxidase activity, peptide binding activity, 
protein dimerization activity, amyloid-beta binding 
activity, transmembrane receptor protein tyrosine 
kinase activity, catalytic activity, integrin binding 
activity, transmembrane signaling receptor activity and 
oxidoreductase activity are associated with cognitive 
impairment and AD. We constructed the network 
interaction between predicted active phytoconstituents 
of A. tricolor with their probable targets and enriched 
pathways thus identified. Ferulic acid, quercetin, 
apigenin, kaempferol and boropinic acid were identified 
as the key bioactive phytoconstituents from A. tricolor 
having modulatory activities on a number of pathways 
involved in AD e.g. serotonergic synapse (hsa04726)[38], 
cholinergic synapse (hsa04725)[39], metabolic pathway 
(hsa01100)[40], dopaminergic pathway (hsa04728)[41], 
etc. Among five compounds, kaempferol, apigenin and 
quercetin (flavonoids) showed the highest potential in 
the pharmacotherapy of AD by targeting ACHE, APP, 
BCHE, KDR, KIT, MAOA, MAOB and PTGS1 protein 
molecules within the network. Flavonoids enhance 
cognitive function at a behavioral stage and attenuate the 
cognitive decline promoted by brain disorders[42]. The 
constructed network showed that kaempferol, apigenin 
and quercetin having the highest edge count (Table 1), 

which suggests higher probability of these compounds 
in the modulation of pathogenesis associated with 
cognitive impairment. Previous literature suggests 
ACHE as a potential target for AD. It terminates 
signal transduction at the neuromuscular junction by 
rapid hydrolysis of the acetylcholine released into 
the synaptic cleft and plays a role in the neuronal 
apoptosis and cognitive impairment[43]. The ACHE 
enzyme degrades the freely available acetylcholine in 
the cerebral cortex and hippocampus, leading to the 
impairment of cognitive function in AD patients[35]. 
PTGS1 converts arachidonate to Prostaglandin H2 
(PGH2) in the stomach and platelets, Prostaglandin E2 
(PGE2) in gastric epithelial cells and Thromboxane A2 
(TXA2) in the plates[44]. Further, these prostaglandin 
derivatives play a crucial role in cytoprotection, 
activation, aggregation of platelets, vasoconstriction, 
proliferation of vascular smooth muscle cells, etc[45]. 
MAO enzyme catalyzes the oxidative deamination of 
xenobiotic amines. It has a vital role in the breakdown 
of neuroactive and vasoactive amines in the peripheral 
tissues and central nervous system leading to the 
development of neurodegenerative diseases, anxiety, 
schizophrenia, mood disorders, depression, migraine 
and sexual maturation[36].

The affinity of the ligand molecule within the protein 
pocket is explained by the binding energy and number 
of hydrogen bond interactions. Docking studies 
revealed kaempferol to have more affinity towards 
ACHE, MAOA and MAOB compared to the clinically 
approved drugs donepezil, moclobemide and safinamide 
used in the study. Kaempferol showed three hydrogen 
bonds through the interaction with ACHE i.e. Tyr72…
OH, Asp74…OH, Glu202…OH, one with MAOA 
i.e. Asn181…OH, and two bonds with MAOB i.e. 
Tyr188…=O, Cys172…OH. Moreover, MD simulation 
demonstrated the stable interaction of kaempferol 
with ACHE. Glu202 residue showed 100 % hydrogen 
bond interaction fraction with the OH group of the 
kaempferol; which suggests kaempferol as a potential 
inhibitor of ACHE. Previous studies have demonstrated 
kaempferol as a potent drug candidate for managing 
cognitive deficit via the modulation of spatial learning 
and memory, glutathione level, apoptosis marker 
cytochrome c inflammatory marker Tumour Necrosis 
Factor alpha (TNF-α), endogenous antioxidants 
Superoxide Dismutase (SOD) and lipid peroxidation 
marker Malondialdehyde (MDA)[46,47]. A previous 
study by Bahrani et al. isolated and characterized the 
ACHE inhibitors from Aquilaria subintegra for the 
treatment of AD and reported kaempferol as a major 
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ACHE inhibitor (85.8 % inhibition)[48]. Further, a 
study by Hupparage et al. reported that hydroalcoholic 
extract of A. tricolor L. leaves restore the cholinergic 
system’s function, inhibit oxidative stress and improve 
the memory function in the scopolamine treated rats[49]. 
Although several researchers reported a decrease in 
the risk of development of AD with intake of dietary 
flavonoids. Although, several researchers have reported 
dietary flavonoids decreases the risk of development of 
AD[50-52] to the best of our knowledge, despite having 
high content of flavonoids, such molecular mechanism 
of action for the leafy vegetable A. tricolor L.is not 
reported so far. An earlier study on A. tricolor L. 
showed a neuroprotective effect on gene expression 
of Receptor for Advanced Glycation End-Products 
(RAGE) during oxidative stress in SH-SY5Y cells[15]. 
Importantly, Ayurveda formulations often contain 
traditional herbs and dietary plants that are widely 
used to treat numerous diseases/disorders due to 
bioactive phytocompounds[53,54]. The current study 
identified mechanisms of action of phytocompounds in 
A. tricolor and their possible roles in the management 
of AD mostly attributed to the presence of flavonoids 
(kaempferol, apigenin and quercetin)[17,20].

Several attempts have been made to understand 
the molecular mechanisms of action of herbal 
constituents in the management of complex diseases 
like AD. Exploration of herbal medicines through GO 
functional, process and pathway enrichment, network 
pharmacology and other computational methods for 
the management of complex diseases like AD is a 
well-accepted[55-57]. Although, herbs contain a complex 
mixture of pharmacologically active phytoconstituents, 
this complexity may up/down-regulate the various 
protein molecules and may cause the synergistic or 
additive effect to reduce the complications associated 
with AD[58]. Identification of herbal toxicity plays a 
critical role in the minimization of organ damage and 
severe Adverse Drug Events (ADEs). The current study 
utilized these approached and available bioinformatics 
methodologies to identify the toxicity associated with 
phytoconstituents based on their structure-activity 
relationships. However, the predicted toxicities have not 
been found in literature through molecular biological 
experiments and/or clinical investigations.

In conclusion, the current study utilized the drug-
target-pathway relationship to elucidate the molecular 
mechanism of action of A. tricolor L. against AD. 
Kaempferol, quercetin and apigenin as were identified 
as major compounds that are likely to interact with the 

potential protein targets involved in the pathogenesis of 
AD. Enrichment analysis of genes showed serotonergic 
synapse, cholinergic synapse, dopaminergic synapse, 
AD, Ras-proximate-1 (Rap1) signaling pathway, 
Rat sarcoma (Ras) signaling pathway, Mitogen-
Activated Protein Kinases (MAPK) signaling pathway, 
Phosphatidylinositol 3 Kinase-Protein Kinase B (PI3K-
Akt) signaling pathway and metabolic pathways as 
major pathways regulated by these phytoconstituents, 
thereby exerting their effects. The probable 
intermolecular interactions among the predicted 
therapeutic targets of AD with phytocompounds of  
A. tricolor L. was demonstrated through molecular 
docking while MD simulation identified stable 
interactions of the kaempferol-ACHE complex. 
GO functional enrichment analysis and network 
pharmacology-based approach offer an easy and reliable 
strategy for identifying potential therapeutic targets of 
traditional herbal medicines. The present study should 
help design wet-lab studies to experimentally validate 
the findings, which should go a long way in finding one 
of the multipronged solutions to tackle AD in the future.
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Dear Editor,
Vaccines are agents that stimulate adaptive immune response

against a particular disease. It increases the lifespan and lowers the
prevalence rate of infectious diseases in children [1]. Vaccines are pre-
pared either from dead or live microorganisms. In traditional ap-
proaches, it is ready from inactive toxins, proteins, and polysaccha-
rides. In recent years, many vaccines have been in the development
phase, including DNA and recombinant vector vaccines. Several factors
are considered while developing a vaccine: stability, cost-effectiveness,
ease of administration, and ability to induce a potent immune response.
Vaccination route is crucial in ensuring safe and efficient vaccine ad-
ministration. Since muscles have more blood arteries than skin, intra-
muscular (IM) injections are frequently used to administer vaccines.
Despite the widespread use of parenteral injections, issues with needles
and syringes rise, including needle phobia and mishaps brought on by
discarded needles [2] (see Fig. 1).

Since parenteral injections have their limitations, numerous needle-
free alternatives have been suggested, and mucosal surface vaccine is
one of them. It mainly focuses on the immunological response brought
on by dendritic cells and lymphocytes moving about in the mucosal re-
gion. An example of a mucosal route of administration is sublingual or
intranasal nasal surface. Other delivery methods include the pul-
monary, vaginal, and rectal routes; however, they also carry certain
drawbacks. More studies must be done to evaluate the safety and effec-
tiveness of needle-free immunization over conventional vaccination.
Vaccination should commonly be administered through the skin as it is
easy to administer [3]. Microneedle array is one of the best possible de-
livery techniques in recent years. Microneedle (MN) provides direct
skin delivery of drug molecules, which can be used to deliver vaccines
more effectively. Microneedles are divided into four categories: solid,
coated, dissolving, and hollow.

Solid microneedles contain pointed tips which, on application,
puncture the skin and produce channels of micron size through which
the medication is delivered directly to skin layers. The capillaries ab-
sorb the medication to cause a systemic reaction and induce local ef-
fects. Solid microneedles employ passive diffusion to provide the drug

to the skin's various layers. The thickness of the coating layer and the
needle's size determines how much medication may be loaded. Dissolv-
ing microneedles are prepared from biodegradable polymer loaded
with medication. On application, the loaded drug will release from the
microneedle patch. The drug dispersion or solution is placed inside the
hollow microneedles' empty area. There are perforations at the tips. The
drug is swiftly absorbed into the dermis or epidermis layer after being
applied to the skin. These microneedles can provide a large dose of the
medication because more medication can fit inside the needle's space.
These microneedles are capable of injecting the drug into the skin,
which eliminates the limitations of the hypodermic needles [4]. Mi-
croneedles usually penetrate the stratum corneum, the top layer of skin,
to deliver the drug. It can more rapidly and successfully administer vac-
cines than conventional transdermal delivery techniques. Because of its
easy application, easy administration, and continuous vaccine release,
this method is highly effective for transdermal drug delivery.

One of the most common substances utilized to create solid mi-
croneedles for delivery of vaccines is stainless steel. These microneedles
are made of stainless steel and have been dip-coated with various anti-
gens, including antigen solutions and antigens enclosed in nanoparti-
cles [5]. When metal microneedles are injected into the skin, the coated
antigen is released into the skin layers. Therefore, one of the major fac-
tors affecting the effectiveness of the metal microneedle vaccine is the
coating of the microneedles. Methods like nanopatterning the needles'
surface have increased the effectiveness of stainless steel microneedles.
To administer DNA vaccines utilizing microneedles, Duong et al. de-
signed a new charge reversal pH-responsive copolymer. These vaccina-
tions can induce both cellular and humoral immune reactions. It has
been demonstrated that polyelectrolyte assembly on MNs is a precise
and effective way to manufacture MNs coated with DNA vaccination.
They concluded that this is the best course of action for Alzheimer's dis-
ease [6]. Another group of researchers developed antigenicity of the in-
jected influenza vaccine using solid microneedles in a Nanopatch™
(NP). The vaccine being administered extremely close to the skin's sur-
face with NP application, it was anticipated that reactogenicity would
be more noticeable there than it would be with IM injection. The NP
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Fig. 1. Vaccine microneedle patch (MNP) types: a) solid MAP (S-MNP); b) coated MAP; c) dissolving MAP. The vaccine diffusion direction is denoted by arrows.

vaccine delivery method has been shown to be secure, well tolerated,
and to have produced immunological reactions equivalent to those
caused by IM injection. The outcomes demonstrated that NP has the po-
tential to be a successful strategy for immunizing against seasonal in-
fluenza flu and other diseases [7]. Stinson et al. developed micronee-
dles for delivering vaccines for infectious illnesses and cancer im-
munotherapy. Silk fibroin was used to create a solid microneedle sys-
tem for immunization against Shigella, Clostridium difficile, and in-
fluenza. Silk fibroin can form solid microneedles that can provide long-
term protection against influenza with a dose-sparing effect and modest
protection against challenges with Clostridium difficile, according to a
pre-clinical study in mice. They determined that silk fibroin to be well-
suited for a solid-coated microneedle delivery system [8].

For delivery of particle-based vaccinations, hollow microneedles are
intensively studied. The vaccination antigen is loaded inside the hollow
needles of these microneedles; when administered, it transfers the vac-
cine antigens to the skin. The model antigen ovalbumin with and with-
out adjuvant was shown to be more easily distributed using a micronee-
dle method utilizing applicator-controlled silica hollow microneedles.
Other optimized nanoparticles include liposomes, mesoporous silica
nanoparticles (MSNs), and gelatin nanoparticles (GNPs). Microneedle
administration of poly (lactic-co-glycolic) (PLGA)liposomes and
nanoparticles has been shown to cause an excellent humoral and cellu-
lar immune response. Another application for hollow microneedles is
delivery of DNA vaccines contained within a nanoparticle system. Addi-
tionally, compared to the SC route, DNA vaccine loaded on niosome
produced a more robust immune response. Maaden et al. prepared a
digitally controlled hollow microneedle injection system (DC-hMN-
iSystem) with an ultra-low dead volume to perform micro-injections
into the skin in an automated manner. The plan was developed to avoid
formulation loss and prevent leakage. They demonstrated how a DC-
hMN-iSystem could be used for simple, minimally invasive, and poten-
tially painless cancer vaccination. Du et al. developed the hollow MN
intradermal vaccination in mice to administer diphtheria toxoid (DT),
and poly (I:C) encapsulating it on mesoporous silica nanoparticles and
cationic liposomes. After inserting the hollow microneedle-mediated
intradermal vaccination, the antigen and adjuvant encapsulated lipo-
somes elicited a potent immune response. Ogai et al. developed new
hollow microneedles for improved immunity in intradermal vaccina-
tion. In groups of rats, serum immunoglobulin G antibody production
was assessed using an enzyme immunoassay after either ID delivery
through microneedles or SC injection. The microneedle is intended to
make it easier to administer the solution intradermally and to elicit an-
tiviral antibody responses even with a smaller dose of vaccine. Promis-
ing outcomes of ID administration as a potential immunogenic strategy
to increase the effectiveness of immunization were confirmed [9].

Although effective at triggering a robust immune response, hollow
microneedles are not made of biodegradable materials but leave parti-
cles on the skin. To overcome these drawbacks dissolving microneedles
are used. These are made of polymers that have FDA approval and can
be loaded with either nanoparticles or the vaccination antigen. These
microneedles disintegrate entirely after delivery, releasing the vaccine
into the skin. Dissolving microneedle-containing microparticles delays
antigen release, and providing sustained antigen release with a strong

adaptive immune response. Flu vaccine delivery has led to the initial
development of dissolving microneedles for immunization. Flynn et al.
designed low adenovirus vaccine doses using a microneedle patch for
transdermal vaccine delivery, and showed that the vaccine induced the
highest level of functional, parasite growth inhibitory antibodies and
low anti-vector responses. They concluded that the MN patch system
enhanced induction of protective immune responses compared to con-
ventional injection-based immunization. Arshad et al. developed BCG-
loaded microneedle patches for more efficient transdermal drug deliv-
ery of the vaccine. Their study showed that the sodium alginate mi-
croneedles offered simple and reproducible vaccination administration
across the skin layers. These results contribute to MN devices as a po-
tentially effective, live attenuated vaccine administration technique
[10]. Choi et al.developed the influenza vaccine using insertion-
responsive microneedles (IRMNs), which showed significant potentials
for quick and convenient transdermal delivery of vaccinations. Accord-
ing to this study, vaccine-coated IRMNs were as effective as intramus-
cular injections at reducing viral shedding and eliciting antibody re-
sponses in guinea pigs. Therefore, microneedle technology might be a
desirable method for immunizing humans and animals.

Vaccine therapy enhances the body's immune system and offers pro-
tection from pathogenic organisms. A lesser dose is needed than an in-
tramuscular injection when the medication is delivered via a micronee-
dle. During vaccination, intradermal vaccination with a microneedle
can produce considerably higher antibody titers than subcutaneous in-
jection. Diphtheria, anthrax, herpes simplex, chikungunya, rabies, he-
patitis B, influenza, hepatitis C, human papillomavirus infection, tuber-
culosis, rotavirus infection, tetanus, plaque, and West Nile fever are just
a few of the infectious diseases for which microneedle formulations of
vaccines have been used in validating in the transderual drug delivering
system TDDS [11].

The best approach to overcome infectious diseases is through vacci-
nation. The use of microneedles for vaccine delivery is a novel ap-
proach. Generally, self-administered microneedees (MN) based vac-
cines offers the possibility of a technique that is appealing for largescale
vaccinations during pandemics. In addition to being patient-friendly,
MNs are effective at improving a robust immune response against a
range of viral and bacterial infections. In the future, vaccine adminis-
tration methods may heavily rely on microneedle-based vaccinations.
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ABSTRACT 
Chrysin is a flavonoid possessing potential pharmacological activities against many diseases including cancer. Many 
studies have been reported on Chrysin showing anticancer activity against colon cancer. However, the mechanism with 
which Chrysin shows its anticancer activity is not known yet. Hence, the current study was framed to understand the 
molecular mechanism of Chrysin against colon cancer via gene set enrichment and network pharmacology analysis 
coupled with molecular docking study. Initially, Chrysin probable targets were identified by SwissTargetPrediction 
and their molecular pathway enrichment was analyzed by the STRING and KEGG pathway databases. The network 
among Chrysin, probable protein targets, and its pathways were constructed with the aid of Cytoscape 3.6.1v. 
Molecular docking was carried out with the aid of AutoDock Vina by PyRx 0.8v. Molecular dynamics was carried 
out by Schrodinger Desmond v6.1 software. Druggability, side effects, and ADMET analysis were determined using 
MolSoft, ADVERPred, and admetSAR2.0 web server, respectively. Chrysin potentially acts via metabolic pathways 
and Ras and PI3K–Akt signaling pathways associated with the progression of cancer. Among the probable targets, 
Chrysin exhibited the highest binding affinity against epidermal growth factor receptor comparable to standard 
molecule Erlotinib, and its root mean square deviation and interactions were found stable at 20 ns MD production run. 
Both Chrysin and Erlotinib shared common interactions with Asp831 active site residue and confirmed their potential 
antagonistic effect. In conclusion, Chrysin may serve as a potential anticancer small molecule in the future for the 
management and treatment of colon cancer.

INTRODUCTION
Among cancer, the third most common cancer worldwide 

is cancer of the colon with an incidence rate and mortality rate 
of 6.1% and 9.2% when combined for both sexes, respectively 
(Bray et al., 2018). Although there are several chemotherapies 
and surgeries for colon cancer patients, the rate of recurrence 
after surgery is high (Hellinger and Santiago, 2006). Thus, 

exploration of an effective clinical treatment for the treatment of 
colon cancer is essential. It is seen that herbal phytoconstituents 
have been broadly used for the treatment of various tumors such 
as colon carcinoma (Benarba and Pandiella, 2018). Chrysin is a 
herbal phytoconstituent that is found to have anti-inflammatory 
activity (Nunes et al., 2020) by effectively impairing cisplatin-
influenced expression for iNOS and COX-2 (Rehman et al., 
2014), neuroprotective activity by triggering nuclear factor-kB 
and inducing the expression of nitric oxide synthase (Zhang et 
al., 2015), and antidiabetic activity by significantly inhibiting 
advanced glycation end products-receptor for advanced glycation 
end products conciliated oxidative stress, activation of PPAR-g 
resulting into inflammation (Rani et al., 2016), and antidepressant 
activity by culmination in the uplift of nerve growth factor and 
BDNF levels (Filho et al., 2015). Reviews of previously published 
scientific literature have disclosed that the results of phytoconstituent 
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Chrysin showed improved cytotoxic effects against colorectal 
cancer on various in vitro and in vivo studies (Bahadori et al., 
2016). One study showed that in Wistar rats, Chrysin guarded 
against colon cancer which was induced by cisplatin through 
amelioration of oxidative stress and apoptosis which caused a 
significant decrease in cis-diamminedichloroplatinum-induced 
deterioration of the goblet cells in the crypts of the colon (Khan 
et al., 2012). However, Chrysin is found to be efficacious in the 
treatment of colon carcinoma (Lin et al., 2018). To date, there is 
no data available on Chrysin action on multiple protein targets 
and its pharmacological mechanisms on colon cancer. Thus, the 
drug targets and pharmacological mechanism can be predicted 
using network pharmacology analysis which provides insight for 
improving the discovery of various drugs for various diseases (Shi 
et al., 2020).

In the current study, the inherent mechanism of 
phytoconstituent Chrysin for the treatment of colon cancer was 
scrutinized with the help of a network-based systematic study. 
Briefly, the drug-target network was constructed considering 
the target sets of Chrysin and colon cancer. The genes which 
overlapped between Chrysin and colon cancer were inspected by 
comparative analysis with the aid of KEGG pathway enrichment 
analysis. Hence, the current study was designated to access 
and document the Chrysin probable protein targets and their 
mechanisms of action on colon cancer.

MATERIALS AND METHODS

Target identification
The canonical SMILE of Chrysin was retrieved from 

the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and 
its targets were predicted using the SwissTargetPrediction online 
server (http://www.swisstargetprediction.ch/). The server predicts 
molecular protein targets based on similarity measures depending 
on 2D and 3D combinations with known ligands. Furthermore, the 
protein molecules involved in colorectal cancer were identified 
using the Open Targets Platform (https://platform.opentargets.
org/) and Therapeutic Target Database (http://db.idrblab.net/ttd/).

Gene set enrichment and network analysis
A set of gene IDs of probable protein target for Chrysin 

were submitted as input into the STRING database (https://
string-db.org/) to study protein–protein interactions. Furthermore, 
molecular pathways modulated by a set of genes were identified 
using the KEGG pathway. The network among Chrysin, probable 
protein targets, and its pathways were constructed with the aid of 
Cytoscape 3.6.1 version. The constructed network was analyzed by 
edge count topological parameter by treating it as direct. The node 
size of the network was fixed to “low values to small size” with 
color to “low values to bright colors” (Patil et al., 2020, 2021).

Docking studies

Selection, preparation, and quality of protein target
Based on the network analysis, protein targets having 

larger node sizes and highest edge counts, and based on the clinical 
success full targets, we selected epidermal growth factor receptor 
(EGFR), a major potential therapeutic target of colon cancer. 
The 3D structure with X-ray crystallographic of EGFR having 

PDB ID: 1M17 was retrieved from Research Collaboratory for 
Structural Bioinformatics Protein Data Bank (https://www.rcsb.
org). The distribution of amino acids and the quality of proteins 
were determined by PROCHECK and ERRAT (https://servicesn.
mbi.ucla.edu/ERRAT) online servers, respectively. The active site 
residues that are involved in the ligand-binding were noted from 
the selected PDB file via Discovery Studio Visualizer 2019v (DSV 
v2019) and further, the listed amino acid residues were confirmed 
from P2RANK (https://prankweb.cz/analyze?database=v2-
conservation&code=1M17) and Galaxy site web servers (http://
galaxy.seoklab.org/cgi-bin/submit.cgi?type=SITE).

Preparation of ligand
The 3D structure of Chrysin and the reference drug 

molecule, i.e., Erlotinib, was taken from the PubChem chemical 
database. To avoid interference during docking simulation, the 
initial free energy of the ligand molecules was minimized by 
Marvin Sketch using the MMFF94 force field.

Docking validation
Before initiating the docking studies, the grid box and 

docking conformation are validated via the pre-docking step. 
The structure of Erlotinib from the crystal structure of EGFR 
(PDB ID 1M17) was retrieved in .pdb format using DSV v2019. 
Docking of EGFR with both Erlotinib extracted from the 1M17 
and PubChem database was carried out using PyRx 0.8v software. 
The .pdb format protein molecule and the ligand were imported 
into the software and converted into AutoDock Vina molecules, 
i.e., .pdbqt files. The grid box was set to maximum for size and 
center [center x = 26.6909, y = 9.667, and z = 59.1236; size x = 
58.124, y = 66.546, and z = 51.512] and the system exhaustiveness 
was set to 8. Intermolecular interactions and post-docking ligand 
orientation (conformation) root mean square deviation (RMSD) 
of both Erlotinib extracted from the 1M17 and PubChem was 
analyzed by DSV v2019 software and DockRMSD online server 
(https://zhanglab.ccmb.med.umich.edu/DockRMSD/).

Chrysin–EGFR docking
The affinity between Chrysin and EGFR protein target 

was determined using AutoDock Vina by using PyRx 0.8v 
software. The .pdb format protein molecule and the ligand were 
imported into the software and converted into AutoDock Vina 
molecule (i.e., Chrysin.pdbqt) file. As mentioned above, the grid 
box was set to maximum for both size and center [center x = 
26.6909, y = 9.667, and z = 59.1236; size x = 58.124, y = 66.546, 
and z = 51.512] and the system exhaustiveness was set to eight. 
The ligand–protein interactions within the site-specific domains 
along with a transformation in the orientation of ligand after 
docking were envisioned with the aid of DSV v2019.

Molecular dynamics
Molecular dynamics of Chrysin with EGFR complex was 

carried out by Desmond software (version 6.1). The MD system 
was solvated by Simple Point Charge water model in a cubic box 
[dimension 10Å × 10Å × 10Å]. Chlorine ions (–5) were added 
to neutralize the system. Furthermore, the complex system was 
minimized for a 100ps production run. The Isothermal-Isobaric 
ensemble: moles (N), pressure (P) and temperature (T) was applied, 
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and 1.01325bar atmospheric pressure and temperature 300K were 
set. Furthermore, 2,000 frames were set for 20 ns MD production 
run at 10 ps sampling analysis time interval. Finally, the RMSD 
and residue-wise interaction fluctuations were analyzed.

Druglikeness characteristics and ADMET profile
Chrysin and Erlotinib canonical SMILES were retrieved 

to envisage the characteristics of druglikeness which includes 
the molecular weight of the drugs (MW), the total number of 
hydrogen bond donor (NHBD), the total number of hydrogen 
bond acceptor (NHBA), its lipid/water partition coefficient (Log 
P), and its druglikeness score (DLS) by employing MolSoft online 
server. With the aid of ADVERPred and ADMET SAR2.0 by 
the online server, numerous side effects along with the probable 
inactivity (Pi) and probable activity (Pa) and ADMET profile were 
anticipated, respectively.

RESULTS

Target prediction
A total of 40 protein targets were identified for the Chrysin 

from SwissTargetPrediction. Among them, 13 protein targets were 
significantly targeted by Chrysin and found to involve in colon 
cancer, namely calmodulin 1, EGFR, insulin-like growth factor 
1, insulin receptor, myosin light chain kinase, glycogen synthase 
kinase 3 beta, neurotrophic receptor tyrosine kinase 2, cyclin-
dependent kinase 6, nitric oxide synthase 2, monoamino oxidase 
A, arachidonate 15-lipoxygenase, arachidonate 12-lipoxygenase, 
and arachidonate 15-lipoxygenase.

Gene set enrichment and network analysis
The enrichment analysis identified 13 targets to play 

a major role in the 40 molecular pathways [false discovery rate 
(FDR) < 0.05]. Among them, pathways in cancer, metabolic 
pathways, Ras and PI3K–Akt signaling pathways, and nitrogen 
metabolism were significantly modulated via scoring the lowest 
FDR value. Table 1 summarizes the modulated pathways with 
their respected modulated genes by Chrysin and Figure 1 shows 
the network of interacted phytoconstituents with molecules of 
proteins and the pathways involved in colon cancer.

Active site residues of EGFR protein
The active site residues of EGFR present in the .pdb 

file 1M17 are Lys721, Val702, Ala719, Leu764, Met742, Leu694, 
Glu738, Asp831, Met769, and Asp831 (confirmed via P2RANK 
and GalaxySite web server).

Docking studies

Docking validation
The binding energy (BE) of Erlotinib extracted from the 

1M17 and PubChem was –7.1 and –7.5 kcal/mol, respectively. 
Erlotinib extracted from the 1M17 formed one hydrogen bond 
interaction, i.e., Asp831, with NH group of Erlotinib and formed 
five non-hydrogen bond interactions with Gly695, Val702, 
Leu764, Ala719, and Met742. However, Erlotinib extracted 
from PubChem formed two hydrogen bond interactions, i.e., 
Met769…O- and Asp831…NH, and formed six non-hydrogen 
bond interactions with Leu694, Val702, Lys721 (2), Met742, 

and Leu764. Among the total interactions of Erlotinib extracted 
from 1M17 and PubChem with EGFR, Asp831, Val702, Met742, 
and Leu764 were found to be the common interactive residues. 
Furthermore, the Erlotinib docked orientation (conformation) was 
analyzed by the DockRMSD server and the RMSD was found to 
be 1.657 Å. Figure 2 shows the interactions and ligand orientation 
RMSD of both Erlotinib extracted from 1M17 and PubChem.

Chrysin and EGFR docking studies
Docking was carried out for Chrysin and compared its 

affinity and interactions with the docked conformation of Erlotinib 
extracted from PubChem due to its lowest BE and maximum 
intermolecular interactions. Chrysin scored the lowest BE of –8.8 
kcal/mol with EGFR by forming two hydrogen bond interactions 
with site-specific residues that is Glu738…OH and Asp831…=O. 
However, Erlotinib scored the lowest BE of –7.5 kcal/mol with 
EGFR by forming two hydrogen bonds with active site residues, 
i.e., Met769…O- and Asp831…NH. Among these interactions, 
Asp831 amino acid residue was found to be common for Chrysin 
and Erlotinib. After docking, the BE and the swap in the orientation 
of ligand along with the hydrogen bond interactions are displayed 
in Table 2 and the interactivity of Chrysin and Erlotinib concerning 
EGFR is shown in Figure 3.

Molecular dynamics
Chrysin combined with EGFR exhibited a very stable 

RMSD (Å) at 20 ns production run. Initially, from 0 to 6 ns the 
ligand RMSD (Å) was found stable (0.3Å) and suddenly slight 
fluctuation was seen (0.3–0.4Å) at 6 ns and further from 6 to 20 
ns again RMSD was found to be very stable at 0.4Å. Furthermore, 
Chrysin formed a very stable bond throughout the 20 ns production 
run. It formed stable interactions with Asp831 (56%), Thr766 
(52%), Ala719 (17%), Glu738 (94%), Lys721 (32%), and Thr830 
(12%). Figure 4 shows the Chrysin–EGFR RMSD and residue-
wise interactions.

Druglikeness and side effects
Erlotinib, a clinically approved molecule was found to 

obey the rule of Lipinski via MW ≤500 g/mol (i.e., 393.17 g/mol), 
HBA ≤10 (i.e., 6), HBA ≤5 (i.e., 1), LogP ≤5 (i.e., 2.21), and scored 
positive DLS of 0.90. Similarly, Chrysin was also found to obey 
the rule of Lipinski via MW ≤500 g/mol (i.e., 254.06 g/mol), HBA 
≤10 (i.e., 4), HBA ≤5 (i.e., 2), LogP ≤5 (i.e., 3.61), and scored 
negative DLS of –0.21. On looking at the side effects, Erlotinib 
was predicted to exert hepatotoxicity, myocardial infarction, 
nephrotoxicity, and cardiac failure via scoring Pa values of 0.932, 
0.665, 0.594, and 0.362, respectively. Similarly, Chrysin was 
predicted to exert only hepatotoxicity via a scoring Pa value of 
0.516. The results are shown in Table 3.

DISCUSSION
The present study was carried out to recognize the 

molecular mechanism of anticancer activity of phytoconstituent 
“Chrysin” which belongs to the flavonoid category with the 
analysis of gene set enrichment, network pharmacology, and in 
silico molecular docking analysis. Network pharmacology is 
a novel innovative method to forecast the association between 
the phytoconstituent and protein targets (Chandran et al., 2017). 
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Table 1. Gene set enrichment analysis of probable protein targets of Chrysin.

S. No. KEGG ID Pathway name Observed  
gene count

False discovery  
rate

1. hsa00910 Nitrogen metabolism 6 5.15E-09

2. hsa05200 Pathways in cancer 12 1.11E-06

3. hsa04014 Ras signaling pathway 8 1.31E-05

4. hsa00590 Arachidonic acidmetabolism 5 4.26E-05

5. hsa04151 PI3K–Akt signaling pathway 8 0.00014

6. hsa04066 HIF-1 signaling pathway 5 0.00021

7. hsa04010 MAPK signalingpathway 7 0.00031

8. hsa01521 EGFR tyrosine-kinase inhibitor resistance 4 0.0011

9. hsa04022 cGMP-PKG signaling pathway 5 0.0011

10. hsa01100 Metabolic pathways 12 0.0013

11. hsa01522 Endocrine resistance 4 0.0017

12. hsa04510 Focal adhesion 5 0.0023

13. hsa04015 Rap1 signaling pathway 5 0.0024

14. hsa04726 Serotonergic synapse 4 0.0026

15. hsa04722 Neurotrophin signaling pathway 4 0.0028

16. hsa00330 Arginine and proline metabolism 3 0.0029

17. hsa04068 FoxO signaling pathway 4 0.0036

18. hsa04150 mTOR signaling pathway 4 0.005

19. hsa05226 Gastric cancer 4 0.005

20. hsa04115 p53 signaling pathway 3 0.0057

21. hsa04971 Gastric acid secretion 3 0.0062

22. hsa04020 Calcium signaling pathway 4 0.0078

23. hsa00220 Arginine biosynthesis 2 0.0081

24. hsa04964 Proximal tubule bicarbonate  
reclamation

2 0.0095

25. hsa05205 Proteoglycans in cancer 4 0.0095

26. hsa04750 Inflammatory mediator  regulation of TRP 
channels

3 0.0096

27. hsa00790 Folate biosynthesis 2 0.0109

28. hsa00591 Linoleicacid metabolism 2 0.0128

29. hsa04152 AMPK signaling pathway 3 0.016

30. hsa04270 Vascular smooth muscle contraction 3 0.016

31. hsa00350 Tyrosine metabolism 2 0.0166

32. hsa04110 Cell cycle 3 0.0166

33. hsa04960 Aldosterone-regulated sodiumreabsorption 2 0.0168

34. hsa04728 Dopaminergic synapse 3 0.0177

35. hsa04371 Apelin signaling pathway 3 0.0189

36. hsa05206 MicroRNAs in cancer 3 0.0244

37. hsa04218 Cellular senescence 3 0.0263

38. hsa04923 Regulations of lipolysis inadipocytes 2 0.0276

39. hsa04062 Chemokine signaling pathway 3 0.0358

40. hsa04662 B-cell receptor signaling pathway 2 0.041
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Figure 1. Network relationship between Chrysin (blue color node), probable protein targets, and pathways (yellow color nodes) involved in 
colon cancer.

Figure 2. Docking validation. (a) Interactions of both Erlotinib extracted from 1M17 and PubChem. 
(b) Ligand orientation RMSD.
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Primarily, taking into account, the fundamentals of “similar 
compounds target similar proteins” forecasted the Chrysin targets 
with the help of SwissTargetPrediction and the protein molecules 
involved in targeting colon cancer concerning the approved targets 
which are available in the Therapeutic Target database. Later, we 
executed enrichment analysis of the compound gene set with the 
help of KEGG to recognize the biological pathways modulated 
by the Chrysin. Consequently, for colon cancer, 40 molecular 
pathways were notably clarified. The network was built displaying 
the interactivity and interconnection among Chrysin and its 
protein molecules, the protein molecules along with its associated 
pathways, and also with the phytoconstituents–targets pathways. 
Based on the polypharmacology perspective, it is important to 
assume that one pathway which consisted of several molecules of 
protein regulated by a single compound is commendable than the 
function of a single molecule of proteins that requires numerous 
pathways regulated by a single drug molecule (Patil et al., 2019). 
The influence of a single target in several routes can be fewer 
and the influence for that single route consisting of many protein 

targets regulated by that single compound could be vast. Our study 
disclosed that phytoconstituent Chrysin revealed the excessive gene 
count for various routes or pathways which are entangled in colon 
cancer and ultimately Chrysin falls under the polypharmacology 
therapy via multiple proteins and multiple pathways’ mechanism. 
The constructed network linking phytoconstituents–proteins–
pathways discloses the role of Chrysin (flavonoid) for the 
treatment of colon cancer by targeting significant molecules of 
protein. Flavonoids are polyphenolic compounds that are found 
drastically in plant sources. It contains two aromatic rings that 
are A and B which form a C ring by attaching a 3-carbon chain 
(Kumar and Pandey, 2013). Considering various in vitro and in 
vivo research studies, it can be seen that flavonoids had potential 
activity as an anticancer agent against innumerable types of cancer 
models which is progressed through modulation of key signaling 
pathways that are responsible for the transfer and conquering of 
cancer cells and also by arresting the metastatic progression like 
regulatory molecules like MMPs, TGF-β, uPA/uPAR, and other 
contributors of the complicated process which are involved in 

Figure 3. Interaction of (1). Chrysin and (2) Erlotinib with EGFR. (a) 2D representation, (b) Ligand within binding pockets, and (c) Ligands 
within active site domains, respectively.

Table 2. Affinity and interactions of Chrysin and Erlotinib with EGFR.

Compound name BE (kcal/mol) HBI (amino acid…ligand) NHBI (No. of interactions)

Chrysin –8.8 Glu738…OH, Asp831…=O Lys721 (2), Val702 (2), Ala719 (2)

Erlotiniba –7.5 Met769…O-, Asp831…NH Ala719, Leu764, Lys721 (2), Met742, Leu694

BE = Binding energy; HBI = Hydrogen bond interactions; NHBI = Non-hydrogen bond interactions.
aStandard molecule (EGFR inhibitor); 
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metastatic spread (Liskova et al., 2020). In one study, the growth of 
epidermoid carcinoma A431 cells and upregulation of EGFR was 
inhibited significantly by tyrosine kinase inhibitors (Huang et al., 
2009). The present study recognized Chrysin to potentially target 
EGFR as a vital protein molecule, which is inherently entangled 
in colon cancer, respectively. Previous studies reported that drugs 
like Erlotinib or Gefitinib produced a strong synergistic effect with 
serine/threonine-protein kinase B-Raf (BRAF) (V600E) inhibition 
which in turn leads to the inhibition of EGFR and thus such drugs 
are recommended as an inherent anticancer compound (Prahallad 
et al., 2012). In one study, it has been found that the therapeutic 
effect of anti-EGFR therapy is overruled by activated Kirsten rat 
sarcoma viral oncogene homolog protein mutations, which further 
lead to the transduction of the activation signal from EGFR. Apart 
from these, supplementary factors may be the portion for different 
signaling routes or pathways which are triggered by EGFR which 
include EGFR itself, the phosphatase, BRAF, and phosphatase and 

tensin homolog (PTEN). These are the genes that are the major 
targets of genetic modifications for colon cancer and they have been 
related to the effectiveness of therapies regulated against EGFR or 
the members of the EGFR-activated pathways (Laurent-Puig et al., 
2009). Inhibition of EGFR is one of the restorative approaches in the 
management of colon cancer. In previous reports, it has been found 
that the subjects with KRAS wild type tumors and the administration 
of EGFR MAb drugs to standard treatment, there was progression 
of the disease which was reduced by 30%, and the rate of death was 
also shrunk by 12% and the tumor shrinkage rate was seen to be 
improved, i.e., from 31% to 46%. For subjects having both KRAS 
and neuroblastoma RAS viral oncogene homolog (extended Rat 
sarcoma) wild type, the risk of disease progression was found to 
be lowered, i.e., 40% and the risk of death was lowered by 23% 
and the rate of tumor shrinkage increased from 21% to 48% (Chan 
et al., 2017). In the present study, the phytoconstituent Chrysin is 
predicted for the inhibition of EGFR. It is suggested that Chrysin 

Table 3. Druglikeness characteristics and its probable side effects of Erlotinib and Chrysin.

Compounds MW  
(g /mol)

Molecular 
formula NHBA NHBD DLS Log P Pa Pi Side effects

Erlotinib 393.17 C22H23N3O4 6 1 0.90 2.21 0.932 0.015 Hepatotoxicity

0.665 0.017 Myocardial infarction

0.594 0.027 Nephrotoxicity

0.362 0.123 Cardiac failure

Chrysin 254.06 C15H10O4 4 2 –0.21 3.67 0.516 0.187 Hepatotoxicity

MW = Molecular weight; NHBA = Number of hydrogen bond acceptor; NHBD = Number of hydrogen bond donor; DLS = Druglikeness score; Log P = Partition 
coefficient; Pa = Probable activity; Pi = Probable inactivity.

Figure 4. Stability of intramolecular interactions of Chrysin with EGFR. (a) RMSD fluctuations, (b–d) Residue-wise Chrysin–EGFR contacts.



Kudatarkar et al. / Journal of Applied Pharmaceutical Science 11 (09); 2021: 057-065064

reduced the proliferation of cancer cells by downregulation of the 
EGFR tyrosine kinase enzyme (Liu et al., 2019). Additionally, this 
phytoconstituent is also envisaged to interconnect with numerous 
target proteins and regulate the pathways which are entangled 
in colon cancer. In the present study, we recognized Chrysin as 
a potent EGFR tyrosine kinase inhibitor. Considering, the small 
molecules function only on the active site domain on specific 
targets, according to the theory of the “lock and key” model. The 
present study employed molecular docking simulation to delineate 
the affinity of the standard drug and phytoconstituent toward 
envisaged target molecules. For the docking study, we selected the 
phytoconstituent Chrysin, which is predicted to target one inherent 
therapeutic protein target of colon cancer, i.e., EGFR. Furthermore, 
the binding affinity of the phytoconstituent Chrysin was compared 
with the therapeutically approved drug, i.e., Erlotinib. Among 
the selected drug, Chrysin expressed the highest binding affinity 
to EGFR. The results revealed that the phytoconstituent Chrysin, 
when coupled with long-chain, can obtain a better anticancer 
effect and those compounds with 16 carbon atoms chain were 
found to show inherent anti-proliferative activity (Lv et al., 2010). 
Observing the hydrogen bond interactions, the selected standard 
drugs, i.e., Erlotinib and Chrysin, had hydrogen bond interactions 
with the predicted protein targets. The residues amino acids of 
EGFR having links with Chrysin were Lys721, Val702, and 
Ala719; and with Erlotinib are Ala719, Leu764, Lys721, Met742, 
and Leu69. The interactions of these residues were found within its 
active site domain. Likewise, Erlotinib and Chrysin shared Asp831 
as the common residue of amino acids for EGFR. Furthermore, the 
interactions of Chrysin with EGFR were confirmed via a 20 ns MD 
production run. Chrysin was found to 56% stable with Asp831 and 
also it formed stable interactions with Thr766, Ala719, Glu738, 
Lys721, and Thr830. The study revealed that Chrysin was a better 
inhibitor of EGFR when compared to Erlotinib. Considering these 
findings from in silico molecular docking and MD analysis, Chrysin 
interacts with the active site domain and possibly plays a major role 
in the inhibition of EGFR as well as numerous protein molecules 
as observed in the Chrysin network-based mechanisms. Thus, 
employing phytoconstituents formulations for the management of 
complicated diseases could be the most favorable approach.

CONCLUSION
In this study, a gene set enrichment and network analysis 

of Chrysin possible protein targets coupled with its molecular 
interactions with EGFR via molecular docking and dynamics 
study were examined. We identified the mechanisms by which 
Chrysin modulates various signaling pathways which led to the 
inhibition of tumor progression. The study provided Chrysin 
as a major lead molecule as an anticancer agent against colon 
cancer. Chrysin majorly acts via pathways in cancer, metabolic 
pathways, and Ras and PI3K–Akt signaling pathways. However, 
it has major action on an EGFR as an inhibitor compared to 
standard molecule Erlotinib via molecular docking studies. The 
results which are obtained in the currents study will therefore 
narrow down the inherent protein targets of Chrysin which will 
direct a better pathway in future experiments. The major hurdle 
to deploy Chrysin as an anticancer agent for clinical use is its 
inadequate bioavailability and its reduced chemical stability 
under physiological conditions. However, we propound that 

novel drug delivery systems like nanoparticles might be intended 
to increase the bioavailability and stability of Chrysin. Thus, 
in the drug-development process, molecular docking analysis 
provides a rapid and cost-effective method to recognize the 
inherent protein targets for different anticancer compounds 
emerging from several natural sources along with the potential 
toxic side effects which occur through the interactions with 
proteins.
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ABSTRACT
Background: Chrysin is a phytoconstituent which has anticancer activity. The study 
aims to formulate, characterize and evaluate the cytotoxic effect of chrysin loaded 
phytosomes against HT29 cells. Materials and Methods: Antisolvent precipitation 
technique was employed to prepare phytosomes. Particle size, polydispersity index, 
zeta potential, entrapment efficiency, scanning electron microscope and Fourier 
transform infrared spectroscopic analysis were carried out for the characterization of 
chrysin loaded phytosomes. Cell viability was done to evaluate the cytotoxic effect of 
developed phytosomes comparing with plain chrysin. Results: The developed chrysin 
loaded phytosomes showed the particle size of 94.40nm, polydispersity index of 0.31, 
and zeta potential -1.33 mV. The entrapment efficiency was 74.28 %. Chrysin loaded 
phytosomes showed increased cytotoxic effect on HT-29 cells. Conclusion: This research 
work produces confirmative indication for the use of Chrysin loaded phytosomes in 
experimental animals to further gain in depth analysis for anticancer activity of chrysin 
loaded phytosomes against colon cancer.
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INTRODUCTION
As per the data provided by GLOBOCAN, 
it is found that colorectal cancer (CRC) 
is being the 3rd most fatal cancer and also 
4th most diagnosed cancer throughout 
the world.1 An elevation in the incidence 
rate of  CRC has being reported in both 
the developed and developing countries 
due to the consumption of  artificial foods 
which contain low fiber diet and also due 
to sedentary lifestyle.2 Treatment for CRC is 
available using chemotherapy if  diagnosed 
with CRC at an earlier stage. But it has been 
found that these chemotherapy drugs possess 
many adverse effects due to which the risk is 
more than the benefits. To avoid the adverse 
effects of  the chemotherapeutic drugs, it is 
recommended to use alternative medicines 
which include the herbal drugs either in 
the form of  extracted crude drugs or pure 
phytoconstituents. Chrysin also known as 

5’7 dihydroflavone is one phytoconstituent 
which falls under flavonoid category and is 
also known to possess anticancer properties 
against various types of  cancer. Chrysin is 
a phytoconstituent mainly found in honey, 
propolis and passion flower.3 Reviews from 
scientific literature which were previously 
published have revealed that chrysin 
exhibited enhanced cytotoxic effect against 
various colorectal cancer cell lines,4 and 
also in vivo studies.5 One study was done in 
Wistar rats and it revealed that the goblet 
cells in the crypts of  colon had deteriorated 
due to cis-diamminedichloroplatinum 
which was protected by phytoconstituent 
chrysin through breakdown of  oxidative 
stress and apoptosis.6 However, 
phytoconstituent Chrysin is found to be 
beneficial in the treatment of  colorectal 
cancer.7 Studies revealed that Chrysin had 
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very low bioavailability due to which the dose required 
to treat the colorectal cancer was more.8 Phytosomes 
is a novel nanoformulation which aids in reducing the 
size of  the phytoconstituent which in turn improves 
the surface area and thus better permeability.9 Studies 
also suggest that the stability of  the drug is enhanced 
by incorporating into phytosomal form.10 Since there 
are no studies that are being carried out to check the 
anticancer potential of  chrysin in phytosomal form, 
the primary objective of  this study is to enhance the 
pharmacokinetic and pharmacodynamics profile of  
chrysin by incorporating it into phytosomal form and to 
characterize and pharmacologically evaluate anticancer 
activity of  chrysin loaded phytosomes for the treatment 
of  colorectal cancer in Wistar rats.

MATERIALS AND METHODS
Materials

Soya lecithin and Chrysin (95%) was obtained from 
Tokyo chemical industries limited (Japan). The other 
chemicals and reagents used were of  analytical grade.

Formulation of Chrysin Loaded Phytosomes

Chrysin loaded phytosomes (CLP) were prepared by 
antisolvent precipitation technique.11 The required 
quantity of  soy lecithin and chrysin were taken in 250ml 
round bottomed flask and refluxed in the presence of  
dichloromethane in the temperature 60°C for 3 hr. The 
resultant solution was concentrated to about 5-10ml and 
hexane was administered to the concentrated solution 
with continuous stirring till a precipitate (ppt) was 
formed. Then the ppt was filtered out. It was kept under 
desicator for complete drying. The dried ppt was sieved 
in 100 mesh and stored in ambor coloured bottles.

Formulation and Structural Characterization of 
Chrysin Loaded Phytosomes
Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

10mg of  chrysin loaded phytosomes was added in 
100ml phosphate buffer saline along with rapid shaking 
and it was observed in the presence of  white light 
for the presence of  particle aggregates and also for a 
characteristic opalescence. Particle size of  chrysin loaded 
phytosomes was measured with the help of  Nanotrac. 
Here 1mg of  the formulation were added with 10ml 
of  water and this was ultrasonicated for an hour. After 
sonication, the solution was administered in nanotrac 
for determining particle size and polydispersity index. 
Zetasizer (Malvern Instruments, United Kingdom) was 
utilized for determining the zeta potential. The prepared 

formulation (1mg) was added in 10ml of  water by 
shaking rapidly. 0.5 ml of  chrysin loaded phytosome 
was administered in disposable zeta sizing cuvette. It was 
analyzed at 25°C at a measurement angle of  90°. 

Entrapment Efficiency

The amount of  phytoconstituent Chrysin present 
in the phytosomal form was determined using High 
performance thin layer chromatography (CAMAG, 
Switzerland).

Scanning Electron Microscopy (SEM)

Scanning electron microscope (Hitachi S3400 Japan) 
was utilized to check the surface morphology of  chrysin 
and chrysin loaded phytosomes. Photomicrographs 
were obtained by placing the dried samples which was 
coated with 5 nm gold.

FTIR Analysis

FTIR spectroscopy was utilized to determine molecular 
states of  CLP, pure chrysin and soya lecithin (Shimadzu, 
Japan). After collecting the background, sufficient 
quantity of  samples was administered above the crystal 
surface and gripper was set down on above the sample 
by turning it until a ‘click’ sound was heard to verify the 
gripper is in constant contact with the sample. Scanning 
was performed and the process was repeated for every 
individual sample respectively.

In vitro activity on HT-29 Cells
Cell Culture

Cell line of  human colorectal cancer that is HT-29 was 
procured from NCCS Pune and grown in McCoys 
5A+2mM medium at 37°C and a pH of  7.4 supplemented 
with 0.25% trypsin under humidified atmosphere of  5% 
carbon dioxide. These cells were then subcultured in 
McCoys 5A+2mM medium with an average density of  
1-3x10,000 cells/cm2.

Cell viability

MTT [3- (4,5-dimethylthiazol-2-yl) - 2,5- diphenyltet-
razolium bromide] assay were carried out according 
to previously published method. A 96-well plate was 
taken and 200 μl of  HT-29 cells was seeded. It was then  
incubated at a temperature of  37°C for 48 hr under 5% 
CO2. Solution of  pure chrysin and chrysin loaded 
phytosome solution were administered into the wells in 
the concentrations of  20,40,60,80,100 and 200μM. MTT 
solution (2ml) that is 5 mg/ml was added to individual 
well. It was incubated at temperature of  37°C under 5% 
CO2. The medium which was present in the well was 
replaced with 2 ml of  dimethyl sulfoxide after incubating  
it for 4 hr and the optical density was measured at 
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570 nm. Calculation of  percentage of  cell viability with 
pure chrysin and CLP was carried out.

RESULTS
Formulation and Structural Characterization

The composition of  phospholipid: phytoconstituent 
that soya lecithin and pure chrysin in the ratio of  2:1 
showed better formulation.

Visual Observation, Particle Size Distribution, 
Polydispersity Index and Zeta Potential

The dispersion of  CLP in water appeared to be yellow 
coloured with a slight turbidity. Suspended particulate 
matter was absent in the dispersion. Chrysin loaded 
phytosomes exhibited a particle size of  94.40nm. The 
polydispersity index showed uniformity in the particle 
size distribution that is 0.31. Zeta potential of  CLP was 
found to be -1.33 mv.

Drug Entrapment

The quantity of  chrysin embedded within the 1ml 
of  chrysin loaded phytosome was found to be 
164.9 microgram respectively and the percentage of  
entrapment efficiency was found to be 74.28%.

Scanning Electron Microscopic Examination

The morphology of  chrysin (Figure 1a) and chrysin 
loaded phytosomes (Figure 1b) was revealed by scanning 
electron microscopy.

Fourier Transformed Infrared Spectroscopy

Evaluation of  the molecular states of  pure chrysin, soya 
lecithin and chrysin loaded phytosomes was done using 

FTIR analysis. The bands at 1649.19, 1579.75, 3529.85-
3287.11 in chrysin is assigned to C=O stretch, C=C 
and OH group. Similar peaks were seen in CLP and is 
shown in Figure 2.

In vitro study on HT-29 Cells

Cell Viability

MTT assay showed that pure chrysin solution and 
CLP (p< 0.05) showed the cytotoxic effect on HT-29 
cells when compared with normal control group. 
The inhibition of  cell viability significantly increased 
in CLP when compared to chrysin solution under all 
concentrations that is 20–200 μM with p < 0.05. Both 
the treatment group showed a raise in HT-29 cell viability 
in a dose dependent manner. IC50 value for chrysin and 
CLP was found to be 53.21 and 17.92 respectively and 
is shown in Table 1.Figure 1a: SEM image of chrysin.

Figure 1b: SEM image of chrysin loaded phytosome.

Figure 2: FTIR Image of chrysin, soya lecithin and chrysin 
loaded phytosomes.
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DISCUSSION
Nowadays the prevalence rate of  colorectal cancer is 
increasing vigorously.12 This might be because of  various 
factors like consumption of  processed food,13 which 
contains low fiber diet and also contains preservatives 
which is also known to be a cause of  colon cancer,14 and 
sedentary lifestyle.15 Oxidative stress is another factor 
known to produce colon cancer.16 Thus it important 
to come up with a treatment for colon cancer. Now 
there are number of  drugs which are being used for 
the treatment of  colorectal cancer such as 5-flurouracil, 
capacitabine etc.17 But there are multiple adverse effects 
observed when using such drugs like hepatotoxicity.18 
Thus it is of  utmost importance to come up with a 
treatment for colon cancer which does not cause any 
adverse or toxic effect. Through literature review,19 we 
found that herbal constituents play a crucial role for 
the treatment of  cancer,20 and therefore we selected a 
phytoconstituent that is chrysin which is an flavonoid 
and known to have anticancer effect on colon cancer. 
The major problem seen with respect to chrysin 
administration was that it had poor bioavailability due 
to its low lipid soluble property.21 Thus it is of  utmost 
importance to increase the bioavailability of  chrysin 
so that a better therapeutics effect can be achieved. 
To encounter this low bioavailability problem, we 
incorporated chrysin into the phytosomal form. In 
the current study, the chrysin loaded phytosomes were 
prepared by anti-solvent precipitation technique,22 by 
incorporating soya lecithin and pure chrysin in the 
ratio of  2:1. Characterization of  the chrysin loaded 
phytosomes was done. However, in the present work, 
we prepared phytosomes by incorporating pure chrysin 
and soya lecithin. Formulation of  chrysin loaded 
phytosomes was done in the molar ratio of  1:1, 1:2 and 

2:1. Better results were obtained in the molar ratio of  
2:1 (phospholipid: chrysin). Nanotrac was utilized to 
determine the size of  the formulation and polydispersity 
index and it was found to be 94.40 nm and 0.31 which 
revealed that the prepared formulation was within the 
nano range and also there was reduced prevalence 
rate of  flocculation. Zeta potential of  Chrysin loaded 
phytosomes was determined using Zetasizer Ver. 
7.11 (Malvern) and it was found to be -1.33mv which 
determines better stability in acidic medium.
As seen in the present research study, smaller particle 
size were observed for chrysin loaded phytosomes than 
chrysin alone.
In scanning electron microscope, an irregular 
arrangement of  bright particles were observed in pure 
chrysin (Figure 1a) with an less defined morphology 
and scattered distribution of  particle size. In case of  
chrysin loaded phytosomes (Figure 1b), a well- defined 
arrangement in the structure was seen in which bright 
particles that is chrysin were engulfed by phospholipids.
FTIR analysis was carried out to determine molecular 
states of  CLP and pure chrysin. Bands at 1649.19, 
1579.75, 3529.85-3287.11 in chrysin was assigned to 
C=O stretch, C=C and OH group. Similar peaks were 
observed in CLP. From the given spectra, it can be 
concluded that pure chrysin and CLP had no difference 
in the internal structures and the confirmation of  these 
samples at the molecular level.
In this study, HT-29 cell lines were selected as colorectal 
cancer cells and in order to examine the efficiency 
of  pure chrysin and chrysin loaded phytosome, the 
cytotoxicity test that is MTT assay was done. In HT-29 
cells, the chrysin loaded phytosomes showed IC50 
value of  17.92 µg/ml whereas pure chrysin showed 
IC50 value of  53.21 µg/ml. Similar result was observed 
in the study.23 They also found that cytotoxicity of  
phytoconstituent loaded in phytosomal form was 
more when compared to the free drug24 and it may be 
because of  the reduced particle size of  chrysin loaded 
phytosomes which enhanced the penentration of  chrysin 
loaded phytosomes through the cell wall because of  
which there was maximum inhibibitory cytotoxicity was 
observed in the solution of  chrysin loaded phytosomes 
when compared with pure chrysin alone.

CONCLUSION
The purpose of  this research was to formulate, 
characterize and evaluate the cytotoxic effect of  chrysin 
loaded phytosomes against HT29 cells. Looking into the 
results, we can say that formulation of  chrysin loaded 
phytosomes in the ratio of  2:1 showed better cytotoxic 

Table 1: Result of MTT assay.
Compound Concentration % Viability IC 50 value

Chrysin

200 46.4264082

53.21

100 57.3894609

80 64.3549364

60 79.0732889

40 81.5263477

20 82.1017565

Chrysin 
loaded 

phytosomes

200 38.5466617

17.92

100 43.7845813

80 54.9612689

60 57.1007008

40 63.1132423

20 74.6587975
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effect against HT29 cells and this provides indication for 
the use of  Chrysin loaded phytosomes in experimental 
animals to further gain in depth analysis for anticancer 
activity of  chrysin loaded phytosomes against colorectal 
cancer.
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SUMMARY

Chrysin loaded phytosomes were formulated by 
antisolvent precipitation technique. Particle size 
distribution, polydispersity index and zeta potential 
were determined. The amount of  phytoconstituent 
entrapped within phytosomes was determined 
using High performance thin layer chromatography. 
Photomicrographs of  chrysin and chrysin loaded 
phytosomes were obtained by scanning electron 
microscopy. FTIR spectroscopy was utilized to 
determine molecular states of  Chrysin loaded 
phytosomes, pure chrysin and soya lecithin. Cytotoxicity 
of  chrysin and chrysin loaded phytosomes were 
determined using MTT assay on colorectal cancer cell
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Introduction: Pemphigus Vulgaris is a rare, noncommunicable, non-hereditary fatal autoimmune dermatological manifes-

tation in which a painful blister initiates from the oral cavity. PRIDE complex stands for Papulopustules or paronychia,

regulatory abnormality of hair and nails, itching, and dryness due to inhibition of EGFR. Both of these mucocutaneous
manifestations are rare and are often caused by drugs. Case report: Our case reports 53-year-old patient presented mul-

tiple crusted plaques, multiple hyperpigmented macules to patches, Solitary fluid-filled lesions on several parts of the

body, and numerous erosions positive over buccal mucosa on initial follow up which was diagnosed as Pemphigus
Vulgaris with PRIDE complex induced by Gefitinib. Management and outcome: The patient was treated with almost

all possible treatment options, i.e., both steroids plus adjuvant therapy for pemphigus and antihistaminic, antibiotics,

moisturizer, and lotions for PRIDE complex. The patient was initially admitted for infusion of the first dose of rituximab
and later for management of flare-up condition andinfusion of the second dose of rituximab infusion. Discussion: The

complexity of the management of Pemphigus Vulgaris and PRIDE complex demands adequate monitoring of the patient’s

anti-cancerous therapy by clinical pharmacists, which can impact the clinical outcomes by providing pharmaceutical care
and minimize the economic burden.

Keywords

adjuvant therapy, corticosteroids, gefitinib, pemphigus vulgaris, PRIDE complex

Date received: 25 July 2021; revised: 11 January 2022; accepted: 11 January 2022

Introduction

Pemphigus is a rare (0.5–3.5/ 100,000 people/ year) auto-

immune dermatological manifestation characterized by

blisters on skin and mouth, eyes, nose, throat, and genitals,

which generally occurs between the ages of 50–60 years.1,2

Pemphigus doesn’t spread from person to person and is not

associated with heredity. Both the gender is equally affected

by Pemphigus, but specific genes can make individuals

more susceptible.2 The drug is the most common causative

agent for Pemphigus.3 Pemphigus is classified based on the

location of a blister on the body. Commonly there are five

types of Pemphigus such as pemphigus Vulgaris,

Pemphigus foliaceous, pemphigus vegetans, IgA pemphi-

gus, and paraneoplastic pemphigus.2 About 5–11% of

Pemphigus is related to malignancy.4 Pemphigus Vulgaris

is a rare mucocutaneous life-threatening disease usually

characterized by painful blisters that initially starts from

the mouth/oral cavity later involve other parts of the body

and are not associated with itching and scar recovery.1,2

Pemphigus Vulgaris hasa higher incidence rate among the

drug-induced Pemphigus, i.e., 0.1–0.5/100000 people/

year. Pemphigus Vulgaris is associated with long clinical

suffering and considerable morbidity and mortality.3 Thus

appropriate diagnosis and prompt treatment could be a life-

saving move because around 50% and 100% of patients
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lose their life mainly due to secondary infections, broncho-

pneumonia, extensive skin involvement, electrolyte imbal-

ance, and septicemia, etc. if untreated for more than 2 and

5 years respectively.5

Further PRIDE complex is the cutaneous dermatological

manifestation which stands for papulopustular or parony-

chia, regulatory abnormality of hair and nails, itching, and

dryness due to inhibition of EGFR.6 Out of all these mani-

festations, papulopustular eruptions are most common,

which develops within the 1–2 week of initiation of

EGFR inhibitor therapy.7The rateof cutaneous eruptions

due to EGFR inhibitors is about68.7 to 80%.6 Several

drugs, such as thiols, phenols, and non-thiols/phenols, can

cause pemphigus.2 Still, our case is exceptional as it

describes Pemphigus Vulgaris with PRIDE complex

induced by EGFR inhibitor, i.e., gefitinib.

Case report

A 53-year-old male patient presented in the outpatient

setting with the chief complaint of fluid-filled painful

lesions over the body for four days. The lesion was initially

developed over the abdomen then progressed to the bilateral

upper limb and lower limb. The lesion burst and open

around, which showed a tendency to heal in 3 days. The

patient was admittedto the inpatient setting for the first

dose of rituximab infusion as he is following up a case of

a pemphigus Vulgaris with PRIDE complex.The patient

was all right 14 months back when he developed erosion

in the oral cavity, insidious in onset and progressive. He

consulted a local physician, where he has prescribed a

topical cream and got relief temporarily. But one month

later, he again developed a similar lesion for which he con-

sulted a family physician from where he was referred to one

hospital where on clinical observation, they found 4× 3 cm

ulceroinfiltrative growth in the right buccal mucosa and gin-

givobuccal (GB) sulcus with Retromolar trigone (RMT)

free, neck region showed hard non-tender lymph node

mass right 1b. After performingan oral mucosal biopsy sug-

gestive of moderately differentiated squamous cell carcin-

oma, thepatient underwent right composite resection and

right pectoralis major myocutaneous (PMMC) flap under

general anesthesia. He has discharged after the surgery

with tablet amoxicillin 500 mg+ clavulanic acid 125 mg

BID for five days, tablet pantoprazole 40 mg OD for five

days, tablet diclofenac 50 mg+ paracetamol 325 mg+ ser-

ratiopeptidase 15 mg BID for five days, betadine gargles

4th hourly and feeding through Ryles tube 300 ml 2nd

hourly. After the lapse of 20 days of surgery, the histo-

pathological study of right composite resection specimen

with right type 2 modified neck dissection on microscopic

examination showed ulcerated, moderately to poorly differ-

entiated infiltrating squamous cell carcinoma of right gingi-

vobuccal sulcus.

Further, the patient has been prescribed the actual culprit

drug, tablet gefitinib 250 mg OD (Geffy 250 mg), for ten

days. After completingthe prescribed dose of gefitinib, the

patient developed red lesions over the chest, insidious in

onset, and progressed to involve scalp and back.

Thepatient consulted the local doctor and was prescribed

some topical following which he got temporary relief.

Still, the lesions later aggravated, and the patient was

referred to our hospital, where he was evaluated, and skin

biopsy & DIF were done. Skin biopsy was suggestive of

drug-induced papulopustular dermatoses, and DIF was sug-

gestive of Pemphigus Vulgaris for which patient was started

on tapering dose tablet Prednisolone 8 mg/ 16 mg/ 24 mg

OD, tablet dapsone 100 mg, vitamin E 400 mg OD,sertaco-

nazole 2% w/v plus mometasone 0.1% w/v lotion OD,

mometasone 0.1% w/w plus fusidic acid 2% w/w cream

OD, Levocetirizine 5 mg OD, antibiotics (tablet

Doxycycline 100 mg OD, cefpodoxime proxetil 200 mg+

clavulanic acid 125 mg), aloe vera plus oat milk body

wash OD, injection hydrocortisone 100 mg and injection

pheniramine 22.75 mg following which the patient got

relief. Then the patient was started with the chemo-radiation

therapy, which included four cycles of chemotherapy

(Injection cisplatin 60 mg) weekly once and 30# of

intensity-modulated radiation therapy (IMRT) at 6000 cen-

tigray (cGy) five days in a week. The patient was well tol-

erant to chemo-radiation treatment. The patient also gave a

history of tobacco chewing 2–3 times a week for six months

about two years ago and didn’t have any family history

related to cancer. The patient is a farmer by occupation

and belongs to the lower-middle socioeconomic class.

Now on general physical examination, the patient was

moderately built, conscious, co-operative, and well orientedFigure 1. Papulopustular lesion and erosion on the chest.
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with the average body temperature, blood pressure, and

pulse rate. PICCLE signs were negative. On mucocuta-

neous examination, multiple erythematous well-defined

erosion over the forehead, nose, abdomen, trunk, bilat-

eral upper and lower limb as shown in Figures 1–5.

Multiple hyper-pigmented to erythematous crusted

plaque over the scalp, trunk, abdomen, back (Figure 2),

bilateral upper and lower limb present in a symmetrical

fashion as represented in Figure 4. Papulopustular

lesions around 4–5, flaccid vesicles were present over

the abdomen, fingernails, and bilateral upper and lower

limbs. The marginal nikolsky test was positive, whereas

the direct nikolsky test was negative. Paronychia of fin-

gernails (Figure 3), greyish white slough over angles of

the mouth, erythematous-crusted plaque over the lower

lip, multiple erosion with whitish slough over buccal,

gingival mucosa and tongue, considerable erythematous

erosion with crusted plaque diffused over scalp were

observed.Nails and genitals were appeared to be

normal.The severity score using PDAI was 24 for the

total activity score, whereas 6 for the total damage score,

as depicted in Table 1. Similarly, our case was classified

as the probable case of gefitinib induced pemphigus vul-

garis and PRIDE complex with Naranjo score of 6 (supple-

ment file). The hematological, biochemistry, chest x-ray,

ECG, Montoux test, and urine routine & microscopy

observations were found to be normal.

During the hospital stay, the patient was started on treat-

ment with injection cefotaxime 1 g BID, injection metroni-

dazole 400 mg TID, tablet pantoprazole 40 mg+

domperidone 30 mg OD, triamcinolone 0.1% w/w oral

paste BID, povidone-iodine gargle 2% w/v BID, syrup mul-

tivitamin and multimineral 5 ml OD, clobetasol 0.05% w/w

+ gentamicin 0.1% w/w cream on day 1 of the admission.

On day 2, tablet methylprednisolone 32 mgOD, tablet

azathioprine 50 mg OD, tablet ranitidine 150 mg OD,

tablet calcium 500 mg+ vitamin D3 250 IU was added

tablet pantoprazole 40 mg+ domperidone 30 mg was

stopped. Further, the patient was referred to respiratory

medicine, where he was found to be fit for rituximab infu-

sion. On day 3, tablet ranitidine 150 mg was stopped, and

tablet pantoprazole 40 mg OD was started. Patient

consent for rituximab infusion was taken. On day 5, injec-

tion rituximab 1 g in 400 ml normal saline was infused over

five hourswith pre-medication (paracetamol 1 g, 1cc hydro-

cortisone, 2cc pheniramine) and continuous monitoring. On

day 6, the patient was discharged with advice to adhere to

the following discharge medication and also advised to

follow up in dermatology OPD after ten days; tablet

methylprednisolone 24 mg ODforninedays, tablet

azathioprine 50 mg OD for nine days, cefpodoximeproxetil

200 mg+ clavulanic acid 125 mg BID for seven days,

tablet pantoprazole 40 mg plus domperidone 30 mg OD

for nine days, tablet calcium 500 mg plus vitamin D3 250

IU for nine days,triamcinolone 0.1% w/w oral paste BID

for nine days, povidone-iodine gargle 2% w/v BID for

nine days, clobetasol 0.05% w/w plus gentamicin 0.1%

w/w cream for nine days, aloe vera plus oat milk body

wash OD for nine days and sucralfate 1000 mg+ oxeta-

caine 10 mg syrup TID for nine days.The patient was

advised to follow up in dermatology OPD after ten

days.Butthe patient came to OPD after five days. He was

suspected of being at risk of tuberculosis. He was referred

to the respiratory ward for Quintiferon positivity and

started on capsule rifampicin 450 mg plus isoniazid

300 mg OD.

Figure 5. Erosion on forehead, nose and face. Figure 2. Papulopustular lesion and erosion on the back.
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After fivedaysof OPD follow-up,the patient came for

the follow-up with a slightly exacerbated dermatological

condition and wasadmittedto the IPD setting for the

second dose of rituximab.On day1, the patient was

started on injection cefotaxime BID, injection pantopra-

zole 50 mg BID, injection dexamethasone 1.5 cc OD,

injection metronidazole 400 mg TID, capsule rifampicin

450 mg plus isoniazid 300 mg OD, tablet vitamin B

complex with vitamin C plus biotin, Injection multivita-

min (Vitamin A, B1, B2, B5, D3) OD, syrup sucralfate-

plus oxetacaine 5 ml TID, povidone-iodine mouth

gargle 2% w/v TID, hydroxychloroquine 200 mg OD

after ophthalmic clearance, framycetin cream 1%w/w,

intravenous ringer lactate fluid 30 ml, crusted Nasal

compression.On day 2, 1:1 ratio Pandya’s formulae

(syrup prednisolone 15 mg/5 ml, syrup almunium

hydroxide plus dimethicone plus magnesium hydroxide

5 ml and syrup ammonium hydroxide 138 mg/5 ml plus

sodium citrate 57.03 mg/5 ml plus diphenhydramine

14.08 mg/5 ml) was started which was to be squished

and swallowed. On day 3, injection vancomycin

500 mg BIDwas added to the treatment chart, whereas

injection cefotaxime and capsule rifampicin 450 mg

plus isoniazid 300 mg was stopped. On day 4, colchicine

is 0.5 mg thrice daily, clobetasol at 0.05% plus gentami-

cin 0.1% cream BID, saline nasal spray, and 0.65% w/v

three drops daily carboxymethylcellulose 0.5% w/v one

drop TID were added to therapy whereas dexamethasone

dose was doubled.

Further body wash containing aloe Vera extract plus oat

milk was added, and the dosing schedule of hydroxychlor-

oquine was increased to twice daily on day 5. Finally,

patients received rituximab 1 g in 400 ml normal saline,

which was slowly infused over 3 h on day 7 of admission

with the pre-infusion medication (injection hydrocortisone

100 mg/ml,pheniramine 4 mg, injection pantoprazole

40 mg, tablet paracetamol 1000 mg). The patient was dis-

charged after ten days of observation and treatment. On

discharge, he was prescribed with tablet prednisolone

10 mg five tablet OD for ten days, capsule doxycycline

100 mg plus lactobacillus 5 billion spore BID for one

week, tablet hydroxychloroquine 200 mg BID for ten

days, tablet colchicines 0.5 mg TID for ten days, tablet

pantoprazole 40 mg+ domperidone 30 mg OD before

food for ten days, calcium 500 mg OD for days,

povidone-iodine mouth gargle in 1:1 diluted waterfor

nine days, syrup sucralfate+ oxetacaine TID 15 min

before each meal for nine days, NS compression fol-

lowed by clobetasol+ gentamicin cream BID over the

nose and retroauricular area for nine days, saline nasal

spray three drops TID for eight days, carboxymethylcel-

lulose one drop TID for eight days and body wash for ten

days.

The patient was provided with a yellow card for the

gefitinib-induced Pemphigus Vulgaris. The patient wasin-

formedabout the consequences of long-term use of cortico-

steroid and immunosuppressant drugsand the availability of

generic medication (Jan Aushadhi) to reduce the economic

burden of the treatment.

Figure 4. Erythematous erosion with crusted plaque diffused
over scalp.

Figure 3. Paronychia of nail folds with granuloma like lesion.
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Table 1. Pemphigus disease area Index (PDAI), assessment of this severity score.

Skin
Activity Damage

Anatomical

Location Erosion / Blisters or new erythema

Post-inflammatory hyperpigmentation or erythema

from resolving lesion

0 absent

1 1-3 lesions up to one > 2 cm in any

diameter, none

> 6 cm

2 2-3 lesions, at least two > 2 cm diameter,

none > 6 cm

3 > 3 lesions, none > 6 cm diameter

5 > 3 lesions, and/or at least one > 6 cm

10 > 3 lesions, and/or at least one lesion >

16 cm diameter or entire area

Number lesions

if≤ 3

0 absent

1 present

Ears 0 0

Nose 2 0

Rest of the face 2 0

Neck 1 0

Chest 1 1

Abdomen 1 1

Back, buttocks 0 0

Arms 1 1

Hands 1 1

Legs 1 1

Feet 0 0

Genitals 0 0

Total skin 10/120 5/12

Scalp

Scalp Erosion/Blisters or new erythema Number

lesions if≤ 3

Post-inflammatory hyperpigmentation or

erythema from resolving lesion

0 absent

1 in one quadrant

2 two quadrants

3 three quadrants

4 affects whole skull

10 at least one lesion > 6 cm

0 absent

1 present

Total Scalp

(0–10)

2/10 1/1

Mucous membrane

Anatomical

location

Erosion/Blisters

0 absent

1 1 lesion

2 2-3 lesions

5 > 3 lesions or 2 lesions > 2 cm

10 entire area

Number lesions if≤ 3

Eyes 0

Nose 2

Buccal mucosa 2

Hard palate 0

Soft palate 0

Upper gingiva 2

Lower gingiva 2

Tongue 2

Floor of mouth 2

Labial bucosa 0

(continued)
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Discussion:

The biochemical and immunological mechanisms play a

crucial role in drug-induced Pemphigus. Pemphigus is the

consequence of biochemical interactions and autoantibody

development due to abnormal activation of B

cells.2Generally,cells are bonded or stick together by des-

moglein and desmocolin, which offer protection from exter-

nal environment/injury.Pemphigus involves the loss of

these cell adhesion molecules responsible for keeping the

cell intact, resulting in the formation of blisters, mostly

starts in the oral cavity and later involves other body

parts. These blisters rupture easily on the application of

minimal pressure, which leaves painful slough erosion on

the skin.6In our case, patients developed lesions first in

the abdominal region, which later progressed to involve

other body parts. Several drugs can cause pemphigus

Vulgaris, such as thiols drugs likepenicillamine, captopril,

and tiopronine; phenols drugs like aspirin, heroin, rifampin,

and levodopaand non-thiols/phenols likesteroid, anti-

inflammatory drugs, and calcium-channel blockers.

Both thiols and phenolic drugs are associated with a bio-

chemical mechanism for the induction of Pemphigus.

Thiols activate plasminogen activator, which inhibits the

enzymes responsible for keratinocyte aggregation, thus pro-

moting acantholysis. In contrast, phenolic drugs activate the

keratinocytes to release pro-inflammatory factors like

TNF-α and IL-1,stimulating protease enzymes leading to

acantholysis. But non-phenolic/thiols drugs act through

immunological mechanisms either by IgG autoantibody

formation or by altering antigen on keratinocytes.2 Mainly

the autoantibodies are developed against desmoglein1 and

3 variants of cell adhesion protein. Both variants are

found in the skin, but desmoglein 3 is only present in the

mucosa.6But in our patients, Pemphigus is due to

anti-cancerous drug, gefitinib. Gefitinib binds to the adeno-

sine triphosphate binding site at EGFR tyrosine kinase and

inhibits the anti-apoptotic RAS signal transduction leading

to apoptosis of cancer cells. It is generally usedto treat

locally advanced or metastatic non-small cell lung

cancer.8 EGFR is located in the basal epidermal basal

cell, hair follicle, sebaceous gland, hair shaft, etc. Thus

EGFR inhibitors are more likely to cause dermatological

adverse events.7Gefitinib can cause acne-like rashes, necro-

lytic migratory erythema like skin lesions, PRIDE complex,

inflammation of eyelid and conjunctiva, gastrointestinal

symptoms, abnormal rise in hepatic enzymes, etc..6,8,9In

the PRIDE complex, papulopustular eruptions are generally

confined to regions rich in sebaceous glands (face, neck,

shoulders, the upper trunk, and scalp) due to alteration in

the pilosebaceous unit, which might occur as a result of

over or under stimulation of EGFR receptors.

Similarly,paronychia and xerosis occur due to abnormal

vascular response in nail foldsand interruption in sweat

secretion, respectively.10 Abnormality in the growth and

migration of keratinocytes plays a vital role in papulopust-

ular eruptions and paronychia. Further Irregularity in the

differentiation of keratinocytes also leads to xerosis and

itching.6 The most frequent manifestation of PRIDE

complex is papulopustules followed by xerosis, hair

growth abnormality, and paronychia described a finding

in a study, but it may vary with the individual.7

Pemphigus Vulgaris can be diagnosed by histopathology

of the lesion (Biopsy), direct immunofluorescence, and

indirect immunofluorescence,confirmingacatholysis IgG

antibodies and presence of anti-intercellular substance

respectively. On the other hand, clinical observation of

skin and good drug history playsa vital role in diagno-

sis.11,12 In the case of our patient, a histopathological exam-

ination and direct immunofluorescence testwere done,

suggestive of drug-induced papulopustular dermatoses

and pemphigus Vulgaris.Our patient showed a significant

extent of severity of pemphigus (total activity score: 24)

according to the PDAI scoring pattern as total activity

score depends on the sum of total skin plus total scalp

plus total mucosa (Table 1).13 Our case was assessed as

probable case using Naranjo adverse drug reaction prob-

ability scale which classify adverse drug reaction as definite

(≥9), probable (5–8), possible (1–4) and doubtful (0)

case.14

PRIDE complex can be managed symptomatically.

Papulopustules can be treated with anti-acne lotions

Table 1. Continued.

Skin
Activity Damage

Anatomical

Location Erosion / Blisters or new erythema

Post-inflammatory hyperpigmentation or erythema

from resolving lesion

Posterior

pharynx

0

Anogenital 0

Total Mucosa 12/120

Total Activity Score (total skin+ total Scalp+ total Mucosa): Total Damage Score:.

24/250 6/1.

Extent of Severity: Moderate – 0–15 points; Significant – 15–45points; Extensive – >45 points.
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(benzoyl peroxide 2.5% wash and clindamycin 1%

lotion), in case of widespread lesions, oral tetracycline(-

doxycycline or minocycline 50–100 mg/day)can be

given,and stoppage of the drug in severe form; Steroid

and antifungal lotions, gentamycin eye drops for parony-

chia; non-sedative antihistaminic (levocetirizine 5 mg)

and moisturizer for itching and dryness; minoxidil 5%

topical for hair loss.6,10This treatment strategy correlates

with initial treatment received by our patients for PRIDE

complexes such as steroid plus antifungal cream, steroid

plus antibiotics lotion, antibiotics, anti-histaminic,body

wash,etc.

The main goal of the therapy for Pemphigus Vulgaris is to

maintain remission, prevent relapse and adverse events with

corticosteroid and adjuvant treatment. Adjuvants are the

immunosuppressants used to spare the corticosteroid dose to

avoid complications due to prolonged steroids. Several

drugs are recommended for the treatment of Pemphigus

Vulgaris by EDF and BAD. Still, the main principle

remains the same, i.e., systemic corticosteroid as mainstay

supported by immunosuppressant’s adjutants. According to

EDF and BAD, the treatment option, dose, and line of treat-

ment are depicted in Table 2.12,15,16 Our patients were

treated with steroids and adjuvants such as dapsone,

azathioprine, rituximab which comply with the standard treat-

ment options available in EDF and BAD.Rituximab infusion

has the potential to cause several adverse reactions. So pre-

medications are indicated before infusion.15 Apart from

these, hydroxychloroquine, colchicine, and metronidazole

injection were also used as an adjuvant in our patient, which

corresponds with evidence in the literature for treatment of

Pemphigus as these drug shows anti-inflammatory action.17–19

The patient was treated with oral and topical antimicro-

bial agents to prevent infection at erosion sites/blisters and

from other opportunistic infections. The patient is on ster-

oids and immunosuppressive agents fora long duration.

Pandya’s formulae and sucralfate+ oxetacainewere used

to treat gastrointestinal erosions/ ulcers.20 Our patient pre-

sented with the greyish white slough over angles of

mouth; erythematous crusted plaque over lower lip; multi-

ple erosions with whitish slough over buccal, gingival

mucosa, and tongue. He has been treated with Pandya’s for-

mulae and sucralfate+ oxetacaine. As the most reliable

treatment option is not available for the management of

Pemphigus Vulgaris to date, different approaches are

made by the researcher on the potential future treatments

such as Chimeric antigen receptor therapy, T-cell immuno-

therapy, BAFF and APRIL inhibitors, P38MAPK

Table 2. Treatment, dose and line of treatment for pemphigus vulgaris.

S. No. Name of Drug Dose in PV Line of treatment

A. Corticosteroids

1 Prednisolone/

Prednisone

0.5–1.5 mg/kg/ day (EDF)

1.0 mg/kg/day (BAD)

Max: up to 2 mg/kg

first-line treatment

B. Adjuvant Immunosuppressant

2 Azathioprine 2.0–2.5 mg/kg/day

1 mg/kg/day (Reduced TMPT activity)

first-line adjuvant immunosuppressant

3 Mycophenolate

mofetil

Start: 500 mg daily

Total: 2–3 g/day

first-line adjuvant immunosuppressant

4 Rituximab 1000 mg every 2 weeks or 375 mg/m2 each week for

4 consecutive weeks

EDF: if patient is on > 10 mg prednisolone plus

adjuvant

BAD:first-line therapy

5 Cyclophosphamide 2 mg/kg/day EDF: Second-line adjuvant agent

BAD:Third-line adjuvant agent

6 Intravenous

immunoglobulin

2 g/kg/cycle EDF: Second-line adjuvant

BAD: Third-line adjuvant

7 Plasmapheresis four or five plasma exchanges – each consisting of 1–

1.5 plasma volumes over a period of 7–10 days

rapid control of severe pemphigus

unresponsive to a combination of

prednisone and immunosuppressive agents

8 Immunoadsorption four treatments of immunoadsorption on four

consecutive days (2.5-fold plasma volume per day),

repeated after 4 weeks, if needed

EDF: second-line adjuvant agent

BAD: third-line therapy

9 Dapsone 100 mg/day(<1.5 mg/kg/day) second-line adjuvant

10 Methotrexate 10–20 mg/week EDF: Second-line adjuvant

11 Cyclosporine 3–5 mg/kg/day second-line adjuvant therapy
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signalling pathway inhibitor, Other signalling pathways

inhibitors and Bruton’s tyrosine kinase inhibitor.11

Conclusion

Almost every anti-cancerous agent tends to cause an ADR

in most patients due to its potency and poor patient physio-

logical capability to handle anti-cancerous drugs. This case

report highlights the importance of monitoring cancer

therapy by onco-clinical pharmacists and the need for spe-

cialist clinical pharmacists to manage adverse reactions

caused by anti-cancerous drugs. The management could

be complex and long term as in the case of pemphigus

and PRIDE complex. Thus, clinical pharmacists can posi-

tively impact ADR management by making the right

choice of drug, adjusting the dose, monitoring progress,

severity of ADR, and counselling patients regarding the

use of prescribed medications which indirectly reduces

financial toxicity.

Abbreviations
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BID Twice in a day
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EDF European Dermatology Forum

EGFR Epidermal growth factor receptor
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PDAI Pemphigus Disease Area Index

PRIDE Papulopustules or paronychia, regulatory
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due to EGFR inhibitors
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Abstract
Corn silk is known to possess anti-diabetic activity, the current study is aimed to predict the binding affinity of bio-actives 
from corn silk against targets involved in diabetesmellitus i.e. Protein Tyrosine Phosphatase 1-B (PTP1B), Glucose Trans-
porter-1 (GLUT1), Dipeptidyl Peptidase-4 (DPP4), α-glucosidase, and α-amylase. The 3D molecular structure of bio-actives 
was retrieved from the PubChem database and the structure of targets was retrieved from protein data bank later, hetero atoms 
were removed using Discovery studio visualizer 2019. Molecular docking was performed using Autodock4.0. Ten different 
poses were obtained from which the pose possessing the highest binding affinity was visualized for protein-ligand complex 
in Discovery studio visualizer 2019. Twenty-sixbio-activeswere docked against five different targets i.e. PTPN1B, GLUT1, 
DPP4, α-glucosidase, and α-amylase from which flavones were found to possess the highest binding affinity towards PTPN1B 
with a binding energy of -8.5kcal/mol. Similarly,β-carotene, gallotannins, 3-O-caffeoylquinic acid, and stigmasterol were 
predicted to possess the highest binding affinity towards GLUT1, DPPA, α-glucosidase, and α-amylase with binding energy 
-11.1kcal/mol, -10.7kcal/mol, -8.9 kcal/mol, and -9.8 kcal/mol respectively. Our study screened the anti-diabetic potential 
of 26 bio-actives towards five different diabetic proteinsi.e.PTPN1B, GLUT1, DPP4, α – glucosidase and α – amylase using 
in silico molecular docking approach where flavones, β-Carotene, Gallotannins, 3-O-caffeoylquinic acid and Stigmasterol 
were predicted to posess highest binding affinity towards receptors PTPN1B, GLUT1, DPP4, α – glucosidase and α – amylase 
respectively. Thus, bio-actives from corn silk have anti-diabetic potential and can be used in the future to investigate and 
develop novel anti-diabetic molecule.

Keywords α-amylase · α-glucosidase · β-Carotene · Corn silk · Diabetes mellitus · DPP4,flavones · Gallotannins · GLUT1 · 
PTPN1B · Stigmasterol and 3-O-caffeoylquinic acid

Introduction

Diabetes mellitus is a complex non-communicable chronic 
disease with the highest incidence and prevalence all over 
the world which is characterized by hyperglycemia. Hyper-
glycaemia is the result of either inability of the pancreas to 
produce enough insulin or the inability of the body to utilize 
insulin or both [1, 2]. Diabetes can be managed by both 
pharmacological as well as non-pharmacological interven-
tions [2, 3] Although the disease is associated with multiple 
genes, modern pharmacological interventions are mainly 
based on the “single drug for single target” i.e. one drug 
can target only one receptor making the therapy more com-
plex as it needs a high dose and also increase the probability 
of adverse events [4, 5]. The current pharmacotherapy is 
associated with various side effect such as gastrointestinal 
discomfort (loss of appetite, nausea, flatulence, diarrhea), 
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lactic acidosis, weight gain, pancreatitis, hepatic dysfunc-
tion, airway way infection, urogenital infections, increase in 
cardiovascular events, and hypoglycaemic episodes, etc [3]. 
Thus there is a need of the compound in the pharma market 
that have multiple diabetic targets and shows anti-diabetic 
activity at the lowest dose with minimal side effects. The 
present drug discovery is solely based on the idea of “lock 
and key” and “one gene-one disease drug track” for the 
ligand and target protein interaction [6, 7]. This holds good 
for the monogenic condition but for disease/disorders that 
are polygenic must be targeted through multiple pathways 
as one compound can target multiple pathogenic proteins 
involved. Thus the drug discovery should focus on segregat-
ing the lead molecule that can modulate multiple proteins 
involved in pathogenesis. This can be done by segregating 
phytoconstituents from the traditionally used plants to tar-
get multiple proteins for better pharmacological/therapeutic 
outcomes [4, 5, 7].

Corn (Zea mays: a cultivable species), also known as 
maize, is a monoecious flowering plant that belongs to the 
family Poaceae is widely found all over the world including 
India [8, 9]. Except for the corn seed, other non-edible parts 
of the plant are considered as waste [9]. Corn silk (Stigma 
maydis) is soft light green to reddish-brown hairy part of the 
corn which covers the corn seed and has great importance 
in the management of various diseases [8, 9]. The corm 
silk contains a large number of biologically active phyto-
constituents such as phenols, polyphenols, phenolic acids, 
flavonoids, flavone glycosides, anthocyanins, carotenoids, 
terpenoids, alkaloids, steroids, lutein's, tannins, saponins, 
volatile oils, vitamins, some sugars, and polysaccharides that 
have a vital role in various medical conditions [8]. Corn 
silk has been used since many years in countries like China, 
Turkey, US, and France to treat a various medical condi-
tion such as cystitis, edema, kidney stones, diuretic, prostate 
disorder, and urinary infections as well as bedwetting and 
obesity. The various pharmacological properties of corn silk 
are anti-oxidant, anti-hyperlipidemic, anti-inflammatory, 
anti-diabetic, anti-fatigue, anti-depressant, neuroprotective, 
diuresis, and kaliuresis, etc [9, 10]. Although corn silk is 
proved to possess anti-diabetic potential, the ligand-protein 
binding hasn’t been studied till now to give a clear insight 
into its anti-diabetic properties. Thus our study aims to pre-
dict an in-silico molecular docking approach to screen and 
support the anti-diabetic property of corn silk.

Material and methods

Ligand and Protein Preparation

A total of 26 repoted bioactives of Stigma myadis were 
reterived from the published literature [8]. The .sdf 3D 

format of phytoconstituents was obtained from the PubChem 
database (https:// pubch em. ncbi. nlm. nih. gov/) along with 
its canonical SMILES, molecular weight, and molecular 
formula. Each ligand was visualized in Discovery Studio 
visualizer 2019 and saved into .pdb format and mmff94 
force field [11] was used to minimize the energy. Simi-
larly, five different proteins involved in the pathophysiol-
ogy of diabetes mellitus were retrieved from the Protein 
Data Bank (https:// www. rcsb. org/) i.e. PTPN1B (PDBID: 
2NT7), GLUT1(PDBID: 4PYP), DPP4(PDBID: 2ONC), 
α–glucosidase(PDBID: 3WY1), and α–amylase(PDBID: 
1B2Y) to dock against the ligands. Discovery Studio 2019 
was used to remove the water molecules and heteroatoms to 
prevent interference in ligand-protein docking.

Ligand‑Protein Docking

All the targets were docked 26 different ligands using auto-
dock 4.0 (Morris et al. 2009) in PyRx 0.8 (https:// pyrx. sourc 
eforge. io/) platform to find out the possible binding energies 
of the bio-actives with the selected targets. During docking, 
the .pdb format files were converted into .pdbqt format, and 
docking was carried out by setting up the grid box appro-
priately. After the completion of docking, the poses with the 
lowest binding energy for the ligand-protein interaction were 
visualized using Discovery Studio 2019.

Prediction of druglikeness score 
of the phytoconstituents

Druglikeness score were predicted for the bioactives via the 
use of Molsoft (http:// molso ft. com/ mprop/) which is based 
on “Lipinski’s rule of five” model with the help of SMILES 
of each phytoconstituents by removing the mol charge if 
available during prediction.

Results and Discussion

Diabetes Mellitus is polygenic metabolic disorder which 
generally requires lifelong pharmacological management. 
Glycemic level in diabetes mellitus is maintained appro-
priately in the modern pharmacotherapy either with insu-
lin supplements or with oral anti-diabetic medications like 
biguanides, sulphonylureas, thiazolidinediones, DPP4 inhib-
itors, α-amylase and α-glucosidase inhibitors etc [3, 12, 13] 
The uncontrolled hyperglycemia is associated with various 
micro-vascular (Retinopathy, Neuropathy and Nephropathy), 
macro-vascular (Stroke, Coronary heart disease) and both 
micro-macro complications (Diabetic foot) [13]. Although 
these agents are extensively used in the allopathic medi-
cine system, there are some major drawbacks such as high 
cost and adverse events that alarm the investigation of new 
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molecule for proper management of diabetes and its compli-
cations [13–15] Folk medicine or traditional plants are the 
best option to investigate for the new molecule which could 
be safe and cost effective as advised by the WHO [16]. The 
current pharmacological employ the bioinformatics tools 
for the screening the bio-actives from the traditional plants. 
Molecular docking is a in-silico approach for finding the 
lead hit molecule which gives information about the binding 
affinity of the bio-actives to the particular receptor. Binding 
affinity is inversely proportional to the binding energy of 
the phytoconstituents with targeted protein [17]. Our study 
outlined the possible binding energies for twenty-six dif-
ferent bio-actives from corn silk with five different targets 
(PTPN1B, GLUT4, DPP4, α-glucosidase and α-amylase) 
which can be targeted for the management of diabetes. 
PTPN1B participate in diabetes and insulin resistance via 
negative insulin signalling pathway, decreased uptake of 
glucose by GLUT4, DDP4 is the enzyme destroy the incre-
tins that are responsible for improving beta cell function 
via DPP4 inhibition and exerts glucoregulatory effect. Simi-
larly α-glucosidase and α-amylase are responsible for the 

breakdown of polysaccharides for the absorption but its inhi-
bition can help to control blood glucose level [3, 18] Thus 
these new targets are important for the investigation of drug 
molecule for diabetes [18]. In our study phytoconstituents 
from corn silk are found to bind with these receptors with 
various binding energies i.e. Flavones were found to have 
the highest binding affinity toward PTPN1B with a binding 
energy of -8.5 kcal/ mol with no involvement of hydrogen 
bond and amino acid residue. Similarly β-Carotene, Gallo-
tannins, 3-O-caffeoylquinic acid and Stigmasterol were pre-
dicted to possess highest binding affinity towards GLUT1, 
DPP4, α–glucosidase and α–amylase with binding energy 
-11.1kcal/mol, -10.7 kcal/mol, -8.9 kcal/mol and -9.8 kcal/
mol respectively as depicted in Table 1. β-carotene and stig-
masterol also doesn’t involve hydrogen bonds and amino acid 
residue for binding with the GLUT1 and α-amylase recep-
tor but Gallotannins and 3-O-caffeoylquinic acid involved 
9 & 4 hydrogen bonds and ASP:545, LYS:554, VAL:546, 
TYR:547, TYR:662, GLU:205, ARG:125&ARG:400, 
GLU:271, ASP:333, LEU:227 amino acid residues for 
binding with DPP4 and α – glucosidase respectively as 

Table 1  Binding affinity of 
bioactives retrieved from corn 
silk with targets PTPN1B, 
GLUT1, DPP4, α-glucosidase 
and α-amylase

Sl. No. Ligands Targeted Receptors

PTPN1B GLUT1 DPP4 α–glucosidase α-amylase

1 Formononetin (7-hydroxy-
4'-methoxyisoflavone) ( I )

-7.6 -8.7 -7.4 -8 -8.2

2 Citronellol -6 -5.7 -5 -6.3 -5.3
3 Trans-pinocamphone -4.8 -5.8 -6 -6.3 -5.6
4 Eugenol -6.2 -5.9 -5.5 -6.2 -5.9
5 cis-sabinene hydrate -4.6 -5.2 -5.2 -5.7 -5.4
6 Para-aminobenzoic acid (PABA) -6.1 -5.3 -5.6 -5.6 -5.4
7 Vanillic acid -6.4 -5.9 -5.8 -6 -5.7
8 P-coumaric acid -6.8 -6.3 -6.6 -6.6 -6.1
9 Chlorogenic acid -6.9 -8.8 -8.7 -8.9 -7.6
10 Protocatechuic acid -6.2 -5.8 -6.4 -5.8 -5.9
11 Caffeic acid -6.9 -6.5 -7.1 -6.8 -6.5
12 Ferulic acid -6.7 -6.6 -6.3 -6.9 -6.4
13 Hydroxycinnamic acid ester -5.7 -6.6 -6.8 -7.6 -6.3
14 3-O-caffeoylquinic acid -7 -8.3 -8.2 -8.9 -8
15 Catechin -8.1 -8.6 -8.1 -8 -9
16 Quercetin -7.2 -8.7 -8.2 -7.8 -9
17 Rutin -7.9 -10.3 -9 -5.5 -8.8
18 Flavones -8.5 -8.2 -7.9 -8.2 -9
19 Kaempferol -8.3 -8.7 -7.9 -7.6 -8.8
20 β-Carotene -8.4 -11.1 -8.8 -8.3 -9
21 Zeaxanthin -7.5 -10.9 -8.8 -8.5 -9.1
22 Stigmasterol -7.3 -10.2 -9.1 -6.9 -9.8
23 Beta-sitosterol -6.7 -9.8 -8.7 -6.9 -9.2
24 Gallotannins -7.8 -9.9 -10.7 -7.6 -9.4
25 Menthol -6.3 -6.3 -5.6 -6.3 -5.7
26 Carvacrol -6.7 -6.1 -6 -6.6 -6.4
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represented in Tables 2 and 3. Previously published study 
has given clear insight on the role of flavonoids from 
Duranta repens as α-glucosidase inhibitors and capacity of 
flavonoid to interfere in diabetic the p53 signalling pathway 
[5]. Similarly flavonoid from Duranta repens also can inhibit 
α-amylase and participate in the modulation of AGE-RAGE 
and FoxO signalling pathway of uncontrolled blood sugar 
complications [7]. stigmasterol found in Murraya odorata 
Blanco was also predicted to show antidiabetic activity 
against PPAR-γ [19]. Beta-sitosterol can increase the sensi-
tivity of insulin via PTPN1B and ACACB binding resulting 
into anti-diabetic effect [4]. In our study β-sitosterol pos-
sessed the least binding affinity with PTPN1B with binding 
energy -6.7 kcal/mol and highest with GLUT4. One more 
study have investigated the inhibitory activities of flavonoid 
compound where they found that flavonoid from Allophylus 
cominia inhibited the PTP1B, DPPIV and alpha-glucosi-
dase enzymes except alpha-amylase [18]. Quercetin is the 
flavonoid found in Allophylus cominia also found in corn 
silk which has highest affinity towards alpha-amylase with 
binding energy -9 kcal/mol. Kaempferol, Quercetin, rutin, 
Beta-sitosterol, ferulic acid and catechin etc are reported to 
be an antidiabetic phyrochemicals [13, 16]. In our study we 
found that Kaempferol, Quercetin and catechin have higher 
affinity towards α – amylase with binding energy -8.8, -9 
and -9 kcal/mol whereas Rutin and Beta-sitosterol have 
affinity towards GLUT4 with binding energy -10.3 and -9.8 
kcal/mol but the ferulic acid have affinity towards α – glu-
cosidase with binding energy -6.9 kcal/mol. . The ligand-
protein interaction of flavone with PTPN1B, β-Carotene 
with GLUT1, gallotannins with DPP4, 3-O-caffeoylquinic 
acid with α–glucosidase and stigmasterol with α–amylase 
with minimum binding energy with respective target are 
presented in Figs. 1, 2, 3, 4 and 5.

Corn silk is rich in the flavonoid content and flavonoids 
are found have antioxidant potential which can counteract 
the oxidative stress which is one of the leading causes of 
diabetes [8, 9, 13]. The improper balance between the anti-
oxidant system and formation of oxygen derived free radi-
cals leads to oxidative stress. Phytochemical (Kaempferol, 
Quercetin etc.) are found to have antioxidant property that 
can be useful to target this pathway in order to manage dia-
betes and its complications [13]. Thus phytochemical from 
corn silk can modulate several pathway involved in patho-
genesis of diabetes and manage blood glucose level syner-
gistically i.e. “single master key unlocks multiple locks”.

Many studies have been conducted in the past to establish 
the anti-diabetic potential of corn silk. One study was car-
ried out to investigate the anti-diabetic potential of methanol 
extract of cooked corn silk on alloxan-induced diabetes in 
albino mice in which they found that blood glucose level 
decresed significantly (p<0.05) after 72 hour at dose 500 
mg/kg and 96 hour at dose 750 mg/kg of body weight [20]. 

Similarly another study conducted to investigate anti-dia-
betic, anti-oxidant and anti-hyperlipidemic activity of flavo-
noid from corn silk in which mice were given streptozotocin 
to induce diabetes where they found that flavonoid from corn 
silk have positive results for all three category of investiga-
tions [15]. A study conducted in the alloxan induced diabetic 
mice in which aqueous extract of corn silk is found to show 
anti-diabetic effect by improving the insulin production and 
healing up the beta cell of pancreas [21]. Another study have 
gave insight to the anti-diabetic effects of polysaccharides 
from corn silk in streptozotosin induced diabetic mice where 
they found that polyschharides whose molecular weight is 
between 30-80 kDa have more anti-diabetic activity than that 
of those having < 30 kDa and > 80 kDa [22].

Oral bioavailability for the absorbtion of a drugable 
molecuuule affects the pharmacokinetics and pharmaco-
dynamics in pharmacological activity with associated bio-
logical spectra [23]. Hence in the present study we had an 
attempt to investigate the bioactives for their oral bioaabiliy 
using Rule of Five model uing MolSoft as explained by 
Lipinksi [24] inwhich galotannins scored the highest bio-
aavailability i.e. 0.92 with the molecular weight of 636.5, 
18 hydrogen bond acceptors, 11 hydrogen bond donors, 
and -0.08 molLogP contributing to the anti-diabetic effect. 
Similarly, other bioactives such as 3-O-caffeoylquinic acid, 
β-Carotene , Stigmasterol, and flavones scored 0.79, 0.64, 
0.62 and 0.04 respectivelyas depicted in Table 4.

Conclusion

Diabetes mellitus is one of the world leading polygenic 
metabolic disorders which have severely affected the qual-
ity of life of the patients. The existing pharmacotherapy is 
complex and associated with some drawbacks which call for 
the investigation of new molecule from traditional medicinal 
plant which are more safe and cost effective. Corn silk is 
the non toxic plant which has the bio-actives that can tar-
get variety of multiple pathogenic pathways and can exert 
anti-diabetic effect synergistically. Our study screened the 
anti-diabetic potential of 26 bio-actives towards five dif-
ferent diabetic receptors such as PTPN1B, GLUT1, DPP4, 
α – glucosidase and α – amylase using in silico molecular 
docking approach where flavones, β-Carotene, Gallotannins, 
3-O-caffeoylquinic acid and Stigmasterol were found to have 
higher affinity towards the particular receptor respectively. 
Thus bio-actives from corn silk have anti-diabetic poten-
tial and can be used in the future to investigate and develop 
novel anti-diabetic molecule.
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Table 3  Bioactives retrieved 
from the plant corn silk and 
number of hydrogen bonds 
for targets PTPN1B, GLUT4, 
DPP4, α–glucosidase and 
α-amylase

NA- Not Available

Sl. No. Bioactives Number of hydrogen bonds for respective targets

PTPN1B GLUT1 DPP4 α–glucosidase α-amylase

1 Formononetin (7-hydroxy-
4'-methoxyisoflavone) ( I )

1 2 4 2 2

2 Citronellol 1 1 2 1 1
3 Trans-pinocamphone NA 1 NA NA NA
4 Eugenol 2 2 2 1 2
5 cis-sabinene hydrate NA NA NA NA NA
6 Para-aminobenzoic acid (PABA) 3 1 1 3 1
7 Vanillic acid 3 2 3 2 2
8 P-coumaric acid 2 4 3 1 1
9 Chlorogenic acid 2 6 9 5 5
10 Protocatechuic acid 3 3 3 NA 2
11 Caffeic acid 4 5 4 3 3
12 Ferulic acid 3 5 3 2 3
13 Hydroxycinnamic acid ester 2 4 5 3 1
14 3-O-caffeoylquinic acid 2 7 1 4 6
15 Catechin 2 2 2 2 6
16 Quercetin 5 2 3 2 5
17 Rutin 4 5 9 5 4
18 Flavones NA 1 NA NA 1
19 Kaempferol 2 1 1 1 2
20 β-Carotene NA NA NA NA NA
21 Zeaxanthin NA 2 NA NA NA
22 Stigmasterol NA NA 2 NA NA
23 β-sitosterol 2 NA 1 1 NA
24 Gallotannins 9 4 9 11 6
25 Menthol NA NA NA NA NA
26 Carvacrol NA 2 1 NA NA

Fig. 1  Interaction of Flavone 
with PTPN1B receptor (a) 3d 
Pose of Flavone – PTPN1B 
receptor (b) 2d plot of Flavone 
– PTN1B receptor

AQ4
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Abbreviations PTPN1B:  Protein tyrosine phosphatase 1B; 
GLUT1: Glucose transporter type 4; DPP4: Dipeptidyl peptidase-4; 
SMILES:  Simplified molecular-input line-entry system; AGE-
RAGE: Advanced glycation endproducts- Receptor for Advanced 
glycation endproducts; FoxO: Forkhead box O; ACACB: Acetyl-
coenzyme A carboxylase beta
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Abstract: Background: Adverse events are a major threat to any immunization programs, which

have proven to be a boon for developing nations like India. Hindering factors, such as inadequate

knowledge, inappropriate attitude, incorrect practices, etc., of the guardian affect the vaccination

rate.

Aim: This study aims to assess the effectiveness of clinical pharmacist intervention on an adverse

event following immunization in the pediatric population receiving immunization.

Methods: Pediatric subjects <5 yrs of both genders receiving immunization in a tertiary care hospi-

tal during the period of 8 months were considered. Subjects were randomized into control and inter-

ventional groups. Pharmaceutical intervention was done in interventional group in the form of pa-

tient counselling, and a patient information leaflet. Adverse event following immunization was re-

corded and analysed for both groups along with Knowledge, Attitude, and Practice scores of guar-

dians’ pre and post intervention through customized data collection forms. Microsoft excel and sta-

tistical software SPSS IBM version 22 was used to analyse the data.

Results: The study was conducted on a total of 88 subjects (n) in which 79 were <2 years, 1 and 8

were between 2-4 years and 4-5 years, respectively. Forty-nine subjects (55.69%) were female,

while 39 were male (44.31%) with a response and completion rate of 91.66%. 97.7% of subjects re-

ceived Bacillus Calmette-Guerin vaccination (majority), while 8.88% received pneumococcal spe-

cial vaccine (minority). Adverse event following immunization was recorded in 31(35.22%) cases.

Knowledge, Attitude and Practice scores increased by 42.17%, 52% and 12.67%, respectively in

guardians after clinical pharmacist intervention.

Conclusion: This study demonstrates that educational inputs, awareness programs, and proper med-

ical professional intervention can act as a helping factor to fight against AEFI and towards the suc-

cess of an immunization program.

Keywords: AEFI, adverse effect, immunization, clinical pharmacist, KAP, Indradhanush.

1. INTRODUCTION

In keeping with the Hippocratic Oath, “First Do No Har-
m”, any medical intervention, including vaccines, should be
proven safe and effective prior to widespread adoption [1].
Between infancy and adolescence, children tend to undergo
variable  changes  and  are  exposed  to  the  variance  of  the
ecosystem,  thus  making  them  subjective  towards  a  lot  of
harmful pathogens as well. To nullify these  effects, science

*Address  correspondence  to  this  author  at  the  Department  of  Pharmacy
Practice, KLE College of Pharmacy, Belagavi, KLE Academy of Higher Ed-
ucation and Research (KAHER), Belagavi, Karnataka 590010, India;
Tel: +91 9902944602; E-mail: shashiwali90@gmail.com

gifted us a potential weapon, i.e. vaccine, that not only pro-
tects children from the pathogens but also immunizes them
for a period of time. Vaccination is one of the most success-
ful public health actions that has helped eradicate many un-
wanted health conditions. Vaccines are also critical for the
prevention and control of infectious-disease outbreaks. They
underpin global health security and will be a vital tool in the
battle against antimicrobial resistance and many incidences
[2].

Immunization currently prevents 2-3 million deaths ev-
ery year globally [2]. An additional 2 million child deaths
could  be  prevented  each  year  through  immunization  with
currently used vaccines. However, approximately 21.08 mil-
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lion  young  anywhere  on  earth  are  still  devoid  of  basic
vaccines [2, 3]. India has more than 26 million births and ac-
counts for over 20% of child mortality worldwide.

Vaccination, undoubtedly one of the greatest accomplish-
ments, has a few negative aspects as well, such as side ef-
fects, adverse drug reactions, and other undesirable interac-
tions. Developing countries are under continuous threat of
epidemic situations and pathogenic attacks due to a lack of
resources and economic instability.

An  Adverse  Event  Following  Immunization  (AEFI)  is
defined as “any untoward medical occurrence which follows
immunization and which does not necessarily have a causal
relationship with the usage of the vaccine” [4]. The adverse
event may be any unfavourable or unintended sign, abnor-
mal  laboratory  finding,  symptom,  or  disease.  An  AEFI  is
considered serious if this results in death, is life threatening,
requires in-patient hospitalization, or prolongs existing hospi-
talization [5].  Knowledge and practices among parents re-
garding immunization are the major factors that contribute
to  their  vaccination  decisions  [6].  Barriers  such  as  low
knowledge, wrong attitude and its practice towards immu-
nization program, and untimely knowledge practice can be
resolved by working more efficiently in the pharmaceutical
circle. Few studies in the literature studied Knowledge, Atti-
tude and Practice (KAP) of parents to objectively ascertain,
as regards BCG (Bacillus Calmette-Guerin), DPT (Diptheria-
Pertusis  and  Tetanus),  OPV  (Oral  Polio  Vaccine)  and
measles [6-8]. Other barriers in healthy practice include so-
cial  influences,  vaccine-related issues,  ethics,  protocol  not
being followed, etc.

Overcoming such issues and suggesting measures with
empirical evidence to make immunization program effective
globally has become the need of the hour to find factors that
influence routine immunization, which will help the plann-
ers implement the immunization programme in a better way
to achieve >85% coverage [8].  The benefits  of  immuniza-
tion are often indistinguishable, particularly if the target dis-
ease incidence is low [9]. Giving the child the appropriate
vaccine  would  significantly  decrease  the  costs  of  disease
treatment  and  rates  of  disease.  Thus,  children  will  have  a
higher quality of life [10].

Primary health care workers are the first to come in con-
tact with parents and should provide evidence-based informa-
tion on the benefits and risks of vaccines, demonstrate com-
petence,  and  identify  properly  the  possible  adverse  events
following immunization [11]. Lack of services due to sys-
tem weakness, low public awareness, or fear and misconcep-
tions about vaccines were some of the inhibiting factors in
immunization [12].

To  improve  parents’  awareness,  knowledge  regarding
vaccination  is  required  [13].  Although  the  decision  to  re-
ceive vaccine is still the parents’ choice, as one of the most
important  parts  of  health  care,  a  clinical  pharmacist  can
prove  instrumental  in  providing  knowledge  regarding  the
benefits and risks of immunization. This study aims to as-
sess the effectiveness of a clinical pharmacist intervention

on adverse events following immunization and also to assess
KAP among parents.

2. MATERIALS AND METHODS

The study was randomized and conducted at the Out-pa-
tient and In-patient Departments of Paediatrics in a tertiary
care  hospital  for  a  period of  7  months  (January 2019-July
2019). With the signed consent of their guardians, children
(<5 yrs. of age) of both genders from out-patient and in-pa-
tient wards receiving vaccination under Indradhanush (Gov-
ernment  Immunization  program)  scheme  were  considered
for the study. A total of 96 patients were enrolled based on
the inclusion criteria,  out  of  which there  were a  total  of  8
loss  of  follow up cases,  making the  final  tally  88  patients
with a 91.66% completion rate.

Patients were assigned to either the control or interventio-
nal group through concealed allocation method. The control
group (subject  and the  guardian)  received normal  medical
care while in the intervention group, the guardians were pro-
vided with verbal and written information about immuniza-
tion programs, its benefits, harms, on-going programs in In-
dia, the current status of scientific progression in the field,
etc.  along with physician consultation.  Patient  counselling
on generalized health,  pharmaceutical aids,  etc.,  were also
provided,  along  with  periodic  follow-up.  After  each  such
meeting/follow-up, patients’ guardians were assessed regard-
ing  knowledge,  attitude  and  practice,  overall  condition  of
subject, health status, etc. The information was screened and
documented.

The customized study material used for the whole pro-
cess  included:  Informed  Consent  Form  (English,  Marathi,
Kannada  and  Hindi),  Patient  Information  Sheet  (English,
Marathi,  Kannada,  Hindi),  Screening  and  Randomization
Form, Patient Data collection forms (Online and offline), Pa-
tient  Information  Leaflets  (English,  Marathi,  Kannada,
Hindi), and AEFI documentation forms. The patient data col-
lection forms included a sub-section of Questionnaires (Q1-
Q17), which was used to analyse the Knowledge, Attitude
and Practice score of subjects’ guardians in regards to the In-
dradhanush Immunization program or Immunization in gen-
eral. The questionnaire was divided according to the area of
interest.

• Q1-Q7: Knowledge

• Q8-Q12: Attitude

• Q13-Q17: Practice

The whole set of study material was evaluated by profes-
sional  health  care  pharmacists  and  a  pilot  study  was  per-
formed on 30 patients, after which minor changes in the for-
mat were made. The data collection strategy was implement-
ed  for  a  duration  of  7  months,  including  regularized  fol-
low-up of individualized cases at a period of 1 day, 1 week,
and 1 month each while guardians were analysed for their
Knowledge, Attitude, and Practice score before and after in-
tervention  at  a  time  interval  of  1  month  each.  During  the
study duration, patients were kept in touch over phone call,
social media channels  and  personal  visits  in  IPD/OPD (if
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Fig. (1). Schematic diagram of the study procedure.

any). Monitoring and evaluation were done on the following
data forms:

• Baseline Data (collected at start of the study in week ze-
ro).

• Follow-up Data on KAP (collected at periodic intervals
over 1 month).

• AEFI (if any) & other demographic details of the pa-
tient (collected during 2-month interaction).

•  Overall  immunization  schedule  undergone  &  its  fol-
low-up (of individual subjects).

2.1. Statistical Analysis

The data collected both offline (Data Forms) and Online
(Google Doc Forms) were then sorted and put into sequence
into clinical and demographical data sections of both control
and intervention group individually through the help of Mi-
crosoft-Excel. The frequency with percentage for total AE-
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FI’s and types of AEFI’s was calculated along with the total
count of vaccination status. Besides that, a Cochrane Q test
was applied to find out the distribution of count in “yes” of
all questions. Chi- square test was used to assess change in
pre  and  post-intervention.  Further,  the  comparisons  of
Knowledge,  Attitude,  and  Practice  scores  in  between  and
within the groups were calculated. P-value of<0.05 was con-
sidered statistically significant.

3. RESULTS

Out of the 220 subjects screened, a total of 96 subjects
were enrolled in the study of which 88 completed the study,
making the completion rate 91.66%. The weights of the sub-
jects enrolled were normal and in the range of 2.5-3.5 kg.
Out of the 88 patients enrolled, 39 (44.31%) were males and
49 (55.69%) were females Table 1. The variable gender is
not significantly associated with control group or Interven-
tion group and there is no significant age difference between
the  Control  group  &  Intervention  group  as,  simple  ran-
domization technique was selected, which has produced in-
terpretable valid data as shown in Fig (1).

Frequency Distribution of AEFI was recorded in 31 sub-
jects  out  of  88  subjects  enrolled,  of  which  15  subjects
(48.38%)  experienced  fever  while  5  subjects  each  experi-
enced swelling (16.13%) and excessive crying (16.13%). 3
subjects  experienced  excessive  pain  (9.68%)  and  Rash
(9.68%) in single, multiple as well as combined experiences
format as shown in Table 2.

Vaccination in single as well as combination dose were
given in both Control and Interventional group. A total of 87
subjects  (98.8%)  received  BCG,  followed  by  86  subjects
(97.7%) who received OPV (Oral Polio Vaccine).Thirty sub-
jects (34.09%) received both DPT and IPV (Inactivated po-
lio vaccine), 28 subjects (31.81%) received Hepatitis B, 24
subjects (27.27%) received PCV (Packed Cell Volume), 20
subjects (22.72%) received Rotavirus, 15 subjects (17.04%)
received both MMR (Measles, Mumps, and Rubella) Boost-
er and MMR (Measles, Mumps, and Rubella), and 10 sub-
jects  (8.88%) received both  Penta  3  and Pneumococcal  as
shown in Table 3.

In this study, we analysed the Knowledge, Attitude and
Practice (KAP) among the parents and Legally Acceptable
Representative (LAR) who visited the centre for Immuniza-
tion. The study allowed us to collect 17 Questionnaire’s on
KAP. In total, the sampling frame included all (n=88) sub-
jects. Both the control and interventional data were record-
ed. This information has mainly been obtained through Tele-
phonic contact. Demographic Information demonstrates that
the majority of subjects live in rural India. Approximately,
one-fourth come from urban areas. This information is rele-
vant because cultural and social factors play important roles
in vaccination.

Applying Cochrane Q test, the values show a statistically
significant difference in the percentage of count for YES in
Pre-Test & Post-Test in Q1 as 0.02779, Q2 as 0.00255, Q4
as 0.01106, Q5 as 0.01254, Q7 as 0.00029, Q8 as 0.03871,

Q11  as  0.00072,  Q12  as  0.05,  Q13  as  8.95E-05,  Q15  as
0.0005  and  Q17  as  0.02065  with  p<0.05,  respectively  as
shown in Table 4.

By applying the Chi square test, the value shows a statis-
tically significant association between post-test of particular
question and groups with Q1 as 0.0075, Q5 as 0.016, Q7 as
0.004, Q14 as 0.0445 and Q16 as 0.007 with p<0.05, respec-
tively, as shown in Table 5.

The Knowledge scores of parents were statistically signi-
ficant  between  pre  and  post-test  groups  as  increased  by
42.17% in the Interventional group while 2.85% in the con-
trol group (P-value=0.0003).The Practice scores were statisti-
cally  significantbetween  groups  as  they  increased  by
12.67% in the Interventional group while 0.965% in the con-
trol group. (P-value = 0.0006) as shown in Table 6.

4. DISCUSSION

Pharmacists play a unique role in promoting the impor-
tance of immunization, which includes promoting the vacci-
nation, displaying empirical evidence to make immunization
program effective globally, increasing public awareness of
knowledge,  attitude  and practice  towards  vaccination,  and
most counselling patients. Immunization safety has become
one of the important parts of child health, as the efficacy and
National AEFI surveillance have resulted in wide expecta-
tions from vaccinations among the parents. Our study was
governed  under  the  vaccination  drive  as  Mission  Indrad-
hanush,  as  most  of  the  respondents  had  heard  and  were
aware about the Mission Indradhanush scheme, which con-
sists of a wide range of vaccinesfree of cost for making vac-
cination progress in India. Under this programme, a total of
four  consecutive vaccination rounds were conducted for  7
days at the center. Parents and guardians who visited the cen-
ter for immunization were assessed to overcome economic
and social barriers. Similarly, in the United States, a Nation-
al  survey of pharmacy-based immunization services at  the
community level was conducted by Viches et al. [14] to un-
derstand how and what type of immunization programmes
are being put into practice. A total of 1,999 community phar-
macy sites were accessed, but one of the demerits was that
the majority of respondents issued statements of cost and in-
surance coverage as barriers rather than organizational and
environmental causes.

In a country like India, where gender preference varies
across states much as socioeconomics and cultural tradition-
al;  however,  in  our  study,  we  observed  that  there  was  no
such case as both male and female participated in the immu-
nization programme. It was also found that female children
(n=49) (51.04%) received more immunizations when com-
pared to male children (n=39) (40.62%).  It  may be due to
the improved mind-set of parents and their beliefs on getting
their children immunized and also the acceptance of equality
between the genders. The results of our study were found to
be similar to Prusty et al.  [15], in that, they found that fe-
male children (34%) are significantly less likely to receive
full  immunization  compared  to  their  male  counterparts
(37%).  This  is  especially  true  in  the  western  parts  of  the
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Table 1. Group-wise analysis of demographic variables.

Variable Control Intervention P-�alue

Age in days 387.91 ± 663.68 174.41 ± 318.25 0.05

Weight of the baby on birth 2.89 ± 0.46 2.96 ± 1.60 0.7802

Gender
Male 22 (25%) 17 (19%)

0.3907
Female 22 (25%) 27 (31%)

*p<0.05.

Table 2. Frequency distribution of AEFI records.

AEFI Records Frequency %

Excessive Crying 5 16.13%

Excessive Pain 3 9.68%

Rash/ Redness 3 9.68%

Fever 15 48.38%

Swelling 5 16.13%

Table 3. Comparison of control group and intervention group with vaccination status in a single dose as well as combination.

Vaccination
Control

Group
%

Intervention

Group
% Total %

Oral Polio Vaccine 56 63.67 30 34.09 86 97.7

Measles, Mumps and Rubella

Booster
9 10.22 6 6.81 15 17.04

Bacillus Calmette-Guerin 51 57.95 36 40.90 87 98.8

Diphtheria, Pertussis, Tetanus 12 13.63 18 20.45 30 34.09

Hepatitis B virus 12 13.36 16 18.18 28 31.81

Measles, Mumps and Rubella 9 10.22 6 6.81 15 17.04

Inactivated Polio Vaccine 16 18.18 14 15.90 30 34.09

Rotavirus 12 13.63 8 9.09 20 22.72

Pneumococcal conjugate vaccine 17 19.31 7 7.95 24 27.27

Penta 3 (Diphtheria, Tetanus, acellular

Pertussis, Inactivated Polio Vaccine and

Haemophilus influenza type b)

6 6.81 4 4.54 10 8.88

Pneumococcal 6 6.81 4 4.54 10 8.88

Table 4. Distribution of count by cochrane Q test of yes in pre-test & post-test of all questions.

Questions

Pre-Test

(Count of

Yes)

%

Post-Test

(Count of

Yes)

% P-Value

1 57 64.77% 71 80.68% 0.02779*

2 32 36.36% 53 60.23% 0.00255*

3 44 50.00% 31 35.23% 0.06738

4 65 73.86% 79 89.77% 0.01106*

5 60 68.18% 75 85.23% 0.01254*

6 65 73.86% 59 67.05% 0.4088

7 33 37.50% 58 65.91% 0.00029*

8 23 26.14% 37 42.05% 0.03871*

9 27 30.68% 30 34.09% 0.7473

11 41 46.59% 64 72.73% 0.00072*

12 37 42.05% 51 57.95% 0.05*

13 43 48.86% 69 78.41% 0.00005*
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Questions

Pre-Test

(Count of

Yes)

%

Post-Test

(Count of

Yes)

% P-Value

14 65 73.86% 74 84.09% 0.1389

15 79 89.77% 59 67.05% 0.0005*

16 38 43.18% 45 51.14% 0.3649

17 81 92.05% 88 100.00% 0.02065*

*p<0.05.

Table 5. Summary table of chi-square test.

Questions Post-Test Control Group Intervention Group P-Value

1
Yes 34 37

0.6052
No 10 7

2
Yes 20 33

0.0075*
No 24 11

3
Yes 17 14

0.6437
No 27 30

4
Yes 37 42

0.1719
No 7 2

5
Yes 33 42

0.016*
No 11 2

6
Yes 27 32

0.3723
No 17 12

7
Yes 22 36

0.004*
No 22 8

8
Yes 17 20

0.6697
No 27 24

9
Yes 11 19

0.1159
No 33 25

11
Yes 31 33

0.8216
No 13 11

12
Yes 26 25

1.0000
No 18 9

13
Yes 32 37

0.3003
No 12 7

14
Yes 33 41

0.0445*
No 11 3

15
Yes 32 27

0.3578
No 12 17

16
Yes 16 29

0.007*
No 28 15

17
Yes 44 44

1.0000
No 0 0

*p<0.05.

Table 6. Comparison of KAP Score in between & within the group.

Score Test
Mean (SD)

P-Value
Control Group Intervention Group

Knowledge Score

Pre-Test 4.20 (1.17) 3.77 (1.29) 0.0705

Post-Test 4.32 (1.34) 5.36 (1.14) 0.0003*

P-value 0.9065 0.0006* -

- - - - -
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Score Test
Mean (SD)

P-Value
Control Group Intervention Group

Attitude Score

Pre-Test 1.88 (1.04) 2.00 (1.26) 0.8147

Post-Test 2.66 (1.20) 3.04 (1.12) 0.0977

P-value 0.001039* 0.000712* -

- - - - -

Practice Score

Pre-Test 3.11 (0.76) 2.84 (0.83) 0.0742

Post-Test 3.14 (0.71) 3.20 (0.79) 0.0006*

P-value 0.01024* 0.04159* -

*p<0.05.

country due to religious standings, gender disparity, or dis-
favouring conditions inequality and financial conditions and
poor households.

We further analysed that the notification of AEFI caused
by immunization is increasing day by day. Increases in ad-
verse events are related to many factors,  such as a lack of
knowledge and lack of proper vaccination educations. Most
of our patients received single vaccines and vaccine in com-
binations. However,we were especially interested in patients
who  received  BCG  as  a  single  dose  and  BCG  along  with
other combinations. As BCG is the most commonly provid-
ed  vaccination  (58.8%),  the  most  common  AEFIs  include
fever >100.4F lasting more than 3 days (48.39%), excessive
sobbing  for  1.5-2  hours  (16.13%),  redness/rash  (9%),  and
swelling (16.13%). Lymphadenitis, change in urine colora-
tion, vomiting, and nausea were not among the observed con-
ditions. This data was incorporated in planning our method-
ology  and  strategies  towards  BCG  and  other  vaccinations
when compared to the study conducted during the time peri-
od  of  2011-2013  by  Ricco  et  al.  [16],  who  studied  inci-
dences of complications related to BCG vaccine in infants in
Babol,  Mazandaran.  Amongst  the  15,984  neonates,  150
(0.96%) cases presented lymphadenitis. Disseminated infec-
tion  occurred  in  3  cases  (0.02%)  of  immune  deficient  pa-
tients who responded to the study. In 159 (0.1%) cases the
urine colour changed to orange on the 2nd day after vaccina-
tion  and  returned  back  to  its  normal  colour  after  1  week.
Thirty-one cases (0.2%) had restlessness for 48 hours to 10
days  after  vaccination.Forty-eight  cases  (0.3%)  had  com-
plaints of nausea and vomiting after vaccination.

Parent’s Knowledge, Attitude and Practice regarding im-
munization are major factors that contribute towards the vac-
cination decision. Because of the limitations seen in parents’
practice and their attitude, vaccine hesitancy has become the
growing focus of attention and concerns. During the post-in-
terventional analysis,  we received the majority of mothers
during the telephonic contact, and the results are seen to be
statistically  significant  with  Knowledge  (p-value  0.0003),
and with Attitude (p-value 0.0977) the results were seen to
be  statistically  non-significant,and  with  Practice  (p-value
0.0006) the results were statically significant. Similarly, as
per Awadh et al. [17], it was found that the educational inter-
ventional improved in parents after the vaccination, a total
n=73  out  of  which  mothers  are  in  the  majority  (87.7%).
There was a significant difference between parent’s knowl-
edge and attitude when compared to their baseline results (p-
value 0.001).

Similarly, in another incidence, we ensured a high level
of  knowledge  (42.17%),  attitude  (52%),  and  practice
(12.67%) among parents and guardians about the program-
me.This projected accurate data of current social scenarios
about beliefs and practices towards the immunization. Con-
templating the data of Braeckman et al. [18], who conducted
a  study  to  assess  parent  knowledge,  attitude  and  practice
about child vaccination in rural areas of Bangalore. A total
of  110 parents  were  assessed,  out  of  which around 72.4%
had good scores in knowledge followed by 28.4% average
and 5.4% poor performers on the score sheet.

This further helped in understanding the importance of
knowledge and its attribution in attitude and practice. Thus,
all 88 children’s guardians were given special emphasis on
increasing their knowledge (42.17%). The degree of change
reflected  in  their  attitude  (52.0%)  and  practice  score
(12.67%) as well. For the follow-up and intervention, person-
al interview and social medium was used over a span of 7
months.  The  primary  focus  being  education  of  patient,
counseling, and clarification of doubts and myths of society.
The social disbelief ratio was found to be a considerable fac-
tor in the study. The main barriers came in the form of lan-
guage, discontinuation, disbelief etc., which were dealt with
accordingly and positively. Similar to Agrawal et al.  [19],
who conducted a study to assess parents’ knowledge about
immunization schedule and source of information and educa-
tion regarding vaccination. A total of 240 cases were studied
according to a pre-designed proforma. It was found that the
occurrence  of  vaccine  preventable  diseases  was  higher
among unvaccinated children compared to vaccinated chil-
dren, with the exception of tuberculosis where the vaccina-
tion rate was significantly higher (52.17%) and where all cas-
es  of  vaccine  preventable  diseases  were  very  frequent
among  illiterate  fathers  and  mothers.

Pharmacists are participating as 'educators,' providing in-
formation and suggestions about vaccines, 'facilitators,' host-
ing nurses and other traditional vaccinators to assist making
vaccination  services  more  accessible,  and  'administrators,'
giving  vaccines  as  a  vaccinator.  Because  pharmacies  pro-
vide a practical and easily accessible option for patients to
obtain vaccines  and educate  importance about  vaccination
from a pharmacist experienced in vaccine administration, a
high number of pharmacist-provided immunisation interven-
tions taking place due to high accessibility and reliability of
the clinical pharmacists, as pharmacists have the necessary
training to engage in discussions with patients in order to in-
spire vaccine recommendations and reminders and they are
in a unique position to reap the benefits of vaccination.
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Vaccines are still underutilized despite their global suc-
cess and demonstrated impact on human health and quality
life  expectancy.  Similarly,  with  that  of  vaccination,  many
gaps in the vaccinator's expertise or lack of understanding of
vaccine indications, contraindications, and side effects can
have a major negative impact on vaccination rates. Mothers
have also expressed concerns about their children's vaccina-
tion  attitudes  and  practises,  owing  to  a  variety  of  barriers
and missed vaccination opportunities. As a result of parents'
misconceptionsabout immunizations, they may not be used
to their full potential. In this study, Pharmacists performed a
crucial part in the vaccination procedure. Pharmacists inter-
vention have achieved a greater aspect for this position be-
cause  they  are  already  well-versed  in  many  aspects  of
vaccine  management,  such  as  vaccine-related  side  effects
and counselling the parents about the benefits regarding the
vaccine and improving the Knowledge, Attitude and Prac-
tice among the parents.

The outcome of the overall study was satisfying and posi-
tive, and thus implementation of further vaccination of their
children and other educational and social barriers were over-
come. Implementation of different skills and methods on our
side  as  clinical  pharmacists  were  taken  into  consideration
for future use.

CONCLUSION

The study summarizes  the  immunization  program sys-
tem running in India presently under Indradhanush Scheme.
There  are  several  misconceptions  and disbeliefs  regarding
immunization,  its  effects,  and  its  need  currently  amongst
guardians in the Indian society. This study helps to unders-
tand and cut out the stigma. It also establishes that education-
al inputs, awareness programs and proper medical professio-
nal  intervention can act  as  helping factors  to  fight  against
AEFI and towards the success of an immunization program.
An extra effort through clinical pharmacists in immunization
programs can prove as an asset along with simultaneous AE-
FI reporting through doctors, nurses, etc., via proper chan-
nels. A collaborative approach by health professionals of a
pharmaceutical  care  plan  is  the  answer  to  such  barriers,
which lead to AEFI and cost the patients their health. Inter-
vention and pharmaceutical care helped build increased trust
in the effectiveness, safety of vaccine use and vaccine poli-
cies ultimately with enhanced knowledge, attitude, and prac-
tice among parents towards successful immunizations.
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Summary

Introduction > Intense situations, shorter length of stay, miscommunication (verbally or written)
amongst staff and patients, incomplete data sources, and conditions requiring immediate action
create emergency department as hotspots for medication discrepancies. Despite the emphasis by
international healthcare organizations, the transition of care remains unexplored in India. Hence,
this study planned to assess and identify the discrepancies that occurred during multiple transitions
care points and to estimate their predictors.
Materials and methods > Prospective observational study was conducted in patients admitted
during October 2019–April 2020 in the emergency department and subsequently shifted to other
wards until discharge. The medication reconciliation was performed at each transition level, and
discrepancies were documented and analyzed to identify the predictors.
Results > A total of 165 patients were enrolled out of which 79 had discrepancies. The observed
discrepancies were 159, of which 54 were intentional and 105 unintentional. Mean age of the
patients was found to be 51.5 years, and the majority of the patients enrolled (38%) belonged to
the middle age group, i.e., 38–58 years. Unintentional discrepancies (66.04%) due to reconciliation
errors, dominated over intentional (33.96%). Omission (42.7%) followed by substitution (20.7%)
was the most discrepancies observed. 47.2% of discrepancies occurred during the transition from
intensive care unit to general wards, and 32.1% occurred at discharge. Binomial logistic regression
showed that age, number of medications, and co-morbidities are predictive factors for
discrepancies.
Discussion > The majority of unintentional discrepancies occurred due to reconciliation errors rather
than erroneous history documentation. Most of the study in tertiary care settings showed similar
discrepancies varying in their numbers.
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Conclusion > Emergency pharmacist-led reconciliation, especially during the transition from a
special ward to a general ward and at discharge, will lead to early identification of discrepancies
and prevent medication errors.

Mots clés
Service
Urgence
Erreur médicamenteuse
Réconciliation
médicamenteuse
Transition de soins

Résumé

Des écarts se sont produits au cours du processus de transition des soins multiples et de
leurs prédicteurs dans un hôpital universitaire de soins tertiaires – une étude
observationnelle prospective

Introduction > Des situations graves, une durée de séjour plus courte, une mauvaise communi-
cation (verbale ou écrite) entre le personnel et les patients, des sources de données incomplètes
et des conditions nécessitant une action immédiate font des services d'urgence des terrains
favorables pour les erreurs médicamenteuses. Malgré l'accent mis par les organisations inter-
nationales de soins de santé, la transition des soins reste inexplorée en Inde. Par conséquent,
cette étude a prévu d'évaluer et d'identifier les erreurs qui se produisent au niveau de plusieurs
interfaces entre services de soins en enfin de rechercher les facteurs favorisants.
Matériel et méthodes > Une étude observationnelle prospective a été menée chez des patients
admis entre octobre 2019 et avril 2020 dans le service des urgences, puis transférés dans d'autres
services jusqu'à leur sortie. Le bilan comparatif des médicaments a été effectué à chaque niveau
de transition, et les écarts ont été documentés et analysés pour identifier les facteurs favorisants.
Résultats > Un total de 165 patients a été inclus et parmi ceux-ci, 79 ont connu des erreurs. Les
écarts observés étaient de 159, dont 54 étaient intentionnels et 105 non intentionnels. L'âge
moyen des patients était de 51,5 ans et la majorité des patients inclus (38 %) appartenaient au
groupe d'âge moyen, c'est-à-dire 38–58 ans. Les erreurs non intentionnelles (66,04 %), dues à
des écarts observés lors des conciliations, prédominaient sur les écarts intentionnels (33,96 %).
L'omission (42,7 %) suivie de la substitution (20,7 %) concernait la plupart des erreurs observées.
Au total, 47,2 % des erreurs sont survenues lors de la transition de l'unité de soins intensifs aux
services généraux et 32,1 % sont survenues à la sortie. La régression logistique binomiale a
montré que l'âge, le nombre de médicaments et les comorbidités sont des facteurs prédictifs
d'erreurs.
Discussion > La majorité des divergences non intentionnelles sont dues à des erreurs de saisie
plutôt qu'à des erreurs liées à une documentation historique erronée. La plupart des études
menées dans les établissements de soins tertiaires ont montré des écarts similaires variant dans
leur nombre.
Conclusion > Les reprises de traitement dirigées par le pharmacien clinicien basé aux urgences, en
particulier lors d'une interface service spécialisé – service général et à la sortie, permettrait
d'identifier rapidement des écarts potentiels et d'éviter des erreurs médicamenteuses.
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Introduction
The emergency department (ED) of any hospital is characterized
as a crowded area with patients in dire need of immediate
medical attention. Emergency department staff has shown
higher susceptibility to develop burnout syndrome. Unlike other
specialty practice, Pharmacist led specialty practice in emer-
gency medicine is rarely practiced in India [1,2]. Transition of
care from the emergency department is a challenge for the
patient and the ED staff [3,4]. Intense situations, shorter dura-
tion of stay, miscommunication (verbally or written) amongst
staff and patient, incomplete data sources, and conditions
2

requiring immediate action create ED as hotspots for medication
discrepancies. National and international evidence points out to
ED as a significant source of medication errors and discrepancies
[5–7].
Discrepancies are the differences in regimens or treatments
across different phases of care. Errors in medication history
taking process, reconciliation, polypharmacy, lack of communi-
cation between multiple healthcare professionals responsible
for the patient, etc. can cause discrepancies. Discrepancies can
be intentional, i.e., the physician changes medication knowingly
for better care, or unintentional, i.e., the change occurs
tome xx > n8x > xx 2022
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unknowingly because of various patient or system-related fac-
tors. According to NCCMERP, "A medication error is any prevent-
able event that may cause or lead to inappropriate medication
use or patient harm while the medication is in the control of the
health care professional, patient, or consumer. Such events
may be related to professional practice, health care products,
procedures, and systems, including prescribing, order commu-
nication, product labeling, packaging, and nomenclature, com-
pounding, dispensing, distribution, administration, education,
monitoring, and use.'' Therefore, unintentional discrepancies
which often arise due to improper communication, errors in
history and reconciliation can significantly affect patient out-
comes. For ex. Metoprolol succinate being substituted by met-
oprolol tartarate during transition [8]. Medication discrepancies
can lead to a medication error, adverse events and result in re-
admission to the hospital. Discrepancies in certain high-risk drug
classes have a higher probability of causing adverse drug events
[9]. Discrepancies can result in adverse effects and affect the
efficacy of the treatment [10,11]. The transition between vari-
ous departments of the hospital upon emergency admission can
be overwhelming physically and emotionally for the patient, as
it is associated with changes in healthcare staff, medications,
etc. If medication, reconciliation and communication not done
properly may lead to medication errors. For example, a diabetic
patient on Oral hypoglycemic agent (OHA) after admission
stopped OHA and started on insulin by another physician. Gaps
in communication amongst health care professionals (HCPs)
lead to patient continuing OHA along with insulin thereby,
the patient prone to get hypoglycemia. For a geriatric patient
to change his/her chronic medication, post-discharge becomes
difficult to adapt. Medication discrepancies can occur at different
transition levels, such as during admission, the transition from
emergency to special wards, or special to general wards and
during discharge.
Discrepancies can be detected and corrected through the pro-
cess of medication reconciliation. "Medication reconciliation
process involves creating the most accurate list of medication
at all transition points and helps in providing correct medication
to patients.'' Studies have been conducted for medication rec-
onciliation at various points of transition like discharge, admis-
sion in the community as well as hospital settings [12–15]. Still,
very few studies have been conducted in Indian tertiary care
hospital settings that highlight the challenges faced during the
transition from the emergency department in a tertiary care
hospital. The US National Library of Medicine's Medical Subject
Headings thesaurus defines tertiary care as care of a highly
technical and specialized nature, provided in a medical center,
usually one affiliated with a university, for patients with unusu-
ally severe, complex, or uncommon health problems [16].
The third WHO Global Patient safety challenge, "Medication
without harm'', held at the Second Global Ministerial Patient
Safety Summit in Germany, emphasizes three key action areas:
tome xx > n8x > xx 2022
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polypharmacy; high-risk situations; and transitions-of-care [17].
The Joint Commission on Accreditation of Healthcare Organiza-
tions emphasized the importance of medication reconciliation
during the transition of care and declared it a national patient
safety goal in 2005 [18].
The transition of care involves the movement that the patient
makes between healthcare practitioners as per their needs.
During transitions, patients are usually under the care of multi-
ple health care professionals who may permanently stop, hold,
or modify inpatient medication accordingly to enhance the
treatment outcomes. Medication safety during the transition
of care is a challenge highlighted by many international bodies
as a priority. Studies conducted as early as 1997 pointed out that
46% of medication errors occur on admission or discharge, and
the literature has been piling up ever since [19]. Yet, very little
could be done in this aspect to improve the situation. Forty-two
percent of inpatients had more than one error in the documen-
tation of past medications history during admission [20]. Errors
in the history list during admission have shown potential to be
carride forward to discharge. Hence, this study aimed to identify
and assess the discrepancies during multiple transitions care
points from the emergency department through medication
reconciliation and also to estimate their predictors.

Methods
The prospective observational study was conducted in the emer-
gency department of Karnataka Lingayat Education societys' Dr.
Prabhakar Kore hospital and Medical Research Center, Belagavi,
Karnataka, India, for five months (October 2019 – April 2020).
Written informed consent was taken from the individual patient
before enrollment. Patients were included if they were above
18 years of age presenting to an emergency department and
were subsequently transferred to other respective wards irre-
spective of their illness. Patients directly discharged from the
emergency department, not willing to consent, and cognitively
impaired were excluded from the study.
Patients admitted to the emergency department and shifted to
subsequent wards were screened and followed throughout their
transition until discharge. Medication reconciliation at each
transition level was done, and discrepancies (if any) were
documented and assessed as explained in figure 1. A detailed
history was taken from the patient or attender verbally and
confirmed with old medication records or prescriptions. Materi-
als used for the purpose were the informed consent form, data
collection form, inpatient treatment chart, and emergency treat-
ment chart. Medications were included in the list if mentioned in
the patient's treatment chart, nursing administration notes, or
present by the patient's bedside. Details regarding medication
like generic name, brand name, dose, frequency, start date, and
stop date were documented from the inpatient treatment chart,
emergency treatment chart. Further details regarding prognosis,
history, co-morbidities were included in the patient case sheet.
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Figure 1
Flowchart of methodology
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History error includes any error in documenting the medication
history taken by the patient before getting admitted in the
hospital. According to ISMP, best possible medication history
is obtained by 2 sources i.e. comprehensive interview of
patient/family or at least one other reliable source of informa-
tion example previous prescriptions.
Reconciliation error is any unintentional discrepancy during
transition between healthcare departments due to preparing
an inaccurate list of medications by healthcare professional.

Data analysis
The raw data was fed into the excel sheet and then imported
into the SPSS (version 22.0) for analysis. The descriptive data
were analyzed in terms of frequency and percentage. Mean
� SD was used to analyze continuous data. Binomial logistic
regression was conducted to identify the predictors of discrep-
ancies occurred during different transition level.

Results
A total of 165 patients were enrolled out of which 79 patients
had discrepancies which make up to 47.9% incidence rate. Total
number of discrepancies observed in 79 patients were 159. The
4

average discrepancies observed per patient were 2.01, and the
average duration of stay was 11 days. Out of the total patients
with discrepancies (n = 79), 31.6% (25) of participants were
female, and 68.3% (54) of participants were male. The mean
age was 51.51 � 18.20 years. According to the study inclusion
criteria (> 18-years-old), the participants have been categorized
into different age groups of (18–38) adults, (38–58) middle age,
(58–78) old age, and > 78 years as oldest age. The middle age
group patients showed 36% discrepancies, which have contrib-
uted to the highest number of discrepancies, followed by the
older age group (58–78), which showed (31%) discrepancies.
The least amount of discrepancies has resulted in more than
78 years, 12% as represented in table I.
Discrepancies are further classified as intentional and uninten-
tional discrepancies. The total number of discrepancies was 159,
and 54 (34%) of them were intentional, and 105 (66%) were
unintentional discrepancies. Unintentional discrepancies were
further categorized into discrepancies associated with history
errors and discrepancies associated with reconciliation errors.
Among 105 unintentional discrepancies, 21 discrepancies were
observed due to history error and 84 discrepancies due to
reconciliation error as described in table II.
tome xx > n8x > xx 2022
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TABLE I
Participant demographics and number of discrepancies.

Parameters Number of patients (%) Total (%) Number of discrepancies (%)

Gender

Male 54 (68) 79 (100) 114 (72)

Female 25 (32) 45 (28)

Age groups (in years)

(Adult) 18–38 18 (23) 79 (100) 33 (21)

(Middle age) 38–58 30 (38) 58 (36)

(Old age) 58–78 26 (33) 49 (31)

(Oldest age) 78–98 5 (6) 19 (12)

TABLE II
Types of discrepancies.

Types of Discrepancies Number (%)

Intentional 54 (34) %

Unintentional 105 (66) %

History error 21

Reconciliation error 84

Total 159 (100)

TABLE III
Discrepancies as per the different level of transition points.

Transition Level Number (%)

Emergency – special ward 19 (12)

Special – general ward 75 (47.2)

Emergency – general ward 12 (7.5)

General ward to discharge 51 (32.1)

Others previous history to discharge 2 (1.3)

Total 159
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As per the inclusion criteria, all the patients enrolled in this study
were from the emergency department, which then underwent
different phases of transitions where the discrepancy at differ-
ent levels of transition was evaluated. Different levels of tran-
sitions are classified as an emergency to a special ward, special
ward to general ward, emergency to a general ward, general
ward to discharge, and discrepancies between pre-admission
medications and discharge medications. The highest number of
a discrepancy is recorded during the transition from special ward
to the general ward which contributed to 47.2% (75) of the total
discrepancies followed by 32.1% (51) during transitions from
general ward to discharge and the least amount of discrepancies
1.2% (2) were observed between pre-admission medications
and discharge medications as shown in table III.
Out of all discrepancies, 42.7% were due to omission of the
medication, 20.7% to substitution, 12.6% to drug without indi-
cation, 10.7% to dosing error, and at least 1.2% duration error as
represented in table IV.
The discrepancies are associated with a different class of drugs.
In our study, out of 159 discrepancies, a majority of
tome xx > n8x > xx 2022
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discrepancies were associated with cardiovascular drugs
(44.0%) followed by anti-infective agents (18.2%), gastrointes-
tinal agents (11.9%), and neurological drugs (6.3%). The classes
of medication that were least associated with discrepancies
were steroids, immunosuppressants, and antidotes, which are
1.3% each, as shown in table V. Prevailing chronic co-morbid
conditions seen amongst the patients were cardiovascular dis-
orders like hypertension, coronary artery disease, followed by
nephrological disorder, cerebrovascular disorders, respiratory
and infectious diseases, diabetes mellitus, and other conditions
like road traffic accidents, cancer, poisoning cases. Eight patients
had a previous history of hospital admission within the past
three months.
Analysis of factors associated with the discrepancies
Binomial logistic regression analysis showed that increasing
age, taking more medications, and having multiple co-morbid-
ities were more likely to have discrepancies between transition
care points, as shown in table VI.
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TABLE IV
Classification of discrepancies.

Class of discrepancies Number (%)

Omission 68 42.7

Substitution 33 20.7

Drug without indication 20 12.6

Dosing error 17 10.7

Duplication 8 5.0

Route 4 2.5

Duration error 2 1.3

Others 7 4.4

Total 159 100

TABLE V
Classes of medications associated with discrepancies.

Class of medication No. of discrepancies (%)

Cardiovascular 70 (44.0)

Antibiotic 29 (18.2)

Gastro intestinal agent 19 (11.9)

Neurologic 10 (6.3)

Antipyretic, antihistaminic, NSAID 9 (5.7)

Bronchodilators 6 (3.8)

Multivitamins and electrolytes 6 (3.8)

Antidiabetic and endocrine 4 (2.5)

Steroids 2 (1.3)

Immunosuppressant 2 (1.3)

Antidotes 2 (1.3)

Total 159

TABLE VI
Binary logistic regression analysis of predictors of discrepancies.

Variables OR (95% CI) P-value

Age 1.100 (1.003–1.207) 0.044

Gender (male) 1.259 (0.077–20.560) 0.872

Duration of stay 0.929 (0.760–1.135) 0.470

Number of medication 1.761 (1.218–2.547) 0.003

Co-morbidities (yes) 0.30 (0.002–0.358) 0.006
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Discussion
Our study describes the discrepancies observed when the
patient gets transitioned from the emergency department to
other wards of the hospital. Despite the emphasis by many
international healthcare bodies, few studies in India address the
problem of transition of care from the emergency department.
Very few similar studies have been conducted nationally and
internationally [6,11]. Apart from patient-related factors, lack of
pharmacist involvement, overpopulation, lack of healthcare
resources, inconsistency of standards throughout the country,
6

poorly developed pre-hospital emergency medical care service
and emergency medicine, poor communication at various lev-
els, the restricted pervasiveness of health insurance policies in
India are the system-related factors that worsen the transition of
care provided to the patients shifting from the emergency
department in India [2].
Most of our population were middle-aged with an average age
of 51.5 years, similar to a study conducted by Penumarthi [11]
et al. and co-morbid (82%) with type 2 diabetes mellitus,
hypertension, cerebrovascular, and nephrological disorders as
the prevailing chronic conditions [11]. Therefore, the medication
classes seen most involved in discrepancies were cardiovascular
followed by anti-infectives, neurological and gastrointestinal,
similar to study conducted in Iran [6].
In total, 47.9% of patients had at least one discrepancy, which
was less than a study conducted in another tertiary care hospital
in India, where 74 out of 80 patients had discrepancies [11].
Another study by Zarif–Yeganeh et al. found a 77.5% incidence
of discrepancies [6]. Lack of education to patients or caretakers
regarding any changes in the medication can result in inappro-
priate medication-taking behavior and discrepancies. Patient-
related factors such as knowledge regarding medication, adher-
ence, and system-related factors like communication, complete
data sources, proper review of bedside OTC medications, sub-
stitution, inadequate stock availability decide the occurrence of
discrepancies [7]. The common types of discrepancies observed
during the transition of care are substitution, omission, medica-
tion duplication, incorrect drug, dose, route, frequency, the
patient taking undocumented medication, unindicated drug,
etc. [6,11].
In total, 34% of intentional discrepancies were observed, which
mainly included increased doses, change of medication, change
in brand, intentional stopping of drug demanded by the
patient's condition and situation.
Our study's incidence of unintentional discrepancies was 66%,
which was less than a similar study conducted in Iran, i.e., 77.5%
and a study that assessed discrepancies at discharge, i.e., 70%
[6,13]. Our incidence of unintentional discrepancies was
tome xx > n8x > xx 2022
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although more than the study that observed discrepancies
during admission (53.6%) [14]. This finding highlights the influ-
ence of the level of transition and location over the incidence of
discrepancies.
The most common types of unintentional discrepancies seen
were omission, substitution, and unindicated drug use, similar
to studies conducted in Iran and Texas [6,21]. A study aimed at
identifying differences during admission found omission as the
common discrepancy followed by the discrepancy in dose and
frequency [14]. A study assessing discrepancies at discharge
found incomplete prescriptions requiring clarification and omis-
sion [15]. Possible reasons for a higher incidence of omissions
could be errors in history taking or reconciliation.
The maximum number of discrepancies were observed when
the patient shifts from special wards (Intensive care unit, Inten-
sive cardiac care unit) to general wards followed by general
wards to discharge, i.e., 47.17% and 32%, respectively. Very few
discrepancies were seen during admission and transition from
the emergency department. As the emergency department
professionals intend to stabilize the patient by providing symp-
tomatic treatment, not many medications were started or
stopped in ED. According to another study conducted to assess
discrepancies in the pediatric Intensive care unit, most discrep-
ancies occurred due to error in reconciliation and had the
potential to develop into an error [22]. Our findings highlight
that the incidence and impact of discrepancies tend to change
depending on the settings, i.e., community or tertiary care
hospital and transition level. The higher the magnitude of
change in the settings, the higher are the chances of a discrep-
ancy, and the more significant is the negative impact of dis-
crepancy on a patient's health.
In our study, the large multi-specialty hospital where patients
are under the care of multiple professionals and transitions leads
to a massive change in the care of patients, increasing the risk of
discrepancies. Our study is unique because our hospital had paid
side (Private) and a charitable side (government), both of which
have different formulary. Patients on admission from an emer-
gency can be shifted to paid sidewards or charitable wards. The
charitable wards contain only specific medications in their for-
mulary, dispensed to patients for free or at a minimal cost. When
a patient gets shifted from paid side to the charitable side of the
hospital, there is a high-risk situation for the generation of
discrepancies. Thus, the number of discrepancies occurring
changes as the patient transitions through different levels.
Patients who visit the emergency department predominantly
suffer from multiple chronic conditions and are already on
numerous medications. Most patients were on polypharmacy
with an average number of medications during inpatient stay as
12, which was higher than those observed by Bethi Yugandhar
et al. [23].
Medications seen with discrepancies were cardiovascular, anti-
infective, gastrointestinal, and CNS medications in concordance
tome xx > n8x > xx 2022
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with other studies carried out worldwide [6,11,12,21]. Anti-
biotics were most associated with discrepancies due to improper
medication history taken during transfer which was not consid-
ered while prescribing. As cardiovascular and oral hypoglycemic
agents are chronic medications, patients would tend to resume
previous regimens and have difficulty adapting to changes done
in these medications. Such patients also show higher rates of re-
hospitalization. Other studies did not get anti-infective involved
in discrepancies as much as our observations of 18.2%.
Ten percent (8) patients had a previous history of re-admission
in the past six months. Studies assessing the impact of clinical
pharmacist-led medication reconciliation during the transition of
care resulted in a lower re-admission rate in patients receiving
post-discharge follow-up by pharmacist [24,25].
Binomial regression identified that increasing age, polyphar-
macy, and the presence of co-morbidities are key predictors
of discrepancies. This could be explained by the fact that as age
increases, the incidence of chronic co-morbidities also increases,
leading to a rise in the number of medication taken to treat the
co-morbidities. This data can be used to focus the limited
healthcare resources on patients having the above predictors.
Another study showed that medication classes were not asso-
ciated with discrepancies, although the presence and number of
co-morbidities were associated with discrepancies [6].

Limitation of our study
Certain medications started at a lower dose and subsequently
increased after the transition were included in intentional dis-
crepancies and may overestimate the number of intentional
discrepancies. We followed patients through their entire dura-
tion of hospitalization. Post-discharge follow-up studies are
needed. Further studies can be focused on detailed phar-
maco-economic analysis, which will provide additional costs
associated with types of discrepancies.

Conclusion
The problem of discrepancies during the transition from the
emergency department highlights the importance of the phar-
macist's role in the emergency department and at other points
of transition. Medication reconciliation and history taking by the
pharmacist and patient counseling services at different check-
points during transition, especially from Intensive care unit to
general wards and during discharge will help in reducing the
incidence of discrepancies, thus reducing the chances of medi-
cation errors and improving patient health. Further studies are
required to assess the financial and health-related burden due to
discrepancies.
the datasets generated during and/or analysed during the
current study are available from the corresponding author on
reasonable request.
this study was performed in line with the principles of the
Declaration of Helsinki. Approval was obtained from the ethics
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Abstract  

Nephrotic Syndrome (NS) is a progressive renal disease characterized by nephrotic triad which includes 

Proteinuria, hypoalbuminemia and edema. Nephrotic syndrome along with its various complications can 

contribute a drastic decline in quality of life of the patient and financial sufferings. Frequently relapsing and 

steroid dependent nephrotic syndrome needs more advanced therapeutic strategies to achieve early remission and 

minimize long-term steroid use. We review a case of a 4-year-old male child with Frequently Relapsing Steroid 

Dependent Nephrotic Syndrome presented with abdominal distension, facial puffiness, burning micturition and 

reduced urine output. The child was managed with Prednisolone, Levamisole and finally Mycophenolate mofetil. 

Mycophenolate mofetil is strong enough to maintain remission and reducing steroid requirement in children with 

frequently relapsing nephrotic syndrome but the discontinuation or non-compliance of therapy could lead to 

relapse. Individual variability towards drug response should be consider here to avoid potential toxicities and 

treatment failure. 

Keywords: Mycophenolate mofetil, Immunosuppressants, Steroid dependent nephrotic syndrome , Steroid 

Therapy.  
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Introduction  

Incidence of frequently relapsing steroid dependent nephrotic syndrome (FRSDNS) is one of the most 

challenging case scenarios in pediatric nephrology. Such children are more prone to long term complications not 

only by the disease but also by the treatment. Nephrotic syndrome has a prevalence of 12-16 per 1 lakh of 

children in India, also it has an incidence of 3 cases per 1 lakh per year in adults.1,2 The core anomaly in 

nephrotic syndrome is an increased permeability of the glomerular capillary walls of kidney, which intern leads 

to huge hypoalbuminemia and proteinuria. The main causes can be categorized as idiopathic, genetic disorders 

associated with nephrotic syndrome and secondary causes like infections, drugs, malignancies, immunological 

disorders and glomerular hyperfiltration. Minimal Change Nephrotic Syndrome (MCNS), Membranous 

nephropathy, Focal Segmental Glomerulosclerosis (FSGS),and Membranoproliferative glomerulonephritis are 

manifests as idiopathic nephrotic syndrome. Diffuse mesangial sclerosis,Finnish- type congenital nephrotic 

syndrome, mitochondrial disorders, Denys-drash syndrome are some of the genetic disorders causing nephrotic 

syndrome. If the relapse is occurring during a steroid tapering or a relapse within 2 weeks of the discontinuation 

of the therapy can be categorized as steroid dependent Nephrotic syndrome (SDNS).Frequently relapsing 

nephrotic syndrome can be defined as the occurrence of two or more relapses within six months after the initial 

therapy or four relapses within twelve-month time period. Mycophenolate mofetil  (MMF ) is a potent selective 

and reversible inhibitor of  Inosine-5′-monophosphate Dehydrogenase and becoming a popular  therapeutic 

weapon against FRSDNS.It is a prodrug of  Mycophenolic acid. It acts by cytostatic effect on lymphocytes to 

produce immunosuppressive actions. 

Case report 

A 4-year-old boy was admitted to the pediatric ward on 4th January 2022. He was a known case of nephrotic 

syndrome with a history of 8 previous  relapses (Table No-1). Recent relapses were more frequent and child 

became steroid dependent. Child was diagnosed at 1½  years of age and started steroid therapy.Report of renal 

biopsy during 8th relapse was suggestive of Minimal Change Nephrotic Syndrome (MCNS). The child was  born 

out of secondary consanguineously married couple via normal vaginal delivery and achieved all developmental 

milestones  appropriate for his age. 

Child was apparently normal 15 days back, then developed abdominal distension, facial puffiness, burning 

micturition and reduced urine output.Child had Urinary Tract infection (UTI), on investigation Pseudomonas 

aeruginosa was isolated from urine sample. The isolated organism was only sensitive for Piperacillin+ 

Tazobactam and Imipenem.Other relevant laboratory investigations are mentioned in Table No-2.  

                        Tab. Prednisolone 25 mg OD (2mg/kg/d) was started from 2nd day of treatment for next 28 days.Tab. Levamisole 

50 mg ¾ OD (2mg/kg/d) is started on  4th day of treatment and it was stopped after 5 days. Tab. MMF was 

started from 30thdayof treatment with dose of 500 mg ½ BD (800 mg/m2/d) and advised to continue for next 6 

months.The UTI was managed with appropriate antibiotics. Hypertension and edema were managed with Tab. 
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Enalapril 5 mg ½ BD and Tab. Furosemide 20 mg ½ BD respectively. Other supplements were also given to 

manage the disease associated deficiencies. Child responded positively to the treatment and attained remission.  

                        Discussion  

                         Early identification of the emergence of steroid dependency and close monitoring of such children are the early 

ideal approaches for the management. Exploration of the potency of MMF in the management of FRSDN is led 

by the higher incidence of adverse effects caused by continuous use of steroids. Previously there were no 

competing evidence about the efficacy of MMF against frequently relapsing steroid dependent Nephrotic 

syndrome. But some uncontrolled clinical trials carried out in recent years gave us more encouraging and 

hopeful data about the potency of MMF in the management of frequently relapsing steroid dependent nephrotic 

syndrome. MMF has a very good steroid sparing effect and was found to be useful in maintaining remission.3 

A phase II Bayesian trial conducted by Veronique Baudouin et al positively concluded that MMF can reduce 

relapse rate and steroid dose in children with steroid dependent Nephrotic syndrome and should be proposed 

before Cyclosporin and Cyclophosphamide.4 Study conducted by Arvind Begga et al also supporting the above 

statement that therapy with MMF and prednisolone appear to be promising option for children with steroid 

dependent Nephrotic syndrome.5 

Cyclosporin was a drug of choice in FRSDNS due to its capability in reducing the proteinuria and inducing 

remission but the nephrotic side effects by the drug cannot be neglected. A sudden switch from cyclosporin to 

MMF is also safe for children with FRSDNS.6  Withdrawal of cyclosporin was well tolerated by the children in 

terms of adverse effects as well as disease progression.6As per revised guidelines on steroid sensitive nephrotic 

syndrome, Levamisole or MMF are preferred treatment options for mild FRSD cases.7 Levamisole is preferred 

drug over MMF due to relative safety and economical price in developing countries like India. There is a no 

remarkable inferiority of daily levamisole dosing exist over MMF in aspects of proportion of patients who could 

be taken of steroids as well as in the reduction in relapse frequency.8 But an open label randomized controlled 

trial proved same efficacy of MMF and alternative day levamisole treatment.9 Most of the patients were well 

tolerated the therapy with MMF and achieved remission in a single centered study aimed to support the efficacy 

and safety of MMF in both children and adolescence. But discontinuation of MMF resulted in 100% relapse.10 

As per updated consensus guidelines on treatment of Steroid Resistant Nephrotic Syndrome, the standard dose of 

MMF was 600-1200 mg/m2/d in two divided doses.11 Here the child was treated according to this dosage 

schedule. Blood counts and liver functions should be monitored every 3-6 months during the course of 

treatment.MMF is rapidly and fully absorbed from stomach and converted to Mycophenolic acid (MPA) by 

extensive pre systematic esterification. Half-life of the drug is around 16 hrs.12 MMF can bind extensively to 

albumin and excreted by kidney.Gastro intestinal and hematological manifestations like leucopenia, diarrhea, 

vomiting are the commonly reported side effects of MMF. Therapeutic Drug Monitoring (TDM) for MMF is 
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highly recommended in pediatric patients due to the unavailability of well-established data on its dosing, safety 

profile and interactions.  

Conclusion  

MMF is an effective immunosuppressive drug in the management of FRSDNS because of its ability to attain 

rapid remission and bring down the use of persistent steroid therapy with less side effects. Relapsing of disease 

after the cessation of therapy is one of the impediments of the extensive use of MMF. Individualization of MMF 

treatment will be more beneficial in pediatric patient for the successful control of disease.  
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TABLES 

Table No-1 History of previous relapses  

Episodes  Course of steroid therapy  

1st episode 6+6-week therapy 

2nd episode (2019) 2+4-week therapy  

Tab. Nifedipine started 

3rd episode (July 2020) 2+4-week therapy 

4th episode (January 2021) 2+4-week therapy 

5th episode (June 2021) 2+6-week therapy  

6th episode (July 2021) 2+6-week therapy 

7th episode (August 2021)  2+6-week therapy 

8th episode (September 

2021) 

2+6-week therapy 

9th episode (December 

2021) 

22 days therapy 

10th episode (January 2022) Present  

 

Table No- 2 Laboratory Investigations and Head to toe examination 

Laboratory  investigations  Observations 

24 hr urine protein  771 mg/dl 

Hb  11.6 gm% 

PSR Normocytic normochromic blood picture with leukocytosis 

and relative thrombocytosis  

Hb 6.9 gm% 

MCV 68.4 fL 

Lymphocytes  46.0% 

Platelets  7.65 l/cumm 

Total count 16500cells/cumm 

MCHC 42.3 g/dl 
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HCT 27.4 

Urine :: Protein  

              Sugar  

              Microscopy  

+ + + 

Nill 

3-4 pus cells 

Sodium  122 m.mol/L 

Potassium  5.6 m.mol/L 

Albumin  0.7 

Total protein  3.8 

Cholesterol  395 mg/dl 

Triglycerides  225 mg/dl 

LDL 310 mg/dl 

LDH 2287 U/L 

Head to toe examination 

Hair Normal 

Face  Puffiness + 

Eyes, palms and soles  Pallor + 

Abdomen Distention + 

Lower limb  Edema + 
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ABSTRACT 
 

Lupus panniculitis is an infrequent form of systemic lupus erythematosus.  The relapsing nature of 
skin lesions can make the treatment more challenging. We report a case of 6-year-old female child 
with systemic lupus panniculitis. The child presented with wounds all over the body initially 
notedover the scalp and axilla region. The child was managed with steroids, anti-malarials and 
immunosuppressants including vitamin supplements. Ensuring the psychological wellbeing of the 
child is also a considered constituent in the care plan.  Medication non-adherence of the patient 
was one of the boundaries of the treatment.  
 

 
Keywords: Autoimmunediseases; Erythematosus lesions; Lupus panniculitis; Lupus profundus; SLE. 
 

1. INTRODUCTION 
 
Lupus panniculitis (LP), also known as lupus 
erythematous profundus, is a rare type 
ofsystemic lupus erythematosus(SLE), which 
affects the subcutaneous fat. The diagnosis of 

LP is crucial and needs more attention. The skin 
lesions must be differentiated from other 
subcutaneous dermatological conditions. The 
actual fact is that, 1-3% of patients with SLE and 
10% of patients with discoid lupus 
erythematousdevelop LP [1]. This condition is 

Case Report 



 
 
 
 

James et al.; AJMPCP, 5(4): 33-37, 2022; Article no.AJMPCP.87141 
 

 

 
34 

 

more frequent in females with a female to male 
ratio 2:1 [2]. The most presenting age 
groupranges from 20-60 [3]. The common 
manifestations of this autoimmune disease 
include erythematosus modulus and ulcerations. 
The emotional and physical wellbeing of the 
patient will be affected due to LPassociated 
severe pain, atrophy and scaring. 
 

2. CASE REPORT 
 
A 6-year-old female child admitted in the 
pediatric department on 23

rd
 November 2021. 

She was a known case of LP came for the fourth 
pulse therapy of steroid. The child was 
apparently normal 8 months back then she 
developed wounds all over the body initially 
noted over the scalp and axilla. She had 
intermittent fever for about 3 months which was 
not associated with chills and rigors. She was 
then diagnosed with connective tissue disorder 
secondary to Sjogren syndrome on the basis of 
Anti RD52 positivity in the anti-nuclear antibody 
(ANA) profile from nearby hospital. The child was 
started with Tab. Hydroxychloroquine 
(5mg/kg/day), Tab. Prednisolone (1 mg/kg/day) 
and Vitamin supplementation. Following the 
discharge child was alright for two months then 
again, she developed wounds all over the body 
due to non-adherence to medications. She was 
admitted to KIMS pediatric department was and 
diagnosed with lupus panniculitis by skin biopsy. 
The child was given Tab. Methotrexate 
(15mg/m

2
/BSA), Hydroxychloroquine 

(5mg/kg/day) and was started on pulse 

steroid(30mg/kg/day) therapy for five days. 
Parents were advised to repeat the pulse steroid 
therapy every 3-4 weeks. The second and third 
pulse therapy received by the patient on 
22/08/2021 and 12/10/2021 respectively. Other 
relevant investigations and head to toe 
examination of the patient are mentioned in 
Table 1. 
 
She was tachypneic at the time of admission with 
increased work of breathing and a saturation of 
83% in room air. She was connected to oxygen 
prongs (2 lpm). She had multiple healed lesions 
over the trunk and extremities with 2×2 cm and 
oval lesions over bilateral knees (Fig. 1). 
Respiratory system showed normal vesicular 
breath sound bilaterally and coarse crepitations 
over bilateral subscapular and inframammary 
area. Injection Amoxiclav (50 mg/kg/day) was 
started along with oxygen supplement. She had 
two fever spikes. So, pulse therapy was withheld 
for 48 hours until she was afebrile. Injection 
Methyl prednisolone was given 30mg/kg/day 3.3 
ml in 100 ml NS over 3 hours for 5 days. On day 
5 of antibiotics, her tachypnea reduced and she 
started maintaining saturation n room air. 
Oxygen was tapered and stopped. Tablet 
Methotrexate (15mg/m

2
) and Tablet 

Hydroxychloroquine (5mg/kg/day) were advised 
to be continued. Antibiotics were stopped after 7 
days and the child is hemodynamically stable, 
taking orally well, hence planned fordischarge. 
On discharge the child was given multivitamins 
including folic acid supplementation. 

 
Table 1. Investigations and Head to toe examination 

 

Other investigations  Observations 

RA Negative 
ESR 170 mm/Hr 
PSR Normocytic Hypochromic anemia with 

neutrophilic leukocytosis with 
leucoerythroblastic blood picture  

Hb 6.9 gm% 
PCV 31.2% 
Lymphocytes  54.4% 
2D Echo Global Hypokinetic left ventricular Dysfunction 

( EF:  40% ) 

Head to toe examination 

Head- Patchy scalp with alopecia, Punched outulcerated lesions.   
Face- Cracked lips, sunken eyes. 
Abdomen-  2*3 cm oval lesions on the right side of the abdomen. 
Upper limb and lower limb- Multiple circular and oval shaped ulcerated lesions in the elbow and 
bilateral knees. 
Buttocks- Boggy pant appearance, Multiple punched out lesions over the back. 
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Fig. 1. Lesions over hand 
 

3. DISCUSSION 
 
The clinical presentation of systemic lupus 
panniculitis was first described by Kaposi in 1883 
[1]. Systemic lupuspanniculitis (SLP) may 
alsoassociate with other autoimmune conditions 
like Sjogren syndrome andrheumatoid arthritis; 
T- cell Lymphoma; traumatic fat necrosis and 
some other forms of convective tissue disorders. 
In the currentcase, the earlier diagnosis was 
Sjogren syndrome secondary to a connective 
tissue disorder. So, the differential diagnosis is 
challenging. Although the most common 
presenting age group is 20-60 years, here the 
child was diagnosed with the disease at the age 
of five. The relapsing type of skin lesions 
arecharacteristics. Lesions may present with 
ulcerations proceeded by watery or bloody 
discharge and heal with punched out scars. 
Theulceration-scaring cycles do not only affect 
the skin texture but it alsoimpairsthe mental 
wellbeing of patients manifesting as depression 
and mood swings, mandating, sometimes 
therapeutic intervention Apart from the 
psychological support. Peters and Su proposed 
clinical criteria for the histological manifestations 
of SLP [4]. Although these criteria have not been 
well accepted, most researchers agreed that SLP 
has distinctive histological features. Skinbiopsies 
are not a completely reliable diagnosticmethod; 
however, an expert dermatologist will be able to 

distinguish the entities. Although a positive ANA 
profile is one of the digestible diagnostic tests,the 
actual role of this parameters is not well 
established taking into consideration the 
questionable sensitivity. Other CBC 
manifestations include leucopenia, anemia, 
decreased C4 levels and positive rheumatoid 
factor. 
 
Deep inflammatory process taking place within 
the subcutaneous adipose layer mandates the 
prescription of systemic agents as topical 
preparations are inadequate. Antimalarial drugs 
were the most commonly recommended drugs 
which are believed to bring positive response in 
SLP. Hydroxychloroquine is widely used at a 
dose of < 6.5mg/kg/day based on ideal body 
weightm [5]. Antimalarials needs up to three 
months to show its action. The use of 
chloroquine is also noticed in some cases but 
hydroxychloroquine is more preferred over 
chloroquine due to its favorablesafety profiles 
especially in case of retinal toxicity [5]. Some 
studies demonstrated the beneficial effect of 
quinacrine in combination with other antimalarials 
[6]. Steroid therapy is also one of the promising 
therapies among others. Several studies 
suggested the successful regression of lesions 
by the using steroids. Administration of 
thalidomide has been proved to be effective if the 
patient failed to respond toantimalarials [7-9]. But 
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the entire therapy should be monitored carefully 
due to the hazardous sideeffects of the drug. The 
oral use of Dapsone is also verified in the 
treatment of SLP at adose of 25- 75 mg daily [10]. 
McArdle et al reporteda successful use of 
Rituximab for the treatment of refractory SLP [11]. 
Some other immunomodulatory agents like 
azathioprine have also been tried as an adjuvant 
therapy with antimalarials and steroids [12,13]. 
Use of sunscreen in SLP patients should be 
encouraged as ithelps to prevent further skin 
damage. All therapeutic drugs used in SLP are 
off-label in the United States [5]. The 
unavailability of validated clinical results makes 
controlled and systemic studies more laborious. 
In this patient, non adherence to the prescribed 
medication was found to be one of the primary 
contributing factors for reoccurrence and 
morbidity. The socio-economic factors of the 
patient were unfavorable so it could be the 
probable reason for medication non adherence.    
 

4. CONCLUSION 
 
Systemic lupus panniculitis needs more attention 
during diagnosis and selection of therapeutic 
regimen. Appropriate clinical care can 
significantly reduce the morbidity and mortality 
rate among such patients. Complete medication 
adherence needs to be encouraged in patients to 
achieve maximum therapeutic outcome and 
improvement in quality of life.  
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Abstract 
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Introduction: This case will outline the malabsorption syndrome and hypokalemia caused by small 
bowel resection (S/P anastomosis).SBR avert absorption of nutrients and electrolytes from the small 
intestine which leads to multiple deficiencies. 

One of the consequences of malabsorption is that the person becomes weak and malnourished. 
Potassium is necessary for the proper functioning of your muscles, nerves, and heart. 

Low potassium levels have been linked to classic signs and symptoms such as altered mental status, 
muscular dysfunction and paralysis, and cardiac arrhythmias. One of the first steps in treating patients 
with non-functioning bowels is to correct electrolyte imbalances. The goal of electrolyte therapy is to 
prevent complications outside of the gastrointestinal tract. Insufficient digestion and/or absorption of 
nutritive foods are frequent outcome of significant resection of the digestive tract. 

Malabsorption affects millions of people around the world. Resection of a large portion of the small 
bowel can result in severe to moderate malabsorption, as well as malnutrition and electrolyte 
imbalance, as seen in this case. 

The term "malabsorption syndrome" refers to a group of conditions in which the small intestine is 
unable to absorb enough nutrients and fluids. Macronutrients (carbs, protein, and fats), micronutrients 
(vitamins and minerals), or both are nutrients that the small intestine has difficulty absorbing. 

Conclusion: The case highlights that small bowel resection induces malabsorption syndrome and 
hypokalemia in post-operative complication. Hence the physicians need to monitor for the 
malabsorption signs and symptoms through lab investigations. Further which can be corrected by giving 
respective treatment and proper diet for the same. 

Keywords: Malabsorption syndrome, hypokalemia , small bowel resection, case report. 

 

INTRODUCTION 

Abscission to detach a part of the jejunum is designated as 
enterectomy (small bowel resection). When a section of the 
small intestine is blocked or diseased, it must be removed. The 
small intestine is another name for the small bowel. The small 
intestine is where the majority of the food you eat is digested 
(broken down and nutrients are absorbed).1 Potassium levels 
of less than 2.5 mmol/L are considered dangerous. Low levels 
can be caused by a variety of factors. Hypokalemia occurs 
when potassium levels in the blood are abnormally low. 2 

Potassium is an essential electrolyte for nerve and muscle cell 
function, particularly in heart muscle cells. The kidneys 
regulate potassium levels in the body, allowing excess 
potassium to be excreted through urine or sweat. 3 

Inadequancy to any part of the gastrointestinal tract leading to 
poor absorption or digestion can be the reason of 
malabsorption .These inadequacies occurs as an outcome of 
the underling mucosal damage, a condition that causes 
acquired damage to the mucosal layer congenital anomaly at 
the intestinal layer transport system, reduced absorption of 
particular nutrients/lack of gastrointestinal motility (decrease 

peristalsis and stasis). Infection, disrupted bacterial flora, or 
compromised blood flow or lymphatics are all possible causes. 
This causes either a general impairment in nutrient 
absorption or a specific impairment in nutrient absorption. 
According to aetiology, nutrient absorption occurs in three 
stages: luminal, mucosal, and postoperative. 

Malabsorption is classified based on whether or not the above 
three stages are present. 

Automatic mixing and digestive enzymes are used in the -
luminal phase. 

-A properly functioning mucosal membrane is required for 
absorption in the mucosal phase. 

-complete blood supply and lymphatic system facilitate the 
postoperative phase. 4 

CASE REPORT  

A 24 year old female patient presented to impatient 
department with chief complaints of upper and lower limb 
weakness since 2 days. Her past medical history demonstrated 
that small bowel resection surgery was performed 4 months 

http://jddtonline.info/
http://dx.doi.org/10.22270/jddt.v12i2.5354
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back in tertiary care hospital. Apart from that nothing more 
significant was detected. At the time of admission the patient 
appears to be exhausted, conscious oriented and moderately 
malnourished. At the same time provisional diagnosis of the 
patient stated to be malabsorption syndrome. On examination 
her vitals were measured to be. Pulse rate 102 beats/min, 
Respiratory rate-22beats/min, blood pressure- 100/50mmHg, 
temperature-98 degree F, oxygen saturation level-94%. 

CNS: conscious and oriented, CVS: S1S2+, RS: NVBS+. 

LAB INVESTIGATIONS 

Table 1: laboratory investigations 

Sr.no TEST FINDING REFRENCE 

1 RBC 2.63mcl 4.7-6.1mcl 

2 Hemoglobin 8.3gm% 13.0-17.0gm% 

3 Lymphocytes 15.7% 20-45% 

4 Eosinophils 0.3% 1-6% 

5 Urea/BUN 21mg/dl 10-15gm/dl 

6 cholesterol  48mg/dl 150-250gm/dl 

7 triglycerides  35mg/dl 65-170mg/dl 

8 LDL 07mg/dl 90-136mg/dl 

9 SGOT/AST 49μl <40μl 

 

ELECTROLYTE INVESTIGATIONS  

Table 2: electrolyte investigations 

1 Sodium 128mEq/L 133-146mEq/L 

2 Potassium 2.1mEq/L 3.6-5.2mEq/L 

3 Calcium 5.8mg/L 8.6-10.3mg/dl 

4 urinary sodium 58mEq/L 20mEq/L 

5 urinary potassium 7mEq/L 20mEq/L 

6 urinary magnesium ↓ 1.3-2.1mEQ/L 

 

Further On laboratory investigation patient’s diagnosis was 
confirmed to be malabsorption syndrome with hypokalemia. 
On admission the patient was administered with intravenous 
fluids 2ʘ ringer lactate,1ʘDNS with multivitamin infusion 
@50ml/hr , inj potassium chloride in 500ml NS, syrup potklor-
15ml TID(potassium chloride) for treatment of hypokalemia, 
Inj pipzo 4.5g TID for prevention of bacterial infection, Inj 
pantop-40mg OD, Inj celemin IV 500ml OD, Inj celepid IV 
1200mg OD Above two drugs were prescribed on alternate 
days.  inj neurobion forte IV (vitamin B1+vitamin B6+vitamin 
B12) OD, Inj calcium gluconate 500mg,cap.calcitriol 0.25μg OD 
,tab calcium 500mg OD, (calcium supplements) prescribed for 
hypocalcaemia. For the improvement of digestion from day six 
tab sporolac DS (probiotic) was prescribe, As on the sixth day 
patient complained of diarrhea tab racecadotril 100mg TID 
was prescribed , ORS for dehydration.With the above given 
treatment patient’s condition was found to be improving. 

DISCUSSION 

In this case a female patient was admitted with the complaints 
of upper and lower limb weakness, fatigue followed by 
diarrhea. Having undergone small bowel resection in the past. 
In the post operational period the patient was diagnosed with 
malabsorption syndrome and hypokalemia due to poor 
absorption of the nutrients from the intestine or bowel. After 
the diagnosis the course of treatment was given to the patient 
for the correction of the syndrome which leads to the 
improvement in patient’s condition.  

Low potassium levels can cause tiredness, deficiency, or pang 
in arm or leg muscles, which on certain occasions can be 
extreme enough to cause incapacity to cross hands or legs due 
to weak point (much like paralysis). Other symptoms consist 
of prickle or insensibility, feeling nauseous and palpitations. 5 

A case learn about small bowel resections imply the loss of 
greater than 100cm of ileum often result in extreme 
malabsorption complication. In colon, unabsorbed bile salts 
stimulate fat and water secretion, ensuring diarrhea. 6 

The probability and severity of malnutrition that takes place 
after intestinal resection is decided by the vicinity and extent 
of intestinal resection, just as it is with malabsorption and 
diarrhea. 

Potassium balance is largely influenced by its distribution and 
excretion as they react to intake. Many conditions relevant to 
the surgical patient can alter potassium levels. Across plasma 
membranes, intracellular and extracellular potassium, as well 
as potassium and hydrogen ions, exchange, link acidosis to 
hyperkalemia and alkalosis to hypokalemia. Potassium 
retention can occur as a result of renal insufficiency, which can 
be acute or chronic. Low magnesium levels can cause 
excessive potassium excretion. 7 

The following are the general guidelines for treating 
malabsorption syndrome. 

-To replenish fluids and nutrients, hospitalisation may be 
required. 

-Treatment is also dependent on the symptoms and cause of 
malabsorption, such as antibiotics if infection is the cause. 8 

CONCLUSION: 

The case highlight that small bowel resection induces 
malabsorption syndrome and hypokalemia in post operative 
complication. Hence the physicians need to monitor for the 
malabsorption signs and symptoms through lab investigations. 
Further which can be corrected by giving respective treatment 
and proper diet for the same. 
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ABSTRACT: Polygonum glabrum, commonly called dense flower 

knotweed, is a perennial plant found in most parts of India. The leaves 

of plants Polygonum glabrum Willd. Belonging to the family, 

Polygonaceae are a rich source of flavonoids and tannins but not yet 

scientifically investigated for antioxidant activity. The present study 

aimed to offer a novel scientific background to the leaves of 

Polygonum glabrum by evaluating it for antioxidant activity using in-

vitro and in-vivo methods. The ethyl acetate and ethanolic extracts of 

Polygonum glabrum Willd. leaves showed significant antioxidant 

activity by using in-vitro models, which may be due to the presence of 

phytoconstituents such as polyphenol, tannins and flavonoids. Based 

on the in-vitro results, potent extracts were further evaluated for 

antioxidant studies by using in-vivo models. Acute toxicity studies 

were carried out as per OECD guidelines, and the doses were fixed at 

200 and 400 mg/kg b.w. The ethyl acetate and ethanolic extracts at the 

dose of 400 mg/kg showed the degree of protection by measuring 

antioxidant enzymes CAT, SOD, non-enzymatic antioxidant GSH and 

level of lipid peroxidation. These results suggest that Polygonum 

glabrum Willd. has a  potent antioxidant activity and could be further 

explored to isolate a novel natural antioxidant molecule. 

INTRODUCTION: The adverse effects of 

oxidative stress on human health have become 

serious issues due to the modern lifestyle 

associated with an unhealthy diet, exposure to 

different combinations of chemicals from various 

sources such as pesticides, heavy metals, food 

additives, and environmental pollution 
1
.  
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Under stress, our bodies produce more reactive 

oxygen species (ROS) whose imbalance can 

contribute to the increasing burden of chronic 

diseases, as is suggested by several experimental 

and human studies 
2
. Fortunately, various beneficial 

compounds known as antioxidants control free 

radical formation naturally.  

The World Health Organization (WHO) has 

estimated that 80% of the earth’s inhabitants rely 

on traditional medicine for their primary health 

care needs, and most of this therapy involves the 

use of plant extracts and their active components. A 

lack of antioxidants, which can quench the reactive 

free radicals, facilitates the development of 
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degenerative diseases. One solution to this problem 

is to supplement the diet with antioxidant 

compounds that are contained in natural plant 

sources which have long been used as safe, 

effective and sustainable sources of natural 

antioxidants or free radical scavengers, particularly 

phenolic compounds, such as phenolic acids, 

favonoids, tannins, stilbenes and anthocyanins. 

These natural plant antioxidants can therefore serve 

as a type of preventive medicine
 3, 4

.  

Polygonum glabrum which is commonly called as 

dense flower knotweed, is a semi-aquatic perennial 

plant belonging to the family Polygonaceae 
5
. 

Polygonum glabrum Willd. is a small perennial 

herb mainly in the eastern area at an altitude of up 

to 1900 m. The stem is stout, simple or slightly 

branched or procumbent and usually reddish below, 

then erect, the young stem usually green, polished 

with a dark reddish-brown ring at each node. 

Leaves are simple, petiolate, stipulate, narrow 

lanceolate in shape. The flower is pink, in 

paniculate slender racemes; peduncles usually 

glabrous. Nutlets is broadly ovoid or suborbicular, 

compressed, biconvex, black and shining 
6
. The 

leaves contain flavonoids-quercetin, rhamnetin, 

quercitrin, avicularin, and rutin. Flowers contain 

pigments, delphinidin-3,5-diglucoside and 

cyanidin-3,5-diglucoside and Quercetin 
7
.  

Studies have proved that many of the natural 

products possess chemicals like polyphenolic 

compounds and flavonoids viz. Quercetin 
8
, 

kaempferol, quercetin, myricitrin, myricitrin, rutin 

can act as antioxidants; from literature review it has 

been found that Polygonum glabrum Willd. 

contains polyphenolic compound and flavonoids 

such as avicularin, cynidine-3,5-diglucoside, 

delphinidin-3,5-diglucoside quercetin,  quercetrin, 

ramnetin, rutin which are known to act as 

antioxidant 
9
. Plant Polygonum glabrum Willd. 

traditionally used as Piles, Jaundice, Pneumonia, 

Colic pain, Febrifuge, Anthelmintic, Antiviral, and 

Antibacterial. This study aims to scientifically 

validate and establish the antioxidant property of 

the leaves of Polygonum glabrum Willd. 

MATERIALS AND METHODS: 

Plant Material: The leaves of Polygonum glabrum 

were collected and authenticated by Dr. B. D. 

Huddar, Head, Department of Botany, Shri 

Kadasiddheshwar arts college and H.S. Kotambari 

Science institute, Hubballi.  

Preparation of Extracts: The Polygonum glabrum 

Willd. leaves were shade dried at room 

temperature, pulverized to a coarse powder, and 

successively extracted with petroleum ether (40-

60), chloroform, ethyl acetate, and ethanol in a 

Soxhlet extractor with increasing order of polarity. 

The extracts were concentrated using a rotary flash 

evaporator and were dried in a desiccator over 

sodium sulfite. After drying, the respective extracts 

were weighed and the percentage yield was 

determined.  

Phytochemical Analysis: The qualitative chemical 

investigations of all the extracts were carried out to 

check the presence of various phytoconstituents.  

Determination of Antioxidant Activity: 

Antioxidant activity was measured using in-vitro 

methods and in-vivo animal studies.  

In-vitro Measurement:  

Determination of Total Phenolic Content: The 

total phenolic compounds in the extracts were 

determined with Folin-Ciocalteu reagent according 

to Slinkard and Singleton 
10

 using gallic acid as a 

standard phenolic compound.  

The gallic acid calibration curve was constructed 

with a linearity range of 10-100 µg/ml 

Concentration of plant extract were also prepared 

in distilled water, and 0.5 ml of each sample were 

introduced into test tubes and mixed with 2.5ml of 

a 10 fold dilute Folin-Ciocalteu reagent and 2ml of 

7.5% sodium carbonate. The tubes were covered 

with parafilm and allowed to stand for 30 min at 

room temperature before the absorbance was taken 

against blank at 760 nm. All tests were carried out 

in triplicate, and the results are given as gallic acid 

equivalents (GAE) per g of dry extract. 

Free Radical Scavenging Capacity on DPPH 

Radical: The DPPH (1, 1-diphenyl-2-

picrylhydrazyl) assay is one of the most commonly 

employed methods because, in general terms, it is 

simple, efficient, and inexpensive. The hydrogen 

atom donating ability of the plant extractives was 

determined by the decolorization of methanol 

solution of 2, 2-diphenyl-1-picrylhydrazyl (DPPH). 

DPPH produces violet/purple color in methanol 
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solution and fades to shades of yellow color in the 

presence of antioxidants. The samples were 

prepared in different concentrations for the present 

study, i.e. 10-100g/ml in AR grade methanol. 

About 2 ml of various concentrations of each 

extract were added to 2 ml solution of 0.1 mM 

DPPH ml in AR grade methanol. After 20 min of 

incubation at room temperature, the resulting 

solution's absorbance was measured at 517nm 

using BHT as standard. The experiment was 

performed in duplicates. A decrease in absorbance 

indicated the antioxidant activity. Radical 

scavenging activity was expressed as percentage 

inhibition of DPPH and was calculated as follows 
11

.  

RSC (%) = 100 × A control – A sample   / A control 

RSC = Radical Scavenging Capacity, A control = 

Absorbance of blank, and A sample= Absorbance 

of the sample. From the obtained RSC values, the 

IC50 were calculated, which represents the 

concentration of the scavenging compound that 

caused 50% neutralization 

Super Oxide Scavenging Activity by Alkaline 

DMSO Method: In this method, superoxide 

radical is generated by the addition of sodium 

hydroxide to air saturated dimethyl sulfoxide. The 

generated superoxide remains stable in solution, 

which reduces nitro blue tetrazolium (NBT) into 

formazan dye at room temperature, and that can be 

measured at 560 nm.  

Briefly, to the reaction mixture containing 0.1ml of 

NBT (1 mg/ml solution in DMSO) and 0.3ml of the 

extracts of different concentrations and standard in 

DMSO, 1 ml of alkaline DMSO (1ml DMSO 

containing 5 mM NaOH in 0.1ml water) was added 

to give a final volume of 1.4ml. The absorbance 

was measured at 560 nm. The experiment was 

performed in triplicate 
12

.   

In-vivo Measurement: 

 Acute Toxicity Study: Approval of the 

Institutional Animals Ethical Committee was 

obtained prior to the experimentation on animals. 

The acute toxicity tests for ethyl acetate and 

ethanolic extracts of Polygonum glabrum Willd. 

were performed on female Albino mice weighing 

between 25-30 gms following OECD Guidelines 

(no. 423). The animals were fasted overnight prior 

to experiment 
13

. As per the OECD guideline no. 

423 fixed-dose method procedure; the maximum 

nonlethal dose was found to be 2000 mg/kg body 

weight; hence, 1/10th and 1/5th of the dose was 

taken as effective dose (200 mg/kg, 400 mg/kg 

body weight) of the extract, to evaluate antioxidant 

activity. 

Evaluation of In-vivo Antioxidant Activity: 

Albino rats (Wistar) of either sex weighing 150-

180 gm were selected for in-vivo antioxidant 

activity. Thirty-six rats were randomly divided into 

six groups, each consisting of 6 animals, including 

Group 1: Untreated control rats that received 

distilled water for 21 days. - Group 2: Serve as 

paracetamol control and receive paracetamol (1 

g/kg, p.o) for first seven days. Group 3: Silymarin, 

serve as the positive control and received 

paracetamol (1g/kg, p.o.) for first seven days and 

silymarin (100 mg/kg, p.o.) from 4th day to 12th 

day. Group 4 and 5: Animals were treated with 

different dose of ethyl acetate extract of Polygonum 

glabrum Willd. and received paracetamol (1g/kg) 

for first 7 days and ethyl acetate extract  (200 and 

400 mg/kg, p.o.) from 4
th

 to 12 day.  

Group 6 and 7: Animals were treated with different 

doses of ethanolic extract of Polygonum glabrum 

Willd. and received paracetamol (1g/kg) for the 

first 7 days and ethanolic axtract (200 and 400 

mg/kg, p.o.) from 4th to 12 days. All the drugs 

were prepared in 1 % CMC for oral administration. 

The animals will be sacrificed on day 13th with an 

excess of light ether anesthesia. The liver will be 

isolated, rinsed in water, weighed and homogenized 

with phosphate buffer. After centrifugation, the 

clear supernatant was used for the estimation of 

Malondialdehyde (MDA), reduced glutathione 

(GSH), Superoxide dismutase (SOD) and catalase 

(CAT) by standard methods.  

Analytical Methods for Estimation of Oxidative 

Stress: 

1. Estimation of Reduced Glutathione (GSH): 

Reduced glutathione was determined by the method 

of Ellman.1.0 g of scrapped tissue of the liver is 

homogenized with 10 ml of 10% TCA in ice-cold 

condition and centrifuged at 3000 rpm for 10 

minutes. The supernatant was separated. 3ml of 0.2 

M phosphate buffer of (pH 8.0) added to 1.0 ml of 

supernatant along with 0.5 ml of Ellman's reagent, 
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and the absorbance was taken immediately at 412 

nm. The amount of glutathione was calculated 

using the absorption 13,600M
-1

 cm
-1

 
14

.  

 Calculation:     

Co = A / ε × D 

Where, Co = original concentration, A = 

absorbance at 412 nm, ε = extinction coefficient = 

13,600/M/cm. D = dilution factor.                      

2. Estimation of Lipid Peroxidation (MDA): 

Lipid peroxidation was estimated in terms of 

thiobarbituric acid reactive species (TBARS), using 

malondialdehyde (MDA) as standard by the 

method of Buege and Aust. 0.1 ml of the tissue 

homogenate was added with 2.0 ml of the TCA- 

TBA- HCl reagent (15%w/v TCA, 0.375% w/v 

TBA and 0.25 N HCl).  

The contents were boiled for 15 minutes, cooled, 

and centrifuged at 10000 rpm for 10 min and the 

precipitate was removed. The absorbance was read 

at 535 nm, and the malondialdehyde concentration 

of the sample was calculated using an extinction 

coefficient of 1.56 x 105M
-1

cm
-1

 
15

.  

Calculation:   

  Co = A / ε × D 

Where, Co = original concentration, A = 

absorbance at 412 nm, ε = extinction coefficient = 

1.56 x 105M-1cm
-1

, D = dilution factor. 

3. Estimation of Superoxide Dismutase (SOD): 

The estimation was done as per Kakkar et al. The 

scrapped tissue of the liver was homogenized by 

using a Potter-Ellvehjem glass homogenizer for 30 

sec either in ice-cold 0.9% saline (5%).  

Briefly, to 0.4 ml of the homogenate was added 1.2 

ml of sodium pyrophosphate buffer (pH 8.3, 0.052 

M), 0.1 ml of 186 µM of phenazine methasulphate 

(PMS), 0.3 ml of 300 µM nitro blue tetrazolium 

(NBT). The reaction was started by the addition of 

0.2 ml of NADH (780 µM). It was incubated at 

30°C for 60 sec. The reaction was stopped by the 

addition of 0.1 ml glacial acetic acid. The reaction 

mixture was stirred vigorously and shaken with 4 

ml of n-butanol. The mixture was allowed to stand 

for 10 min, centrifuged, and n-butanol layer was 

separated. Colour intensity of the chromogen was 

measured against n-butanol at 560 nm using a 

spectrophotometer. A system devoid of enzyme 

activity was defined as enzyme concentration 

required decreasing the rate of reaction by 50% in 

one min under the assay conditions. The results are 

expressed as units (U) of SOD activity/mg protein 
16

.  

4. Estimation of Catalase (CAT): Catalase (CAT) 

was assayed colorimetrically as described by Sinha. 

The scrapped tissue of the liver was weighed, and 

30% homogenate was prepared with 0.2 M 

phosphate buffer pH 8.0. After centrifugation, the 

clear supernatant was used for the assay of enzyme 

activity. The reaction mixture (1.5 ml, vol.) 

contained 1.0 ml of 0.01 M  (pH 7.0) phosphate 

buffer, 0.1ml of tissue homogenate (supernatant) 

and 0.4 ml of 2 M H2O2. The reaction was stopped 

by adding 2.0 ml of dichromate-acetic acid reagent 

(5%) potassium dichromate and glacial acetic acid 

mixed in 1:3 ratios. Colour intensity was measured 

colorimetrically at 620 nm and expressed as 

µmoles of H2O2 consumed /min/mg protein 
17

.  

RESULTS AND DISCUSSION: 

TABLE 1: QUALITATIVE PHYTOCHEMICAL SCREENING OF VARIOUS SOLVENT EXTRACTS OF 

POLYGONUM GLABRUM WILLD. LEAF 

Phyto-Constituents Successive Extracts 

Petroleum ether extract Chloroform extract Ethyl acetate extract Ethanol extract 

Carbohydrates - - - - 

Glycosides - - + + 

Steroids + + - - 

Triterpenoids + + - - 

Tannins & Phenolic 

Group 
- - + + 

Alkaloids - - - - 

Flavonoids - - + + 

Protein & Amino acid - -  - 

Saponin - - - + 

+ = Present, = Absent 
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Determination of Total Phenolic Content of Polygonum glabrum Willd. in Different Extracts: 

TABLE 2: ABSORBANCE OF STANDARD COMPOUND (GALLIC ACID) 

Conc. of  Standard (μg/mL) Absorbance λmax=760 nm 

10 0.0715 

20 0.191 

30 0.304 

40 0.419 

50 0.525 

60 0.521 

70 0.671 

80 0.776 

90 0.900 

100 0.988 

 
FIG. 1: STANDARD CURVE OF GALLIC ACID 

TABLE 3: TOTAL PHENOLIC CONTENT OF POLYGONUM GLABRUM WILLD. IN DIFFERENT SOLVENT 

EXTRACTS 

Plant Extracts Concentration (μg/ml) Mean (mg/g) 

Petroleum Ether 100 11.11 

Chloroform 100 15.88 

Ethyl acetate 100 63.00 

Ethanol 100 51.44 

Each Value in the Table was obtained by Calculating the Average of Three Experiments: 

 
FIG. 2: TOTAL PHENOLIC CONTENT OF DIFFERENT SOLVENT EXTRACTS 
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DPPH Radical Scavenging Activity: 

TABLE 4: MEASUREMENT OF ABSORBANCE AT 517NM AND INHIBITION EFFECT (%) OF DIFFERENT 

EXTRACTS WITH STANDARD BHT FROM CONCENTRATION RANGE OF 10-100 μg 

Conc. Of 

Extract/ 

Standard (μg) 

(%) Inhib. Effect 

BHT (Standard) 

 

(%) Inhib. Effect 

Pet. Ether extract 

(%) Inhib. Effect 

Chloroform 

extract 

(%) Inhib. Effect 

Ethyl acetate 

extract 

(%) Inhib. Effect 

Ethanol 

extract 

10 40.33 20.68 21.73 43.43 43.21 

20 45.41 25.55 27.17 50.93 48.57 

30 49.75 29.6 32.64 59.68 54.64 

40 54.34 33.26 35.86 65.31 60.35 

50 57.97 36.10 41.66 71.11 63.21 

60 62.56 39.75 47.82 75.56 70.35 

70 66.66 42.19 53.62 82.5 76.42 

80 71.01 45.23 57.97 88.75 82.50 

90 78.50 48.47 61.95 91.25 87.85 

100 81.88 51.72 65.94 92.5 90.89 

IC50 value 31.31 93.46 65.76 15.45 22.35 

(Given values are average of triplicate i.e. n=3), Inhib.-Inhibition. Key: BHT - Butylated Hydroxy Toluene. IC50 -Inhibition 

Concentration (the concentration was producing 50% of maximal Inhibition).   

 
FIG. 3: FREE RADICAL SCAVENGING ACTIVITY OF DIFFERENT SOLVENT EXTRACT ON DPPH RADICAL

TABLE 5: SUPER OXIDE RADICAL SCAVENGING ACTIVITY BY BHT, DIFFERENT SOLVENT EXTRACTS 

Conc. of 

Extract / 

Standard (μg) 

(%) Inhib. Effect 

BHT (Standard) 

 

(%) Inhib. Effect 

Pet. Ether extract 

(%) Inhib. Effect 

Chloroform 

extract 

(%) Inhib. Effect 

Ethyl acetate 

extract 

(%) Inhib. Effect 

Ethanolic extract 

10 36.84 17.39 16.00 32.60 33.33 

20 45.45 24.00 25.00 44.56 42.68 

30 57.14 29.62 32.25 54.41 52.00 

40 65.71 35.29 38.23 63.95 59.00 

50 75.00 44.11 47.50 70.19 65.21 

60 84.00 50.00 53.33 76.69 70.37 

70 92.20 54.76 60.37 82.18 76.69 

80 95.83 57.77 65.25 87.34 80.89 

90 96.51 60.41 71.23 89.00 84.01 

100 97.01 63.46 73.75 91.48 86.04 

IC50 value 20.97 66.90 57.69 24.54 29.36 

(Given values are average of triplicate i.e. n=3), Inhib. - Inhibition. BHT - Butylated Hydroxy Toluene. IC50- Inhibition 

Concentration (the concentration 50% of maximum inhibition). 
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FIG. 4: SUPEROXIDE RADICAL SCAVENGING ACTIVITY OF DIFFERENT SOLVENT EXTRACTS 

TABLE 6: EFFECTS OF ETHYL ACETATE AND ETHANOLIC EXTRACTS OF POLYGONUM GLABRUM 

WILLD. ON ANTIOXIDANT ENZYMES 

 

Treatment 

 

Dose 

(mg/kg p.o) 

Antioxidant level 

LOP nmol/mg wet 

tissue 

GSH nmol/mg 

wet tissue 

SOD 

U/mg protein 

CAT 

U/mg protein 

Normal control 1ml/kg 2.45± 0.11 6.45± 0.15 12.91 ± 0.24 47.07± 0.41 

Paracetamol (PCM) 1000 mg/kg 6.4± 0.18# 2.55± 0.27# 4.58 ± 0.13# 25.45± 1.80# 

PCM + Silymarin 1000 + 100 mg/kg 3.13± 0.15*** 5.40±0.40*** 11.50± 0.12*** 39.06 ±0.42*** 

PCM + ETOAC 1000 + 200 mg/kg 5.6± 0.33* 4.50± 0.73* 6.33 ± 0.46** 30.08± 0.42* 

PCM +  ETOAC 1000 + 400 mg/kg 3.98± 0.11*** 5.22±0.57*** 10.15± 0.98*** 31.84± 1.11*** 

PCM+ ETOH 1000 + 200 mg/kg 5.8± 0.16ns 3.00± 0.30ns 6.07± 0.70* 24.34± 0.32ns 

PCM+ ETOH 1000 + 400 mg/kg 5.26± 0.24** 4.64± 0.35** 9.66± 0.15*** 30.94± 0.87** 

Data are expressed as Mean ± SEM, n = 6 animals in each groups; #p<0.001 when compared with normal; *p<0.05, **p<0.01, 

***p<0.001, ns (non-significance) when compared with PCM. PCM-Paracetamol ETOAC- Ethyl acetate ETOH- Ethanol. 

Phytochemical Investigations: Qualitative 

chemical investigations of various extracts revealed 

the presence of terpenoids, steroids, flavonoids, 

carbohydrates, glycosides, saponin, and tannins. 

The results are tabulated in Table 1. 

Chromatographic studies did further confirmation 

of above phytoconstituents. Total phenolic content 

in petroleum ether, chloroform, ethyl acetate and 

ethanolic extract was found to be 11.11, 15.88, 

63.00, 51.44 mg/g, respectively equivalent to gallic 

acid in Polygonum glabrum Willd. leaves. The 

results are as tabulated in Table 2. Antioxidant 

activity of various solvent extracts of Polygonum 

glabrum Willd. was performed using different in-

vitro models and Butylated Hydroxy Toluene 

(BHT) as standard. The results are as tabulated in 

Tables 3, 4, 5. Antioxidant activity of various 

solvent extracts was performed by using free 

radical scavenging on DPPH Radical, and it was 

observed that extracts scavenged free radicals in a 

concentration-dependent manner. The maximum % 

inhibition on DPPH was 51.72 (Pet ether), 65.94 

(Chloroform), 92.50 (Ethyl acetate), 90.89 (Ethyl 

alcohol), and 81.88 (BHT) at a concentration of 

100 g. IC50 Values of pet ether, Chloroform, Ethyl 

acetate, Ethyl alcohol, and  BHT was 93.46 g, 

65.76 g, 15.45g, 22.35 g and 31.31 g 

respectively. The maximum % hydroxyl radical 

scavenging activity was 63.46 (Pet ether), 73.75 

(Chloroform), 91.48 (Ethyl acetate), 86.04 (Ethyl 

alcohol), and 97.01 (BHT) at a concentration of 

100 g. IC50 Values of pet ether, Chloroform, Ethyl 

acetate, Ethyl alcohol, and  BHT were 66.90 g, 

57.69 g, 24.54 g, 29.36 g and 20.97g 

respectively. The Ethyl acetate extract showed the 

maximum free radical scavenging capacity as 

compared to other extracts.  

The antioxidant activity in ethyl acetate and ethyl 

alcohol extract may be due to the synergistic effect 

of the flavonoids, tannins, and percentage of 

phenolic compounds present in the extract, which 

are known to possess a potent antioxidant activity. 

Since ethyl acetate and ethanolic extracts of 

Polygonum glabrum Willd. leaf were found to be 

active in the in-vitro screening; these extracts were 
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further investigated for in-vivo antioxidant activity 

using paracetamol-induced hepatotoxicity in which 

pathological conditions associated with the 

generation of free radicals are involved. 

In-vivo Models: 

Pharmacological Screening: Acute toxicity study: 

Acute toxicity studies were performed by OECD 

guidelines, method no: 423, and the dose was fixed 

as 200 and 400 mg/kg b.w. of ethyl acetate and 

ethanol extracts. 

In-vivo Antioxidant Model: The two different 

doses (200 and 400 mg/kg bw) of ethyl acetate and 

ethanolic extracts of leaves of Polygonum glabrum 

Willd. were evaluated for Antioxidant activity in 

Wistar Albino rats by Paracetamol (PCM) induced 

hepatotoxicity. Lipid peroxidation has been 

postulated to the destructive process in liver injury 

due to PCM administration 
18

. In the present study, 

an elevation in MDA levels in liver of animals 

treated with PCM was observed. The increased 

MDA in the liver suggests provoked lipid 

peroxidation, leading to tissue damage and failure 

of antioxidant defense mechanism to prevent the 

formation of excessive free radicals. Treatment 

with 400 mg/kg b.w/ ethyl acetate and ethanolic 

extracts play a role in reducing the free radicals, 

resulting in the subsequent decrease in the 

membrane damage and MDA level. Hence it may 

be possible that the hepatoprotective mechanism by 

ethyl acetate and the ethanolic extract is due to its 

antioxidant effect. 

The non-enzymic antioxidant, glutathione is one of 

the most abundant naturally occurring tripeptides 

present in the liver. Its functions are mainly 

concerned with the removal of free radical species 

such as hydrogen peroxide, superoxide radical, 

alkoxy radical, and maintenance of membrane 

protein thiols and as substrates for glutathione 

peroxidase and GSH. In the present study, the 

decreased level of GSH has been associated with 

enhanced lipid peroxidation in paracetamol-treated 

rats. Administration of ethyl acetate and ethanolic 

extract significantly increased the glutathione level 

in a dose-dependent manner. A decrease in enzyme 

activity of SOD is the sensitive index in 

hepatocellular damage, and it’s the most sensitive 

enzymatic index in liver injury. SOD has been 

reported as one of the most important enzymes in 

the enzymatic antioxidant defense system 
19

. It 

scavenges the superoxide anion to form hydrogen 

peroxide, thus diminishing this radical's toxic effect 

caused by this radical. In higher dose i.e., 400 

mg/kg ethyl acetate and ethanolic extracts of leaves 

of Polygonum glabrum Willd. showed a significant 

increase in hepatic SOD activity and thus reduced 

free radical-induced oxidative damage in the liver.  

CAT is an enzymatic antioxidant widely distributed 

in all animal tissues, and the highest activity is 

found in the red cells and liver. Since H2O2 acts as 

a substrate for a specific reaction that generates 

highly hydroxyl radicals, the primary role of 

catalase in cellular antioxidant defense mechanisms 

is to reduce the accumulation of H2O2 
20

.  

CAT decomposed hydrogen peroxides and 

protected the tissue from highly reactive hydroxyl 

radicals. Therefore, the reduction in the activity of 

these enzymes may result in several deleterious 

effects due to the accumulation of superoxide 

radicals and hydrogen peroxide. Administration of 

higher dose (400mg/kg) Ethyl acetate and 

Ethanolic extracts of Polygonum glabrum Willd. 

increases the level of CAT in paracetamol-induced 

liver damage in rats to prevent excessive free 

radical accumulation and protect the liver from 

highly reactive hydroxyl radicals. 

CONCLUSIONS: Experimental evidence 

obtained from the present study showed ethyl 

acetate and ethanolic extract (400 mg/kg b.w.) of 

leaves of Polygonum glabrum Willd. Shows a 

promising antioxidant effect which may be due to 

the presence of flavonoids and other components 

present in the leaf. It can be concluded that leaves 

of Polygonum glabrum Willd.  can be a great 

source of antioxidants. However, further studies are 

needed to isolate a potent natural antioxidant 

molecule to suppress the effects induced by free 

radicals and explore the mechanism responsible for 

its antioxidant effect. 
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ABSTRACT: The main objective of this research work was to formulate 

and evaluate an Orodispersible tablet of Bisoprolol Fumarate for the 

treatment of hypertension and coronary artery disease. Formulation was 

designed using systat software version 13.2. 32 full factorial design was 

applied, in which two variables were varied at three levels. The tablets of 

Bisoprolol Fumarate were developed by direct compression method. The 

prepared tablets were evaluated for thickness, hardness, friability, weight 

variation, wetting time, content uniformity, disintegration time and in-

vitro dissolution. FTIR studies indicated that drug and excipients were 

compatible. Pre-compression and post-compression parameters were 

satisfactorily within acceptable limits. The results indicated that 

concentration of croscarmellose sodium and diluents ratio significantly 

affected on disintegration and in-vitro dissolution study. Formulation SF9 

showed shortest disintegration time (7.3 sec.), shortest wetting time (13.4 

sec) and better drug release (99.8%) compared to other formulations. 

Hence it was selected as optimized formulation. The 3D response surface 

plots indicated that an increase in the concentration of croscarmellose 

sodium and an increase in the diluent ratio decreased in the in-vitro 

disintegration time and increased the percentage drug release. Kinetic 

study revealed that drug release from all formulations followed first-order 

kinetics. It was concluded that oral dispersible tablets of antihypertensive 

drug can be successfully formulated and used as a novel drug dosage 

form for pediatrics and geriatrics with improved patient compliance. 

INTRODUCTION: For the past decade, there has 

been an enhanced demand for more patient-friendly 

and compliant dosage forms. As a result, the 

demand for developing new technologies has been 

increasing annually.  
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Since, the development cost of a new drug 

molecule is very high, pharmaceutical companies 

are now making efforts to focus on developing new 

drug dosage forms for existing drugs with 

improved safety and efficacy together with reduced 

dosing frequency and the production of more cost-

effective dosage forms. 

The oral route still represents the preferred way of 

administration, owing to its several advantages and 

high patient compliance compared to many other 

routes 1. Tablets and hard gelatin capsules 

constitute a major portion of drug delivery systems 
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that are currently available. However, many patient 

groups such as the elderly, children, and patients 

who are mentally disabled, uncooperative, 

nauseated, or on reduced liquid-intake/diets have 

difficulties swallowing these dosage forms. Those 

who are traveling or have little access to water are 

similarly affected. To fulfill these medical needs, 

pharmaceutical scientists have developed a novel 

oral dosage form known as Orally Disintegrating 

Tablets (ODTs), which disintegrate rapidly in 

saliva, usually in a matter of seconds, without the 

need to take water. Drug dissolution and absorption 

as well as the onset of clinical effect and drug 

bioavailability may be significantly greater than 

those observed from conventional dosage forms. 

Recent market studies indicate that more than half 

of the patient population prefers ODTs to other 

dosage forms and most consumers would ask their 

doctors for ODTs (70%), purchase ODTs (70%), or 

prefer ODTs to regular tablets or liquids (>80%) 2.  

The US Food and Drug Administration defined 

ODT as “A solid dosage form containing medicinal 

substances, which disintegrates rapidly, usually 

within a matter of seconds, when placed upon the 

tongue 1. Hypertension is a medical condition in 

which blood pressure is chronically elevated, If not 

effectively treated, it may lead to stroke, 

myocardial infarction, and heart failure and is a 

leading cause of chronic kidney failure 3. Beta-

blockers play a crucial role in the management of 

patients with essential hypertension 4. Bisoprolol is 

one of the cardio selective beta-blockers used to 

treat hypertension, arrhythmias, coronary heart 

disease, and angina 5. Studies have shown that 

bisoprolol fumarate is more effective in controlling 

high blood pressure when compared to propranolol, 

atenolol and metoprolol 6.  

Bisoprolol fumarate chemically 1-[4-(2-

isopropoxyethoxymethyl) phenoxy] - N-isopropyl – 

3 – aminopropan – 2 - ol fumarate 7. It appears as 

white crystal, very soluble in water and freely 

soluble in alcohol, its mp about 100°C 3. It belongs 

to BCS class I, and its long half-life of 12 hours 

make it suitable for designing orally disintegrating 

tablet. The objective of the present work is to 

prepare bisoprolol tablets having faster 

disintegration time, faster dissolution rate, quick on 

set of action which is beneficial in hypertension 

and is very convenient for administration without 

the problem of swallowing and using water. 

MATERIALS AND METHODS: 

Materials: Bisoprolol fumarate was obtained as a 

gift sample from UniChem laboratories, Goa. 

Croscarmellose sodium was purchased from 

Bangalore Fine Chemicals, Bangalore. Prosolv, 

mannitol, vanilla, sodium saccharin, magnesium 

stearate, and talc were procured from S.D. 

FineChem. Ltd. Mumbai. 

Methods: 

Preformulation Studies: 

Determination of Melting Point of Bisoprolol 

Fumarate by DSC: The melting point of 

Bisoprolol fumarate was determined by DSC. The 

DSC is performed to check the drug's thermal 

behavior and its melting point. DSC scans of the 

sample were recorded by using DSC Shimadzu-60. 

The sample was hermetically sealed in aluminum 

pans and heated at a constant rate of 10°C/min 

under dry nitrogen flow (10ml/min) between 50 to 

200 °C 8. 

Drug Excipient Compatibility Studies: The 

Infrared spectra of pure drug Bisoprolol fumarate 

physical mixture of drug and excipients were 

characterized by FTIR. The scanning range was 

4000-400cm-1. The IR spectra were obtained by 

using KBr pellet method 9. 

Formulation of Bisoprolol Fumarate or 

Dispersible Tablet: Trail batch formulation was 

developed using three different super disintegrating 

agents, namely Crospovidone, Sodium Starch 

Glycolate, Croscarmellose Sodium. Based on the 

results of the trail batch, croscarmellose sodium 

was selected as super disintegrating agent, and the 

formulation was designed by using systat software 

version 13.2 by considering 2 factors and 3 levels. 

The concentration of Croscarmellose sodium (X1), 

and diluents ratio (Prosolv: Mannitol) (X2) were 

selected as independent variables, which were 

varied at 3 levels (low, medium, high). Friability 

(Y1), disintegration time (Y2), and in-vitro 

dissolution (Y3) were selected as dependent 

variables and are shown in Table 1. The tablets 

were prepared by direct compression technique. 

The composition for each formulation of ODTs of 

Bisoprololfumarate was shown in Table 2.  
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All the ingredients were sieved through mesh no. 

60 separately. Then the ingredients were weighed 

accurately and mixed by geometrical mixing. 

Finally, the powder blend was lubricated with 

magnesium stearate and compressed using 6.5 mm 

punch using rimek compression. 

TABLE 1: CODED VALUES FOR FACTORS AND LEVELS 

TABLE 2: FORMULATION DESIGN OF ORODISPERSIBLE TABLET USINGSYSTAT SOFTWARE 

Ingredients 

(mg/tab) 

Formulation Code 

SF1 

(mg) 

SF2 

(mg) 

SF3 

(mg) 

SF4 

(mg) 

SF5 

(mg) 

SF6 

(mg) 

SF7 

(mg) 

SF8 

(mg) 

SF9 

(mg) 

Bisoprolol Fumarate 5 5 5 5 5 5 5 5 5 

CCS 4 4 4 6 6 6 8 8 8 

Diluents Ratio Prosolv: Mannitol 1:3 2:2 3:1 1:3 2:2 3:1 1:3 2:2 3:1 

Vanilla 1 1 1 1 1 1 1 1 1 

Sod. saccharine 2 2 2 2 2 2 2 2 2 

Mg. stearate 2 2 2 2 2 2 2 2 2 

Talc 2 2 2 2 2 2 2 2 2 

Total weight(mg) 100 100 100 100 100 100 100 100 100 
 

Evaluation Tests: 

Precompression Parameters: The powder blend 

of the formulation was subjected to evaluation for 

bulk density, tapped density, carr’sindex, hausner’s 

ratio, and angle of repose to determine the 

characteristics of the powder blend. 

Post Compression Parameters: 

Thickness: The thickness of the tablet was 

measured by a vernier caliper, three measurements 

were taken from each batch. It was recorded in mm 
10. 

Hardness: Tablets' hardness is a vital parameter 

that prevents the breakage of the tablet during 

transportation, handling, and storage. The hardness 

of tablets was determined using the Monsanto 

hardness tester, and it was recorded in kg/cm2 11. 

Weight Variation: In weight variation of tablet 

studies, twenty tablets from each batch were 

selected randomly and individually weighed, and 

the average weight and standard deviation of 

twenty tablets were calculated 12. 

Friability: Friability was measured to find the 

strength of the tablet by Roche Friabilator. Ten 

undusted tablets were weighed and placed in a 

friability for 100 cycles, undusted, and weighed 

again. The percentage friability was then calculated 

using the following equation. A percentage of 

friability less than 1% is considered acceptable 13. 

Percentage friability = Initial weight-Final weight / Initial 

weight ×100 

Wetting Time and Water Absorption Ratio: This 

evaluation is done by placing a twice folded tissue 

paper in petridish (with an internal diameter of 5 

cm) containing 6ml of water. A tablet was placed 

on top of this tissue paper in petri dish. Wetting 

time was noted as the time required for water to 

reach the tablet's upper surface and thoroughly wet 

it. 

Water absorption ratio ‘R’ was determined by the 

following equation. 

R=100 × (Wa-Wb)/Wa 

Where, Wb= Weight of tablets before water 

absorption. Wa= Weight of tablets after water 

absorption14. 

Drug Content: Randomly 20 tablets were taken, 

weighed, and powdered. The powder equivalent to 

100 mg of drug was weighed accurately and 

dissolved in 100ml of phosphate buffer 6.8. The 

solution was shaken thoroughly. The undissolved 

matter was removed by filtration through Whatman 

filter paper 41.  

Coded Value Factor -1(X1) Super disintegrant 

(CCS in mg) 

Factor -2(X2) Diluents Ratio 

(Prosolv: Mannitol) 

Low level (0) 4 1 : 3 

Intermediate level (1) 6 2 : 2 

High level (2) 8 3 : 1 
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The dilutions were made, and the absorbance of the 

diluted solutions was measured at 223nm. The 

concentration of the drug was computed from the 

standard curve of the Bisoprolol fumarate 15. 

Disintegration Time: The tablet disintegration 

apparatus was used to determine the disintegration 

time of all the formulations. One tablet was placed 

in each of the six tubes having distilled water. The 

temperature was kept constant at 37± 2°C and the 

time taken for the entire tablet to disintegrate 

completely was recorded 16. 

In-vitro Dissolution Studies: In-vitro drug release 

performed using USP apparatus-II (paddle) using 

900 ml of 6.8 pH phosphate buffer with paddle 

rotation of 50 rpm at 37± 0.5°C. 1ml of the sample 

was withdrawn at predetermined time intervals and 

replaced with the fresh medium of 6.8 pH 

phosphate buffer. The samples were filtered 

through Whatman filter paper, suitably diluted, and 

analyzed at 223 nm 1.  

Release Kinetics: The kinetic model of drug 

release was elucidated by fitting the dissolutions of 

all ODTs into standard mathematical models of 

drug release 15. 

RESULTS AND DISCUSSION: 

Differential Scanning Calorimetry (DSC): The 

thermal behavior of the pure drug Bisoprolol 

fumarate was studied by DSC. The DSC curve is 

shown in Fig. 1. The pure drug Bisoprolol fumarate 

shows a sharp endothermic peak at 104 °C. The 

peak value matches with literature value; this 

confirms purity in the drug sample. 

 
FIG. 1: DSC THERMOGRAM OF PURE DRUG 

Compatibility Studies: Physical mixture of drug 

and excipient characterized by FTIR spectral 

analysis for physical as well as chemical alteration 

of drug characteristics. The results concluded that 

there was no interference in the functional groups, 

as the principal peaks of the model 

antihypertensive drug were found to be unaltered in 

the spectra of the drug excipient mixture. IR 

spectra of drug and mixture are illustrated in Fig. 

2A and 2B. 

 
FIG. 2A: FTIR SPECTRA OF PURE DRUG 
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FIG. 2B: FTIR SPECTRA OF DRUG + EXCIPIENTS 

 

Pre Compression Parameters: The angle of 

repose values was found to be 26.13° to 30.28° 

which indicates that all formulations exhibited 

passable to good flow properties. The bulk density 

of all the formulations varied from 0.18 to 0.19 

gm/cc. Tapped density of the entire formulation 

blend varied from 0.230 to 0.239gm/cc. The results 

of carr’s index of all the formulations were found 

to be varied from 17.4 to 20.5%, which indicates a 

good flow property. Hausner’s ratio was found to 

be in the range of 1.20 to 1.26. The results of the 

pre-compression of the powder blend are 

represented in Table 3. 

TABLE 3: RESULTS OF PRE-COMPRESSION PARAMETERS 

Formulation 

Code 

Angle of Repose 

(θ) 

Bulk Density 

(g/cc) 

Tap 

Density(g/cc) 

Carr’s 

Index (%) 

Hausner’s  

Ratio 

SF1 30.28  ̊ ± 0.02 0.19 ± 0.01 0.239± 0.02 20.5 1.26 

SF2 28.28  ̊ ± 0.04 0.19 ± 0.03 0.236± 0.03 19.4 1.243 

SF3 26.56  ̊ ± 0.02 0.19 ± 0.01 0.234±0.012 18.8 1.234 

SF4 29.92  ̊ ± 0.09 0.19 ± 0.02 0.239± 0.04 20.5 1.258 

SF5 28.82  ̊ ± 0.05 0.19 ± 0.01 0.237± 0.02 19.8 1.25 

SF6 26.13  ̊ ± 0.03 0.188 ± 0.05 0.231± 0.04 18.01 1.22 

SF7 29.72  ̊ ± 0.02 0.19 ± 0.02 0.238±0.023 20.16 1.256 

SF8 27.93  ̊ ± 0.08 0.19 ± 0.01 0.239±0.031 20.5 1.26 

SF9 26.38  ̊ ± 0.1 0.19 ± 0.02 0.230±0.022 17.4 1.20 

Values are expressed in mean ± S.D (n=3)  

Post Compression Parameters: 

Thickness: The thickness of all formulations was 

found to be 2.5± 0.2 mm. 

Hardness: The hardness of all formulations was 

found to be 3.5± 0.1 kg/cm2. The hardness of all 

batches was uniform and possessed good 

mechanical strength. 

Weight Variation: All the tablets passed the 

weight variation test as the percentage weight 

variation was within the standard limit of ±5%.  

From the results was evident that all the tablets 

were found to be uniform. This is due to all the 

formulations' good flow properties and 

compressibility.  

Friability: The Friability test for all the 

formulations was performed using Roche 

Friabilator. The percentage of friability of all 

formulations was found to be less than 1%. 

Therefore it indicates that all the tablets possess 

good mechanical strength. The results of post-

compression parameters of all formulations are 

represented in Table 4. 

TABLE 4: RESULTS OF POST COMPRESSION PARAMETERS 

Formulation  Code Thickness (mm) Hardness (kg/cm²) Weight Variation (mg) Friability      (%) 

SF1 2.5 ± 0.2 3.5 ± 0.15 100.4 ± 3.53 0.76 

SF2 2.5 ± 0.21 3.5 ± 0.1 100.4 ± 2.53 0.77 
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SF3 2.5 ± 0.1 3.5 ± 0.1 100.5  ± 2.43 0.84 

SF4 2.5 ± 0.11 3.5 ± 0.1 100.5 ± 2.43 0.76 

SF5 2.5 ± 0.1 3.5 ± 0.1 100.6 ± 2.48 0.79 

SF6 2.5 ± 0.21 3.5 ± 0.15 100.1 ± 2.33 0.85 

SF7 2.5 ± 0.2 3.5 ± 0.1 100.5 ± 3.84 0.79 

SF8 2.5 ± 0.1 3.5 ± 0.1 100.6 ± 2.48 0.8 

SF9 2.5 ± 0.11 3.5 ± 0.15 100.1 ± 3.89 0.865 

 Values are expressed in mean ± S.D (n=3) 

Wetting Time: This test mimics the action of 

saliva in contact with a tablet to illustrate the water 

uptake. The wetting time of all formulations was 

found to be in the range of 13.4 to 30 sec. The 

formulation SF9 (containing the highest quantity of 

CCS) showed the shortest wetting time of 13.4 sec, 

which may be attributed to the strong wicking 

action of CCS. Since, CCS has more sites for 

moisture uptake thus enhances the wicking ability 

of CCS. 

Water Absorption Ratio: The water absorption 

ratio helps to understand the capacity of a 

disintegrant to swell in the presence of a little 

amount of water. The values of all formulations are 

ranged from 60 to 72.06%. Formulations SF9 

showed the highest value of water absorption ratio 

72.06%. It indicates that formulation SF9 has high 

water absorbing capacity. The wetting time and 

water absorption ratio of all formulations are 

represented in Table 4. 

Drug Content: All the formulations were 

evaluated for drug content according to the 

procedure described in the methodology section, 

and the results are shown in Table 5. The assay 

values for all the formulations were found to be in 

the range of 98.8 to 100.2 %, indicating the 

uniformity in drug content. According to IP 

standards, the tablets must contain not less than 

95% and not more than 105% of the stated amount 

of the drug. Thus, all the ODT formulations comply 

with the standards given in IP. 

Disintegration Time: The disintegration time of 

all formulations was found to be in the range of 7.3 

to 21.1 sec. The formulation SF9 contains the 

highest quantity of CCS (8mg) and diluent ratio 

prosolov: mannitol (3:1).CCS is an internally cross-

linked polymer of carboxymethylcellulose sodium; 

it has a high swelling capacity. This may be due to 

the substitution of carboxymethyl in CCS 

increasing the swelling ability and thus faster 

disintegration. Croscarmellulosealso shows 

wicking action due to their fibrous nature. So both 

swelling and wicking action is responsible for rapid 

disintegration17.In addition, prosolv is chemically 

composed of silicified MCC, which acts as a 

diluent. It possesses the ability to improve the 

disintegration of the tablets since the quantity of the 

prosolv and CCS is more in SF9. Thus SF9 

formulation showed the shortest disintegration time 

(7.3 sec) as compared to other formulations. The 

results of disintegration time for all formulations 

are represented in Table 5. 

TABLE 5: RESULTS OF POST-COMPRESSION PARAMETERS 

Formulation 

Code 

Wetting Time 

(sec) 

Water Absorption          

Ratio (%) 

Drug content 

(%) 

Disintegration 

Time   (sec) 

SF1 30 ± 1.2 60 98.9 21.1 ±0.2 

SF2 28.2±0.23 65.5 99.3 14.5 ±0.5 

SF3 20 ±0.6 70.5 100.1 10.6 ±0.1 

SF4 29.3±0.21 60.7 98.8 17 ±0.62 

SF5 22.2±0.34 66.6 99.7 11.1 ±0.7 

SF6 15.4±0.54 71.4 99.3 9.2 ±0.3 

SF7 26.1±0.36 61.5 100.08 12.1 ±0.9 

SF8 17.7±0.23 67.2 99.1 9.9 ±0.4 

SF9 13.4±0.11 72.06 100.2 7.3 ±0.12 
 

In-vitro Dissolution Studies: All the formulations 

are subjected to in-vitro dissolution studies using 

dissolution apparatus USP-II. The dissolution 

media used was pH 6.8 phosphate buffer. The 

dissolution profiles of all formulations showed 

more than 80% of drug release within 5 min.  

The % drug release of   81.52%, 87.3%, 95.1, 87.2, 

93.3, 98.51, 91.0, 97.0, 99.8% was observed in 
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formulations SF1-SF9 respectively at 5 minutes. 

Among all formulations, SF9 has shown a 

maximum drug release 99.8% at 5 min. The results 

show that formulation SF9 contains the highest 

amount of CCS and diluent prosolv: mannitol (3:1). 

An increase in the concentration of 

superdisintegrant and diluent ratio increases the 

drug release. Drug release profiles of all 

formulations are illustrated in Fig. 3. 

 
FIG. 3: IN-VITRO DRUG RELEASE PROFILE OF SF1 – SF9 FORMULATIONS 

Release Kinetic Studies: The results of the release 

kinetics study showed that all formulations obeyed 

first-order drug release profile more closely, i.e. the 

release rate depended upon the initial concentration 

of the drug. The slopes (n) values of Korsmeyer 

Peppas plot showed that the mechanism was non-

fickian. The results of the release kinetic study of 

all formulations are presented in Table 6. 

TABLE 6: RELEASE KINETICS OF SF1-SF9 FORMULATIONS 

Formulation 

code 

Zero order R2 First order R2 Higuchi R2 Korsmeyers-Peppas R2 Korsmeyer-

Peppasn value 

SF1 0.392 0.961 0.769 0.288 0.628 

SF2 0.512 0.990 0.775 0.214 0.661 

SF3 0.452 0.921 0.698 0.311 0.652 

SF4 0.465 0.973 0.721 0.293 0.634 

SF5 0.399 0.890 0.758 0.267 0.732 

SF6 0.425 0.936 0.772 0.253 0.713 

SF7 0.490 0.981 0.739 0.199 0.671 

SF8 0.531 0.974 0.717 0.274 0.683 

SF9 0.485 0.984 0.770 0.296 0.736 
 

Statistical Analysis: Statistical analysis is 

performed by regression analysis using Systat 

software 13.2. Nine batches were prepared. The 

concentration of Croscarmellose Sodium (X1), and 

diluents ratio (Prosolv: Mannitol) (X2)  were 

selected as independent variables, which were 

varied at 3 levels. Three dependent variables 

(Response) were selected friability (Y1), 

disintegration time (Y2), and in-vitro dissolution 

(Y3), and a polynomial equation was derived for 

desired responses. 

TABLE 7: RESULTS OF STATISTICAL ANALYSIS 

Response R² value Factors Tolerance p-values Significance 

Friability 0.893 Factor 1 1.000 0.060 Non-significant 

  Factor 2 1.000 0.001 Significant 

Disintegration 0.915 Factor 1 

Factor 2 

1.000 

1.000 

0.003 

0.001 

Significant 

Significant 

In-vitro dissolution at 5 min. 0.920 Factor 1 

Factor 2 

1.000 

1.000 

0.002 

0.001 

Significant 

Significant 
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Effect of Formulation Variables on Friability 

(Y1): In regression coefficient analysis of friability, 

the p-value for factor 1 (Crosscarmellose sodium) 

was found to be 0.06, and for factor 2 (diluents 

ratio-Prosolv: Mannitol) was found to be 0.001, 

Here p-value for factor 1 is > than 0.05 thus no 

significant effect on friability and p-value for factor 

2 is < than 0.05 thus significant effects on friability 

and the results of statistical analysis are tabulated in 

Table 7. The 3D response surface graph of 

Friability v/s Factor-1(X1), Factor-2(X2), as 

depicted in Fig. 6, showed that as the diluents ratio 

increases, percentage friability increases, and no 

significant effect was observed with an increase in 

the concentration of croscarmellose sodium. The 

polynomial equation was generated by using the 

regression analysis was given below for response 

variable friability (Y1)  

Friability (Y1) = 0.7485+0.014X1+0.041X2 

Fitted Model Plot
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FIG. 4A: 3D RESPONSE SURFACE GRAPH OF 

FRIABILITY 

Effect of Formulation Variables on 

Disintegration Time (Y2): In regression 

coefficient analysis of disintegration time, the p-

value for factor 1 (Croscarmellose Sodium) was 

found to be 0.003 and for factor 2 (diluents ratio-

Prosolv: Mannitol) was found to be 0.001. the p-

value for factors 1 and 2 is < 0.05; thus, both 

factors significantly affect disintegration time, and 

the statistical analysis results are tabulated in Table 

7. In 3D response surface graph of disintegration 

v/s Factor-1(X1), Factor-2(X2), as depicted in Fig. 

4B. Showed that as crossmellose sodium and 

diluents ratio increases, disintegration time 

decreases. Thus both factors were affected 

significantly. The polynomial equation was 

generated by using the regression analysis was 

given below for response variable disintegration 

time (Y2)   

Disintegration time (Y2) = 12.133-2.717X1-3.917X2 

Fitted Model Plot
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FIG. 4B: 3D RESPONSE SURFACE GRAPH OF 

DISINTEGRATION 

Effect of Formulation Variables on In-vitro 

Dissolution Study (Y3): In regression coefficient 

analysis of in-vitro drug release, the p–value for 

factor 1 (Crosscarmellose sodium) was found to be 

0.002 and for factor 2 (diluents ratio-Prosolv: 

Mannitol) was found to be 0.001.p–value for factor 

1 and factor 2 is <0.05 thus both factors effects 

significantly on in-vitro dissolution and the results 

of statistical analysis are tabulated in Table 7. In 

3D response surface graph of in-vitro dissolution 

v/s Factor-1(X1), Factor-2(X2) as depicted in Fig. 

4C. showed that as the concentration 

ofcrosscarmellose sodium and diluents ratio 

(prosolov: mannitol) increases, % CDR increases. 

Thus both factors were effected significantly. 

The polynomial equation was generated by using 

the regression analysis was given below for 

response in-vitro dissolution (Y3)  

In-vitro dissolution (Y3) = 90.704+2.263X1+2.758X2 

Fitted Model Plot
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FIG. 4C: 3D RESPONSE SURFACE GRAPH OF 

DISSOLUTION 
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CONCLUSION: The direct compression method 

prepared the orodispersible tablets of bisoprolol 

fumarate. Among all formulations, SF9 showed 

less disintegration time and the highest percentage 

of drug release at 5 min; hence it can be chosen as 

an optimized formulation. 32 factorial design 

revealed that amount of superdisintegrant and 

diluent ratio affect the disintegration time and % 

drug release.  

The results indicate that the presence of 

crosscarmellulose and diluent ratio enhanced the 

orodispersion and improved the drug release rate. 

Thus a satisfactory orodispersible tablet of 

bisoprololfumarate for large-scale production is 

feasible. 
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ABSTRACT: Introduction: Coumarins are secondary metabolites widely 

spread in nature. Due to their broad pharmacological activities, many natural 

and synthetic coumarins and more complex related derivatives are of interest. 

The coumarin is extremely variable in structure due to the various types of 

substitutions in their basic structure, influencing their biological activity. 

Metal complexes of coumarins obtained revealed higher biological activity 

than their ligand. Metal complexes play a vital role as chemotherapeutic 

agents. Methods: 7-amino-4-methylcoumarin refluxed with substituted 

aromatic aldehydes in absolute alcohol in presence of acetic anhydride and 

was washed with cold water to give Schiff bases of 7-amino-4-

methylcoumarin (4a-4j). Further, the metal complexes of coumarin Schiff 

base (5a-5j) were synthesized by dissolving both Schiff base of 7-amino-4-

methylcoumarin and metal sulphates in methanol and are stirred at 250C 

with dropwise addition of a dil. ammonia. Result and Conclusion: 

Screening the copper metal complexes against breast cancer cell line (MDA 

MB 231) with standard Paclitaxel using MTT assay method. The synthesized 

metal complexes show anticancer activity in a concentration-dependent 

manner. The IC50 values of metal complexes were found as 258.3, 256.2, 

241.3, 262.1, 178.10, 257.8, 175.2, 272.1, 178.3 and 280.6 µg/ml 

respectively, when compared to standard Paclitaxel IC50 257 µg/ml under 

experimental conditions. The primary in-vitro anticancer activity results 

revealed that 5a, 5b, 5c and 5d showed good anticancer activity. 

INTRODUCTION: Cancers or tumors are groups 

of cells that have undergone unregulated growth 

and will often form a mass or lump that may 

distribute diffusely 
1
.
 
Tobacco use is the cause of 

about 22% of cancer deaths. Another 10% are due 

to obesity, poor diet, lack of physical activity, and 

excessive drinking of alcohol. Other factors include 

certain infections, exposure to ionizing radiation 

and environmental pollutants. 
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In the developing world, 15% of cancers are due to 
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. 

Coumarins are secondary metabolites widely 

spread in nature and found in green plants, fungi, 

bacteria, in some animal species. Many natural and 

synthetic coumarins and more complex related 

derivatives are of interest due to its broad 

pharmacological activities, including anti-bacterial 

3, 4, anti microbial 5, anti-thrombotic, vasodilator 

scavenging of reactive oxygen species and anti-

tumorigenic, appears to be based on coumarin 
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nucleus. The coumarin is extremely variable in 

structure, due to the various types of substitutions 

in their basic structure, influencing their biological 

activity 
6, 7

. Coumarin (2-H-1-benzopyran-2-one) 

originates from a wide variety of plants, animals, 

bacteria, and fungi and contains a class of the 

phenolic group composed of fused benzene and α-

pyrone ring. As we know, coumarin's 

pharmacological action depends on the nature of 

the group present and its substitution pattern on the 

basic nucleus. Some reports have shown that 

substitution at the C-4 position of coumarin 

exhibits tremendous cytotoxic activity 
8-11

 in 

various cancer cell lines. Coumarins have been 

investigated for the complexing ability with metals. 

Metal complexes of coumarins obtained revealed 

higher biological activity than their ligand 
12

. Metal 

complexes of O, S, and N containing Schiff bases 

have been the subject of current growing interest 

because it has a wide range of pharmacological 

activities1 
13-15

. Metal complexes play a vital role 

as chemotherapeutic agents1 
16-29

. Earlier platinum 

complex cisplatin was most commonly used as an 

effective drug. Because of its limited use and 

resistance, research is been diverted to other metals 

which show better activity; they started using 

physiological metals. One of them is copper 
30-33

, 

which plays a major role in the human system. 

Another most important reason to use copper metal 

is the perspective of adopting cytotoxic mechanism 

and has a great variety of complexing abilities 
34

. 

MATERIALS AND METHODS: The title 

compounds were synthesized as per scheme I. m-

aminophenol condensed with ethyl acetate in the 

presence of ethyl chloroformate to give 3-

hydroxyphenylurethane (1). This condensation with 

the ethyl acetoacetate in 75% sulphuric acid gives 

rise to 7-carbethoxyamino-4-methylcoumarin (2). 

This on refluxing with the mixture of sulphuric acid 

and glacial acetic acid followed by diluting with 

water and next made alkaline with the mixture of 

sodium hydroxide and sodium carbonate to form 7-

amino-4-methylcoumarin (3). This product was 

further refluxed with substituted aromatic 

aldehydes in absolute alcohol in the presence of 

acetic anhydride and was washed with cold water 

to give Schiff bases of 7-amino-4-methyl coumarin 

(4a-4j). Further, the metal complexes of coumarin 

Schiff base (5a-5j) were synthesized by dissolving 

both Schiff base of 7-amino-4-methyl coumarin 

and metal sulphates in methanol and are added 

dropwise and stirred at 25°C with the dropwise 

addition of a dilute solution of ammonia 
35

. 

TABLE 1: STRUCTURE AND CHEMICAL NAME OF SCHIFF BASES OF 7-AMINO-4-METHYL COUMARIN 

Compound Structure Chemical name 

4a 

 

7-[2,5-dimethoxybenzylideneamino]-4-methyl-2H-chromen-

2-one 

4b 

 

7-[4-dimethylaminobenzylideneamino]-4-methyl-2H-

chromen-2-one 

4c 

 

7-[2,3-dichlorobenzylideneamino]-4-methyl-2H-chromen-2-

one 
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4d 

 

7-[3-hydroxybenzylideneamino]-4-methyl-2H-chromen-2-one 

4e 

 

7-[3-nitrobenzylideneamino]-4-methyl-2H-chromen-2-one 

4f 

 

7-[3,4,5-trimethoxybenzylideneamino]-4-methyl-2H-

chromen-2-one 

4g 

 

7-[3-chlorobenzylideneamino]-4-methyl-2H-chromen-2-one 

4h 

 

7-[2-hydroxybenzylideneamino]-4-methyl-2H-chromen-2-one 

4i 

 

7-[3-bromobenzylideneamino]-4-methyl-2H-chromen-2-one 

4j 

 

7-[4-methylbenzylideneamino]-4-methyl-2H-chromen-2-one 
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TABLE 2:   STRUCTURE AND CHEMICAL NAME OF A COPPER COMPLEX OF SCHIFF BASES OF 7-AMINO-

4-METHYL COUMARIN 

Compound Structure Chemical name 

5a 

 

Copper complex of Schiff base of 2,5-

dimethoxybenzaldehyde 

5b 

 

Copper complex of Schiff base of 4-

dimethylaminobenzaldehyde 

5c 

 

Copper complex of Schiff base of 2,3-

dichlorobenzaldehyde 

5d 

 

Copper complex of the Schiff base of 3-

hydroxybenzaldehyde 

5e 

 

Copper complex of the Schiff base of 3-

nitrobenzaldehyde 
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5f 

 

Copper complex of Schiff base of 3,4,5-

trimethoxybenzaldehyde 

5g 

 

Copper complex of Schiff base of 3-

chlorobenzaldehyde 

5h 

 

Copper complex of Schiff base of 2-

hydroxybenzaldehyde 

5i 

 

Copper complex of Schiff base of 3-

bromobenzaldehyde 

5j 

 

Copper complex of Schiff base of 4-

methylbenzaldehyde 
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In-vitro Anticancer Activity 
36, 37, 38

: 
 

Cytotoxicity by MTT Assay: The human 

carcinoma cell lines were purchased from the 

national center for cell sciences (NCCS) in Pune. 

The cell line was cultured in DMEM with low 

glucose medium (Cat No-11965-092), which was 

supplemented with 10% heat-inactivated fetal calf 

serum (FBS) and 1% antibiotic-antimycotic 100X 

solution and incubated in a CO2 incubator 

[Eppendorf, New Brunswick, Galaxy 170 R, 

Germany] maintained at 310K in 5% CO2 and 95% 

humidity until the completion of the experiment. 

The cells were seeded at a density of approximately 

5×10
3
 cells [well in a 96-well flat-bottomed 

microplate and maintained at 310K in 95% 

humidity and 5% CO2 overnight. Then different 

concentrations [i.e., 31.25, 62.5, 125, 250, and 500 

µg/ml] of the complex were added to the wells, 

which were incubated for another 48 hours. The 

cells were washed twice with phosphate buffer 

solution and 20µl of 3-(4, 5-dimethylthiazol-2-yl)-

2, 5-diphenyltetrazolium bromide (MTT) staining 

solution (5mg/ml in phosphate buffer solution) was 

added to each well, which was then incubated at 

310K. After 4 hours, the formazan formed was 

dissolved in the 100µl of dimethylsulfoxide 

(DMSO), and the absorbance was recorded at 570 

nm using the microplate reader. 

The principle of MTT Assay: This is a 

colorimetric assay that measures the reduction of 

yellow 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide (MTT) by mitochondrial 

succinate dehydrogenase. The MTT enters the cells 

and passes into the mitochondria, where it is 

reduced to an insoluble, colored (dark purple) 

formazan product. The cells are then solubilized 

with an organic solvent (e.g., DMSO, isopropanol), 

and the released; solubilized formazan reagent is 

measured spectrophotometrically. Since, the 

reduction of MTT can only occur in metabolically 

active cells, the level of activity is a measure of the 

viability of the cells. 

Synthetic Studies 
35

: 
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RESULTS AND DISCUSSION: 

Synthesis: Title compounds were synthesized as 

shown in Scheme I. The physical data of the 

synthesized.  

Schiff bases of 7-amino-4-methylcoumarins are 

given in Table 3, and the Copper metal complexes 

of those are given in Table 4. 

TABLE 3:   PHYSICAL DATA OF N-SUBSTITUTED SCHIFF BASES OF 7-AMINO-4-METHYL COUMARIN 

 
Compound* R Colour % yield Melting Point 

(
o
C) 

Rf value
# 

Molecular 

Formula 

4a o,m-C2H6O2-C7H4 Yellow 87.3% 178-179 0.62 C19H17O4N 

4b p-N(CH3)2C7H5 Yellow 71.69% >300 0..78 C19H18O2N2 

4c o,m-Cl2-C7H4 Light brown 63.98% 150-152 0.51 C17H11O2NCl2 

4d m-OH-C7H5 Light brown 82% 184-186 0.74 C17H13O3N 

4e m-NO2-C7H5 Yellow 73.4% 192-194 0.43 C17H12O4N2 

4f o,m,p-C3H9O3-C7H3 Pale red 71.35% >300 0.69 C20H19O5N 

4g m-Cl-C7H5 Pale brown 78% 217-218 0.75 C17H12O2NCl 

4h o-OH-C7H5 Pale brown 74.18% 162-164 0.81 C17H13O3N 

4i m-Br-C7H5 Yellow 70% 154-156 0.6 C17H12O2NBr 

4j p-CH3-C7H5 Yellow 80% >300 0.72 C18H15O2N 

TABLE 4: PHYSICAL DATA OF COPPER METAL COMPLEXES OF N-SUBSTITUTED SCHIFF BASES OF 7-

AMINO-4-METHYL COUMARIN 

 
Compound* R Colour % yield Melting Point 

(
o
C) 

Molecular 

Formula 

5a o,m-C2H6O2-C7H4 Mint Green 82.3% 265-268 C38H34O8N2Cu 

5b p-N(CH3)2C7H5 Blue 75.19% 250-252 C38H36O4N4Cu 

5c o,m-Cl2-C7H4 Violet 60.55% 281-282 C34H22O4N2Cl4Cu 

5d m-OH-C7H5 Blue 60.9% 234-236 C34H26O6N2Cu 

5e m-NO2-C7H5 Mint Green 65% 244-246 C34H24O8N4Cu 

5f o,m,p-C3H9O3-C7H3 Blue 68.35% 280-285 C40H38O10N2Cu 

5g m-Cl-C7H5 Purple 68.18% 257-258 C34H24O4N2Cl2Cu 

5h o-OH-C7H5 Blue 66.50% 283-285 C34H26O6N2Cu 

5i m-Br-C7H5 Blue 70.20% 276-278 C34H24O4N2Br2Cu 

5j p-CH3-C7H5 Blue 80% 280-282 C36H30O4N2Cu 

TABLE 5:  CELL VIABILITY (MDA MB 231) OF COPPER METAL COMPLEXES OF N-SUBSTITUTED SCHIFF 

BASES OF 7-AMINO-4-METHYL COUMARIN BY MTT ASSAY 
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Compound* R Concentration (µg/ml) 

0 31.25 62.5 125 250 500 

5a o,m-C2H6O2-C7H4 - 95.12 81.20 72.25 60.78 55.00 

5b p-N(CH3)2C7H5 - 95.03 72.01 70.19 72.80 48.44 

5c o,m-Cl2-C7H4 - 92.20 75.60 72.25 60.12 48.00 

5d m-OH-C7H5 - 82.32 80.29 75.32 69.91 54.55 

5e m-NO2-C7H5 - 94.24 77.44 68.41 60.14 90.12 

5f o,m,p-C3H9O3-C7H3 - 95.52 82.25 76.83 65.15 57.98 

5g m-Cl-C7H5 - 83.48 70.31 73.25 63.12 60.03 

5h o-OH-C7H5 - 95.13 82.23 78.56 72.88 51.53 

5i m-Br-C7H5 - 97.50 76.88 72.02 80.83 54.38 

5j p-CH3-C7H5 - 96.50 86.59 80.22 75.17 76.25 

Standard drug (Paclitaxel) - 98.56 81.94 65.73 56.17 49.23 

Control 100 - - - - - 

 

Standard drug - Paclitaxel - 0.3µM or 257µg/ml 

Surviving cells (%) = Mean OD of test compound / Mean OD 

of Nagative control × 100 

Inhibiting cells (%) = 100-surviving cells DMSO 

concentration is less than 1.5% in Experiments 

Table 5 discloses the cell viability % of a copper 

metal complex of N substituted Schiff base 7-

amino-4-methylcoumarin with the standard 

paclitaxel against MDA-MB231. 

TABLE 6:   IC50 VALUES (MDA MB 231) OF COPPER METAL COMPLEXES OF N-SUBSTITUTED SCHIFF 

BASES OF 7-AMINO-4-METHYL COUMARIN 

Compound* R IC50 value in µg/ml 

5a o,m-C2H6O2-C7H4 258.3 

5b p-N(CH3)2C7H5 256.2 

5c o,m-Cl2-C7H4 241.3 

5d m-OH-C7H5 262.1 

5e m-NO2-C7H5 178.10 

5f o,m,p-C3H9O3-C7H3 257.8 

5g m-Cl-C7H5 175.2 

5h o-OH-C7H5 272.1 

5i m-Br-C7H5 178.3 

5j p-CH3-C7H5 280.6 
 

Table 6 discloses the IC50 value of copper metal 

complex of N substituted Schiff base 7-amino-4-

methylcoumarin with the standard paclitaxel 

against MDA-MB231. The anticancer activity 

screening of the copper metal complexes against 

breast cancer cell line (MDA MB 231) with 

standard Paclitaxel by using MTT assay method. 

The higher toxicity of the synthesized compounds 

than standard Paclitaxel induces death.  

The synthesized metal complexes show anticancer 

activity in a concentration-dependent manner. The 

IC50 values o metal complexes, which are screened 

against MDA MB 231 breast cancer cell line, were 

found as 258.3, 256.2, 241.3, 262.1, 178.10, 257.8, 

175.2, 272.1, 178.3 and 280.6, respectively, when 

compared to standard Paclitaxel IC50 257 µg/ml 

under experimental conditions. 
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Among the synthesized compounds, 5a shows 

%cell viability of 95.12, 81.20, 72.25, 60.78 and 55 

at concentration 31.5, 62.5, 125, 250 and 500 µg/ml 

respectively. Compound 5b shows 95.03, 72.01, 

70.19, 72.80 and 48.44 at concentration 31.5, 62.5, 

125 and 500 respectively.  

Compond 5c 92.20, 75.60, 72.25, 60.12 and 48 at 

concentrations 31.5, 62.5, 125, 250 and 500 µg/ml 

respectively. Compound 5d shows 82.32, 80.29, 

75.32, 69.91 and 54.5 at com-centrations 31.5, 

62.5, 125, 250 and 500 µg/ml respectively. 

Standard Paclitaxel showed 98.56, 81.94 and 65.73, 

56.17 and 49.23 at concentrations 31.5, 62.5, 125, , 

250 and 500 µg/ml respectively. All the above 

compounds showed good anticancer activity.  

CONCLUSION: The primary in-vitro anticancer 

activity results revealed that compouds of copper 

complex of 7-(2,5-dimethoxybenazylideneamino)-

4-methyl-2H-chromen-2-one(5a), copper complex 

of   7 - (4 - dimethylaminobenazylideneamino) - 4-

methyl - 2H – chromen – 2 - one(5b), 7-(2,3-

dichlorobenazylideneamino)-4-methyl-2H-chromen 

-2-one(5c) and 7-(3-hydroxybenazylideneamino)-4-

methyl-2H-chromen-2-one(5d) showed good 

anticancer activity. 

The main objective of our synthesized compounds 

is to have better anticancer activity with lesser side 

effects, but we partially succeeded, as all the 

synthesized compounds other than 5a, 5b, 5c and 

5d did not show a good anticancer activity. The 

compounds 5a, 5b, 5c and 5d showed good activity 

compared to standard. The possible improvements 

in the anticancer activity can be achieved by slight 

modifications in the ring substituents and /or 

extensive additional fractionation warrants further 

investigation. Further investigation is necessary for 

this field in search of potent anticancer activity. 
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In traditional system to cure diabetes and related complications, Canthium parviflorum Lam plant leaves are used. 
Ethanolic extract of leaves were considered to investigate its neuroprotective property in streptozotocin elicited diabetic 
neuropathy rat model. Streptozotocin (60 mg/kg body weight) given by intraperitoneal injection to induce diabetes, with no 
treatment given, was intended to develop diabetic neuropathy. Fourteen days after induction, animals were given the extract 
(100 and 200 mg/kg) once daily for thirty five days. Hypersensitivity to temperature in diabetic neuropathy was assessed by 
tail immersion and eddy’s hot plate tests. Nerve growth factor, blood glucose, and pro-inflammatory cytokines involved in 
pathological pain were measured in sciatic nerve. Neuropathy which is also associated with oxidative stress was assessed by 
measuring bio-markers in sciatic tissue. Diabetic induced neuropathic animals exhibited significant decrease in the paw and 
tail withdraw time thus signifying diabetic neuropathy. Extract treatment prevented diabetic neuropathy in animals thus 
showing normalized response to hot and cold. These actions in extract treatment groups are supported evidently by normal 
blood glucose, significant low levels of pro-inflammatory cytokines, oxidative stress bio-markers, and high nerve growth 
factor in sciatic nerve tissue. C. parviflorum leaves ethanolic extract display neuroprotective effect in STZ-induced diabetic 
neuropathy in rats.  

Keywords: Antidiabetic, Canthium parviflorum, Diabetic neuropathy, Neuroprotective, Streptozotocin. 
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Introduction 
Diabetes Mellitus (DM) is one of the metabolic 

disorders that has burdened health and social 
wellbeing globally and has been a major contributor 
of death among the population1. Nearly 0.15 crore 
people die per year worldwide because of DM. 
According to World Health Organization (WHO), in 
2000 nearly 31 million people suffered with DM and 
it may increase up to 79 million by 2030. Throughout 
the world in the year 2016, 422 million people 
suffered with DM, it may rise up to 642 million by 
20402. Diabetes is characterized by high blood 
glucose, abnormal lipid profile, and proteins due to 
altered metabolism of carbohydrates, proteins, and 
lipids metabolism. Also, defect in pancreas function 
with respect to insulin secretion, its action or tissue 
develops resistance to insulin3. If this abnormality is 
present for a long time, it causes various organs 
dysfunction or failure. The abnormality of lipids in 

DM is one among risk factor for heart and organs 
failure due to coronary and peripheral artery 
blockages4. The dysfunction of various organs in 
diabetes is associated with pathological changes that 
eventually leads to diabetic complications5. Biological 
markers namely, high blood glucose levels, glycated 
hemoglobin, and oxidative stress are the key 
responsible factors that cause pathological changes in 
diabetes leading to neuropathy. Diabetic neuropathy 
(DN) is a chronic complication of diabetes, which is 
characterized by defect in afferent and efferent nerve 
functions6,7. Symptoms like less sensitivity to stimuli 
and tingling of upper and lower limbs, control on 
urinary bladder is lost, drooping of eyelid, weakness 
of muscle and defective speech etc.  

First line therapy to treat diabetic neuropathy is to 
normalize the blood glucose level. Various drugs used 
are capsaicin, antidepressant drugs (amitriptyline, 
duloxetine, desipramine, etc), and anti-epileptic drugs 
(gabapentin, pregabalin, opioids, etc). The orally 
given hypoglycemic agents normally cause unwanted 
effects like disturbances of hepatic and renal 
functions8. Severe allergic reactions are associated 
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with anti-epileptic drugs. Antidepressant drugs 
depress the central nervous system; constipation and 
dry mouth are also associated with these drugs. It is 
very difficult to prevent these unwanted effects and 
drugs are not available to permanently cure DN. But 
to some extent, we can prevent worsening of 
condition in DN by having control on blood glucose 
and making changes in life style. By knowing above 
mentioned, it is clear that a new drug without side 
effects is required to treat DN permanently. To fulfill 
these requirements, plant source drugs are considered 
because of little or no toxicities and low price. Various 
plant derived drugs are proven for their usefulness in 
illnesses including diabetes and related complications 
like DN9. 

Canthium parviflorum , a plant belonging to family 
Rubiaceae is a short tree, grown abundantly in South 
India. Different parts of this plant are used to treat 
various illnesses; some of them are proven 
scientifically but not all. Traditionally, C. parviflorum 
leaves are used to treat various ailments namely 
diabetes, hypertension and reduce pain in 
gastrointestinal tract. Stem bark of this plant has 
blood glucose lowering property10,11. Other parts of  
C. parviflorum are useful to treat high body 
temperature, piles, inflammation in glands, muscle, 
bones abnormalities and pain in the joints12,13.  
C. parviflorum is proven for its anti-inflammatory14 
and free radical scavenging properties15. But 
usefulness of C. parviflorum in diabetes and diabetic 
neuropathy are not supported with scientific study. 
The aim of this research work is to provide scientific 
evidence to this traditional claim. Therefore, this 
study was planned to assess the effects of the 
ethanolic extracts of C. parviflorum (EECP) leaves on 
diabetes and neuropathy in streptozotocin (STZ)-
induced diabetes and neuropathy in experimental 
animals. 
 
Materials and Methods 
 

Plant material 
The C. parviflorum leaves were collected in the 

month of June 2013, at surroundings of village 
Mudgal Taluk Lingsur, Raichur District, Karnataka. 
The leaves were identified by (Prof.) Dr. M Jayaraj, 
Botany Department, Karnatak University Dharwad. 
Authenticated (voucher specimen RMRC-966) by  
Dr. Harsha Hegde, Scientist, ICMR, Regional 
Medical Research Centre, Belagavi. The herbarium is 
kept at Regional Medical Research Centre, ICMR, 

Belagavi for further reference. Collected leaves were 
washed with normal-water followed by distilled water 
till leaves are free from the soil and other material. 
Then the leaves were shade dried and size reduced to 
get coarse and uniform size powder of size 40 mesh. 
 
Preparation of plant extract 

About 300 g of shade dried coarsely powdered 
leaves of C. parviflorum were extracted by using  
500 mL of ethyl alcohol (70%) by Soxhletextractor16. 
After exhaustive extraction process nearly 80% volume 
of the ethanol solvent was removed by distillation 
process over boiling water bath at normal atmospheric 
pressure and remaining 20% volume of the ethanol 
solvent was removed under reduced pressure. 
 
Chemicals 

Streptozotocin was procured from Sisco Research 
Laboratories, Pvt. Ltd. Mumbai and diagnostic kits 
from Erba Diagnostic Pvt. Ltd. Other reagents and 
chemicals were purchased from the local suppliers of 
Hubballi, Karnataka, India. 
 
Animals 

The Wistar albino rats of either sex (150-200 g) were 
purchased from Sri Venkateshwara Enterprises, 
Bangalore, India. Animals were kept in controlled house 
(22±2 °C) with 12 hours shift of natural light-dark cycle. 
Water was given ad libitum and good quality chow was 
provided to animals. The 7 days acclimatized animals 
were divided into different groups. Research activities 
conducted as per guidelines of committee for the 
purpose of control and supervision of experiments on 
animal (CPCSEA). Protocol was approved by 
Institutional Animal Ethical committee of KLE College 
of Pharmacy, Hubballi, Karnataka, India (KLEU’s-09-
IAEC. HBL-31/Aug 2013).  
 
Preparation of drug solutions 

STZ was dissolved in cold citrate buffer  
(of pH 4.5). EECP was suspended in 1% Tween 80 
solution prepared in distilled water. It was sonicated 
for 10 min to get desired concentrations. 
 
Preliminary phytochemical test 

The dried ethanolic extract of C. parviflorum 
leaves were investigated for the presence of various 
phytochemicals16,17. 
 
Acute toxicity study 

The dose of EECP 100 and 200 mg/kg body weight 
was considered for the activity, based on previous study 
report18. 
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Evaluation of effect of EECP on STZ- induced DN in rats 
Antinociceptive activity of EECP was evaluated 

in STZ induced DN rat’s model. Diabetes 
associated neuropathy was induced in animals by 
administering STZ (60 mg/kg). Two weeks later, 
animals were treated with extract subsequently for 
five weeks. Development of neuropathy and 
protective effect of the extract was assessed by 
studying response of the animals for noxious and 
non-noxious stimuli (Hot-plate and tail flick tests). 
The assessment was done on before (i.e., on zero 
day) and after induction (i.e., on 14th day) of 
neuropathy, and also assessed during the treatment 
period (i.e., on 26th, 38th, and 49th days)19. 
 
Experimental design 

Normal control group (Group I) contained 
normoglycemic rats, no treatment only vehicle 1% 
Tween 80 was given. Diabetic neuropathy group 
(Group II) having blood glucose above 250 mg/dL 
received only vehicle (i.e., 1% Tween 80). Treatment 
groups (Group III and IV) were treated with EECP 100 
and 200 mg/kg, respectively. The vehicle and treatment 
doses were given to the respective groups  
by oral gavages once daily for 5 weeks. DN  
was assessed by antinociceptive activity, measuring 
various biomarkers in the blood and sciatic tissue of 
animals20-22. 
 
Biochemical estimation 

At the end of treatment period (of five weeks), 
fasted animals were sacrificed, blood and sciatic 
tissues were collected. The samples collected were 
used to measure diabetic and neuropathy bio-markers. 
Blood glucose was estimated by Trinder’s method. 
Pro-inflammatory cytokines, tumour necrosis factor 
(TNF)-α, interleukin (IL)-1β, IL-6, and nerve growth 
factor (NGF) in sciatic nerve by enzyme-linked 
immunosorbent assay (ELISA) method using standard 
kits (R&D Systems, Inc.). Thiobarbituric acid reactive 
substances (TBARS) activity was determined spec-
trophotometrically by calculating the amount of 
malondialdehyde (MDA), a product of lipid 
peroxidation (LPO). Reduced glutathione (GSH) was 
measured as explained by Sedlak and Lindsay23. 
Superoxide dismutase (SOD) activity was studied as 
described by Kono24, catalase (CAT) level was 
measured as per Aebi et al.25. Glutathione peroxidase 
(GPx) and glutathione reductase (GR) were calculated 
by colourimetric method using kits.  
 

Statistical analysis 
The data was expressed in mean±standard error of 

mean (S.E.M). Each group contained six animals 
(n=6). Statistical analysis was done by one-way 
analysis of variance (ANOVA), followed by Tukey's 
multiple comparison tests. The significance was 
expressed by p values, if p value was <0.05 results 
were considered statistically significant. 
 
Results  
 

Phytochemical constituents in EECP leaves 
The preliminary phytochemical study confirmed  

the presence of phytoconstituents (carbohydrates, 
steroids, glycosides, triterpenoids, saponins, flavonoids, 
tannins, phenolic compounds and alkaloids) in  
EECP. 
 
Effect of EECP on Hot-plate and Tail flick tests in STZ 
induced DN rats 

Normal control group animals respond normally 
(no variation in response time) to the noxious  
and non-noxious stimuli. Diabetic rats became 
hypersensitive to both hot and cold stimuli, they 
exhibited decrease in paw withdraw latency and tail 
flick latency as compared to normal animals. That 
indicates diabetes had thermal hyperalgesia and cold 
allodynia. Treatment with ethanolic extracts of  
C. parviflorum after fourteen days of STZ induction 
showed improvement in response time of animals 
indicating that animals developed pain threshold. 
EECP 200 mg/kg reduced thermal hyperalgesia and 
cold allodynia (Table 1 & 2). 
 
Effect of EECP on blood glucose, TNF α, IL 1β, IL 6 and NGF 
levels  

Group I did not show changes in glucose levels, 
Proinflammatory, and nerve growth factors levels in 
their sciatic nerve during the study. Diabetic group 
animal showed a significant (P <0.001) increase in 
blood glucose TNF α, IL 1β, and IL 6 but significant  
(P <0.001) decrease in NGF levels during the study, 
compared to normal control. In the extract (low and high 
dose) treated groups, significant reduction of glucose, 
TNF α, IL 1β, and IL 6, but significant (P <0.001) 
increase in NGF levels as compared to diabetic control. 
It was a dose dependent activity (Table 3). 
 
Effect of EECP on TBARS, GSH, and SOD levels  

Group I animals did not demonstrate any 
significant changes in TBARS, GSH, and SOD levels 
in their sciatic nerve during study. However, Group II 
showed a significant (P <0.001) increase in TBARS 
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(P <0.001) and noticeable decrease in GSH and  
SOD levels compared to Group I animals.  
Treated Groups III (EECP 100 mg/kg) and IV (EECP 
200 mg/kg) showed a significant (P <0.001) 
 reduction of TBARS and significant (P <0.001) 

increase in GSH and SOD levels as compared to 
Group II. EECP at 200 mg/kg admirably reduced 
TBARS levels and improved GSH and SOD levels in 
neuropathic rats as compared to 100 mg/kg  
dose (Table 4). 

Table 1 — Effect of EECP on paw withdraw latency (sec) in STZ induced DN rats. 
Group/Duration Normal control DN DN + EECP 

(100 mg/kg) 
DN + EECP 
(200 mg/kg) 

Before Induction 
Zero Day 

7.43±0.70 7.39±0.56 6.48±0.67 5.51±0.18 

After Induction 
14th Day 

7.60±0.73 4.56±0.5c 4.00±0.43 2.88±0.12 

26th Day 7.45±0.73 3.69±0.4c 4.52±0.43 3.66±0.15 
38th Day 7.67±0.66 3.03±0.3c 5.04±0.39x 4.54±0.13 
49th Day 7.94±0.45 2.15±0.2c 5.59±0.39z 5.34±0.09z 
Values are Mean±SEM; n = 6 in each group; cP <0.05, compared to normal control;  
xP <0.05, yP <0.01, zP <0.001, compared to diabetic neuropathy (DN); EECP–Ethanolic extract of Canthium parviflorum 

 

Table 2 — Effect of EECP on tail flick latency (sec) in STZ induced DN rats 
Group/Duration Normal control DN DN + EECP 

(100 mg/kg) 
DN + EECP 
(200 mg/kg) 

Before Induction 
Zero Day 

10.36±0.39 10.5±0.27 10.0±0.56 9.51±0.77 

After Induction 
14th Day 

10.2±0.29 6.31±0.32
c
 5.66±0.32 5.22±0.58 

26thDay 10.25±0.19 5.22±0.31
 c
 6.57±0.32 6.56±0.56 

38thDay 10.39±0.21 4.01±0.28
c
 7.36±0.31

z
 7.89±0.56

z
 

49thDay 10.46±0.26 2.82±0.25
c
 8.25±0.32

z
 9.23±0.56

z
 

Values are Mean±SEM; n = 6 in each group; cP <0.05, compared to normal control;  
zP <0.05, compared to diabetic neuropathy (DN); EECP–Ethanolic extract of Canthium parviflorum 

 

Table 3 — Effect of EECP on blood glucose, TNF-α, IL-1β, IL-6 and NGF levels in sciatic nerve of STZ induced DN rats 
Group Blood glucose (mg/dL) TNF-α (pg/mg protein) IL-1β 

(pg/mg protein) 
IL-6 

(pg/mg protein) 
NGF 

(pg/mg protein) 
Normal control 84.68±3.532 29.41±2.74 53.79±3.42 38.28±2.95 26.95±3.08 
DN 376.5±5.86c 87.39±4.58c 106.28±5.31c 93.51±4.63c 12.48±1.73c 
DN + EECP 
(100 mg/kg) 

148.2±3.176z 54.32±2.65z 74.86±3.63z 69.47±3.65z 17.84±2.37z 

DN + EECP 
(200 mg/kg) 

113.7±4.152z 31.96±2.34z 58.68±2.51z 47.58±3.86z 23.64±2.76z 

Values are Mean±SEM; n = 6 in each group; cP <0.05, compared to normal control; zP <0.05, compared to diabetic neuropathy (DN); 
TNF-α - Tumor necrosis factor-α; IL-1β-Interleukin-1β; IL-6- Interleukin-6; NGF- Nerve growth factor; EECP–Ethanolic extract of 
Canthium parviflorum 

 

Table 4 — Effect of EECP on TBARS, GSH and SOD levels in sciatic nerve of STZ induced DN rats 
Group TBARS 

(nM/mg protein) 
GSH 

(nM/mg protein) 
SOD 

(U/mg protein) 
Normal control 13.87±1.86 12.48±1.74 02.65±0.43 
DN 39.06±2.97c 07.24±1.06c 01.49±0.27c 
DN + EECP 
(100 mg/kg) 

29.47±2.73z 09.86±1.48z 02.03±0.34z 

DN + EECP 
(200 mg/kg) 

20.74±2.31z 12.07±1.35z 02.57±0.43z 

Values are Mean±SEM; n = 6 in each group; cP <0.05, compared to normal control; zP <0.05,compared to diabetic neuropathy (DN); 
TBARS - Thiobarbituric acid reactive substances; GSH- Reduced glutathione; SOD- Superoxide dismutase; EECP–Ethanolic extract 
of Canthium parviflorum 
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Effect of EECP on CAT, GPx, and GR levels  
Sciatic nerves study of Group I did not exhibit any 

significant changes whereas, Group II animals 
showed a significant (P <0.001) decrease in CAT, 
GPx, and GR levels. Extract treated Groups III (EECP 
100 mg/kg) and IV (EECP 200 mg/kg) showed a 
significant (P <0.001) increase in CAT, GPx, and GR 
levels as compared to diabetic control (Group II) 
animals. However, Group IV showed a prominent 
increase in CAT, GPx, and GR levels as compared to 
Group III (Table 5). 
 
Discussion 

Nature has been a major source of drugs in the 
form of plants. The use of medicinal plants for 
treating various illnesses is as old as mankind. In 
order to bring herbal source drug into the market it 
has to undergo number of test scientifically to fulfill 
the requirements. It should be safe, efficacious, and 
superior in all aspects to present available drugs in the 
market. The present research work was carried out to 
investigate the neuroprotective property of the 
ethanolic extract of C. parviflorum leaves in 
streptozotocin induced diabetic neuropathy in rat 
model. Streptozotocin is toxic or destructive and it 
suppresses pancreatic insulin secreting beta cells, 
leads to hyperglycemia, low insulin level, altered lipid 
metabolizing enzymes activity. The streptozotocin 
acts by a different mechanism, it reduces enzymes 
level and activity of those involved in synthesis of 
DNA26,27. Streptozotocin induces cell damage due to 
oxidative stress or generation of free radical thus 
leading to alteration of antioxidant defense property 
of pancreatic beta cells28. Animals in all the groups 
were normal and this was confirmed before the onset 
of experiment by measuring blood glucose levels. 
Diabetes was induced by intraperitoneal injection of 
STZ (60 mg/kg) and induction was confirmed after 
three days by checking glucose levels. The 
nitrosourea group of STZ alkylates and destructs the 

chromosomes of pancreatic beta cells selectively by 
releasing nitric oxide and free radicals. STZ also 
disrupts mitochondrial function by inhibiting 
aconitase enzyme. This enzyme is involved in 
Tricarboxylic Acid Cycle TCA cycle and protects the 
DNA by nucleoids reversible remodeling process. 
STZ also induces the activity of the enzyme xanthine 
oxidase, which is mainly responsible for free radical 
formation. All the above said biochemical changes are 
responsible for oxidative stress and pancreatic cells 
destruction by generation of more reactive free 
radicals like oxides, peroxynitrate, hydroxides, 
hydrogen peroxides etc. Because of all these 
circumstances, pancreatic beta cells lose their 
sensitivity to glucose thus leading to reduction in 
insulin secretion. This eventually causes 
hyperglycaemia and development of tissue resistance 
to insulin29. If this condition is left untreated, it 
becomes a focal reason for diabetic complications. 
These diabetic complications ultimately damage 
various organ systems namely cardiovascular, renal 
and nervous systems etc. Among all these, nervous 
system complication is DN, evidenced by altered 
structure and functioning of neurons. The mechanisms 
behind development of diabetic complications are 
activation of polyol pathway, aldose reductase, and 
sorbitol dehydrogenase mediated conversion of 
glucose to sorbitol. Due to neuronal membrane non 
permiability to sorbitol, it consequently accumulates 
in nerves thus causing reduction inability of nerve 
conduction30. Oxidative stress due to over activity of 
polyol pathway causes reduction in NADPH levels 
this ultimately leads to decreases in the level of 
glutathione31-33. 

All above mentioned biochemical, anatomical, and 
physiological changes brings about structural and 
functional abnormalities of nervous system34. The 
structural and functional abnormalities of nerves were 
induced in experimental animals by STZ induced 
diabetes and the complications were seen after two 

Table 5 — Effect of EECP on CAT, GPx and GR levels in sciatic nerve of STZ induced DN rats 
Group CAT 

(U/mg protein) 
GPx 

(nM/mg protein) 
GR 

(nM/mg protein) 
Normal control 03.89±0.61 21.58±2.36 14.09±2.86 
DN 02.16±0.42c 11.35±1.62c 06.87±1.38c 
DN + EECP 
(100 mg/kg) 

02.94±0.63z 16.24±1.95z 09.74±1.96z 

DN + EECP 
(200 mg/kg) 

03.46±0.75z 20.57±2.69z 13.58±1.63z 

Values are Mean±SEM; n = 6 in each group; cP <0.05, compared to normal control; zP <0.05,compared to diabetic neuropathy (DN); 
CAT- Catalase; GPx- Glutathione peroxidase; GR- Glutathione reductase; EECP–Ethanolic extract of Canthium parviflorum 
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weeks of induction. These complications were 
characterized by pain, burning sensation, tingling or 
numbness of feet, and thermal hypersensitivity. The 
complications were assessed in experimental animals 
by Eddy’s hot plate and Tail immersion cold tests. As 
per the present study, results suggest that STZ 
induced untreated animals became thermal 
hypersensitive to both cold and hot. This is due to 
biochemical, anatomical, and physiological 
abnormalities in the nerves. This abnormality is 
evidently supported by high levels of TNF-α, 
interleukins, TBARS, and low levels of superoxide 
dismutase, reduced glutathione, catalase, glutathione 
reductase, glutathione peroxidase, and nerve growth 
factors. The C. parviflorum extract treated animals 
(Group III and IV) respond normally to the cold and 
hot stimuli because of normal neuronal structure and 
function. This is due to reversal of STZ induced 
biochemical, anatomical and physiological 
abnormalities in pancreas and nerves by EECP. These 
results are supported by low levels of 
proinflammatory cytokines, reactive oxygen species, 
and high levels of nerve growth factor in sciatic nerve 
tissue. The beneficial effect of extract is due to the 
phytoconstituents that have antioxidant properties and 
may suppress activities of free radical forming 
enzyme xanthine oxidase and hexosamine 
biosynthesis pathways. Extract may normalize 
aconitase enzyme activity in mitochondria of 
pancreatic beta cells. The development of neuronal 
complications may be prevented by the extract by 
suppression of aldose reductase enzyme activity 
involved in polyol pathway also by promoting the 
synthesis of functional proteins. 

Phytochemicals are the active compounds present 
in the plants, they are responsible for pharmacological 
activity. Flavonoids protect the cells from highly 
reactive oxygen species35. Phenolic compounds 
enhance protective enzymes activity, also as 
antioxidant36. Steroids in Elephantopus scaber37, 
glycosides of Picralima nitida38, condensed tannins, 
tannic acid, and polyphenols of Passiflora ligularis39-

41 and alkaloids of Aerva lanata42 have proven 
beneficial effects in diabetes and associated 
complications43,44. The phytochemicals in the leaf 
extracts of plant C. parviflorum are responsible for the 
results of this study. Neuroprotective property of 
extract is due to action of single, multiple or may be 
due to synergetic action of all the phytoconstituents. 
Based on the research work, it is confirmed that the 

ethanolic extract of plant C. parviflorum leaves 
possess neuroprotective property. Further detailed 
study is required to know which phytochemicals are 
responsible for these actions. 
 
Conclusion 

Ethanolic extract of C. parviflorum leaves possess 
a neuroprotective property in streptozotocin induced 
diabetic neuropathy in experimental rats. Extract 
prevents diabetic neuropathy by managing the 
parameters stated and assessed during the study 
procedure. This extract normalizes the physiology of 
the pancreatic and sciatic nerve tissue as per the 
present findings. A future study necessitates the 
fractionation of the ethanolic extract to explore the 
phytoconstituents that are responsible for the 
demonstrated neuroprotective activity. 
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Abstract
Objectives Doping of halloysite nanotubes (HNTs) with γ-methacryloxypropyltrimethoxysilane (γ-MPS) as a silane coupling 
agent has sparked the interest of researchers. The objective of the study was to design, characterize and critically optimize 
γ-MPS–doped HNTs by homogenization technique to achieve uniform dispersion and homogenous mixture of clay minerals.
Methods Optimization of doped HNTs was performed by applying custom design using JMP software 16.1, by considering 
2 levels and 3 factors, to determine the impact of independent variables such as concentration of γ-MPS  (X1), HNTs  (X2) 
and ethanol  (X3) on the response variables diffraction angle  (Y1) and zeta potential  (Y2).
Results The results showed that γ-MPS was successfully doped on the surface of HNTs. Existence of characteristic peaks in 
Fourier-transform infrared analysis affirms the doping of pristine HNTs. From the x-ray diffraction patterns, it was observed 
that upon doping there was slight shift in the interlayer distance signifying the intercalation of γ-MPS onto the layers of HNTs. 
Scanning electron microscopic analysis revealed that the doped HNTs showed reduced aggregation as compared to pristine 
HNT. DHNT F3 and DHNT F7 exhibited higher zeta potential values indicating the excellent stability and dispersibility of 
the formulation. The predicted R2 values for diffraction angle (2θ) (0.94) and zeta potential (mv) (0.95) were close to 1. The 
optimal values of the independent variables were obtained to measure the desirability of independent variables  (X1,  X2 and 
 X3) at the concentration of 9 ml, 37.5 g and 87.5 ml, respectively. The overall desirability D = 0.998, indicates the efficiency 
of custom design for the studied responses.
Conclusion The present study concluded that HNTs were successfully doped with γ-MPS using ultra-turrax homogenizer 
and the results of statistical analysis indicate that the application of custom design proves to be an ideal tool for optimizing 
the doping of HNTs.

Keywords Custom design · Halloysite nanotubes · γ-Methacryloxypropyltrimethoxysilane · Optimization · Statistical 
analysis

Abbreviations
PHNTs  Pristine Halloysite nanotubes
γ-MPS  γ-methacryloxypropyltrimethoxysilane
DHNTs F1  Doped HNT Formulation 1
DHNTs F2  Doped HNT Formulation 2
DHNTs F3  Doped HNT Formulation 3
DHNTs F4  Doped HNT Formulation 4

DHNTs F5  Doped HNT Formulation 5
DHNTs F6  Doped HNT Formulation 6
DHNTs F7  Doped HNT Formulation 7
DHNTs F8  Doped HNT Formulation 8

Introduction

The inclusion of organic moieties on the surface of HNTs 
has peaked attention, as it allows fabricating multifaceted 
compounds which results in significant increase for drug 
loading capacity, mechanical strength and also for the 
enhancement of dispersion of HNTs into polymer matrix [1]. 
HNTs are natural in origin, biocompatible, biodegradable, 
have remarkable thermal stability and high aspect ratio. An 
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alternative to these advantages, HNTs have some shortfalls 
such as insufficient mechanical strength, less drug polymer 
dispersion ability and lack of drug loading capacity. Natu-
rally sourced HNTs are typically composed of several layers 
of alumino-silicate minerals with hollow nano-tubular struc-
tures, having a molecular formula  Al2Si2O5  (OH4).  2H2O 
with their lengths ranging from 400 to 1000 nm, outer diam-
eter varies from 40 to 80 nm while the inner diameter ranges 
from 10 to 40 nm. The outer surface of HNTs are mainly 
constituted of siloxane (Si-O-Si) groups and the inner lumen 
is composed of aluminol (Al-OH) groups which makes them 
highly hydrophilic exhibiting gibbsite like order and the 
edges of HNTs consists of Al-OH and Si-OH groups [2]. 
The presence of large surface area, fine particle size, porous 
structure, enhanced surface to volume ratio [3], existence 
of positively charged inner surface (Al-OH) and negatively 
charged outer surface (Si-O-Si) enables HNTs to bind with 
many biological and synthetic macromolecules and aid in 
loading a wide range of drug molecules on the surface or 
within the lumen of HNTs [4]. Due to its unique and ver-
satile properties, HNTs possess plentiful range of applica-
tions in biomedical sciences such as gene delivery, tissue 
engineering, cancer and stem cell isolation, fabrication of 
pharmaceutical novel drug delivery system, drug loading 
and bio-imaging [2]. Till date, there have been many stud-
ies and reports where, HNTs have been used as drug release 

vehicles or nano-containers for the design and development 
of targeted drug delivery system [5]. The most effective site 
for drug entrapment is the nano-pores of HNTs and due to 
their nanoporous structures, HNTs are widely considered as 
a host molecule for the loading of various guest molecules 
[6]. Similarly, the applications of HNTs can also be extended 
in the development of sustained drug delivery system; better 
delayed drug release rates can be achieved by coating a layer 
of various polymers on the surface of drug loaded HNTs [7]. 
There are various strategies to load drugs on the surface or 
into the lumen of HNTs, such as adsorption, intercalation 
and tubular entrapment (vacuum method). HNTs are gener-
ally used as nano-carrier, but they have a tendency to exhibit 
a weak bonding with drugs/active moieties and thereby, hin-
dering the sustained release rates of drug substances.

To overcome the shortfalls of HNTs, the assemblage 
between the nanotubes and polymer must be engineered by 
doping process [2]. The surface of HNTs consists of silox-
ane, silanol and aluminol groups, which optimize the likeli-
hood of complexation with different molecules through van 
der Waals forces, h-bonding, electrostatic and covalent inter-
actions. The rationale for surface doping depends upon the 
quantum of hydroxyl groups and their accessibility for bond-
ing with other components [8]. There are alternative ways 
to dope the surface of HNTs like surfactant modification, 
organosilane coupling agents, intercalation modification and 

Scheme 1  The schematic diagram of γ-MPS doped HNTs
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acid etching method. Among these methods, organosilane 
modification has proven to be the most efficient and gifted 
technique to dope the surface of HNTs [9].

γ-Methacryloxypropyltrimethoxysilane is the most com-
monly used organosilane to dope the surface of HNTs. The 
hydrolysis of trimethoxy 3(OCH3) groups present in γ-MPS 
activates to form tri-silanols 3(Si-OH) and the association of 
silanol groups with superficial hydroxyl groups results in the 
formation of siloxane bonds (Si-O-Si) and hence, the reduc-
tion in silanol groups intensifies the hydrophobicity of clay 
minerals thereby assisting homogenous mixture of HNTs, 
dispersibility and reinforcement into polymeric matrix [10].

HNTs have a tendency to agglomerate due to the impact 
of van der Waals forces. In-homogeneity and agglomeration 
characteristics of HNTs result in deterioration of eventual 
properties of homogenous mixtures of HNTs. The ideal strat-
egy to achieve uniform dispersion and homogenous mixtures 
of clay into the polymeric network is the application of severe 
shear stress by homogenization technique [11]. Ultra-turrax 
is a high-performance dispersing machine used to execute 
homogenous mixtures and uniform dispersions of clay into 
polymer matrix, the working strategy of ultra-turrax homog-
enizer is based on the principle of “Rotor–Stator” mechanism 
or shear force mechanism, which is generated when a tangen-
tial force is applied. In addition to homogenization, surface 
doping using organosilanes empowers the enlargement of 
basal spacing by facilitating the intercalation of organic and 
inorganic moieties within the interface of HNTs and thereby 
opening a window to exfoliate distinctive layers [12].

Thus, in relation to this research, the objectives were 
entrenched to design, characterize and critically optimize 
γ-MPS–doped HNTs by homogenization technique to 
achieve uniform dispersion and homogenous mixture of 
clay minerals.

Experimental Methods

Materials

Halloysite nanotubes (HNTs) and γ-methacryloxypropyltrim
ethoxysilane (γ-MPS) were purchased from Sigma Aldrich. 
Ethanol was procured from Fisher Scientific (Mumbai). All 
of the other chemicals and reagents used in this investigation 
were of commercial grade and were utilized exactly as they 
were received, with no further purification.

Experimental Design

To design the experiment, statistical tool JMP  software® 
(Version 16, SAS Institute, Singapore) was imposed. Since 
the parameters were numeric with continuous values, cus-
tom design was chosen to analyze the impact of parameters 

on the responses. The selected independent variables were 
concentration of γ-MPS  (X1), HNT  (X2) and Ethanol  (X3) 
at two different coded levels low (−1) and high (+1) lev-
els. Diffraction Angle 2θ from XRD analysis  (Y1) and Zeta 
Potential mV  (Y2) were preferred as dependent variables, 
the independent and dependent variables are presented in 
Table 1 and the experimental design including the composi-
tion of γ-MPS–doped HNTs is shown in Table 2. Statistical 
parameters such as coefficient of determination (R2), actual/
predicted R2, probability value (p-value) were calculated and 
the resulting data were fitted into JMP Software (Version 16, 
SAS Institute, Singapore), analysis of variance (ANOVA) 
was used to investigate the data and the data were also sub-
jected to 3D response surface methodology to examine the 
impact of the selected formulation factors on the response 
variables [13].

Doping of HNTs with γ‑MPS Using 
Homogenization Technique

Accurately weighed quantities of γ-MPS were mixed in a 
beaker containing ethanol and homogenized for 5 min at 
24,000 rpm using ultra-turrax homogenizer T-25 basic 
(manufactured by IKA- WERKE Pvt. Ltd, Mumbai, India) 
as shown in Table 2. HNT was added to γ-MPS/ethanolic 

Table 1  Levels and factors for custom design

Factors (independent variables) Levels used

Low (−1) High (+1)

X1: Concentration of γ-MPS 6 12
X2: Concentration of HNT 25 50
X3: Concentration of Ethanol 75 100
Responses (dependent variables)
Y1: Diffraction Angle (2θ)
Y2: Zeta Potential (mV)

Table 2  Composition of two-level three factors for custom design

Runs Factor levels

(X1)
Concentration of 
γ-MPS (ml)

(X2)
Concentration of 
HNT (g)

(X3)
Concentration 
of ethanol (ml)

F1 6 25 75
F2 12 25 75
F3 12 25 100
F4 6 25 100
F5 6 50 75
F6 12 50 75
F7 12 50 100
F8 6 50 100
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solution and the suspension was stirred for 30 min, followed 
by homogenization for 7 min, the resulting suspension was 
centrifuged at 10,000 rpm for 20 min and the doped HNTs 
(DHNTs) were dried in an oven at 40 °C for 24 h [14].

Characterization of γ‑MPS–doped HNTs

Fourier Transform infrared (FTIR) spectroscopy analysis 
was performed using Nicolet 5700 FT-IR spectrometer 
(USA) coupled with a DTGS detector. A total of 1 mg of 
pristine HNT (PHNTs) and doped HNTs (DHNTs) were 
pressed with 100 mg of crystalline KBr to make pellets. 
The pellets were scanned in the range of 4000 to 400  cm−1 
at a resolution of 2.5  cm−1. The glass transition temperature 
(Tg) of pristine and doped HNTs were determined by using 
Shimadzu DSC – 60A (Japan). All samples were subjected 
to thermogravimetry analysis using Shimadzu Corp. DTG 
50 apparatus, samples were heated to 1000 °C at a rate of 
10 °C/min under nitrogen  (N2) atmosphere. The samples 
were dried prior to the analysis at 100 °C for 15 min to 
eliminate the moisture. To identify the precise structure and 
shifts in basal spacing of doped HNTs, X-Ray diffraction 
(XRD) analysis was performed by using Malvern Panalytical 
Empyrean  3rd Gen Diffractometer (UK). Cu-Kα radiation 
(λ = 1.504) was applied at a voltage of 45 kV and 40 mA 
rating and the samples were interpreted by scanning from 
2 to 80° with step size of 0.02°. Scanning electron micros-
copy (SEM) was carried out using Gemini SEM 300 (Carl 
Zeiss, Germany) to investigate the surface morphology of 
pristine and doped HNTs. Surface topography was deter-
mined by using JOEL, JEM-1400HC transmission electron 
microscope analysis (TEM). Stability and surface charge 
of doped HNTs was measured by using Zeta-Meter system 
3.0+ ZM3-U-G (Somatco, USA).

Results and Discussion

Chemical Analysis of γ‑MPS doped HNTs

Fourier Transform Infrared Spectroscopy (FT‑IR)

Doping of HNTs (DHNTs) with γ-MPS was confirmed by 
the presence of functional groups characterized by FT-IR 
analysis and the FTIR spectra of PHNT and DHNTs are 
shown in Fig. 1. Spectrum of PHNT revealed the absorption 
peaks at 910  cm−1 and 1031  cm−1 signifying the presence of 
Al-OH vibrations and Si-O groups. Some peaks were also 
observed at 437  cm−1 and 542  cm−1 as a result of defor-
mation of Si-O, Si-O-Si and Al-O-Si groups [15]. Another 
peak was found at 3565  cm−1 representing the interlayer 
water molecule. Two new peaks were observed at 1496.96 

 cm−1 and 2925  cm−1 attributed to deformation (scissoring) 
of  CH2 and symmetric stretching of C-H2 [16]. As com-
pared to PHNT, all doped HNTs exhibited these two peaks. 
Absence of a peak at 1700  cm−1 and the emergence of peaks 
at 911.38  cm−1, 3621.42  cm−1 and 3694.25  cm−1 implies 
the scarcity of freely available hydroxyl groups of HNTs 
and unable the formation of hydrogen bond between HNTs 
and γ-MPS. Hence, the efficiency of HNTs modification was 
slightly decreased in DHNT Formulation 1 (DHNT F1), 
DHNT F2, DHNT F4 and DHNT F8 as shown in Fig. 1b 
and c. The appearance of peak at 1726.1  cm−1 is associated 
with stretching vibration of C=O bond of γ-MPS. DHNT 
F3 exhibited a narrow weak absorption band with a shoul-
der peak at 3631.3  cm−1, signifying the presence of inner 
hydroxyl groups, existing between the sheets of one octahe-
dral layer linked to tetrahedral one [17]. The appearance of 
absorption bands at 914.81  cm−1 and 1042.02  cm−1 in the 
spectra of DHNT F5 and DHNT F6 is attributed to Al-OH 
vibrations and Si-O stretching vibrations on the surface of 
HNTs. Another peak was observed at the frequency of 1031 
 cm−1 in the spectra of DHNTs emphasizing the formation of 
Si-O-Si bonds as Si groups of γ-MPS were linked to the sur-
face of HNTs. In comparison with the spectrum of PHNT, 
a sharp intensified peak was observed at 910.22  cm−1 in 
modified HNT (MHNT F7) colloquially termed as doped 
HNTs, emphasizing the potentiality of RSi-O-Si and RSi-O-
Al bonds between RSi-OCH3 and RSi-OH groups of γ-MPS 
with Al-OH groups present at the edges of HNTs and Si-OH 
groups present on the surface resulting in HNT modification 
[18]. These findings authenticate the successful doping of 
γ-MPS on the surface of HNTs.

Thermogravimetric Analysis

Thermal stability of pristine and γ-MPS–doped HNTs were 
determined by thermo-gravimetric analysis (TGA) by moni-
toring the weight change that occurs as sample is heated at 
constant temperature. The primary weight loss for PHNT is 
in the temperature range from 50 to 100 °C due to dissipa-
tion of water molecule adsorbed on the surface and within 
the lumen of HNT, PHNT showed a good thermal stability 
upto 350 °C without any significant weight loss. The sec-
ondary weight loss ranged from 360 to 550 °C, associated 
with de-hydroxylation of Al-OH groups and Si-O-Si groups 
of inner and outer surface of HNTs and the observed pri-
mary and secondary weight losses were 2.47% and 3.55% as 
shown in Fig. 2a. DHNT F1 sample resulted to an increased 
mass loss upto 2–5% as compared to PHNT in the tempera-
ture range of 45–90 °C, due to thermal decomposition of 
γ-MPS moieties, covalently bonded on the surface of HNTs 
[19]. Second curve was observed in the range of 400–590 °C 
corresponding to structural de-hydroxylation of Al-OH and 
Si-OH group as shown in Fig. 2b and this confirms the slight 
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doping of HNTs using γ-MPS [20]. Whereas, in DHNT F2 
and DHNT F3 sample mass loss was reduced in the range 
of 50–210 °C due to the presence of organosilanes, which 
in turn reduced the content of adsorbed water molecules 
from the surface and thereby enhanced the organophilicity 
of HNTs. The second peak was observed at the tempera-
ture of 210–380 °C with respective mass loss of 0.12% and 
0.55%, as result of fragmentation of hydrogen bonds present 
in HNTs. The third peak is in the temperature of 365–595 °C 
associated with structural de-hydroxylation of Si-OH groups 
(Fig. 2b and c). DHNT F4 sample presented first peak in 
the temperature range of 80–110 °C due to evaporation of 
adsorbed water molecules, while in second peak, weight loss 
ranged from 390 to 570 °C. Similarly, DHNT F5 sample and 
DHNT F8 sample exhibited two mass loss peaks (Fig. 2c and 
d). The first peak was observed at 251–380 °C correspond-
ing to thermal decomposition of silane moieties doped on 
the surface of HNTs. The second peak ranged from 380 to 
595 °C due to structural de-hydroxylation of Al-OH and 
Si-O-Si groups. The main observation arising from these 

samples, include a sharp increase in weight loss, which can 
be attributed to the interaction of methoxy groups of γ-MPS 
with the hydroxyl groups of HNTs. From this data, one may 
conclude that the effect of interaction reduces the efficiency 
of doping of HNTs using γ-MPS. As compared to other 
samples, TGA curves for DHNT F6 and DHNT F7 samples 
showed reduced mass loss at the temperature of 467–550 
°C depicted in Fig. 2d. The reason for reduced mass loss is 
due to condensation of silanol groups, which resulted in the 
formation of siloxane groups. Therefore, formation of silox-
ane groups on the surface of HNTs contributed to successful 
doping of silanes on the surface of HNTs [21].

X‑ray Diffraction Analysis

The X-ray diffraction patterns of pristine and doped HNTs 
are depicted in Fig. 3. PHNT revealed a sharp narrow peak 
at 2θ of 11.36° representing a basal spacing of 7.47 Å (deter-
mined by using Bragg’s law), indicating that halloysite clay 
nanotubes belong to the state of hydration (7 Å hydration). 

Fig. 1  FTIR spectra of a Pristine HNT, b DHNT F1-F3, c DHNT F4-F6, d MHNT F7 and DHNT F8
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Upon doping, the diffraction peak of DHNT F1 sample 
Fig. 3a showed a slight shift in the interlayer distance of 7.52 
Å at 11.39°, indicating slight intercalation of γ-MPS into the 
layers of HNTs. Increase in basal spacing of DHNT F2 and 
DHNT F3 samples to 7.71 and 7.75 Å at the 2θ of 11.87° 
and 12.04° shown in Fig. 3b and c suggests better doping 
of HNTs [22]. It is observed from Fig. 3d and e that the 
intensity and sharpness of diffraction peaks in both DHNT 
F4 and DHNT F5 samples were drastically decreased to 2θ 
values of 11.67° and 11.41°, equal to d-spacing of 7.62 Å 
and 7.58 Å. This could be possible as a result of existence of 
strong hydrogen bonds between the layers and thereby assist-
ing the inhibition of Al-OH groups present in the lumen 
and making them unavailable for doping of HNTs [23]. The 
diffraction pattern of DHNT F6 sample, Fig. 3f showed a 
slight broad peak at 2θ = 11.94° with a basal spacing of 
7.73 Å indicating the amorphous state of doped HNTs [24]. 

Furthermore, the XRD pattern of DHNT F7 sample depicted 
in Fig. 3g, presented a sharp peak and the basal reflection of 
this sample shifted to higher 2θ value of 12.07°, indicating 
the successful doping of HNTs using γ-MPS as silane. This 
is achievable by the influence of high speed and temperature 
generated during homogenization and thereby culturing the 
framework to materialize the intercalation within the lay-
ers of clay nanotubes [25]. The basal reflection of DHNT 
F8 sample was decreased to 7.65 Å at 11.68° as shown in 
Fig. 3h suggesting slight doping of HNTs.

Morphological Characterization of Doped HNTs

Transmission electron microscopy is a widely used analyti-
cal tool for exploring the surface morphology and topog-
raphy of clay nanotubes. Fig. 4a presents the structural 
and topographical characteristics of PHNTs. PHNTs are 

Fig. 2  TGA curves of a Pristine HNT, b DHNT F1-F2, c DHNT F3-F5, d DHNT F6-F8
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Fig. 3  X-ray diffraction patterns of a DHNT F1, b DHNT F2, c DHNT F3, d DHNT F4, e DHNT F5, f DHNT F6, g DHNT F1, h DHNT F1
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identically characterized by hollow tubular multilayered 
structure with an open-ended lumen, having an outer diam-
eter of 40–70 nm, inner diameter of 10–30 nm and the length 
of HNT nanotube ranged from 400 to 800 nm [26]. After 
silylation of γ-MPS on the surface of HNTs, the outer diam-
eter of DHNT F1 sample was slightly increased to 36.83 nm 
(Fig. 4b) and the surface texture was observed to be rough 
in nature, indicating the deposition of thin layer of silane 
moieties on the surface of HNTs. Micrograph of DHNT F2 
sample presented in Fig. 4c revealed that the formation of 
covalent bond with γ-MPS on the surface of HNT resulted 

in disentanglement of HNTs. Thus, doping of HNTs with 
γ-MPS leads to an improvisation of entanglement of HNTs 
and thereby facilitating the dispersibility of HNTs [27]. 
Similarly, DHNT F3 sample (Fig. 4d) showed that the outer 
diameter was enlarged to 60.0 nm and the inner diameter 
was slightly reduced to about 20.0 nm, which represents 
that the surface of HNT was extensively doped. From TEM 
image of DHNT F4 sample depicted in Fig. 4e, it is clearly 
observed that the nanotubes were thin walled and exhibited 
smooth morphology with irregular diameter, indicating that 
the nanotubes were of low tubular quality. Morphology of 

Fig. 4  TEM images of a Pristine HNT, b DHNT F1, c DHNT F2, d DHNT F3, e DHNT F4, f DHNT F5, g DHNT F6, h DHNT F7, i DHNT F8
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DHNT F5 sample is observed to be in the form of aggre-
gation as seen in Fig. 4f, such aggregation morphologies 
were formed under the influence of van der Waals forces 
[28]. The TEM image of DHNT F6 sample showed that the 
outer diameter in Fig. 4g was enlarged to 54.49 nm, while 
the inner diameter was reduced to 23.04 nm, signifying that 
a layer of γ-MPS was coated on the outer surface of HNT 
and also a part of lumen was stuffed with γ-MPS moieties. 
The surface morphology of DHNT F7 sample was found 
to be extensively uniform with an increased diameter and 
high tubular integrity as depicted in Fig. 4h. This is achiev-
able because of increased concentration of γ-MPS, resulting 
in formation of siloxane groups on the surface and thereby 
enhancing the hydrophobicity of HNTs and maintaining the 
integrity of nanotube [29]. From Fig. 4i, it is clearly evident 
that the outer diameter of DHNT F8 sample was decreased 
to 42.47 nm with an increased inner diameter of 35.87 nm 
signifying slight doping of HNTs.

Zeta Potential

The zeta potential of pristine and γ-MPS–doped HNTs are 
shown in Fig. 5. PHNT exhibited a negative zeta potential 
value of −33.64 mV at pH of 7.0. This negative charge is 

mainly attributed to the silica groups present on the surface 
of halloysite nanotubes. After doping, the surface potential 
of doped HNTs was notably increased. The zeta potential 
value of DHNT F1 sample was −58.15 mV, indicating the 
moderate stability of formulation. In comparison to DHNT 
F1 sample, the zeta potential values for both DHNT F2 and 
DHNT F6 sample were found to be −79.23 mV and −87.15 
mV suggesting the good stability and homogeneity of the 
formulation. Whereas, DHNT F4, DHNT F5 and DHNT F8 
samples exhibited the surface potential values of −66.2 mV, 
−60.45 mV and −73.61 mV. This reduction in zeta potential 
is mainly attributed to the scarcity of –OH groups on the 
surface of HNTs. Similarly, DHNT F3 and DHNT F7 sam-
ple showed an increased zeta potential value of −90.38 mV 
and 95.7 mV. The exhibition of higher zeta potential value 
corresponds to excellent stability and dispersibility of the 
formulation [30].

Experimental Design Analysis

One of the most noticeable trends in the arena of pharma-
ceutical sciences is to maintain the standards and to fab-
ricate high quality products, by fostering the proper bal-
ance between variables (input) and (output) responses of 

Fig. 5  Zeta potential of Pristine 
HNT, DHNT F1-F8 and Opti-
mized DHNT

Table 3  The pattern of 
experimental design and actual 
responses of γ-MPS doped 
HNTs

The  X1,  X2 and  X3 are the concentration of Ɣ-MPS, HNT and ethanol

Variables Actual responses

Run Concentration 
of  (X1)

Concentration 
of  (X2)

Concentration 
of  (X3)

Diffraction angle
(2θ)  (Y1)

Zeta potential 
(mV)  (Y2)

F1 6 25 75 11.392 −58.15
F2 12 25 75 11.873 −79.23
F3 12 25 100 12.004 −90.3
F4 6 25 100 11.677 −66.2
F5 6 50 75 11.416 −60.45
F6 12 50 75 11.944 −87.15
F7 12 50 100 12.075 −95.7
F8 6 50 100 11.682 −73.61
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the experimental design. The selection of a specific design 
intensifies the generation of an optimal collection of experi-
mental designs to examine the influence of independent fac-
tors on the selected responses. In the present study, cus-
tom design was used to develop conceptual framework for 
process optimization and thereby enabling to explore the 
design space using graphical and mathematical design [31]. 
In accordance to the custom design, several statistical indica-
tors were used to optimize the responses. Table 3 presents 
the complete pattern of experimental design along with the 
actual responses of the trial in the study.

Statistical Analysis for Diffraction Angle (2θ)

The model F-value of 114.65 implies that the model is 
significant for diffraction angle  (Y1) and there are 0.87% 
chances that a model F-value seems to be higher due to the 
noise for each case. Table 4 outlines the summary of statis-
tical analysis for  Y1 response. From the data obtained, it is 
crystal clear that the variables  X1 (concentration of γ-MPS) 
and  X3 (concentration of Ethanol) were statistically signifi-
cant for the response  Y1, as the (p < 0.05). Similarly, another 
variable  X2 (concentration of HNT) was found to be statisti-
cally non-significant for response  Y1, as (p > 0.05).

Effect of Formulation Variables on 2θ Value of Doped HNTs

The ability of γ-MPS to intercalate within the layers of 
HNTs is considered as critical parameter for optimizing the 
doping of HNTs. The 2θ value of all the doped HNTs ranged 
from 11.392 to 12.07° as shown in Table 3. 3D response 
plots for the effect of concentration of γ-MPS  (X1), con-
centration of HNT  (X2) and concentration of ethanol  (X3) 
on diffraction angle (2θ) of doped HNTs are depicted in 
Figure 6. The results of ANOVA tests presented a statistical 
significant effect on the response variable diffraction angle 
(2θ)  (Y1). The quadratic polynomial equation in terms of 
coded factors is as follows:

(1)Diffraction Angle(20) = + 9.525 + 0.156X
1
+ 0.003X

2
+ 0.0173X

3
− 0.0009X

1
X
3
− 0.0004X

1
X
2

According to the polynomial equation, the positive sign 
of regression coefficient  (X1) signifies the synergistic effect 
on the response variable  (Y1). In other words, as the concen-
tration of γ-MPS increases, the 2θ value of doped HNT also 
increased and this could be attributed to the intercalation 
of γ-MPS into the layers of HNTs, resulting in increased 
basal spacing and the peaks were observed to be slightly 
broad and shifted to a higher 2θ value. The existence of 
slight broad peaks represents amorphous nature of doped 
HNTs. The equation also signifies that by increasing the 
concentration of HNT,  (X2) exhibited a synergistic effect 
on diffraction angle (2θ) of doped HNTs. In contrast to the 
polynomial equation, the results of ANOVA test suggest that 
the impact of  X2 variable on the response variable  (Y1) was 
non-significant as the p > 0.05 and this could be due to 
reduced basal spacing, which resists the free movement of 
silane moieties into the layers of HNTs. The positive coef-
ficient of concentration of ethanol  (X3) signifies that the 2θ 
value increased significantly by increasing the concentration 
of ethanol, this is achievable due to solubilization of silane 
moiety in ethanol, resulting in increased basal spacing and 
shifted to higher 2θ value by enhancing the intercalation 
within the layers of HNTs. The statistical analysis indicates 
that  X3 variable has significant effect on  Y1 as (p < 0.05). 
The two factors’ interactions were found in the quadratic 
Equation (1), where these factors  (X1,  X2 and  X3) exhibited 
negative effect on the response variable. The co-efficient of 
all the three factors did not exhibit that prominent effect on 
the response variable as the coefficient values were least for 
all the three factors.

Statistical Analysis for Zeta Potential (mV)

The model F-value of 61.96 implies that the model is signifi-
cant for Zeta Potential  (Y2) and there are 0.10% chances that 
a model F-value seems to be higher due to the noise for each 
case. Table 5 outlines the summary of statistical analysis for 
 Y2 response. From the data obtained, it is crystal clear that 

Table 4  Summary of statistical 
analysis for diffraction angle

The  X1,X2 and  X3 are the concentration of Ɣ-MPS, HNT and ethanol

Source Sum of squares DF Mean square F-value p-value Remarks

Model 0.4704 5 0.0941 114.65 0.0087 Significant
X1 0.3737 1 0.3737 455.36 0.0022 Significant
X2 0.0037 1 0.0037 4.45 0.1693 Non-significant
X3
C. Total
R2

0.0826
0.4751

R2 (pred)

1
7
R2 (adj)

0.00826 100.68 0.0098 Significant

99.65% 94.44% 98.78%
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the variable  X1 (concentration of γ-MPS),  X2 (concentration 
of HNT) and  X3 (concentration of ethanol) were statistically 
significant for the response  Y2, as the (p < 0.05).

Effect of Sample Variables on the Zeta Potential of Doped 
HNTs

Zeta Potential is a measure of the effective electric charge on 
the surface of nanoparticles. It is an indicator for the stability 
and homogeneity of HNTs. The structural configuration and 

dispersion behavior are the key parameters that influence 
the electrical potential of HNTs. The zeta potential value 
of all the doped HNTs ranged from −58.15 mV to −78.61 
mV presented in Table 3. 3D response plots for the effect of 
concentration of γ-MPS  (X1), concentration of HNT  (X2) 
and concentration of ethanol  (X3) on zeta potential (mV) of 
doped HNTs are depicted in Fig. 6. The results of ANOVA 
analysis presented significant effect on all the three coded 
factors. The quadratic polynomial expression for different 
variables on response  (Y2) is as follows:

Fig. 6  3D surface plots highlighting the effect of independent variables on response variables (diffraction angle and zeta potential)

Table 5  Summary of statistical 
analysis for zeta potential

The  X1,  X2 and  X3 are the concentration of Ɣ-MPS, HNT and ethanol

Source Sum of squares DF Mean square F-value p-value Remarks

Model 1379.63 5 275.93 61.96 0.001 Significant
X1 1103.80 1 1103.80 274.87 0.0001 Significant
X2 66.30 1 66.30 14.89 0.0068 Significant
X3 208.39 1 208.39 46.80 0.0207 Significant
C. Total 1388.54 7
R2

 99.36%
R2 (pred)

95.74%
R2 (adj)
97.76%
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Fig. 7  a FTIR spectra of O-DHNT, b TGA curve of O-DHNT, c DSC thermogram of O-DHNT, d XRD pattern of O-DHNT
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The ANOVA results of the experimental design showed 
that the zeta potential of doped HNTs was statistically 
significant with the coded factors as (p < 0.05) and this 
achievable, due to the wrapping of silanol groups on the 
surface of HNT resulting in the formation of Si-O-Si link-
age. The highlights of 3D surface plots for the effects of 
independent variables on both diffraction angle and zeta 
potential response variables are shown in Fig. 6. The two 
factors interactions were observed in quadratic Equation 
(2) and the interaction factors  X1X3 showed positive effect 
on the response variable, but the other interaction factors 
 X1, X2 and  X2, X3 exhibited negative effect on the selected 
response variable. The co-efficient of all the three factors 
presented slight prominent effect on the response variable 
as the coefficient values were slightly higher for all the 
three factors.

Optimization of Doped HNTs

Optimization is defined as “choosing the best element 
from some set of available alternatives”. It is the process 
of applying a set of systemic strategies in order to achieve 
the best combination of product and/or process attributes 
under a given set of variables [32]. In order to analyze the 
effect of independent variables on the selected responses, 
selection of proper optimization tool and the application 
of desirability function is necessitated.

Desirability values were calculated using JMP software 
for achieving optimal doped HNTs (DHNTs) by using Cus-
tom design. The overall desirability of the optimal DHNTs 
was suggested to be prepared using 9 ml of γ-MPS  (X1), 
37.5 g of HNT  (X2) and 87.5 ml of Ethanol  (X3). To con-
firm the model efficacy, the suggested optimal DHNTs 
were prepared, evaluated and compared with the predicted 
responses obtained from the software.

(2)Zeta Potential(mV) = + 0.6275 − 4.379X
1
− 0.0490X

2
− 0.3783X

3
+ 0.0053X

1
X
3
− 0.0020X

2
X
3
− 0.0032X

2
X
3
− 0.0032X

2
X
3

Characterization of Optimized DHNTs

FTIR spectrum of optimized DHNTs is shown in Fig. 7a. 
The absorption bands at 734.2 cm−1 and 910.19 cm−1 can 
be attributed to symmetric stretching of Si-O groups and O-H 
deformation of inner hydroxyl groups. The appearance of peak 
at 1033.46 cm−1 represents the formation of Si-O-Si bonds. 
The presence of two new peaks at 1492.34 cm−1 and 2921.05 
cm−1 confirms the scissoring of C-H2 groups and symmet-
ric stretching of C-H2 groups. A sharp peak was observed at 
the frequency of 1708.62 cm−1assigned to the stretching of 
C=O group. The signals at the frequency of 3631.09 cm−1 
are attributed to O-H stretching of inner hydroxyl groups. The 
presence of these functional groups confirms the optimiza-
tion of doped HNTs. In doped-optimized sample, four mass 
loses were observed as seen in Fig. 7b. The first mass loss 
is in the range of 50–150 °C, and this mass loss is due to 
the evaporation of physically adsorbed water molecule. The 
second mass loss in the range of 150–300 °C is associated 
with thermal degradation of silane molecules present on the 
surface of HNTs. Another peak corresponding to third mass 
loss ranged from 300 to 475 °C due to the fragmentation of 
hydrogen bonds present in the lumen of HNTs. The fourth 
mass loss occurs in the temperature range of 475–550 °C, 
which is mainly associated with structural dehydroxylation 
of Si-OH and Al-OH groups. The overall weight loss of opti-
mized sample was reduced to about 0.10% as compared to the 
other samples, signifying the successful optimization of doped 
HNTs. DSC thermogram of optimized DHNTs exhibited a 
small endothermic peak at the higher glass transition tem-
perature of 160 °C (see Fig. 7c). The higher glass transition 
temperature is due to the interaction of surface silanols with 
carbonyl groups through hydrogen bonding [33]. The diffrac-
tion peak of optimized DHNTs showed an increase in basal 
spacing of 7.73Å at the 2θ value of 12.02°, indicating that a 
layer of γ-MPS was uniformly intercalated within the layers 

Fig. 8  SEM micrographs of (a) 
PHNT, (b) Optimized DHNTs
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of HNTs as depicted in Fig. 7d. Optimized DHNTs presented 
a negative zeta potential value of −79.25 mV, indicating that 
the sample has exhibited good stability and homogeneity.

Morphological Characterization of Optimized DHNTs 
by Scanning Electron Microscopy

The SEM micrograph of PHNT is shown in Fig. 8a. The 
lengths of the nanotubes were small with uneven morpholo-
gies and these nanotubes were highly aggregated appearing as 
a cotton cloud of nanotubes. Such aggregation morphologies 
were due to the formation of van der Waals forces within the 
layers of HNTs. After doping, the intensity of aggregation was 
drastically reduced as seen in Fig. 8b, the tubes were clearly 
observable with significant dimensions of the nanotubes. This 
is possible due to the effect of silanization, by making the sur-
face of HNTs highly hydrophobic in nature [34].

Optimization and Validation

Validation test was performed to confirm the reliability of pre-
dicted responses obtained from the optimal combinations of 
independent variables  (X1 = 9 ml,  X2 =37.5 g and  X3 = 87.5 
ml). The doped samples were characterized for the response 
variables  (Y1 = Diffraction angle and  Y2=Zeta potential) 
and the obtained experimental data were compared with the 

predicted responses in Table 6. To validate the experimen-
tal design, the percent error was calculated for each response 
variable. The percent error was determined by the following 
equation [35],

From the above data as seen in Table 6, it is clear that 
the values of % error for all the response variables were 
found to be less than 5%, indicating that optimization by 
custom design proves to be a reliable method to optimize 
the process variables. The overall desirability was found to 
be D = 0.998 from the desirability plot depicted in Fig. 9, 
signifying the efficiency of custom design for the studied 
responses.

Conclusion

HNTs were successfully doped with γ-MPS as a silane cou-
pling agent by using ultra-turrax homogenizer. The doped 
HNTs were subjected to thermal analysis, morphological 
characterization, FTIR analysis, XRD and Zeta potential 
analysis. On evaluating all the doped HNTs, it is observed 
that the presence of negative charge confirms the inclusion 
of γ-MPS on the surface of HNTs. The concept of custom 
design was applied to optimize the concentration of formula-
tion variables with respect to response variables such as  (Y1 = 
Diffraction angle and  Y2 = Zeta potential). The optimal values 
were obtained to measure the desirability at the concentration 
of 9 ml (γ-MPS), 37.5 g (HNT) and 87.5 ml (ethanol). The 
overall desirability was found to be D = 0.998, signifying the 
efficiency of the design for the selected responses. Therefore, 

(3)% Error =
(Actual value − Predicted value) ∗ 100

Actual Value

Table 6  Data of actual, predicted values and percentage error

Responses Predicted values Actual values % Error

Diffraction angle (2θ) 11.75° 12.02° 2.24%
Zeta potential (mV) −76.34 −79.25 3.67%

Fig. 9  Desirability plot for 
the optimization of process 
parameters
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the results of statistical analysis indicate that the application 
of custom design proves to be a promising method for the 
optimization of doped HNTs.

Future Directions

The unique and versatile properties of doped HNTs such as 
natural in origin, non-toxic, biodegradable and bio-compatible 
in nature have given an edge to doped HNTs as a nano-carrier 
in delivering drugs effectively to the brain. The nano-scale 
structure, fine particle size and large surface area of doped 
HNTs enhance the degrees of dispersion and facilitate in load-
ing Biopharmaceutical Classification of drugs (BCS Class II) 
and promote in enhancing the solubility and bioavailability 
of the drugs.
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Curcumin derivative 1, 2-bis [(3E, 5E)-3, 5-bis [(2-chlorophenyl) 
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mitochondria mediated apoptosis in ovarian cancer cells and inhibits tumor 
progression in EAC mouse model 
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A B S T R A C T   

Curcumin is known for its anticancer properties, but its clinical application is limited due to its poor bioavail-
ability and chemical stability. In this study we report the curcumin derivative, ST03 (1,2-bis[(3E,5E)-3,5-bis[(2- 
chlorophenyl)methylene]-4-oxo-1-piperidyl]ethane-1,2-dione) exhibits ~ 14 fold better bioavailability 
compared to curcumin and is detectable in plasma up to 12 h. ST03 induces ROS, activates the intrinsic apoptotic 
pathway as evident by disruption of mitochondrial membrane potential, and induction of proapoptotic proteins 
in ovarian cancer lines PA1 and A2780. ST03 also blocked the migration of ovarian cancer cells. ST03 exerted its 
antitumor effect in-vivo in the EAC mouse model by activating the intrinsic apoptotic pathway. Our findings 
demonstrate ST03, a curcumin derivative, with better bioavailability and stability with no discernable toxicity in 
vivo to be a promising drug candidate for anticancer therapies.   

Introduction 

Cancer is a deadly disease on the rise, with implications on the 
economy. Although there are few success stories in cancer treatment 
owing to early detection and improved treatment modalities, complete 
elimination of cancer is a challenge. Hence, there is a univocal urge to 
develop an effective anticancer agent/treatment. 

Compounds from natural sources such as phytochemicals have 
gained popularity for cancer treatment due to their multimodal activity 
and minimal systemic toxicity [39,54,61]. Curcumin is one such 
phytochemical studied extensively for its therapeutic activity and least 
toxicity [3]. It is a broad spectrum drug with a curative effect on diseases 
like cancer and Alzheimer’s, cystic fibrosis, arthritis, other systemic 
disorders, and infectious diseases [1,2,17,23,27,38,40,44]. Curcumin 
targets multiple cellular pathways leading to cell death in cancer cells 
[52,68]. However, due to its low potency, bioavailability, and stability, 

its clinical utility is limited [4,10,32]. To overcome this, several cur-
cumin derivatives and formulations have been developed to enhance 
bioavailability and stability [14,60]. 

Curcumin and curcumin derivatives have been shown to induce 
reactive oxygen species (ROS) in several cancer cell lines [51,34]. High 
levels of ROS have been shown to alter proteins, lipids and generate 
breaks in DNA leading to cell death [46,58]. ROS is known to regulate 
p53 and activate apoptosis [26]. In mitochondria, the complex I, com-
plex III and complex IV of ETC have been shown to be involved in 
generation of ROS [66]. The mitochondria codes for 13 proteins which 
are part of the OXPHOS complex [15]. Mutations in these genes have 
been associated with tumour progression [65]. In general, if ROS levels 
exceed a certain threshold, they will impair OXPHOS complexes and 
further stimulate ROS production. Chemotherapeutic drugs are reported 
to act via induction of ROS [63]. 

We have developed a series of 1, 2-bis [(3E, 5E)− 3, 5-dibenzylidene- 

Abbreviations: EAC, Ehrlich ascitic carcinoma; ROS, Reactive oxygen species; OXPHOS, Oxidative phosphorylation; ETC, Electron transport chain; PCNA, 
Proliferating cell nuclear antigen. 
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4-oxo-1-piperidyl] ethane-1, 2-dione derivatives derived from the 
parent compound curcumin and tested it on various cancer cell lines 
[30]. We observed these compounds (in nM range) were ~100 times 
potent than curcumin (~10 µM range). Previous studies have reported 
that these 1,2-bis[(3E,5E)− 3,5-dibenzylidene-4-oxo-1-piperidyl] 
ethane-1,2‑dione derivatives are broad-spectrum anti-cancer com-
pounds exerting anti-cancer activity in multiple cancer cell lines [12, 
50]. In the present study, we report that ST03 has better bioavailability 
and stability than curcumin. ST03 induces ROS, intrinsic apoptotic 
pathway, and inhibits migration in ovarian cancer cell lines. Further, we 
also demonstrate that the compound can reduce tumor growth in EAC 
tumor-bearing mice models without toxicity. 

Materials and methods 

In-vitro studies 

Cell lines and cultures 
PA1 (Ovarian Teratocarcinoma origin) and A2780 (Ovarian epithe-

lial origin) cell lines were purchased from NCCS (Pune, India) and ATCC 
(Manassas, VA, USA) respectively. PA1 cells were cultured in MEM 
(GIBCO, Lonza) containing 10% FBS (GIBCO, South America origin), 1X 
Antibiotic-Antimycotic (GIBCO) and 1X MEM NEA (GIBCO); A2780 cell 
lines were cultured in RPMI-1640 supplemented with 10% FBS (GIBCO, 
South America origin) and 1X Antibiotic-Antimycotic (GIBCO); all the 
cell lines were maintained at 37◦C with 5% CO2 in a humidified 
incubator. 

Chemicals and reagents 
The study used reagents and chemicals purchased from MP Bio-

medicals, USA; Antibodies from Cell signaling technology, Santa Cruz 
Biotechnology, and Biolegend, USA; JC1 was purchased from Sigma 
Chemical Co. (St. Louis, MO). ST03 was synthesized as previously 
described [30] with a purity of 97.7% (determined by HPLC). 

Immunoblotting 
ST03 treated and control cells were harvested and lysed in RIPA 

buffer supplemented with Protease Inhibitor Cocktail (Sigma). Protein 
concentration was determined by the Bradford method, and 40 µg of 
protein were resolved by SDS-PAGE followed by transfer onto PVDF 
membrane. The appropriate protein bands were cut and antibody hy-
bridization performed by standard immunoblotting procedures. The 
protein bands were detected using the enhanced chemiluminescence 
substrate (Biorad) and images acquired on the Biorad XR+ Gel doc 
system. Protein band quantification was performed using GelQuant.Net, 
BiochemLab solutions 

Cell cycle analysis 
Cell cycle analysis was performed by flow cytometry with PI stained 

cells. Both PA1 and A2780 cells were seeded onto 6 well plate at a 
density of 1 × 105 cells/well. Next day the cells were treated with ST03 
(10, 50, and 75 nM) for 48 h. Post incubation cells were harvested, 
washed in ice-cold 1X PBS and incubated in citrate buffer (0.1% triso-
dium citrate, 0.03% NP-40, 100 µg/ml RNase A) for 37 ◦C for 15 min. PI 
(4 µg/ml) was added and incubated for 5 min at RT. 10,000 events were 
acquired by flow cytometry (Gallios, Beckman Coulter) and histogram 
represented using the in- built Gallios software (version 1.2, https: 
//www.mybeckman.in/) 

JC-1 mitochondrial membrane potential (ΔΨm) assay 
The Mitochondrial staining kit (Sigma CS0390) was used to perform 

this assay. Briefly, PA1 and A2780 cells treated with ST03 for 48 h were 
harvested and resuspended in staining buffer containing JC-1 and 
incubated in the dark for 20 min at 37 ◦C with 5% CO2. Valinomycin was 
used as a positive control. Post incubation cells were resuspended in 
fresh buffer and fluorescence of the JC1 with 10,000 events was 

acquired by flow cytometry (Gallios, Beckman Coulter). 

Examination of intracellular ROS accumulation 
Intracellular ROS levels were examined by staining the cells with 

H2DCFDA (2′,7′-dichlorodihydrofluorescein diacetate) by flow cytom-
etry. Both PA1 and A2780 cells were cultured in 35 mm culture dish at a 
density of 1 × 105 cells and treated with 50 nM ST03 for different time 
points (10, 20 and 30 min). The cells were harvested post different time 
points, washed in PBS, stained with H2DCFDA for 30 min and analyzed 
by flow cytometry (Gallios, Beckman Coulter). H2O2 treated cells served 
as a positive control in this experiment. ROS production was measured 
by examining the degree of shift in the histogram by considering Median 
Fluorescence Intensity as a parameter. 

For spectrometric ROS measurement, PA1 cells and A2780 cells were 
plated at 20,000 cells/well on opaque 96 well plate. Post 24 h, the cells 
were washed in 1X PBS and incubated with H2DCFDA (10 µM) with 
different concentrations of ST03 also in combination with 20 mM N- 
acetylcysteine (NAC) in 1X PBS for 1 h. Post incubation, the fluorescence 
was measured at ex 485/em 535 using a fluorescent microplate reader. 
200 µM H2O2 was used as a positive control for this experiment. 

Real time PCR 
Total RNA was extracted from both A2780 and PA1 cells treated with 

different concentrations of ST03 using manufacturers protocol (RNAi-
soPlus, Takara). 2 µg RNA was used for cDNA synthesis (PrimeScript RT 
Reagent Kit, Takara). qPCR was performed in triplicates and assays 
performed using the StepOnePlus Real-Time PCR System (Applied Bio-
systems). The primer sequence used were ND2 F- CACA-
GAAGCTGCCATCAAGTA, ND2 R-CCGGAGAGTATATTGTTGAAGAG, 
CYTB F- TCATCGACCTCCCCACCCCATC, CYTB R-CGTCTCGAGT-
GATGTGGGCGATT, ATPase 6 F-GCCCTAGCCCACTTCTTACC, ATPase 
6R-TTAAGGCGACAGCGATTTCT. 

Cell viability assay 
100,000 cells per well of a 24 well plate was seeded with either 

A2780 or PA1 cells with ST03 and with NAC and treated for 48 h. Post 
incubation, cell number for each condition was determined and plotted 
as bar graphs. 

Transwell migration assay 
Transwell migration assay was performed using Corning Inc. 24-well 

insert with 8 µm pore size. Briefly, 1 × 105 PA1 cells treated with 
different concentrations of ST03 for 48 h were seeded onto each insert in 
serum free media. The bottom chamber was filled with complete media 
and incubated for 5 h. Post incubation, the media was removed, and the 
insert washed in 1X PBS. The cells were then fixed in 70% Ethanol. Cells 
present in the inner chamber, which are the non-migratory cells, were 
removed using cotton and were stained with 0.2% Crystal Violet and 
imaged. Quantification was performed using ImageJ software (version 
1.52a, https://imagej.nih.gov/ij/). 

In vivo experiments 

Animals 
Mice were maintained and experiments conducted as per the rules 

and guidelines of the Institutional Animal Ethical Committee of IBAB 
and following Indian national law on animal care and use. The animal 
experiments conducted for this project were approved by the Institu-
tional Ethical Committee of IBAB, Bangalore, India (Ref. IAEC/IBAB/ 
03/10–7–2018) and also follow the ARRIVE guidelines. Female Swiss 
albino mice at 6–8 weeks old, with an average weight of 19–22 g, were 
purchased from Liveon Biolabs Pvt. Ltd., Bangalore, India, and quar-
antined for 2 weeks the experimental room conditions for acclimatiza-
tion. Animals were maintained in a room with controlled humidity, 
temperature (23±3 ◦C), and light cycles (12 h dark/ 12 h light). They 
were housed in ventilated polypropylene cages and provided a standard 
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pellet diet (Liveon Biolabs Pvt. Ltd.) and water ad libitum. The standard 
pellet diet composed of 21% protein, 5% lipids, 4% crude fiber, 8% ash, 
1% calcium, 0.6% phosphorus, 3.4% glucose, 2% vitamin, and 55% 
nitrogen-free extract (carbohydrates). 

Passaging and preparation of Ehrlich ascites carcinoma (EAC) cells for 
tumor induction on the thigh 

Passage EAC cells were maintained in animals by injecting a fixed 
amount of cells taken from donor mice to the intraperitoneal cavity of 
recipient mice. Every 7th day, this procedure was repeated for main-
taining EAC cells in vivo. On the 7th day, cells were withdrawn from the 
intraperitoneal cavity, diluted in 1X PBS, counted, and re-injected 1 ×
106 cells subcutaneously for developing solid tumor. 

Evaluation of the antitumor activity of ST03 in mice models 
The tumor measurements were done on the 7th day of tumor in-

duction using Vernier calliper and were segregated into different groups 
where the average tumor size was maintained constant. Two groups of 
animals were considered per batch, and every group received 5 animals 
each. The experiment was repeated three times, and a total of n = 15 
animals per group was used in the study. Group I animals served as 
tumor control without any treatment; group II animals received ST03 10 
mg/kg b.wt (bodyweight) as an intraperitoneal injection, every alter-
native day throughout the study. The dose was selected based on the 
preliminary studies. The animal weight was recorded, and tumor size 
was measured every alternative day using a Vernier calliper. The volume 
was calculated by the formula: V= (ab2)/2, in which "a" and "b" are 
major and minor diameters respectively. At the end of the experiment 
period, animals were sacrificed, organs, including the tumor, collected 
for histological staining and protein extraction. 

Chemo preventive effect of ST03 
The preventive chemo effect of ST03 was examined by taking two 

different groups (n = 5/group). Group 1 received 15 doses of pre- 
treatment with ST03 (alternate days) before tumor injection and 
continued with 15 more doses of post tumor injection. Group 2 was 
considered as tumor controls and did not receive ST03 treatment. The 
tumor volume was measured from the 7th day of tumor injection. The 
experiment was repeated two independent times, and the tumor vol-
umes, body weight, and other physiological parameters were measured 
and compared with control animals. 

Histological evaluation of tumor and organs 

Hematoxylin and Eosin staining 
The fixed tissues were processed as per the standard protocols [69], 

and paraffin blocks were prepared. 10 µm sections were taken using a 
rotary microtome (Leica Biosystems, Wetzlar, Germany) and stained 
with Hematoxylin and Eosin as per standard protocols [24]. Stained 
sections were observed under a microscope and images captured. 

Immunohistochemistry and immunoblotting 
IHC analysis of the formalin-fixed treated tumor and control tumor 

were performed as per standard protocols [25]. Briefly, 5 µm sections 
were taken using the rotary microtome (Leica Biosystems, Germany). 
The slides were deparaffinized, rehydrated, and treated with 3% H2O2 in 
1X PBS. Antigen retrieval was carried out by boiling the slides in 10 mM 
sodium citrate buffer, pH 6. The sections were incubated with blocking 
reagent (5% goat serum (Sigma)/ 1% BSA) for 30 mins, followed by 
mouse anti-PCNA antibody (1:100) for 1 h RT or O/N at 4 ◦C, 1 h in 
biotinylated Anti-mouse IgG (1:200), and 15–20 min in 
Streptavidin-HRP (1:1000) for the signal amplification. The color was 
developed using DAB- H2O2. The slides were then mounted with DPX, 
and images captured using a light microscope. For immunoblotting 
studies, the tumor tissue was crushed in liquid nitrogen and proteins 
extracted in RIPA buffer. Protein concentration was estimated by the 

Bradford method, and 40 µg protein was used for SDS-PAGE. 

Evaluation of ST03 toxicity in experimental animals 
The toxicity induced by ST03 compound was analyzed during the 

treatment period by measuring and comparing the body weight of 
treated animals with the tumor controls and were plotted with error 
bars. At the end of the study, blood samples were collected to study the 
treatment effect on physiological functions. Blood samples were 
collected in heparinized tubes for RBC, WBC cell count. Also, blood 
without heparin was collected, and serum was separated for liver and 
kidney function tests such as Alanine aminotransferase (ALT), Aspartate 
aminotransferase (AST), and urease test using AUTOSPAN Liquid Gold 
ALT, AST, Urease kit. 

ST03 bioavailability studies 

Chromatographic conditions 
The analytes’ separation and retention were performed on a Shiseido 

cap cell pack C18 column (S-5, 4.6 mm × 250 mm). 2% Acetic acid in 
HPLC grade water (A) and HPLC grade Acetonitrile (B) (40:60, v/v) was 
used as a mobile phase for ST03 and only acentonitrile was used for 
curcumin. The flow rate was 1 mL/min, the detection wavelength was 
312 nm for ST03 and 369 nm for curcumin, column temperature was 
room temperature, and 20 μL of samples were injected. The mobile 
phase was filtered through a 0.45 μm membrane filter and degassed 
before use. 

Sample preparation 
Swiss albino mice were divided into four groups (n = 2). Each group 

was administered ST03 orally, ST03 intraperitoneally, curcumin orally 
or curcumin intraperitoneally. The mice in each group was administered 
a single dose of ST03 at 10 mg/Kg b.wt or curcumin at 20 mg/Kg b.wt 
and blood collected at different time points (5, 10 and 15 min and 1, 3, 6, 
12 and 24 h). Plasma samples were collected by centrifuging at 1500 
rpm for 15 min. Extraction of analyte from plasma was done using 
protein precipitation procedure, an equal volume of acetonitrile was 
added to the plasma, and vortexed for 2 min, followed by centrifugation 
at 14,000 rpm 5 min and the upper organic layer was collected and used 
for the analysis. 

HPLC analysis 
To evaluate linearity, mice plasma calibration curve was prepared 

with a gradient of ST03 (97.7% purity) (1, 10, 50 and 100 µM) and 
curcumin solution (1, 5, 10, 50 and 100 µM, in mobile phase). Selectivity 
was assessed by comparing the chromatograms of blank plasma and 
plasma spiked with known concentrations of ST03. LOQ and LOD for 
both ST03 and curcumin were calculated using linear regression 
method. Statistical analysis: For each experiment, the ANOVA test was 
carried out based on the number of groups using the Graph pad prism7 
tool, and the treatment results were compared with the control sample 
to find out the statistical significance. P values less than 0.05 were 
considered significant, and the bar graphs are represented as Mean 
+SEM. 

Results 

ST03 induced cell death without affecting the cell cycle 

Cell cycle analysis was performed using ovarian cancer cell lines, 
PA1 (teratocarcinoma), and A2780 (epithelial) treated with different 
concentrations of ST03 (10, 50, and 75 nM) for 48 h and subjected to 
flow cytometry after staining with Propidium Iodide. The results showed 
an accumulation of cells at the Sub G0/G1 stage after 48 h of treatment 
(Fig. 1). At 50 nM concentration, ~ 70% of PA1 cells accumulated at the 
sub G0/G1 stage (Fig. 1A), whereas ~ 60% in A2780 cells (Fig. 1B). 
However, there was no notable cell cycle arrest observed at 48 h of ST03 
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Fig. 1. Effect of ST03 on cell cycle distribution in ovarian cancer cell lines: Cell cycle distribution of PA1 and A2780 cells treated with different concentrations of 
ST03 (10, 50, and 75 nM) for 48 h were analyzed by flow cytometer. The horizontal lines in the graph denotes cell populations in each phase of the cell cycle (G-D 
denotes cells in G2/M phase, D and E in S phase, E-F in G0/G1 phase and after F in sub G0/G1 phase). Bar diagram shows percentage of cells distributed in each phase 
of cell cycle. Each experiment was repeated for a minimum of 3 times and plotted as bar graphs with error bars. The p value was calculated between control and ST03 
treated groups, where, *: p value < 0.05, **: p value <0.005, ***: p value < 0.0001, ****: p value < 0.00001. 
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treatment in both the cell lines. 

ST03 alters mitochondrial membrane potential (∆ψm) and induces 
intrinsic pathway of apoptosis 

The mechanism of ST03 induced cytotoxicity was studied by treating 
ovarian cancer cell lines PA1 and A2780 with increasing concentrations 
of drug for 48 h and stained with JC1. JC1, a cationic dye, accumulates 

in the mitochondria, forming aggregates, exhibiting red fluorescence in 
healthy cells. In apoptotic cells, the mitochondrial membrane is leaky, 
JC1 cannot form aggregates and exhibits green fluorescence [49,55]. 
The flow cytometry analysis (Fig. 2A,B) showed an increase in the green 
population upon ST03 treatment in both the cell lines, indicating 
mitochondrial damage. No damage to mitochondria was observed in 
vehicle control. 

Loss of mitochondrial membrane potential is a distinctive feature of 

Fig. 2. Examination of mitochondrial depolarization and expression of mitochondria related proteins in ovarian cancer cell lines upon ST03 treatment: 2 A, B depicts 
the effect of ST03 treatment on mitochondrial membrane potential examined by JC1 staining in PA1 cells (a) and A2780 (b). Spectral shift from red to green as a 
result of ST03 treatment (10, 50, and 75 nM) is shown in dot plots and the percentage was plotted as bar graph. Valinomycin was used as positive control. Median 
fluorescent intensity (MFI) was plotted as bar graph. C represents the mitochondrial protein expressions upon ST03 in PA1 cells and D represents the mitochondrial 
protein expressions upon ST03 in A2780. Each experiment was repeated for a minimum of 3 times and the p value was calculated between control and ST03 treated 
groups, where, *: p value < 0.05, **: p value <0.005, ***: p value < 0.0001, ****: p value < 0.00001. 
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apoptosis. The expression of outer mitochondrial membrane proteins 
Bcl2 (antiapoptotic), and Bax (proapoptotic) was assessed using western 
blotting. In both cell lines, a significant decrease in Bcl2 expression and 
an increase in Bax expression was observed upon treatment with 40 nM 
ST03 (Fig. 2C, D). Cytochrome C release from inner mitochondrial 

membrane space initiates the process of apoptosis [20] . An increase in 
Cytochrome C was observed with increasing concentrations of ST03 
treatment in both PA1 and A2780 cells (Fig. 2C, D). Proapoptotic p53 
also showed upregulation upon ST03 treatment. In our previous study, 
we reported a caspase-mediated intrinsic apoptotic pathway in ovarian 

Fig. 3. ROS induction upon ST03 treatment in ovarian cancer cell lines, its suppression by NAC and its effect on OXPHOS genes: 3 A,B represents the ROS assay 
histograms. PA1 and A2780 cells treated with ST03 for different time points were stained with H2DCFDA and subjected to flow cytometry analysis. A shift in the 
histogram when compared to control histogram (dotted lines) shows presence of ROS due to ST03 treatment. Median fluorescent intensity (MFI) was plotted as bar 
graph. C Graph represents the ST03-induced ROS in A2780 and PA1 cells. Graph was plotted against the fluorescence intensity measured by H2DCFDA staining. 20 
mM N-acetyl cysteine (NAC) was used as ROS scavenger. Treatment with H2O2 served as the positive control.. D represents the cell proliferation upon 20 nM ST03 
and with 20 mM NAC for 48 h. E Represents transcript levels of mitochondrial oxidative phosphorylation genes upon treatment with ST03 after 48 h of treatment. 
Each experiment was repeated for a minimum of 3 times and the p value was calculated between control and ST03 treated groups, where, *: p value < 0.05,. # 
represents significancy between the ST03 treated and ST03 with NAC where p value < 0.0001. 
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cancer cell line treated with ST03 [30] . Together, these findings confirm 
that ST03 activates a mitochondrial-mediated intrinsic apoptotic 
pathway in ovarian cancer cell lines. 

ST03 treatment leads to peak ROS levels within 1 h and reduces 
mitochondrial OXPHOS gene expression in 48 h 

One of the mechanisms by which drugs induce mitochondrial dam-
age is the generation of ROS [64]. To investigate the effect of ST03 on 
ROS production in the ovarian cancer cell lines, we utilized the fluoro-
genic dye H2DCFDA (2′,7′–dichlorofluorescein diacetate). The cells were 
treated with ST03 for 10, 20, and 30 min, stained with H2DCFDA, and 
the fluorescence detected via flow cytometry. Compared to vehicle 
control, the shift in the fluorescence histogram (measured by Median 
Fluorescence Intensity) was considered a measure of intracellular ROS. 
In PA1 cells, at 50 nM, ST03 treatment-induced ROS production within 
10 min and gradually increased with time (Fig. 3A). Whereas, A2780 
showed a shift in the histogram at 30 min with 75 nM ST03 concen-
tration (Fig. 3B). Cells treated with H2O2 were used as the positive 
control. These results indicate that ST03 treatment triggers ROS pro-
duction stimulating oxidative stress as an initial response, which then 
initiates the cascades of cell death programs in these ovarian cancer cell 
lines. Further to establish ST03 induced mitochondrial ROS is an early 
event initiating the change in mitochondrial membrane permeability 
and subsequent changes in the mitochondrial OXPHOS transcription, 
both PA1 and A2780 cells were treated with 20 nM and 40 nM for 
various time points 15 and 30 min, and 1, 2, 24 and 48 h. Both cell lines 
attained peak ROS levels after 1 h of 20 mM ST03 treatment. Further, 
addition of 20 mM NAC, a ROS scavenger blocked ST03 induced in-
crease in ROS (Fig. 3C) in both cell lines. In accordance with diminished 
levels of ROS, decrease in cell death was evident after 24 h treatment in 
presence of NAC (Fig. 3D). This indicated that ST03 induced ROS 

production is an early event driving the changes in mitochondrial 
membrane and regulating cell death. After 48 h of treatment, a decrease 
in the transcription of mitochondrially encoded OXPHOS genes (ND2 
from complex I, CYB from Complex III and Atpase6 from Complex V of 
the ETC) was observed in both cell lines (Fig. 3E) indicating that ST03 
alters ROS production by directly interfering with mitochondrial 
OXPHOS gene transcription. ST03 showed ROS induction, followed by 
mitochondrial damage and cell death by a mitochondrial pathway in 
vitro in both ovarian cancer cell lines. 

ST03 inhibits the migration of ovarian cancer cells by altering MMP1 

Transwell migration assay examined the migratory capacity of the 
ovarian cancer cell line PA1 treated with ST03. A dose-dependent 
decrease was observed in the migratory pattern of PA1 cells at 40 nM 
ST03 treatment showing a 60% reduction in migration (Figs. 4A, 5B). 
Since migration involves extracellular matrix degradation, we evaluated 
the expression of MMP1, a crucial protease involved in this process, and 
observed a significant decrease in its expression at 40 nM (Fig. 4C, 4D). 

ST03 treatment reduced tumor growth in mice 

To test the impact of ST03 in-vivo, mouse syngeneic breast adeno-
carcinoma model was used. To begin we tested the effect of drug on 
human breast cancer cell lines hormone negative (MDA-MB-231, and 
MDA-MB-468) and positive cells (MCF7). ST03 induced cytotoxicity in 
all the breast cancer cell lines at IC50 ranging from 166 to 301 nM 
(Supplementary Fig. 1). The hormone positive MCF7 had the least IC50. 
EAC is a spontaneous breast cancer mice model and is widely used for 
testing anti-cancer drugs. 

EAC induced Swiss albino mice model was used for studying the in 
vivo activity of ST03. Based on pilot studies, we found that 10 mg/kg b. 

Fig. 4. Effect of ST03 on migration and expression of MMP1 in PA1 cells. A: represents the migration of PA1 cells upon ST03 treatment performed by transwell 
migration assay. The scale bar represents 150 µm. B: represents the migration quantification C: represents the protein expression of MMP1 in PA1 cells upon ST03 
treatment where the membrane corresponding to the protein band were cut and hybridized with the antibody D: represents the MMP1 protein quantification. Each 
experiment was performed minimum 3 times and P value < 0.05 is represented as significant. 

J. Koroth et al.                                                                                                                                                                                                                                  



Translational Oncology 15 (2022) 101280

8

(caption on next page) 

J. Koroth et al.                                                                                                                                                                                                                                  



Translational Oncology 15 (2022) 101280

9

wt. exhibited tumor growth reduction without noticeable side effects 
(data not shown). After the 7th day of the inoculation of EAC cells, mice 
bearing tumors were treated with ST03 every alternate day throughout 
the experiment (25 days). The results showed a significant reduction in 
tumor growth in ST03 treated mice compared to untreated control mice 
bearing tumor (Fig. 5A, 5B). The tumor tissue’s gross appearance after 
the 25 days of treatment showed a significant difference in tumor size 
(Fig. 5A) compared to the control tumor. The chemopreventive effect of 
ST03 was also studied by pre-treating animals with 15 alternate doses of 
ST03 (10 mg/kg b. wt.), no treatment was given during tumor inocu-
lation followed with post-treatment as described above after tumor in-
duction. The results showed a significant reduction in tumor growth in 
pre-treated animals when compared to controls (Fig. 5A, 5B). 

Similarly, tumor growth suppression was significant in pre-treated 
animals than in post-treated animals. Enlargement of spleen is associ-
ated with tumor growth. One of the indications of a reduction in tumor 
size is the restoration of the spleen to its standard size. ST03 induced 
reduction in tumor growth was associated with a reduction in spleen size 
compared to the enlarged spleen in untreated animals. These results 
show that ST03 can act both as a chemo preventive and chemothera-
peutic agent in anticancer therapy. 

ST03 treatment reduces tumor growth by activating apoptotic pathway 

Western blot and immunohistochemistry analysis were carried out to 
understand the cell death mechanism in vivo. A significant reduction of 
tumor cells in the ST03 treated samples compared to control tissue was 
observed using Hematoxylin and eosin staining (Fig. 5F). Also, a high 
level of PCNA staining was observed in the control tumor vs. treated, 
confirming the observation of a reduction in proliferating cells in treated 
tissue (Fig. 5F (A)(B)). 

Further, western blotting of the extracts from the treated tumor 
showed significant up-regulation of proapoptotic proteins (Fig. 5G). 
Proteins such as Bax, p53, Apaf-1, caspase 9, cleaved PARP, cleaved 
caspase 3, and cytochrome C were upregulated. Unlike in in-vitro ex-
periments, where antiapoptotic protein Bcl2 was down-regulated, there 
was an up-regulation observed in vivo. These results suggest that tumor 
reduction by ST03 was brought about by tilting the balance between 
proapoptotic vs. antiapoptotic signals and activation of mitochondrial- 
mediated cell death pathway. 

Toxicity studies on ST03 treated mice 

The toxicity induced by ST03 treatment was examined by recording 
the body weight throughout the experiment time frame. There was no 
notable weight reduction observed in pre- and post-treatment animals 
(Fig. 5C). We performed hematological, liver, kidney functional assays 
to study the side effects of ST03. Interestingly, an increase in the number 
of WBCs in the ST03 treated groups compared to the control group was 
observed (Fig. 5E), which might correlate with the immune activation 
property of the ST03 compound. No significant change was observed in 
the number of RBCs (Fig. 5E). No significant change in ALT, AST, and 
urea levels were observed (Fig. 5D), suggesting no apparent liver or 
kidney toxicity. H&E of tumor tissues from the control group demon-
strated a large number of highly stained and densely packed nuclei 

(Fig. 5F (a)), indicative of proliferating cells compared to the treated 
group (Fig. 5F (e)). Also, in the tumor tissues of treated group cells with 
fragmented nuclei were observed, indicating apoptosis. To test for any 
histopathological changes upon treatment with ST03, sections of the 
kidney (Fig. 5F (b, f)), liver (Fig. 5F (c, g)), and spleen (Fig. 5F (d, h)) 
tissues were taken and H&E staining was performed. The liver sections 
of ST03 treated group showed normal architecture of hepatocytes and 
kidney of the ST03 treated group showed normal glomeruli structure. 
Overall, the sections did not show any significant cellular morphology 
and integrity changes on treatment with ST03, which indicates no 
pathological changes. Hence our study shows that ST03 did not exert 
any major systemic changes. 

ST03 showed better bioavailability than curcumin 

Bioavailability of the ST03 and curcumin was performed using the 
plasma of a single dose 10 mg/kg body weight ST03 and 20 mg/kg body 
weight curcumin treated female Swiss albino mice. Two different modes 
of drug administration were used. The drug was administered orally and 
intraperitoneally. The plasma collected at different time points (5, 10 
and 15 min and 1, 3, 6, 12 and 24 h) was analyzed using the Shimadzu 
LC-20A system equipped with the UV–visible spectrometry detector 
SPD-M20A photodiode array. The lowest amount of ST03 detectable was 
1.65 µM and limit of quantitation was 5 µM. The maximum concentra-
tion of ST03 when administered orally was 55.2 µM at 2 h (Fig. 6A). In 
contrast the maximum concentration ST03 was 98.4 µM at 8 h intra-
peritoneally (Fig. 6C). The drug t1/2 for oral was 3 h. Curcumin on the 
other hand, was 13.7 µM at 15 min and intraperitoneally was 2.7 µM at 
3 h (Fig. 6B. 6D). Curcumin was bioavailable for longer duration when 
given intraperitoneally. 

Discussion 

Cancer is the second most deadly disease and a major public health 
concern worldwide [53]. One of the biggest challenges is to develop an 
anticancer drug with low toxicity and side effects. Curcumin has widely 
attracted scientific attention from its discovery by Vogel and Pelletier 
[59] as a novel anticancer agent due to its multifunctional characteris-
tics such as anti-oxidant, anti-inflammatory, and antitumor properties 
[41]. Curcumin has shown anticancer properties on various cancer types 
such as colorectal cancer, pancreatic cancer, lung cancer, breast cancer, 
head and neck cancer, prostate cancer, and brain cancer [5]. However, 
there has been limited clinical use of curcumin due to its low stability 
and bioavailability in the in vivo system [48]. Several modifications of 
curcumin have been made to enhance its potency and stability. The 
presence of α, β unsaturated ketones, is responsible for the multitargeted 
effect of curcumin, and is also responsible for its low stability [13,22]. 
Modifications of curcumin, which have hydrogen bond acceptors such as 
oxygen, nitrogen, chlorine atoms, have shown enhanced potency and 
ability to revert multi-drug resistance (MDR) [12,33]. Previous reports 
have shown that the curcumin derivative 1,2-bis[(3E,5E)− 3,5-diben-
zylidene-4-oxo-1-piperidyl]ethane-1,2-dione induce cytotoxicity in 
multiple cancer cell lines in vitro with greater potency than the parent 
compound curcumin [50]. Here the presence of oxygen atoms, amidic 
groups, and aryl rings present in its structure improved its potency. The 

Fig. 5. Evaluation of effect of ST03 on in vivo tumor growth: EAC cells (1 × 106 cells/ animal) were injected to induce solid tumors. After the 7th day of injection, i.p 
injection with ST03 (10 mg/ kg b.wt) was started every alternate day throughout the experiment period. For pre-treatment experiment, animals were pre-treated with 
15 doses of ST03 (10 mg/ kg b.wt) and then tumor was induced. A The gross appearance of a. control, b. ST03 post treatment, c. ST03 pre-treatment, d. normal mice 
e. control tumor, f. ST03 post treatment tumor, g. ST03 pre-treatment tumor, h. normal thigh, i. Control spleen, j. ST03 post treatment spleen, k. ST03 pre-treatment 
spleen, l. normal spleen. B represents tumor volume after ST03 pre and post treatments C represents body weight of animals at the end of the study D Represents 
Blood ALT, AST, Urease test results plotted as bar graph. Blood was collected at the end of the study E Represents RBC and WBC counts of experimental animals 
plotted as bar graph F Represents Histopathological analysis of tumor and organs after ST03 treatment. At the end of the study, tumor tissue and organs were 
collected and used for histological analysis. Representative images of H&E stained sections of a. control tumor, e. ST03 post-treatment tumor b. control kidney, f. 
post-treatment kidney, c. control liver, g. ST03 post-treatment liver d. control spleen, h. ST03 post-treatment spleen, A. PCNA stained paraffin sections of control 
tumor, B. ST03 post-treatment tumor. G Western blot analysis of tumor tissues of untreated control and ST03 post-treatment animals. Scale bar represents 30 µm. 
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addition of four chlorine atoms to the structure improvised the potency 
of ST03 compound (1,2-bis[(3E,5E)− 3,5-bis[(2-chlorophenyl)methyl-
ene]− 4-oxo-1-piperidyl]ethane-1,2‑dione) [30], which is 5–6 fold bet-
ter than the 1,2-bis[(3E,5E)− 3,5-dibenzylidene-4-oxo-1-piperidyl] 
ethane-1,2‑dione reported and ~100 fold better than the parent com-
pound curcumin. 

In the current study, we elucidated the cell death mechanisms 
induced by ST03 in ovarian cancer cell lines PA1 and A2780 in vitro and 
its anticancer activity in vivo in EAC tumor-bearing mice models. Our 
previous study has documented that ST03 selectively induces toxicity in 
cancer cells compared to normal cells [30]. Interestingly, ST03 showed 
better cytotoxicity on PA-1 cells, an undifferentiated teratocarcinoma 
with stem cell-like property than on epithelial cell A2780. A similar 
effect of curcumin has been observed in the context of breast cancer cell 
line where curcumin showed a better effect on mesenchymal 
MDA-MB-231 than epithelial MCF7 [28]. ST03 exhibited 100 fold better 
cytotoxicity on both ovarian cancer cells as compared to curcumin. Also, 
ST03 blocked the migration of PA1 cells, accompanied by the down-
regulation of MMP1, a crucial protease involved in ECM degradation 
[29]. Curcumin regulates ECM degradation in several cancer cell lines 
by modulating MMP activity [11,45]. One of the major challenges in 
controlling cancer is metastasis. Therefore, drugs which can modulate 
MMP activity can be used to target metastasis. In this regard, curcumin 
derivatives have been designed using QSAR methods to target MMP 
activity [31]. ST03 seems to be a promising candidate exhibiting its 
inhibitory on migration and invasion via downregulation of MMP1 in 
the ovarian cancer cell line. 

There are several pathways by which drugs can induce cell death. 
ST03 induced cell death via the intrinsic pathway of apoptosis in both 
ovarian cancer cell lines as evidenced by depolarization of mitochon-
drial membrane potential and upregulation of pro-apoptotic proteins 
like Bax, cytochrome-c, and downregulation of antiapoptotic protein 
like Bcl2. Curcumin is known to induce apoptosis in tumor cells by 
disrupting the mitochondrial membrane potential and activating a 
cascade of caspase pathways [47,57]. In A2780 curcumin induced cell 
death by activating caspases [67]. ST03 induced alteration in the ratio of 
BCL2-Bax was observed in both cell lines after treatment. It is known 
that Bax oligomerizes with Bak, creates pores on the mitochondrial 
membrane, leading to leakage of proteins such as cytochrome C [9]. 
ST03 treatment led to change in the antiapoptotic/ apoptotic ratio and 
change in MMP leading to cell death. 

ST03 induced ROS production, similar to its parent curcumin [6,7, 
56], Mitochondria is the main source for ROS production in the cell. 
Many chemotherapeutic drugs alter ROS production to induce cell death 
[63]. ST03 induced ROS production in both ovarian cancer cell lines 
PA-1 (40 nM, 10 mins) and A2780 (75 nM, 30 mins). Interestingly, at 20 
nM both cell lines attained peak ROS after1 h of treatment. It is known 
that ROS levels change over time and a critical level would decide cell 
death vs cell survival [62]. N-acetyl cysteine (NAC), a ROS scavenger 
abrogated cell death induced by ROS further emphasizing the role of 
ST03 induced mitochondrial ROS in cell death. Elevated cellular ROS 
production can be attributed to mitochondrial ETC or inhibition of the 
cellular antioxidant system. The ROS production happens during 
oxidative phosphorylation in mitochondria. ST03 induced changes in 

Fig. 6. Pharmacokinetic profile of ST03 compared to curcumin. Plasma concentration-time profiles of oral and intraperitoneal administration of ST03 and curcumin 
was determined by HPLC-UV. ST03 (10 mg/kg bodyweight) and curcumin (20 mg/kg bodyweight) was administered both orally and intraperitoneally into Swiss 
albino mice. Plasma concentrations are represented in each graph along Cmax and Tmax of the drug. A, B represents plasma concentrations of ST03 on oral and IP 
administration respectively. C, D represents plasma concentrations of curcumin on oral and IP administration respectively. Each point represents the mean con-
centration (n = 2). 
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mitochondrially encoded OXPHOS genes (ATPASE6, ND2 and CYTB) to 
alter ROS production. Also, metformin, tamoxifen, α-tocopheryl succi-
nate (α-TOS), and 3-bromopyruvate (3BP) have been shown to inhibit 
ETC disrupting the function of respiratory complexes and inducing high 
levels of ROS leading to cancer cell death [21]. ST03 induced cell death 
by targeting mitochondria; destabilizing membrane and altering genes 
involved in oxidative phosphorylation. 

Based on the exciting in vitro results, in vivo activity of ST03 on EAC 
induced tumor-bearing mice models was conducted. The mouse breast 
adenocarcinoma cell line, EAC (Ehrlich ascitic carcinoma), has been 
established for testing anticancer compounds in vivo [37]. EAC grows in 
all strains of mice models aggressively, which induces local inflamma-
tory responses and creates favorable conditions for tumor growth. ST03 
dosages of 10 mg/kg (15 doses) were sufficient to inhibit tumor growth 
in the tumor allograft tested without adverse systemic toxicity. Whereas 
curcumin is reported to exhibit its antitumor activity in vivo at 800 
mg/kg of body weight and with encapsulated dendrosome, the effective 
dosage is reduced to 40 mg/kg of body weight [19]. In xenograft models, 
curcumin has been reported to be effective at a twice-daily dosage of 50 
mg/kg b.wt in nude mice [18,35]. ST03 also led to no apparent organ 
toxicity as the ALT, AST, and urea levels were near normal. Also, he-
matological parameters such as RBC and WBC count were close to 
normal, indicating no systemic toxicity by ST03. It is important to note 
that chemotherapeutic drugs have side effects such as anemia and 
myelosuppression [36]. Interestingly an increase in WBC was observed 
after ST03 treatment, as observed in immunomodulators like levamisole 
[8,43]. Immunomodulation by ST03 is under investigation. 

The effectiveness of ST03 observed in mouse models of tumour can 
be attributed to its enhanced bioavailability compared to its parent 
compound curcumin. The bioavailability of ST03 was ~14 folds more 
than curcumin orally. The cmax was at 2 h for oral vs 8 h intraperitoneal 
for ST03 indicating delayed release on i.p. The route of drug adminis-
tration had an impact on bioavailability in terms of release time and 
concentration of ST03 and the same was observed for curcumin r. The 
presence of ST03 in plasma until >12 h both oral and intraperitoneal 
treatment indicates its enhanced stability compared to curcumin. 
Further studies will establish the ST03 bioavailability based on various 
formulations which might increase the stability and bioavailability of 
the drug. ST03 was completely soluble in 0.6 N HCl. Further, modifi-
cations in the drug administration process and methods are being 
developed to test if the drug’s bioavailability can be further increased. 

Additionally, ST03 induced minimal organ toxicity and side effects, 
which might be due to the lower dosage. H & E and PCNA staining 
showed densely stained and packed nuclei in the untreated control tissue 
section compared to the treated tissue section indicating the elimination 
of proliferating cells by ST03. Interestingly, intrinsic apoptotic pathway 
markers like Apaf-1, Bax, and cleaved caspase 3, cleaved PARP, were 
upregulated in treated tumor samples compared to untreated control 
tumor tissue. 

Curcumin is also known for its chemo preventive activity on multiple 
cancer conditions [16,42]. Similar to that, chemo preventive effect of 
ST03 was evident as it slowed down the proliferation of injected tumor 
cells. Pre and post-treatment with ST03 yielded better results than 
post-treatment alone. The delay in tumor cell proliferation observed in 
pretreated animals could be due to elevated levels of lymphocytes 
induced by ST03, which is under investigation. Thus, the effectiveness of 
ST03 at lower doses both in vitro and in vivo, makes it a better 
chemotherapeutic target than the parent compound. Also, lower con-
centrations of drugs might help in reducing off-target effects. 

Conclusion 

1,2-bis[(3E,5E)− 3,5-bis[(2-chlorophenyl)methylene]− 4-oxo-1- 
piperidyl]ethane-1,2-dione (ST03 regulates ROS production by altering 
mitochondrial membrane proteins and oxidative phosphorylation and 
induces cell. Owing to its bioavailability and stability than its parent 

compound curcumin, low doses of ST03 is effective against tumour 
growth with no apparent systemic toxicity. 
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Abstract
Background Cancer is an ongoing worldwide health problem. Although chemotherapy remains the mainstay therapy for 
cancer, it is not always effective and has detrimental side effects. Here, we present piperidone compounds P3, P4, and P5 
that selectively target cancer cells via protein- and stress-mediated mechanisms.
Methods We assessed typical apoptotic markers including phosphatidylserine externalization, caspase-3 activation, and 
DNA fragmentation through flow cytometry. Then, specific markers of the intrinsic pathway of apoptosis including the 
depolarization of the mitochondria and the generation of reactive oxygen species (ROS) were investigated. Finally, we 
utilized western blot techniques, RT-qPCR, and observed the cell cycle profile after compound treatment to evaluate the 
possible behavior of these compounds as proteasome inhibitors. For statistical analyses, we employed the one-way ANOVA 
followed by Bonferroni post hoc test.
Results P3, P4, and P5 induce cytotoxic effects towards tumorigenic cells, as opposed to non-cancerous cells, at the low 
micromolar range. Compound treatment leads to the activation of the intrinsic pathway of apoptosis. The accumulation of 
poly-ubiquitinated proteins and the pro-apoptotic protein Noxa, both typically observed after proteasome inhibition, occurs 
after P3, P4, and P5 treatment. The stress-related genes PMAIP1, ATF3, CHAC1, MYC, and HMOX-1 were differentially 
regulated to contribute to the cytotoxic activity of P3–P5. Finally, compound P5 causes cell cycle arrest at the  G2/M phase.
Conclusion Taken together, compounds P3, P4, and P5 exhibit strong potential as anticancer drug candidates as shown 
by strong cytotoxic potential, activation of the intrinsic pathway of apoptosis, and show typical proteasome inhibitor 
characteristics.

Keywords Leukemia · Anticancer · Apoptosis · Proteasome inhibitor · Piperidone · Cancer
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Introduction

Cancer is the second leading cause of death worldwide and 
in the United States (U.S.) [1, 2]. In the U.S., disparities 
in cancer incidence are influenced by both socioeconomic 
status and race/ethnicity [3]. Moreover, several behavioral 
risk factors are associated with developing cancer, including 
smoking, diet, obesity, physical inactivity, and the absence 
of preventative care [3]. Therapies for the disease are rap-
idly evolving. In recent years, several treatments, includ-
ing monoclonal antibody and Chimeric Antigen Receptor 
(CAR) T-cell therapy, have been explored with benefits that 
can resolve many facets of the disease [4, 5]. Nevertheless, 
chemotherapy remains the mainstay therapy for cancer [6]. 
It is typical for cancer cells to become resistant to current 
chemotherapeutic agents [6, 7]. Chemotherapy can also 
result in off-target toxicity of healthy cells [7]. Therefore, 
it is necessary to investigate new therapies to target cancer 
cells specifically.

Piperidones have been extensively studied in our labora-
tory as tumor-selective cytotoxic agents [8–11]. Previously, 
we reported two piperidone compounds, P1 and P2, which 
efficiently killed tumorigenic cells by apoptosis [8]. We 
detected several genes essential to these compounds' cyto-
toxic activity, and these were PMAIP1, ATF3, CHAC1, MYC, 
and HMOX-1 [8]. These genes play a role in generating the 
cytotoxic effects induced by P1 and P2. Protein analysis 
revealed the accumulation of poly-ubiquitinated proteins, 
characteristic of proteasome inhibition [12]. In addition, the 
induction of the BH3-only pro-apoptotic protein Noxa (the 
product of PMAIP1), which is known to accumulate during 
proteasome inhibition, was detected after compound expo-
sure [8, 13]. We concluded that these compounds induce 
apoptosis through proteotoxic stress that is developed by 
the accumulation of misfolded/unfolded proteins character-
istic of proteasome inhibition [8]. Proteasome inhibitors are 
therapeutic agents that can selectively target cancer cells 
[14]. This type of targeted therapy may alleviate the issues 
currently observed with chemotherapy [5].

Here, we present the characterization of three related 
piperidones (P3, P4, and P5; Fig. 1). In prior studies, P3, 
P4, and P5 showed potential as anticancer agents since they 
reduced the proliferation of human and murine leukemia 
cells at low micromolar concentrations [15]. Furthermore, 

tumor-selective cytotoxicity was observed towards oral cell 
carcinoma and leukemia cancer cells as opposed to non-can-
cerous cells (gingival fibroblasts, pulp cells, and periodontal 
ligament fibroblasts) [15]. In the current study, we investi-
gate P3, P4, and P5's cytotoxic activity towards more cancer 
(lymphoma, leukemia, breast cancer, and colon cancer) and 
non-cancerous cell lines (fibroblasts and breast epithelial 
cells). Structural similarities can indicate a similar mode of 
action, as is the case with several compounds containing ɑ, 
β unsaturated keto moieties which behave as inhibitors of 
proteasome-associated deubiquitinases [16]. Therefore, we 
investigated the potential of these compounds to behave as 
proteasome inhibitors as we did with P1 and P2.

Materials and methods

Compound synthesis

Compounds were obtained from our collaborator’s library 
at the University of Saskatchewan. The compounds were 
prepared by a literature procedure [15]. In brief, a Mannich 
reaction was undertaken between 4-hydroxybenzaldehyde, 
formaldehyde, and the appropriate amine hydrochloride to 
afford the desired 3,4-disubstituted aryl aldehyde, which was 
condensed with 4-piperidone to give the desired products.

Cell culture

All cell lines were obtained commercially from ATCC 
(American Type Culture Collection). Several cancer and 
non-cancerous cell lines were used for this analysis. Hema-
tological cancer cell lines included CCRF-CEM (Acute 
Lymphoblastic Leukemia; CCL-119), HL-60 (Acute Mye-
locytic Leukemia; CCL-240), Jurkat (Acute Lymphocytic 
Leukemia; TIB-152), K562 (Chronic Myelogenous Leuke-
mia; CCL-243), KCL22 (Chronic Myelogenous Leukemia; 
CRL-3350), and Ramos (Burkitt’s Lymphoma; CRL-1596), 
which were cultured under the same conditions with RPMI-
1640 medium. Solid tumor cancer cell lines included MDA-
MB-231 (Adenocarcinoma; HTB-26) cultured in DMEM 
medium, HT-29 (Colorectal Adenocarcinoma; HTB-38) 
cultured in McCoy’s 5A medium, and COLO 205 (Colo-
rectal Adenocarcinoma; CCL-222) cultured in RPMI-1640 
medium. Non-cancerous cell lines included Hs27 (No dis-
ease, foreskin; CRL-1634) cultured in DMEM medium and 
MCF-10A (Fibrocystic Disease; CRL-10317) cultured in 
DMEM/F12 medium supplemented with 20 ng/ml epider-
mal growth factor, 0.5 µg/ml hydrocortisone, and 10 µg/ml 
insulin. Additionally, all media used for cell culture was 
supplemented with 10% heat-inactivated fetal bovine serum 
(FBS), and a mixture of 25 µg/ml amphotericin B, 1,000 
U/ml penicillin, and 1,000 µg/ml streptomycin. The HL-60 
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cell line was supplemented with 20% FBS and the same 
antibiotic mixture described. All cell lines were grown in an 
incubator supplemented with 5%  CO2 at 37 °C.

Differential nuclear staining (DNS) assay

Cytotoxic activity was evaluated through the DNS assay [17, 
18]. This assay involves labeling live and dead cells with 
two nucleic acid intercalators, Hoechst 33342 and propid-
ium iodide (PI). Hoechst 33342 stains all cells (healthy and 
dead), but PI stains only dead or dying cells with a compro-
mised cell membrane [17, 18]. For the experiment, each cell 
line was plated at a density of 10,000 cells per well (96-well 
plate) in 100 µl media and placed in the incubator overnight 
under cell culture conditions. Cells were then treated with 
varying concentrations of the compound of interest for 48 h. 

Two hours before incubation elapsed, 10 µl of a dye mix-
ture consisting of phosphate-buffered saline (PBS), Hoechst 
33342 (1 μg/ml final; Invitrogen, H1399), and PI (1 μg/ml 
final; Invitrogen, P1304MP) was added to each well. The 
IN Cell 2000 analyzer, a high-content analyzer (HCA), was 
used to image the plates (GE Healthcare). For quantitative 
analysis, images were segmented through the IN Cell Ana-
lyzer Workstation 3.2 software (GE Healthcare). Cytotoxic 
concentration 50%  (CC50) values were calculated using a 
linear interpolation method previously described [19].  CC50 
is defined as the concentration of compound needed to kill 
50% of the cell population [19]. Each plate had the same 
set of controls that included 1% v/v DMSO as vehicle con-
trol, 1 mM hydrogen peroxide  (H2O2) as a positive control 
for death, and untreated cells as a negative control. Each 
compound concentration and each control were assessed in 

Fig. 1  Structures of a P3, b P4, 
and c P5
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triplicate. The selective cytotoxicity index (SCI) is defined 
as a compound's ability to preferentially kill cancer cells as 
opposed to non-cancerous cells [20]. SCI was calculated 
using the following equation:  CC50 of the non-cancer cell 
line/CC50 of the cancer cell line [20].

Concentrations for cell death induction

For the experiments conducted, the concentrations used 
correspond to either  CC50 or  CC50 × 2 in the specified cell 
line. In HL-60, compound P3 has a  CC50 of 1.7 µM and 
a  CC50 × 2 of 3.4 µM, compound P4 has a  CC50 of 2 µM 
and a  CC50 × 2 of 4 µM, and compound P5 had a  CC50 of 
2 µM and a  CC50 × 2 of 4 µM. For the cell cycle analysis, 
lower concentrations were used to observe the effects of the 
compound as the cell divides over a longer period (72 h). 
Therefore, we used a  CC10 and a  CC30 concentration. The 
concentrations used for P3 treatment were 0.34 µM  (CC10) 
and 1.02 µM  (CC30), for P4 treatment were 0.4 µM  (CC10) 
and 1.2 µM  (CC30), and for P5 treatment were 0.4 µM  (CC10) 
and 1.2 µM  (CC30).

Annexin V‑FITC assay

The annexin V-FITC assay was used to evaluate the induc-
tion of apoptosis (Beckman Coulter; IM3546) [21]. HL-60 
cells were seeded at a density of 100,000 cells in 1 ml com-
plete medium. Cells were treated with the three compounds 
of interest for 24 h. Concentrations used for P3 were 1.7 µM 
and 3.4 µM, for P4 were 2 µM and 4 µM, and for P5 were 
2 µM and 4 µM. Controls used were a vehicle control (0.1% 
v/v DMSO), an apoptosis-inducing positive control (1 mM 
 H2O2), and an untreated cell negative control. Following 
treatment, cells were collected and stained with both PI and 
annexin V-FITC according to the manufacturer’s instructions 
(Beckman Coulter; IM3546). Samples were immediately 
read by flow cytometry (Gallios; Beckman Coulter). Data 
analysis was accomplished with Kaluza software (Kaluza 
Analysis Software; Beckman Coulter).

Caspase‑3 assay

The activation of caspase-3 was detected using the fluoro-
genic NucView 488 caspase-3 substrate, which identifies 
active caspase-3 within live cells (Biotium; 30029). The per-
centage of cells emitting a green fluorescent signal, observed 
through flow cytometry, were counted as cells with active 
caspase-3. HL-60 cells were plated in a 24-well plate at a 
density of 100,000 cells/1 ml/well. Cells were treated for 
8 h with P3 at 1.7 µM and 3.4 µM, P4 at 2 µM and 4 µM, 
and P5 at 2 µM and 4 µM. The same controls as mentioned 
previously were used (0.1% v/v DMSO, 1 mM  H2O2, and 
untreated cells). After incubation, samples were collected 

and stained according to the manufacturer’s protocol. Sam-
ples were then analyzed via flow cytometry (Gallios & 
Kaluza Analysis Software; Beckman Coulter).

Mitochondrial membrane potential (ΔΨm) 
polychromatic assay

The cationic JC-1 (5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylben
zimidazolylcarbocyanine iodide) dye can be used to monitor 
mitochondrial membrane potential (Invitrogen; M34152). 
A red signal (JC-1 aggregates) indicates an intact polarized 
mitochondrial membrane, while a green signal (JC-1 mon-
omers) indicates a depolarized mitochondrial membrane. 
HL-60 cells were plated in a 24-well plate (100,000 cells/
well) and treated with P3 (1.7 µM and 3.4 µM), P4 (2 µM 
and 4 µM), and P5 (2 µM and 4 µM) for 5 h. A vehicle, 
positive, and negative control (as previously described) were 
included as well. Following incubation, cells were collected 
and stained per the manufacturer’s instructions with a final 
concentration of 2 µM JC-1 dye. Samples were then exam-
ined utilizing flow cytometry (Gallios; Beckman Coulter). 
Analysis of the subsequent data was completed using Kaluza 
software (Kaluza Analysis Software; Beckman Coulter).

Reactive oxygen species (ROS) assay

Reactive oxygen species (ROS) generation can be quanti-
fied using the 6-carboxy-2',7'-dichlorodihydrofluorescein 
diacetate (carboxy-H2DCFDA) dye (Invitrogen; Molecu-
lar Probes, C400) [19, 22]. This non-fluorescent dye shifts 
to a green fluorescent form as oxidation, induced by ROS, 
occurs within the cell. Therefore, a green fluorescent signal, 
corresponding to the oxidized form of carboxy-H2DCFDA, 
indicates ROS generation. Cells (HL-60) were plated over-
night at a density of 100,000 cells in 1 ml. The next morning, 
cells were treated with P3 at 1.7 µM and 3.4 µM, P4 at 2 µM 
and 4 µM, and P5 at 2 µM and 4 µM for 18 h. Samples were 
collected, centrifuged at 262g for 5 min, and re-suspended 
in 1 ml PBS to remove the complete medium. Then, cells 
were loaded with a final concentration of 10 µM carboxy-
H2DCFDA dye for 45 min at 37 °C. Following incubation 
with dye, cells were centrifuged at 262g for 5 min and re-
suspended in 500 µl PBS. Then, samples were processed 
using flow cytometry (Gallios; Beckman Coulter). Data 
analysis was completed with the Kaluza software (Kaluza 
Analysis Software; Beckman Coulter). Controls used were 
the same as mentioned before (0.1% v/v DMSO, 1 mM 
 H2O2, and untreated cells) with an additional unstained (not 
loaded with dye) control to observe the normal population 
of cells.
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Cell cycle analysis with NIM‑DAPI

The phases of the cell cycle can be visualized through flow 
cytometry by measuring the amount of DNA content of cells 
[23]. The DNA intercalating fluorophore 4, 6-Diamidino-
2-phenylindole (DAPI) can be used to stain DNA. Cells 
can be permeabilized and stained using a nuclear isola-
tion medium (NIM)-DAPI solution (Beckman Coulter) to 
quantify DNA content [17, 19]. HL-60 cells (100,000 cells/
ml) were treated with 0.34 µM and 1.02 µM of P3, 0.4 µM 
and 1.2 µM of P4, and 0.4 µM and 1.2 µM of P5 for 72 h. 
Controls included were a vehicle (0.1% v/v DMSO), posi-
tive (1 mM  H2O2), and negative (untreated cells) control. 
Subsequently, cells were collected in flow cytometry tubes 
and centrifuged at 262g for 5 min. Then, the supernatant 
was removed, and the cell pellet was re-suspended in a mix-
ture of 100 µl of PBS and 200 µl of NIM-DAPI. Samples 
were immediately read and analyzed through flow cytometry 
(Gallios & Kaluza Analysis Software; Beckman Coulter). 
Approximately 10,000 events were acquired per sample. 
Data are represented as plots that display peaks (Fig. 6e) 
which represent fragments of DNA (Sub-G0/1 phase), cells 
before they replicate DNA  (G0/1 phase), active replication 
of DNA (S phase), and post-replicative stage while entering 
mitosis  (G2/M phase) [23].

Western blot

HL-60 cells (3,000,000) were treated with P3 (3.4 µM), P4 
(4 µM), P5 (4 µM), and a vehicle control (0.3% v/v PEG-
400) for 8 h. Then, 70 µl of 2 × Laemmli buffer (120 mM 
Tris–HCl, 0.1% β-mercaptoethanol, 4% SDS, 20% glycerol, 
and 0.02% v/v bromophenol blue) were added to dry cell 
pellets and boiled for 10 min at 100 °C to extract protein. 
The NanoDrop 1000 system (Thermo Fischer) was used to 
quantify protein content. A concentration of 100 µg protein 
in a final volume of 25 µl was loaded per lane on a 10% SDS 
polyacrylamide gel. Proteins were separated for 1 h at 100 V, 
then transferred by wet transfer to a polyvinylidene fluo-
ride (PVDF) membrane for 1 h at 100 V. Membranes were 
blocked overnight at 4 °C in a 5% milk/TBS-T (Tris-Buff-
ered Saline-0.001% Tween) solution. Then, membranes were 
incubated with primary antibody for 1 h at room tempera-
ture. Primary antibodies used were mouse monoclonal anti-
ubiquitin (1:1,000 dilution; Santa Cruz Biotech, sc-8017) 
and mouse monoclonal anti-Noxa (1:1,000; Thermo Fis-
cher, MA1–41000) diluted in a 5% Bovine Serum Albu-
min (BSA)/TBS-T solution and a mouse monoclonal anti-β 
actin conjugated to horseradish peroxidase (1:25,000 dilu-
tion; Sigma-Aldrich A3854) diluted in a 5% milk/TBS-T 
solution. The secondary antibody used was polyclonal goat 
anti-mouse conjugated to horseradish peroxidase (1:10,000 
dilution; Thermo Scientific) diluted in TBS-T. Images were 

obtained using the Thermo Fischer iBright 1500 instrument 
in the Genomic Analysis Core Facility at the Border Bio-
medical Research Center (BBRC) at the University of Texas 
at El Paso (UTEP). The final figure shows blots that were 
cropped to focus on the area of interest. Original, unedited 
blots can be found in Supplementary File 2. Densitometry 
analysis was accomplished using the Image Studio Lite (LI-
COR) software.

Reverse transcriptase real‑time polymerase chain 
reaction (RT‑qPCR)

A total of 1,000,000 HL-60 cells (plated at a density of 
200,000 cells per ml) were treated with P3 (3.4 µM), P4 
(4 µM), P5 (4 µM), and a vehicle control (0.3 v/v PEG-400) 
for 6 h. After the incubation period elapsed, cell pellets were 
washed by centrifuging at 262g for 5 min and re-suspend-
ing in 1 ml of PBS. Dry cell pellets were used for RNA 
extraction. RNA was extracted immediately according to the 
manufacturer’s instructions of the RNeasy Mini Kit (Qiagen; 
74104). A QIAshredder was used to lyse the cells, and the 
optional DNase I digestion was also accomplished. Three 
biological replicates were used for each treatment. RNA was 
stored at -80 ºC overnight, then the RNA was used to syn-
thesize cDNA using the  RT2 HT First Strand Kit (Qiagen; 
330,411). The amount of RNA used per sample was 500 ng, 
which was quantified using a NanoDrop ND-1000 system 
(ThermoFisher Scientific). RNA was diluted using RNase-
free water to obtain the desired concentration (500 ng) in 
9 µl. As per the manufacturer’s protocol, we incubated 9 µl 
of the sample with 6 µl GE2 (gDNA elimination buffer) 
for 5 min at 37 °C, then we added 6 µl BC4 Reverse Tran-
scriptase Mix and incubated for 15 min at 42 °C, 5 min at 
95 °C and, finally, a 4 °C hold. Then, 91 µl of RNase-free 
water was added to each sample for a final concentration of 
4.5 ng/µl. The generated cDNA was then stored at − 20 °C. 
An iCycler Thermal Cycler (Bio-Rad; 582BR) was used to 
carry out real-time polymerase chain reactions (qPCR). Each 
qPCR reaction (25 µl total volume) contained the following 
components: 12.5 µl  RT2 SYBR Green (Qiagen; 330512), 
3.5 µl forward (sense) primer (Bioneer), 3.5 µl reverse (anti-
sense) primer (Bioneer), 1.5 µl nuclease-free water, and 4 µl 
cDNA template. For each reaction, samples were tested in 
triplicate (technical replicates) along with a negative control 
(nuclease-free water). Three independent experiments were 
conducted for each gene. For data analysis, gene expression 
levels were normalized to the housekeeping gene (ACTB) 
and quantified using the comparative  Ct method  (2−∆∆Ct). 
Fold change differences were calculated by comparing gene 
expression levels of compound treatment versus vehicle 
control. PCR cycles and details of primer sequences were 
obtained from a published methodology (see Supplementary 
Table 1) [8].
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In silico screening

The compounds were prepared using the Ligprep interface 
of the Schrodinger software [24] with an OPLS3 force field 
at a pH 7 ± 2 using Epik [25]. The other options were set to 
the default of the Schrodinger software. The preparation of 
proteins was done as previously described [26]. Protein’s 
crystal structures were obtained from the Protein Data Bank 
(PDB) (https:// www. rcsb. org/). For UCHL5 PDB: 3RII, 
4UEM, and 4UF5 were used, and for USP14 PDB: 2AYN, 
2AYO, and 6IIN were used. Receptor grid generation was 
defined by using the Sitemap tool in the Schrodinger soft-
ware [27], the best scoring sites were selected for the recep-
tor grid generation tool in maestro 11.5. Molecular docking 
was performed using the Glide tool on maestro 11.5 [28] 
using the standard precision (SP) algorithm. Finally, molec-
ular mechanics (MM-GBSA) of the docked compounds was 
performed using the Prime tool on maestro 11.5 [29].

Statistical analysis

The data obtained were analyzed using Microsoft Excel® 
and an online calculator (https:// astat sa. com/ OneWay_ 
Anova_ with_ Tukey HSD/). Data are presented as the 
mean value (n = 3, except where noted) for each experi-
ment ± standard deviation (SD). Statistically significant dif-
ferences between treatment and control groups were assessed 
by one-way analysis of variance (ANOVA), followed by 
Bonferroni post hoc test. For all analyses, a p-value ≤ 0.05 
was considered significant.

Results

Tumor selective cytotoxicity is observed 
with treatment of P3, P4, and P5

The DNS assay was utilized to measure the cytotoxic ability 
of compounds P3, P4, and P5. The compounds of interest 
were tested at a 48-h time point in nine cancerous cell lines 
and two non-cancerous cell lines. After these assays, we 
calculated the cytotoxic concentration at which 50% of the 
cell population is dead  (CC50) for each compound in each 
cell line. The average  CC50 values of P3–P5 towards the 
nine tumorigenic cell lines listed in Table 1 are 2.26 µM, 
1.91 µM, and 1.52 µM, respectively. The most sensitive cell 
line to P3 and P4 treatment was HL-60 and to P5 treatment 
was CCRF-CEM, both hematological cancer cell lines. An 
important feature of candidate cytotoxins is to exert a greater 
cytotoxic effect on neoplasms than on normal cells. There-
fore, P3–P5 were screened against non-malignant Hs27 and 
MCF-10A cells where the results are presented in Table 1. 
We observed selective cytotoxicity (SCI above 1) towards 
cancerous cells as opposed to non-cancerous cells with the 
treatment of all three compounds (Table 1). The average 
 CC50 values for P3–P5 towards Hs27 and MCF-10A are 
4.99, 3.83, and 3.84 µM, respectively, indicating the normal 
cells' greater tolerance to P3 than to P4 and P5. Melphalan 
is an established anticancer drug whose efficacy towards 
the nine tumorigenic cell lines is presented in Table 2. Our 
compounds of interest revealed improved cytotoxicity when 
compared to the cytotoxicity of melphalan. P3, P4, and P5 
are 7.88, 9.32, and 11.7 times, respectively, more potent 

Table 1  CC50 determination of compounds P3, P4, and P5 on various cancerous and non-cancerous cell lines

a CC50 values in µM
b Selective Cytotoxicity Index (SCI) was calculated using the following equation:  CC50 of non-cancer cells divided by the  CC50 of the cancer cell 
line. Values above 1 indicate selective cytotoxicity of the compound towards cancer cells
c SCI calculated using MCF-10A  CC50 (breast epithelial). All others using Hs27

Cell line Disease P3 P4 P5
aCC50 SD bSCI CC50 SD SCI CC50 SD SCI

CCRF-CEM Acute lymphocytic leukemia (ALL) 0.87 0.02 9.47 0.75 0.02 5.48 0.65 0.06 8.42
COLO 205 Colorectal adenocarcinoma 4.66 0.38 1.77 2.79 0.29 1.48 0.80 0.14 6.87
HL-60 Acute promyelocytic Leukemia 0.59 0.05 13.92 0.64 0.07 6.51 0.74 0.01 7.47
Hs27 None 8.23 0.49 – 4.13 0.27 – 5.50 0.89 –
HT-29 Colorectal adenocarcinoma 0.89 0.09 9.21 0.79 0.06 5.26 1.93 0.08 2.85
Jurkat Acute T-cell leukemia 0.96 0.03 8.57 0.97 0.02 4.26 0.91 0.02 6.05
K562 Chronic myelogenous leukemia (CML) 9.05 0.93 0.91 8.37 0.92 0.49 4.25 0.99 1.29
KCL22 Chronic myelogenous leukemia (CML) 0.87 0.10 9.44 0.93 0.14 4.47 1.57 0.22 3.49
MCF-10A Fybrocystic disease 1.75 0.21 – 3.52 0.17 – 2.18 0.13 –
MDA-MB-231c Adenocarcinoma 1.52 0.13 1.15 0.99 0.08 3.55 1.74 0.07 1.26
Ramos Burkitt’s lymphoma 0.94 0.08 8.75 1.00 0.10 4.13 1.06 0.13 5.19

https://www.rcsb.org/
https://astatsa.com/OneWay_Anova_with_TukeyHSD/
https://astatsa.com/OneWay_Anova_with_TukeyHSD/
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than melphalan, which exhibited an average  CC50 value of 
17.8 µM.

Compounds P3–P5 induce the cell death mechanism 
of apoptosis, specifically the intrinsic pathway 
of apoptosis

To investigate the induction of apoptosis, we examined 
phosphatidylserine externalization and the activation of cas-
pase-3. Phosphatidylserine is exposed as a cell goes through 
apoptosis [30]. Annexin V-FITC can bind to exposed phos-
phatidylserine to quantify the percentage of apoptotic cells 
[30]. Treatment with P3–P5 caused a significant increase of 
Annexin V-FITC-positive cells in comparison to the DMSO 
control, as assessed by one-way ANOVA (F6,14 = 129.10, 
p < 0.0001). Bonferroni post hoc analysis revealed sig-
nificant differences between P3, P4, and P5 treatment ver-
sus the DMSO control (Fig. 2a). A significant increase 
of ~ 23%, ~ 32%, and ~ 30% Annexin V-FITC-positive cells, 
respectively, after P3, P4, and P5 treatment at the  CC50 
concentration was observed (Fig. 2a). Increasing the dose 
of compounds P3 and P4 induced a significant increase 
of ~ 49% and ~ 46% Annexin V-FITC-positive cells, respec-
tively, in comparison to DMSO (Fig. 2a). Caspase-3 is an 
executioner caspase involved in the apoptosis cascade [30]. 
The percentage of cells with active caspase-3, indicated by 
a green fluorescent signal, can be determined using flow 
cytometry and a caspase-3/fluorogenic dye substrate. Analy-
sis by one-way ANOVA revealed significant differences in 
caspase-3 activation between treatment and control groups 
(F6,13 = 3.60, p = 0.03). P3- and P4 treatment increased cas-
pase-3 activation in ~ 27% and ~ 19% of cells, respectively, 
as compared to DMSO (Fig. 2b). However, the post hoc 
analysis revealed a significant increase only after P5 treat-
ment with ~ 49% of cells showing active caspase-3 (Fig. 2b).

The intrinsic and extrinsic pathways are the two main 
pathways of apoptosis [30]. The intrinsic pathway involves 
cellular stress, the generation of ROS, and changes in the 
mitochondrial membrane potential (ΔΨm) [31]. Utilizing the 

JC-1 dye, the mitochondrial membrane potential was moni-
tored [31]. The monomer form of the JC-1 dye, emitting a 
green fluorescent signal, indicates depolarized mitochondrial 
membrane potential [31]. A significant difference in the per-
centage of cells with depolarized mitochondrial membrane 
potential between P3- and P4-treatment groups and DMSO 
(F4,10 = 7.06, p = 0.006), as well as between P5 treatment 
and DMSO (F2,6 = 11.53, p = 0.009) was observed. Bonfer-
roni post hoc analysis revealed a significant increase in the 
cell population with a depolarized mitochondrial membrane 
of ~ 5% after P3 treatment at 1.7 µM, ~ 5% after P4 treat-
ment at 2 µM, ~ 6% after P4 treatment at 4 µM, and ~ 10% 
after P5 treatment at 4 µM in comparison to DMSO (Fig. 3a, 
b). ROS generation was evaluated using the dye carboxy-
H2DCFDA [22]. The oxidized form of carboxy-H2DCFDA, 
green fluorescent signal, indicates ROS production [22]. Sig-
nificant differences, assessed by one-way ANOVA, between 
compound treatment groups and the DMSO control were 
observed in the percentage of green-positive or ROS-pro-
ducing cells (F6,14 = 50.77, p < 0.0001). Post hoc analysis 
revealed a significant increase of ~ 34%, ~ 46%, and ~ 38% 
of cells positive for ROS production after P3, P4, and P5 
treatment, respectively (Fig. 4). Additionally, treatment with 
twice the concentration of P3, P4, and P5 displayed signifi-
cant differences of 54%, ~ 53%, and ~ 65% of cells positive 
for ROS production, respectively, as compared to DMSO 
(Fig. 4). Finally, dose dependence was observed after P3 and 
P5 treatment (Fig. 4).

Cellular modulations characteristic 
of proteasome inhibition, including accumulation 
of poly‑ubiquitinated proteins and the protein 
Noxa, are observed after P3–P5 treatment 
in leukemia cells

Next, we investigated proteasome inhibition by visualiz-
ing the accumulation of poly-ubiquitinated proteins [12]. 
Western blot analysis revealed the accumulation of high-
molecular-weight poly-ubiquitinated proteins after treatment 

Table 2  Cytotoxic evaluation 
 (CC50) of melphalan in various 
cancerous cell lines

Cell line Disease Melphalan

CC50 (µM) SD

CCRF-CEM Acute lymphocytic leukemia (ALL) 3.17 0.62
COLO 205 Colorectal adenocarcinoma 20.40 0.67
HL-60 Acute promyelocytic leukemia 1.57 0.27
HT-29 Colorectal adenocarcinoma 21.07 1.86
Jurkat Acute T-cell leukemia 1.91 0.23
K562 Chronic myelogenous leukemia (CML) 19.63 0.55
KCL22 Chronic myelogenous leukemia (CML) 81.28 5.65
MDA-MB-231 Adenocarcinoma 9.23 1.68
Ramos Burkitt’s lymphoma 2.05 0.39
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Fig. 2  Treatment with P3, P4, 
and P5 causes the induction 
of apoptosis in HL-60 cells. a 
The annexin V-FITC assay was 
employed to detect phosphati-
dylserine externalization. The 
percentage of cells emitting 
a fluorescent signal from the 
annexin V-FITC complex bound 
to phosphatidylserine was con-
sidered apoptotic. HL-60 cells 
were treated with the indicated 
concentrations for 24 h. b A 
complex containing a caspase-3 
substrate attached to a DNA 
dye was used to evaluate the 
activation of caspase-3. A green 
fluorescent signal is emitted 
when caspase-3 cleaves the 
DNA dye from the caspase-3 
substrate. The percent of cells 
with active caspase-3, i.e., 
green fluorescence signal, was 
detected after 8-h treatment 
with compounds of inter-
est. c Representative plots 
from flow cytometer analysis 
(approximately 10,000 events 
per sample) depicting Annexin 
V-FITC and propidium iodide 
(PI) staining. The following 
controls were included: a vehi-
cle control (0.1% v/v DMSO), 
an apoptosis-inducing positive 
control (1 mM  H2O2), and a 
negative control of untreated 
cells. The data represent the 
mean ± SD (n = 3, except for 
DMSO in (b) where n = 2). 
One-way ANOVA followed by 
Bonferroni post hoc test were 
used to assess significant dif-
ferences between the treatment 
groups and the vehicle control 
(*p < 0.05, ***p < 0.0001)
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with P3 (0.54-fold), P4 (0.45-fold), and P5 (0.64-fold) when 
compared to vehicle control (Fig. 5a and Supplementary File 
1). The pro-apoptotic protein Noxa is known to accumu-
late under conditions involving proteasome inhibition [32, 
33]. P3 treatment induced a 2.54-fold increase, P4 treatment 
induced a 1.58-fold increase, and P5 treatment induced a 
1.96-fold increase when compared to vehicle control (0.3% 
v/v PEG-400; Fig. 5b).

Proteasome inhibitors are known to cause cell cycle 
arrest [34]. Therefore, we investigated the cell cycle profile 
after compound treatment. The Sub-G0/1 phase corresponds 
to cells with DNA fragmentation [23]. One-way ANOVA 
analysis revealed significant differences in the percentage 
of cells with DNA fragmentation between compound treat-
ment groups and the DMSO control (Fig. 6a) (F6,13 = 11.36, 
p = 0.0002). Post hoc analysis revealed a significant increase 
of 11% of cells with DNA fragmentation after P5 treat-
ment (0.4 µM). No significant differences were observed 
between treatment and control groups in the  G0/1 phase 

(F6,13 = 2.74, p = 0.06). The S phase displayed significant 
differences between compound treatment and control groups 
(F6,13 = 18.08, p < 0.0001). Post hoc analysis revealed a sig-
nificant decrease in the percentage of cells in the S phase 
after P3, P4, and P5 treatment at double the  CC50 concentra-
tion as compared to DMSO (Fig. 6c). Significant differences 
were observed between the compound treatment and control 
group in the  G2/M phase (F6,13 = 13.16, p < 0.0001). Post 
hoc analysis revealed a significant increase in the percentage 
of cells (~ 9%) arrested at the  G2/M phase after P5 treat-
ment (0.4 µM) when compared to the DMSO vehicle control 
(Fig. 6d). Increasing the dose of P5 (threefold) also led to 
a significant increase in cells arrested at the  G2/M phase.

P3–P5 causes the differential expression of genes 
important to their cytotoxic activity

Finally, we examined the differential expression of PMAIP1, 
ATF3, CHAC1, MYC, and HMOX-1, which were discovered 
in the transcriptome analysis of the compounds (P1 and P2) 
that we previously characterized [8]. We sought to investi-
gate the aforementioned genes because we believe they are 
related to processes relevant to the activity of these types of 
piperidones. These processes include the generation of stress 
that exploits the stress phenotype of cancer cells to induce 
apoptosis in malignant cells, and not normal cells [35]. The 
PMAIP1 gene and its encoded protein Noxa are important 
apoptotic mediators [36]. ATF3 is inducible after subject-
ing cells to oxidative and endoplasmic reticulum (ER) stress 

Fig. 3  Compounds P3, P4, and P5 cause mitochondrial membrane 
potential depolarization that leads to the activation of the intrinsic 
pathway of apoptosis. The JC-1 dye was utilized to observe changes 
in mitochondrial membrane potential (ΔΨm). The monomer form 
of the JC-1 dye, indicating depolarized mitochondria, emits a green 
fluorescent signal that is visualized through flow cytometry. a, b Bars 
(mean ± SD, n = 3) represent the percentage of the HL-60 cell popula-
tion with depolarized mitochondria after 5-h treatment with P3, P4, 
and P5. Controls included vehicle (0.1% v/v DMSO), an apoptosis-
inducing positive control (1 mM  H2O2), and untreated cells. Signifi-
cant differences between compound treatment and the vehicle control 
were assessed by one-way ANOVA followed by Bonferroni post hoc 
analysis (*p < 0.05 and **p < 0.01)

Fig. 4  Generation of ROS is observed after treatment with com-
pounds P3, P4, and P5 further verifying the activation of the intrin-
sic pathway of apoptosis. Reactive oxygen species (ROS) were 
detected via oxidation of the carboxy-H2DCFDA dye which emits 
a green fluorescent signal when ROS are generated. The percentage 
of cells (HL-60) positive for ROS accumulation after 18-h incuba-
tion with compounds P3, P4, and P5 is shown in the bar graph. An 
unstained control was used as a baseline and subtracted from each 
treatment value. Data are presented as a means ± SD (n = 3). A vehi-
cle control (0.1% v/v DMSO), a positive control (1 mM  H2O2), and 
a negative control of untreated cells were used for this experiment. 
One-way ANOVA test followed by Bonferroni post hoc analysis were 
employed to assess significant differences of the treatment groups 
compared to the vehicle control (***p < 0.0001)
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[37]. CHAC1 plays a role in the unfolded protein response 
(UPR), which occurs as a response to ER stress and is also 
pro-apoptotic [38, 39]. HMOX-1 is over-expressed after 
oxidative stress [40]. Overexpression of MYC helps cancer 
cells maintain their unregulated proliferative characteris-
tics, and its down-regulation can reverse this effect [41]. 
We obtained the following fold-change differences after a 
comparative analysis of the normalized gene expression 
levels of compound-treated versus vehicle-treated samples. 
P3 treatment induced fold-change differences of 200.73 for 
PMAIP1, 45.32 for ATF3, 117.09 for CHAC1, and 737.96 for 
HMOX-1 (Fig. 7a, b). MYC was not detected after P3 treat-
ment. P4 treatment induced fold-change differences of 61.38 
for PMAIP1, 123.50 for ATF3, 85.47 for CHAC1, -7.17 

for MYC, and 2234.25 for HMOX-1 (Fig. 7a, b). Finally, 
P5 treatment induced fold-change differences of 79.50 for 
PMAIP1, 204.56 for ATF3, 106.96 for CHAC1, -4.15 for 
MYC, and 2464.89 for HMOX-1 (Fig. 7a, b).

Discussion

In this study, we evaluated novel piperidone compounds 
P3, P4, and P5 (Fig. 1) to determine if they have similar 
cytotoxic properties as those previously published. The 
structures of P3–P5 differ only in the nature of the heter-
ocyclic ring attached to the arylmethylene groups. These 
heterocycles are the pyrrolidine (P3), piperidine (P4), and 
morpholine (P5) groups. The pKa values of pyrrolidine, 
piperidine, and morpholine are 11.31, 11.12, and 8.50, 
respectively [42]. Hence, there will be more molecules of 
P5 existing as the free bases than is the case with P3 and 
P4, which may facilitate penetration of the cell membranes 
leading to greater toxicity. Such was the case, as P5 was 
the most toxic compound towards the nine cancerous cell 
lines (Table 1). Given the strong cytotoxic effects of these 
compounds on cancerous cells, we additionally examined 
the effects on non-malignant cells. Preferential cytotoxicity, 
denoted by SCI values above 1 (Table 1), towards cancer 
cells as opposed to non-cancerous cells was observed. Of the 
three compounds, P3 displayed the highest selectivity (SCI 
above 8) in most cell lines, except the colon COLO 205 and 
breast MDA-MB-231 cancer cell lines. Melphalan, a chemo-
therapeutic agent used in treating multiple myeloma (MM), 
leukemia, lymphoma, and other cancers, was tested in con-
cert with the compounds of interest as a positive control 
[43]. Melphalan displayed significantly higher  CC50 values 
than P3, P4, and P5 (Table 2), indicating that it has lower 
cytotoxicity than the piperidone compounds. Collectively, 
we believe P3–P5 are three potent compounds that are far 
more cytotoxic to cancer cells as opposed to non-cancer cells 
and with improved activity to that of a current chemotherapy 
drug.

Cytotoxic cancer therapies typically induce apoptosis 
[36, 44]. Thus, we decided to investigate if compounds 
P3–P5 induce apoptosis. A hallmark of apoptosis is the 
externalization of phosphatidylserine and the activation of 
the executioner caspase, caspase-3 [30]. Flow cytometry 
analysis revealed both phosphatidylserine externalization 
and caspase-3 activation after treatment with the piperidone 
compounds (Fig. 2). Although a significant increase of cas-
pase-3 activation was not observed after P3 and P4 treat-
ment, apoptosis can occur in a caspase-independent man-
ner when the inner mitochondrial matrix is permeabilized 
[31]. Cells undergoing apoptosis display the morphological 
characteristic of DNA fragmentation [30]. P3–P5 caused 
DNA fragmentation of leukemic cells, identified as cells 

Fig. 5  The accumulation of poly-ubiquitinated proteins and the pro-
apoptotic protein Noxa is observed after treatment with P3–P5. Leu-
kemic HL-60 cells were treated with vehicle (V; 0.3% v/v PEG-400), 
P3 at 3.34 µM, P4 at 4 µM, and P5 at 4 µM for 8 h. a An accumula-
tion of high-molecular-weight poly-ubiquitinated proteins is observed 
after compound (lane 2–lane 4) treatment. b Increased Noxa protein 
expression is evident (lane 2–lane 4) following treatment with com-
pounds. Actin was used as a housekeeping (protein loading) control. 
The identifiers for each lane are as follows: lane 1 = vehicle (V), lane 
2 = P3, lane 3 = P4, and lane 4 = P5. Blots were cropped to focus on 
the area of interest. Original, unedited blots can be found in Sup-
plementary File 2. The data presented are of one biological replicate 
(n = 1)
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in the Sub-G0/1 phase (Fig. 6a). As previously mentioned, 
there are two main pathways of apoptosis: the intrinsic and 
extrinsic pathways [30]. The intrinsic pathway of apoptosis 
involves the mitochondria [30]. Mitochondrial membrane 
permeabilization causes a loss of the membrane potential 
(ΔΨm), which commits cells to apoptosis [31]. We observed 

mitochondrial membrane depolarization after treatment 
with compounds P3–P5 (Fig. 3). Additionally, ROS can 
play a role in initiating the intrinsic apoptosis cascade by 
being released after mitochondrial membrane depolariza-
tion [31, 45]. Treatment with the three compounds led to a 
large increase in ROS production (Fig. 4). Gene expression 

Fig. 6  The cell cycle is disrupted with the treatment of compounds 
P3, P4, and P5. The phases of the cell cycle were visualized by 
measuring DNA content using NIM-DAPI and flow cytometry. a–d 
Graphs represent the percentage of HL-60 cells treated with P3, P4, 
and P5 for 72 h at the indicated concentrations. a Treatment with P3, 
P4, and P5 causes DNA fragmentation as observed by an increase in 
the cell population's percent in the Sub-G0/1 phase compared to vehi-
cle control. b The  G0/1 phase was not affected in a statistically signifi-
cant manner after compound treatment. c There is a decrease of cells 

in the S phase after compound treatment. d Compounds P4 and P5 
cause cell cycle arrest at the  G2/M phase. e Representative histograms 
from flow cytometer analysis (approximately 10,000 events per sam-
ple) displaying the DNA content distribution after NIM-DAPI stain-
ing which corresponds to the different phases of the cell cycle. Data 
represent the mean ± SD (n = 3, except treatment P5 at 1.2 µM which 
is n = 2). Significant differences between the treatment groups and the 
vehicle control were assessed with the one-way ANOVA followed by 
the Bonferroni post hoc analysis (*p ≤ 0.05, **p ≤ 0.01)
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analyses also corroborate the induction of the intrinsic path-
way of apoptosis. Compound treatment revealed the up-
regulation of PMAIP1 and CHAC1, as previously detected 
with compounds P1 and P2 (Fig. 7) [8]. PMAIP1 is known 
as one of thirteen important genes for drug-induced intrin-
sic apoptosis [36]. CHAC1 promotes apoptosis through the 
apoptosis-inducing factor-poly(ADP-ribose) polymerase 
(AIF-PARP) signaling cascade, which is essential in the 
intrinsic pathway of apoptosis [31, 39]. From these results, 
we can deduce that apoptosis, more specifically the intrinsic 
pathway of apoptosis, is the cell death mechanism induced 
by P3–P5 treatment.

Proteasome inhibition is an approach to exert tumor-
specific therapeutic effects [46]. Bortezomib, the first clini-
cally approved proteasome inhibitor, causes the accumula-
tion of poly-ubiquitinated proteins, the accumulation of the 
pro-apoptotic protein Noxa, and gene expression alterations 
[47]. We previously discovered that piperidone compounds 
P1 and P2 induced these same cellular modulations; there-
fore, we investigated if the same was observed with P3–P5 
treatment. As in our previous study, an accumulation of 
high-molecular-weight poly-ubiquitinated proteins with 
the treatment of P3–P5 was observed (Fig. 5a). Noxa is 
required for the activity of proteasome inhibitors in chronic 
lymphocytic leukemia (CLL), melanoma, and myeloma cells 
[33, 48, 49]. Cancer cells rapidly degrade Noxa due to its 
anti-proliferative characteristics, but proteasome inhibition 
can allow Noxa to accumulate [13]. The current evaluation 
revealed the accumulation of Noxa (~ 1.5, ~ 2, and ~ 2.5-
fold differences), respectively, after P3–P5 treatment when 

compared to vehicle control (Fig. 5b). In addition to the 
components evaluated for P1 and P2, we examined the gen-
eration of ROS and cell cycle arrest after P3–P5 treatment to 
further investigate proteasome inhibition. ROS accumulate 
at early stages after treatment with proteasome inhibitors, as 
observed with Bortezomib in multiple myeloma cells [50]. 
Treatment with P3–P5 (Fig. 4) revealed a large accumula-
tion of ROS. Proteasome inhibition can cause the accumu-
lation of cell cycle regulators that cause cell cycle arrest to 
reverse certain inherent characteristics of cancer cells [34]. 
For example, proteasome inhibitors can revert the function 
of tumor suppressor p53 resulting in an arrest at the  G2/M 
phase [34]. Bortezomib causes cell cycle arrest at the  G2/M 
phase in non-small-cell lung cancer cells, colorectal cancer, 
and chronic myeloid leukemia (CML) [14, 34]. Another pro-
teasome inhibitor, MG-132, causes  G2/M cell cycle arrest in 
cervical and gastric cancer [34]. Analysis of the cell cycle 
profile after compound treatment revealed cell cycle arrest 
in the  G2/M phase with the treatment of P5 (Fig. 6d). It is 
not clear why P3 and P4 did not cause cell cycle arrest at the 
 G2/M phase, but it may be related to the lack or down-regu-
lation of c-Myc expression (as shown in Fig. 7), which is an 
important gene for the proper function of the cell cycle [41]. 
Further analysis would have to be accomplished to under-
stand this mechanism. Based on our data, we can deduce that 
our compounds behave as proteasome inhibitors.

Since we observed similar cytotoxic activity of com-
pounds P3–P5 to that of P1 and P2, we decided to inves-
tigate if the same genes (PMAIP1, ATF3, CHAC1, MYC, 
and HMOX-1) were differentially regulated. Proteasome 

Fig. 7  RT-qPCR data reveal differential regulation of genes impor-
tant to the cytotoxic activity of P3–P5. PMAIP1, ATF3, CHAC1, 
MYC, and HMOX-1 have roles in apoptosis, more specifically, stress-
mediated cell death. a, b HL-60 cells were treated for 6  h with P3 
(3.34 µM), P4 (4 µM), and P5 (4 µM). The fold-change differences of 
compound treatment relative to vehicle control (0.3% v/v PEG-400) 

are displayed on the y-axis. Each bar represents the mean fold change 
of three independent experiments (± SD). The comparative  Ct method 
 (2−∆∆Ct) was used to calculate gene expression and fold-change val-
ues. Gene expression levels were normalized to the housekeeping 
gene actin (ACTB). Data for HMOX-1 are of two independent experi-
ments
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inhibitors can drive a cancerous cell to apoptosis by con-
tributing to the endogenous stress phenotype [51]. The 
aforementioned genes are important to the development of 
proteotoxic stress, which can occur after proteasome inhi-
bition, and the response of the cell to this stress [46, 49, 
51, 52]. The same trend that was previously observed with 
compounds P1 and P2 of gene expression (up-and down-
regulation) was also observed with the current piperidone 
compounds (Fig. 7). However, one difference was the lack 
of detectable expression of MYC after P3 treatment (Fig. 7). 
Repression of MYC results in the reversal of tumorigenesis 
in various in vivo mouse models, including T-cell acute 
lymphoblastic leukemia, hepatocellular carcinoma, osteosar-
coma, among others [41]. Therefore, the down-regulation or 
complete loss of the MYC oncogene can reverse the uncon-
trolled replicative characteristic of cancer cells. In the case 
of compound P3, the lack of MYC expression can provide an 
additional therapeutic advantage that must be further evalu-
ated. In addition to the importance of these proteins/genes 
in generating the stress to cause apoptosis, some modulate 
Noxa which we believe may be key to the activity of P3–P5. 
The Noxa promoter has ATF3 and MYC binding sites, which 
can regulate its expression [53]. These gene expression anal-
yses reinforce proteasome inhibition activity induced by our 
compounds.

We hypothesize that the molecular targets of the com-
pounds of interest are deubiquitinating enzymes found within 
the 19S regulatory particle of the proteasome. Prior studies 
have shown that b-AP15, with a similar structure to piperi-
dones P3–P5, shows inhibitory activity towards UCHL5 and 
USP14 and not towards other deubiquitinating enzymes found 
within the proteasome [54]. Through combined molecular 
docking and molecular mechanics, we evaluated the potential 
of our compounds to bind to the deubiquitinating enzymes 
UCHL5 and USP14. Although there is no consensus of thresh-
old cutoff for docking studies, predicted binding energies are 
used to rank ligand–protein interactions [55, 56]. However, 
docking alone should not be used to predict the affinity of 
a ligand-substrate interaction [57]. Molecular mechanics is a 
follow-up analysis to molecular docking predictions [55, 58]. 
When used in combination, these are reliable predictive tools 
of ligand–protein interactions [58]. Successful use of these 
tools includes the scoring of various chemotherapeutic agents 
such as paclitaxel, gemcitabine, and cisplatin to investigate 
the protein MDR1 which contributes to multi-drug resistance 
[59]. In our studies, we performed molecular mechanics using 
Prime MM-GBSA from Schrodinger to calculate and rank the 
compounds based on binding affinity (kcal/mol) to improve the 
confidence of protein–ligand interactions observed in molecu-
lar docking experiments conducted with the Glide software. 
Since UCHL5 and USP14 could have many possible binding 
sites for these compounds, we explored various binding sites 
using sitemap generation included in Schrodinger. Sitemap 

ranks the likelihood of regions within a protein to be consid-
ered active binding sites. We took the best scoring sitemaps 
and performed docking and subsequent molecular mechanics 
simulations. Compound P2, which we evaluated in a previ-
ous study, was also included in these molecular docking and 
molecular mechanics studies since the current evaluation of 
P3–P5 was accomplished as a follow-up study [8]. The top 
scores (i.e., most negative) for UCHL5 (PDB: 4UEM) were 
for sitemap 2 (see Supplementary Fig. 2). The docking scores 
and binding affinities, respectively, to UCHL5 for P2 are -5.61 
and -68.83 kcal/mol, for P3 are -5.12 and -65.44 kcal/mol, 
for P4 are -5.23 and-74.15 kcal/mol, and for P5 are -4.96 and 
-62.89 kcal/mol. Supplementary Fig. 2 displays the docking 
data of P2, P3, P4, and P5 bound to sitemap 2 of UCHL5. The 
top scores for USP14 (PDB: 6IIN) were for a known inhibi-
tor site (see Supplementary Fig. 3). The docking scores and 
binding affinities, respectively, to USP14 are the following: P2 
− 7.21 and − 45.64 kcal/mol, P3 -6.18 and -51.67 kcal/mol, 
P4 -5.86 and − 57.16 kcal/mol, and P5 − 5.16 and -58.45 kcal/
mol. Supplementary Fig. 3 displays the docking data of P2, P3, 
P4, and P5 bound to the inhibitor site of UCHL5. From these 
data, we can predict that the piperidones being investigated 
bind to deubiquitinases UCHL5 and USP14. Based on docking 
scores, P2 displayed favorable results for having the strongest 
interaction with UCHL5 and USP14. However, the more reli-
able molecular mechanics analysis revealed that P4 and P5 
had the best binding affinity to UCHL5 and USP14, respec-
tively. In vitro data supporting inhibition of the proteasome, 
i.e., the accumulation of poly-ubiquitinated proteins (Fig. 6a), 
the up-regulation of Noxa (Fig. 6b), and the differential regula-
tion of genes important to this activity (Fig. 7), supports the 
interaction of P4 with UCHL5. The in vitro results are also 
in concert with P5 binding USP14 to inhibit the proteasome 
since it displayed the highest fold-change increase (0.64) of 
poly-ubiquitinated proteins (Fig. 5a), up-regulation of Noxa 
(Fig. 5b), up- and down-regulation of important proteasome 
inhibition-related genes (Fig. 7), and finally cell cycle arrest 
at the  G2/M phase (Fig. 6d). This was in addition to the strong 
apoptotic induction of P5 which had the lowest  CC50 average 
against tumorigenic cell lines and a significant increase in the 
percentage of cells with phosphatidylserine externalization, 
caspase-3 activation, mitochondrial membrane depolarization, 
and DNA fragmentation. In the future, biochemical experi-
ments need to be performed to conclude that the deubiquit-
inating enzymes UCHL5 and USP14 are the actual targets of 
these compounds.

Conclusions

The behavior of compounds P3, P4, and P5 is in concert 
with the behavior of the previously published compounds 
P1 and P2 [8]. We observe apoptosis as the cell death 
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mechanism activated by these compounds, specifically, the 
activation of the intrinsic pathway of apoptosis. Investigation 
of the mechanism by which these compounds induce apop-
tosis leads us to believe that the piperidone compounds can 
cause proteasome inhibition that leads to proteotoxic stress. 
There is a strong correlation between the genes and proteins 
affected by these compounds to that of proteasome inhibi-
tors. These compounds appear to inhibit deubiquitinating 
enzymes within the proteasome as other similarly structured 
compounds do [16]. Given that clinically approved protea-
some inhibitors can eventually become ineffective, these 
compounds could resolve resistance issues by targeting dif-
ferent components of the proteasome in combination with 
currently approved proteasome inhibitors [16, 60]. In con-
clusion, we have discovered that compounds P3, P4, and P5, 
display strong potential as anticancer agents to be explored 
in the future.
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e Department of Physics,Faculty of Arts and Sciences, Zonguldak Bulent Ecevit University, 67100 Zonguldak, Turkey 
f Department of Chemistry, Faculty of Science, Karabuk University, 78050 Karabuk, Turkey 
g Institute of Bioinformatics and Applied Biotechnology, Electronic city phase 1, Bangalore 560100, Karnataka, India   

A R T I C L E  I N F O   

Key words: 
Indolin-2-one 
Cytotoxicity 
Apoptosis 
Cell cycle 
Molecular docking 
EGFR 
1,2,3-Triazole 

A B S T R A C T   

In pursuit of an anticancer lead, a library of 1,2,3-triazole derivatives (7a-x) was prepared, characterized and 
screened for in vitro cytotoxicity in different cell lines. Most of the compounds proved to be cytotoxic with IC50 
values in the low micromolar range. Further studies showed that the most active compound 7c induces caspase- 
dependent apoptosis in Jurkat cells by activating both the intrinsic and the extrinsic apoptotic pathways and 
perturbs cell-cycle progression. Moreover, 7c did not show any genotoxic activity. Molecular docking simulations 
were performed against epidermal growth factor receptor (EGFR). Docking experiments showed that, compounds 
7c, 7o and 7 v bind within active sites of epidermal growth factor receptor EGFR (Pdb ID: 6P8Q) by strong 
hydrogen bonds with residue MET793, Pi-Sulfur with residue MET790 and Pi-Alkyl type interactions with res-
idues LEU788, ALA743. The SwissADME webserver investigation suggested that most of the synthesized com-
pounds follow the rules of drug-likeness.   

1. Introduction 

Resistance to chemotherapy is a main obstacle in cancer treatment. 
Despite the advances in molecular biology and availability of drug dis-
covery tools, getting a promising anticancer lead still seems to be an 
uphill task. In search of a lead with possible anticancer property, the 
heterocyclic skeletons were explored extensively. Better chemical 
reactivity, greater receptor affinity, rapid body clearance and low 
toxicity make heterocyclic moieties the first choice synthon in drug 
discovery process (Pearce, 2017), triazole is an example of it. Further, 
the development of Disarib (Fig. 1) as a potent BCL2-inhibitor (Iyer 
et al., 2016) paved the idea of synthesizing some indole based triazole 
analogs with potential anticancer activity. Among heterocycles, indole is 

one of the most promising moieties. Thanks to its physicochemical 
properties, indole ring is considered a golden scaffold to design new 
antitumoral agents (Wan et al., 2019). Indeed, several indole derivatives 
were reported as anticancer compounds (Wan et al., 2019; Jia et al., 
2020), such as Sunitinib, Osimertinib and Nintedanib (Fig. 1). 1,2,3-Tri-
azole is a well-known scaffold with substantial biological activities. In 
fact, 1,2,3-triazole derivatives have been reported as anticancer (Atulya 
et al., 2016; Chen et al., 2008; Narsimha et al., 2016; Carroux et al., 
2013; Duan et al., 2013; Yan et al., 2010, Sztanke al, 2008), cytotoxic 
(Das et al., 2021), antioxidant (Mady et al., 2014), anti-HIV (Velázquez 
et al., 1998; Johns etal, 2009), anti-tubercular (Kumar et al., 2014; 
Yempala et al., 2014; Patpi et al., 2012), antimicrobial (Hussain et al., 
2019; Behbehani et al., 2011; Holla et al., 2005; Chen et al., 2000), 
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antifungal (Sheehan et al., 1999), anti-inflammatory (Hafez et al., 2008; 
Rao etal, 2014), antimalarial (Gujjar et al., 2009), and anticonvulsant 
(Ulloora et al., 2013; Erol et al., 1995) agents. Apart from being a ver-
satile synthon, the triazole moiety is used as bioisostere to modify bio-
logical and physicochemical properties of a lead in drug discovery 
process (Bonandi et al., 2017). The most common method used to syn-
thesize 1,2,3-triazole nucleus is 1,3-dipolar cycloaddition of azide with 
alkyne (Kumar et al., 2014), and the same has been adopted for the 
proposed work, which deals with synthesis and in vitro cytotoxicity 
investigation of newly synthesized 1,2,3-triazole derivatives (7a-x). 
Moreover, the most active compound 7c was deeper investigated in 
order to understand the molecular mechanisms responsible for its 
cytotoxic activity. 

Further, the pharmacokinetic properties and ADME parameters of 
the synthesized compounds were also investigated. 

Epidermal Growth Factor Receptor (EGFR) is a transmembrane 
protein regulating development and homeostasis; besides, it also plays a 
key role in cancer development (Sigismund et al., 2018). Indeed, its 
improper activation, due to gene amplification, mutations or over 
expression, has been observed in different cancer types, including lung 
(Mitsudomi et al., 2010), glioblastoma (Verhaak et al., 2010; Mel-
linghoff et al., 2005), head-neck (Grandis et al., 1998, Kalyankrishna 
et al., 2006), anal (Walker et al., 2009), and ovarian cancers (Nielsen 
et al., 2004; Morrison et al., 2012). Therefore, this receptor is assumed to 
be one of the most important target structures for the development of 
new anticancer agents (Jain et al., 2018; De Clercq et al., 2019; To et al., 
2019). In this context, the crystal structure of EGFR (PDB ID: 6P8Q) was 
considered as the target structure and the inhibition effect of the syn-
thesized compounds on this receptor was investigated by molecular 
docking simulations. Here, the calculations were performed with 
AutoDockVina (Trott et al., 2010) using Lamarckian genetic algorithm 
(Solis et al., 1981, Huey et al., 2007) and great agreement with in vitro 
results was observed. In addition, the possible binding sites of some 
high-scoring compounds to EFGR were determined. 

2. Experimental section 

2.1. Chemistry 

Reagents and solvents were assured for purity before use. Progress of 
reactions was confirmed by thin layer chromatography (TLC) on a pre- 

coated Aluchrosep silica gel 60/UV254 plates (Sd Fine-Chem Ltd.). 
Melting point (m.p.) was measured by open capillary tube method in 
liquid paraffin (heavy), and reported uncorrected. Fourier transformer 
infrared (FTIR) spectra were recorded using infrared (IR) grade potas-
sium bromide (KBr) by diffuse reflectance technique on JASCO 460+. 
The1H/13C NMR spectra were recorded in deuterated dimethyl sulph-
oxide (DMSO-d6) and chloroform (CDCl3) between 400 and 500/ 
100 MHz on Bruker (Ultraspec AMX 400) and JEOL RESONANCE. 
Chemical shift (δ) values were expressed in ppm using tetramethylsilane 
(TMS) as reference. CHN analysis was done on Thermo scientific Flash 
2000 organic elemental analyzer. Mass spectra of (Z)− 3-(4-((1-aryl-
methyl-1 H-1,2,3-triazol-4-yl)methoxybenzylidene)indolin-2-ones (7a- 
d, 7o and 7 v) were recorded on triple-quadrupole liquid chromatog-
raphy mass spectrometry (LC-MS) 6410 from Agilent Technologies. 
Compounds 4-(prop-2-ynyloxy)benzaldehyde (3) and 4-((1-arylmethyl- 
1H-1,2,3-triazol-4-yl)methoxy)benzaldehydes (5A-D) were synthesized 
according to literature (Kumar et al., 2013). Various arylazides (4A-D) 
were prepared as per the literature (Hong et al., 2013). Various 
indolin-2-ones (6E-J) were prepared according to literature (Soriano al, 
1993). Compounds 7a and 7 s were prepared as per the literature 
(Atulya et al., 2016). 

2.2. General procedure for the synthesis of (Z)-3-(4-((1-benzyl-1 H- 
1,2,3-triazol-4 yl)methoxy benzylidene)indolin-2-ones (7b-x) 

The appropriate aldehyde 5 (1 mmol) was dissolved in anhydrous 
methanol (30 mL) and treated with the equivalent of respective 2-oxin-
dole 6 and piperidine (0.5 mL). The reaction mixture was refluxed and 
the precipitate formed on cooling was collected by filtration and 
recrystallized from DMF/methanol mixture in various proportions. 

2.2.1. (Z)-3-(4-((1-benzyl-1 H-1,2,3-triazol-4-yl)methoxy)benzylidene)- 
5-chloroindolin-2-one (7b) 

Yield 58%; m.p.260–262 ◦C; IR (KBr) νmax/cm-1: 3204, 3050, 2945, 
1697, 1590, 1511, 1464, 1185;1H NMR (400 MHz, DMSO-d6, δ/ppm): 
10.71 (s, 1 H, -NH), 8.50 (d, 2 H, J=7.2 Hz), 8.32 (s, 1 H, triazole-H), 
7.88 (s, 1 H, benzylidene-H), 7.81–7.80 (d, 1 H, J=2.0 Hz), 7.39–7.36 
(m, 2 H, ar.), 7.34–7.31 (m, 3 H, ar.), 7.21–7.19 (m, 1 H, ar.), 7.15 (d, 
2 H, J=7.2 Hz), 6.81 (d, 1 H, J=6.4 Hz), 5.61 (s, 2 H, -OCH2-), 5.24 (s, 
2 H, -NCH2-). 13C NMR (100 MHz, DMSO-d6, δ/ppm): 167.09, 160.27, 
142.54, 138.84, 138.68, 135.93, 134.70, 128.73, 128.12, 127.92, 

Fig. 1. Structures of indole containing drugs (Sunitinib, Osimertinib, Nintedanib and Disarib) in clinical and preclinical stages, triazole containing drug (CAI) and 
synthesized derivatives 7a–x. 
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127.55, 127.27, 127.06, 125.24, 124.82, 123.03, 119.28, 114.53, 
110.49, 61.20, 52.82. Anal. Calcd. for C25H19ClN4O2: C, 67.80; H, 4.32; 
N, 12.65: Found C, 67.67; H, 4.25; N, 12.69%. +MS (ESI) m/z: 443.20 
(442.90). 

2.2.2. (Z)-3-(4-((1-benzyl-1 H-1,2,3-triazol-4-yl)methoxy)benzylidene)- 
5-methylindolin-2-one (7c) 

Yield 55%; m.p.220–222 ◦C; IR (KBr) νmax/cm-1:3198, 3049, 2876, 
1698, 1601, 1543, 1482, 1379, 1201; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.44 (s, 1 H,-NH), 8.47 (d, 2 H, J=9.2 Hz), 8.37 (s, 1 H, 
triazole-H), 7.69 (s, 1 H, benzylidene-H),7.49 (s, 1 H, ar.), 7.40–7.31 (m, 
5 H, ar.), 7.13 (d, 2 H, J=8.8 Hz), 6.99 (d, 1 H, J=8.4 Hz), 6.70 (d, 1 H, 
J=7.6 Hz), 5.61 (s, 2 H,-OCH2-), 5.23 (s, 2 H, -NCH2-), 2.29 (s, 3 H, 
-CH3). 13C NMR (100 MHz, DMSO-d6, δ/ppm): 167.45, 159.22, 142.66, 
140.40, 136.31, 135.95, 135.57, 134.28, 131.41, 130.12, 129.61, 
128.74, 128.14, 127.93, 126.95, 125.90, 124.80, 122.59, 119.74, 
114.92, 114.42, 109.73, 108.91, 61.22, 52.84. Anal. Calcd. for 
C25H22N4O2: C, 73.92; H, 5.25; N, 13.26: Found C, 73.81; H, 5.21; N, 
13.23%. +MS (ESI) m/z: 423.2 (422.48). 

2.2.3. (Z)-3-(4-((1-benzyl-1 H-1,2,3-triazol-4-yl)methoxy)benzylidene)- 
5-bromoindolin-2-one (7d) 

Yield 62%; m.p.238–240 ◦C; IR (KBr) νmax/cm-1:3154, 3038, 2941 
1697, 1591, 1512, 1471, 1186; 1H NMR (400 MHz, DMSO-d6, δ/ppm): 
10.72 (s, 1 H, -NH), 8.50 (d, 2 H, J=6.8 Hz) 8.32 (s, 1 H, triazole-H), 
7.93 (s, 1 H, ar.), 7.89 (s, 1 H, benzylidene-H), 7.70–7.65 (m, 1 H, 
ar.),7.40–7.31 (m, 5 H, ar.), 7.22–7.13 (m, 2 H, ar.), 6.84–6.75 (m, 1 H, 
ar.) 5.61 (s, 2 H, -OCH2-), 5.24 (s, 2 H, -NCH2-). Anal. Calcd. for 
C25H19BrN4O2: C, 61.61; H, 3.93; N, 11.50: Found C, 61.53; H, 3.95; N, 
11.53%. -MS (ESI) m/z: 485.0 (487.35). 

2.2.4. (Z)-3-(4-((1-benzyl-1 H-1,2,3-triazol-4-yl)methoxy)benzylidene)- 
7-chloroindolin-2-one (7e) 

Yield 73%;m.p.214–216 ◦C; IR (KBr) νmax/cm-1:3151, 3040, 2925, 
1700, 1592, 1449, 1482, 1226; 1H NMR (400 MHz, DMSO-d6, δ/ppm): 
10.99 (s, 1 H, -NH), 8.49 (d, 2 H, J=9.2 Hz), 8.31 (s, 1 H, triazole-H), 
7.83 (s, 1 H, benzylidene-H), 7.67 (d, 1 H, J=7.2 Hz), 7.40–7.28 (m, 
5 H, ar.), 7.25 (d, 1 H, J=8.8 Hz), 7.16 (d, 2 H, J=8.8 Hz), 7.00 (t, 1 H, 
J=15.6 Hz), 5.61 (s, 2 H, -OCH2-), 5.24 (s, 2 H, -NCH2-).13C NMR 
(100 MHz, DMSO-d6, δ/ppm): 167.22, 160.31, 142.56, 138.75, 137.49, 
135.94, 134.69, 128.75, 128.14, 127.94, 127.71, 127.19, 126.99, 
124.84, 123.49, 122.06, 117.85, 114.55, 113.54, 61.22, 52.84. Anal. 
Calcd. for C25H19ClN4O2: C, 67.80; H, 4.32; N, 12.65: Found C, 67.71; H, 
4.35; N, 12.66%. 

2.2.5. (Z)-3-(4-((1-benzyl-1 H-1,2,3-triazol-4-yl)methoxy)benzylidene)- 
6-chloroindolin-2-one (7 f) 

Yield 65%;m.p.181–183 ◦C; IR (KBr) νmax/cm-1:3198, 3030, 2845, 
1698, 1604, 1543, 1476, 1184; 1H NMR (500 MHz, DMSO-d6, δ/ppm): 
10.86 (s, 1 H, -NH), 8.41 (s, 1 H, triazole-H), 8.32–8.29 (m, 3 H, ar.), 
7.39–7.36 (m, 2 H, ar.), 7.34–7.31(m, 3 H, ar.), 7.19 (t, 1 H, J=12.8 Hz), 
7.12 (d, 2 H, J=7.2 Hz), 7.01 (d, 1 H, J=7.2 Hz), 6.81 (d, 1 H, 
J=6.8 Hz), 5.61 (s, 2 H, -OCH2-), 5.24 (s, 2 H, -NCH2-).13C NMR 
(100 MHz, DMSO-d6, δ/ppm): 167.09, 160.27, 142.54, 138.84, 138.68, 
135.93, 134.70, 128.72, 128.12, 127.92, 127.54, 127.26, 127.06, 
125.24, 124.82, 123.03, 119.28, 114.52, 110.48, 61.20, 52.82. Anal. 
Calcd. for C25H19ClN4O2: C, 67.80; H, 4.32; N, 12.65: Found C, 67.68; H, 
4.29; N, 12.69%. 

2.2.6. (Z)-5-chloro-3-(4-((1-(4-nitrobenzyl)1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7 g) 

Yield 55%; m.p.220–222 ◦C; IR (KBr) νmax/cm-1:3201, 3060, 2890, 
1701, 1599, 1560, 1512, 1483, 1192; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.69 (s, 1 H, -NH), 8.50 (d, 2 H, J=8.8 Hz), 8.39 (s, 1 H, 
triazole-H), 8.25 (d, 2 H, J=8.8 Hz), 7.88 (s, 1 H, benzylidene-H), 
7.80–7.79 (m, 1 H, ar.), 7.55 (d, 2 H, J=8.8 Hz), 7.21–7.18 (m, 1 H, 

ar.), 7.15 (d, 2 H, J=8.8 Hz), 6.82 (d, 1 H, J=8.0 Hz), 5.80 (s, 2 H, 
-OCH2-), 5.27 (s, 2 H, -NCH2-).13C NMR (100 MHz, DMSO-d6, δ/ppm): 
167.12, 160.24, 147.25, 143.32, 142.76, 138.87, 138.66, 134.72, 
129.04, 127.59, 127.28, 127.13, 125.28, 123.90, 123.11, 119.31, 
114.59, 110.52, 61.20, 51.95. Anal. Calcd. for C25H18ClN5O4: C, 61.54; 
H, 3.72; N, 14.35: Found C, 61.45; H, 3.67; N, 14.39%. 

2.2.7. (Z)-5-bromo-3-(4-((1-(4-nitrobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7 h) 

Yield 65%; m.p.210–212 ◦C; IR (KBr) νmax/cm-1:3157, 3078, 2856, 
1698, 1589, 1477, 1190; 1H NMR (400 MHz, DMSO-d6, δ/ppm): 10.70 
(s, 1 H, -NH), 8.50 (d, 2 H, J=9.2 Hz), 8.39 (s, 1 H, triazole-H), 8.25 
(d,2 H, J=8.8 Hz), 7.92 (m, 2 H, ar.), 7.54 (d, 2 H, J=8.8 Hz), 7.34–7.31 
(m, 1 H, ar.), 7.16 (d, 2 H, J=9.2 Hz), 6.77 (d, 1 H, J=8.4 Hz), 5.80 (s, 
2 H, -OCH2-), 5.27 (s, 2 H, -NCH2-).13C NMR (100 MHz, DMSO-d6, 
δ/ppm): 166.98, 160.23, 147.25, 143.32, 142.75, 139.22, 138.68, 
134.72, 130.37, 129.03, 127.70, 127.13, 125.27, 123.89, 122.94, 
122.03, 114.57, 112.94, 111.02, 61.19, 51.93. Anal. Calcd. for 
C25H18BrN5O4: C, 56.41; H, 3.41; N, 13.16: Found C, 56.37; H, 3.35; N, 
13.20%. 

2.2.8. (Z)-6-chloro-3-(4-((1-(4-nitrobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7i) 

Yield 54%; m.p.178–180 ◦C;IR (KBr) νmax/cm-1:3201, 3090, 2864, 
1695, 1616, 1528, 1499, 1472, 1185; 1H NMR (500 MHz, DMSO-d6, 
δ/ppm): 10.86 (s, 1 H, -NH), 8.41 (d, 2 H, J=6.0 Hz), 8.32 (d, 2 H, 
J=6.8 Hz), 8.25–8.21 (m, 2 H, ar.), 7.54 (d, 2 H, J=7.2 Hz), 7.19 (t, 1 H, 
J=12.8 Hz), 7.12 (d, 2 H, J=7.2 Hz), 7.01 (d, 1 H, J=6.8 Hz), 6.81 (d, 
1 H, J=6.8 Hz), 5.81 (s, 2 H, -OCH2-), 5.26 (s, 2 H, -NCH2-).13C NMR 
(100 MHz, DMSO-d6, δ/ppm): 167.19, 159.41, 143.31, 136.74, 134.51, 
131.60, 129.00, 126.70, 125.24, 123.88, 123.24, 120.73, 120.03, 
115.09, 114.53, 109.92, 61.13, 51.92. Anal. Calcd. for C25H18ClN5O4: C, 
61.54; H, 3.72; N, 14.35: Found C, 61.49; H, 3.65; N, 14.41%. 

2.2.9. (Z)-7-chloro-3-(4-((1-(4-nitrobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7j) 

Yield 58%; m.p.210–213 ◦C; IR (KBr) νmax/cm-1:3227, 3066, 2950, 
1695, 1610, 1514, 1481, 1432, 1174; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 11.00 (s, 1 H, -NH), 8.50 (d, 2 H, J=9.2 Hz), 8.39 (s, 1 H, 
triazole-H), 8.25–8.22 (d, 2 H, J=8.8 Hz), 7.84 (s, 1 H, benzylidene-H), 
7.67 (d, 1 H, J=7.6 Hz), 7.55–7.52 (d, 2 H, J=8.8 Hz), 7.23 (d, 1 H, 
J=8.8 Hz), 7.17 (d, 2 H, J=8.8 Hz), 6.99 (t, 1 H, J=15.6 Hz), 5.81 (s, 
2 H, -OCH2-), 5.27 (s, 2 H, -NCH2-).13C NMR (100 MHz, DMSO-d6, 
δ/ppm): 167.22, 160.26, 147.25, 143.32, 142.75, 138.71, 137.50, 
134.69, 129.04, 127.72, 127.19, 127.03, 125.28, 123.53, 122.06, 
117.86, 114.58, 113.55, 61.20, 51.94. Anal. Calcd. for C25H18ClN5O4: C, 
61.54; H, 3.72; N, 14.35: Found C, 61.42; H, 3.61; N, 14.44%. 

2.2.10. (Z)-3-(4-((1-(4-nitrobenzyl)-1 H-1,2,3-triazol-4-yl)methoxy) 
benzylidene)indolin-2-one (7k) 

Yield 63%; m.p.214–215 ◦C; IR (KBr) νmax/cm-1:3247, 3059, 2919, 
1695, 1610, 1514, 1449, 1481, 1174; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.56 (s, 1 H, -NH), 8.48 (d, 2 H, J=8.8 Hz), 8.38 (s, 1 H, 
triazole-H), 8.23 (d, 2 H, J=8.8 Hz), 7.94–7.52 (sdd, 4 H, J=8.8 Hz, 
8.8 Hz), 7.23–7.12 (td, 3 H, J=15.6 Hz, 8.4 Hz), 6.96 (t, 1 H, J=16 Hz), 
6.81 (d, 1 H, J=8.0 Hz), 5.80 (s, 2 H, -OCH2-) 5.26 (s, 2 H, -NCH2-).13C 
NMR (100 MHz, DMSO-d6, δ/ppm): 167.32, 159.81, 147.23, 143.31, 
142.81, 140.25, 136.61, 134.31, 129.01, 128.23, 127.28, 125.27, 
125.23, 124.23, 123.88, 120.85, 119.23, 114.44, 109.15, 61.15, 51.92. 
Anal. Calcd. for C25H19N5O4: C, 66.22; H, 4.22; N, 15.44: Found C, 
66.15; H, 4.16; N, 15.49%. 

2.2.11. (Z)-5-methyl-3-(4-((1-(4-nitrobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy)- benzylidene)indolin-2-one (7 l) 

Yield 55%; m.p.216–218 ◦C; IR (KBr) νmax/cm-1:3169, 3010, 2826, 
1672, 1602, 1594, 1503, 1489, 1376, 1189. 1H NMR (400 MHz, DMSO- 
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d6, δ/ppm): 10.41 (s, 1 H, -NH), 8.39 (s, 1 H, triazole-H), 8.24 (d, 2 H, 
J=8.8 Hz), 7.71 (d, 2 H, J=8.8 Hz), 7.55–7.52 (m, 3 H, ar.), 7.44 (s, 1 H, 
ar.), 7.20 (d, 2 H, J=8.8 Hz), 7.03 (d, 1 H, J=7.2 Hz), 6.76 (d, 1 H, 
J=8.0 Hz), 5.81 (s, 2 H,-OCH2-), 5.29 (s, 2 H, -NCH2-), 2.17 (s, 3 H, 
-CH3). 13C NMR (100 MHz, DMSO-d6, δ/ppm): 168.90, 159.16, 147.22, 
143.31, 142.84, 140.40, 135.51, 134.27, 131.39, 130.11, 129.56, 
127.00, 125.93 (s), 125.21, 123.88, 122.56, 121.16, 114.94, 109.71, 
61.21, 51.92, 20.79. Anal. Calcd. for C26H21N5O4: C, 66.80; H, 4.53; N, 
14.98: Found C, 66.59; H, 4.48; N, 15.01%. 

2.2.12. (Z)-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl)methoxy) 
benzylidene) indolin-2-one (7 m) 

Yield 70%; m.p.200–201 ◦C; IR (KBr) νmax/cm-1:3229, 3010, 2811, 
1692, 1594, 1498, 1476, 1386, 1167; 1H NMR (500 MHz, DMSO-d6, 
δ/ppm): 10.58 (s, 1 H,-NH), 8.47 (d, 2 H, J=7.2 Hz), 8.28 (s, 1 H, 
triazole-H), 7.74 (s, 1 H, benzylidene-H), 7.67 (d, 1 H, J=6.0 Hz), 7.22 
(m, 2 H, ar.), 7.18 (m, 3 H, ar.), 7.13 (d, 2 H, J=7.2 Hz), 6.97 (t, 1 H, 
J=13.2 Hz), 6.81 (d, 1 H, J=6.0 Hz), 5.55 (s, 2 H, -OCH2-), 5.22 (s, 2 H 
-NCH2-), 2.67 (s, 3 H, -CH3).13C NMR (100 MHz, DMSO-d6, δ/ppm): 
167.33, 159.87, 142.58, 140.24, 137.49, 136.67, 134.32, 132.94, 
129.27, 128.24, 127.98, 127.25, 125.29, 124.65, 124.18, 120.87, 
119.24, 114.44, 109.16, 61.18, 52.64, 20.64. Anal. Calcd. for 
C25H22N4O2: C, 73.92; H, 5.25; N, 13.26: Found C, 73.81; H, 5.21; N, 
13.32%. 

2.2.13. (Z)-6-chloro-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7 n) 

Yield 56%; m.p.189–190 ◦C;IR (KBr) νmax/cm-1:3203, 3023, 2838, 
1692, 1586, 1509, 1448, 1389, 1175; 1H NMR (500 MHz, DMSO-d6, 
δ/ppm): 10.86 (s, 1 H, -NH), 8.40 (s, 1 H, ar.), 8.32 (d, 2 H, J=7.2 Hz), 
8.27 (s, 1 H, triazole-H), 7.22–7.20 (m, 2 H, ar.), 7.19–7.16 (m, 3 H, ar.), 
7.11 (d, 2 H, J=7.2 Hz), 7.01 (d, 1 H, J=7.2 Hz), 6.81 (d, 1 H, 
J=7.2 Hz), 5.55 (s, 2 H, -OCH2-), 5.22 (s, 2 H, -NCH2-), 2.27 (s, 3 H, 
-CH3).13C NMR (100 MHz, DMSO-d6, δ/ppm): 167.20, 160.13, 142.53, 
141.31, 137.82, 137.49, 134.52, 132.93, 132.24, 129.26, 127.98, 
127.08, 124.66, 124.29, 122.98, 120.67, 120.64, 114.51, 109.12, 61.20, 
52.64, 20.64. Anal. Calcd. for C26H21ClN4O2: C, 68.34; H, 4.63; N, 
12.26: Found C, 68.25; H, 4.57; N, 12.31%. 

2.2.14. (Z)-5-methyl-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7o) 

Yield 60%; m.p.208–210 ◦C; IR (KBr) νmax/cm-1:3198, 3043, 2821, 
1695, 1602, 1528, 1489, 1378, 1184; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.41 (s, 1 H, -NH), 8.27 (s, 1 H, triazole-H), 7.70 (d, 2 H, 
J=8.8 Hz), 7.53 (s, 1 H, benzylidene-H), 7.45 (s, 1 H, ar), 7.23–7.16 (m, 
6 H, ar.), 7.04 (d, 1 H, J=8.0 Hz), 6.76 (d, 1 H, J=8.0 Hz), 5.55 (s, 2 H, 
-OCH2-), 5.22 (s, 2 H, -NCH2-), 2.27 (s, 3 H, -CH3), 2.18 (s, 3 H, -CH3). 
+ MS (ESI) m/z: 437.50 (436.52).13C NMR (100 MHz, DMSO-d6, /ppm): 
167.44, 159.79, 142.62, 138.02, 136.30, 135.94, 134.27, 129.60, 
128.73, 128.66, 128.12, 127.92, 127.31, 125.34, 124.79, 124.38, 
119.73, 114.41, 108.90, 61.16, 52.82, 20.78. Anal. Calcd. for 
C27H24N4O2: C, 74.29; H, 5.54; N, 12.84: Found C, 74.15; H, 5.47; N, 
12.91%. 

2.2.15. (Z)-5-bromo-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7p) 

Yield 46%; m.p.238–240 ◦C; IR (KBr) νmax/cm-1:3158, 3043, 2859, 
1698, 1611, 1512, 1462, 1381, 1187; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.70 (s, 1 H,-NH), 8.50 (d, 2 H, J=9.2 Hz), 8.27 (s, 1 H, tri-
azole H), 7.92 (d, 1 H, J=2.0, ind4), 7.88 (s, 1 H, benzylidene-H), 
7.34–7.31 (dd, 1 H, J=8.4, ind6), 7.23–7.12 (m, 6 H, ar.), 6.77 (d, 
1 H, J=8.0 Hz), 5.55 (s, 2 H, -OCH2-) 5.23 (s, 2 H, -NCH2-), 2.27 (s, 3 H, 
-CH3).13C NMR (100 MHz, DMSO-d6, δ/ppm): 166.96, 160.28, 142.50, 
139.20, 138.71, 137.47, 134.71, 132.92, 130.34, 129.25, 127.97, 
127.70, 127.07, 124.66, 122.88, 122.01, 114.53, 112.93, 111.00, 61.20, 
52.63, 20.63. Anal. Calcd. for C26H21BrN4O2: C, 62.28; H, 4.22; N, 

11.17: Found C, 62.16; H, 4.17; N, 11.21%. 

2.2.16. (Z)-5-chloro-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7q) 

Yield 48%; m.p.242–244 ◦C; IR (KBr) νmax/cm-1:3158, 3059, 2890, 
1699, 1590, 1510, 1465, 1381, 1187; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 10.69 (s, 1 H,-NH), 8.49 (d, 2 H, J=8.8 Hz), 8.27 (s, 1 H, 
triazole-H), 7.88–7.80 (m, 2 H, ar.), 7.23–7.12 (m, 7 H, ar.), 6.77 (d, 
1 H, J=8.4 Hz), 5.55 (s, 2 H, -OCH2-), 5.23 (s, 2 H, -NCH2-), 2.26 (s, 3 H, 
-CH3).13C NMR (100 MHz, DMSO-d6, δ/ppm): 167.09, 160.27, 142.50, 
138.84, 138.68, 137.47, 134.70, 132.92, 131.52, 129.23, 127.96, 
127.54, 127.27, 127.06, 125.24, 124.66, 123.03, 119.27, 114.53, 
110.48, 61.20, 52.63, 20.63. Anal. Calcd. for C26H21ClN4O2: C, 68.34; H, 
4.63; N, 12.26: Found C, 68.27; H, 4.53; N, 12.23%. 

2.2.17. (Z)-7-chloro-3-(4-((1-(4-methylbenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7r) 

Yield 55%; m.p.212–214 ◦C; IR (KBr) νmax/cm-1:3201, 3023, 2804, 
1698, 1612, 1554, 1486, 1379, 1198; 1H NMR (400 MHz, DMSO-d6, 
δ/ppm): 11.00 (s, 1 H, -NH), 8.49 (d, 2 H, J=8.8 Hz), 8.27 (s, 1 H, 
triazole-H), 7.84 (s, 1 H, benzylidene-H), 7.67 (d, 1 H, J=7.2 Hz), 
7.25–7.13 (m, 7 H, ar.), 6.99 (t, 1 H, J=15.6 Hz), 5.50 (s, 2 H, -OCH2-), 
5.23 (s, 2 H, -NCH2-), 2.27 (s, 3 H, -CH3).13C NMR (100 MHz, DMSO-d6, 
δ/ppm): 167.22, 160.30, 142.52, 138.74, 137.49, 134.69, 132.93, 
129.26, 127.98, 127.70, 127.19, 126.99, 124.68, 123.48, 122.05, 
117.84, 114.55, 113.54, 61.22, 52.65, 20.64. Anal. Calcd. for 
C26H21ClN4O2: C, 68.34; H, 4.63; N, 12.26: Found C, 68.24; H, 4.57; N, 
12.32%. 

2.2.18. (Z)-5-chloro-3-(4-((1-(4-chlorobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7 t) 

Yield 52%; m.p.242–244 ◦C; IR (KBr) νmax/cm-1:3201, 3051, 2862, 
1701, 1623, 1545, 1486, 1201; 1H NMR (500 MHz, DMSO-d6, δ/ppm): 
10.77 (s, 1 H, -NH), 8.55 (d, 2 H, J=8.8), 8.32 (s, 1 H, triazole-H), 7.92 
(s, 1 H, benzylidene-H), 7.82 (m, 1 H, ar.), 7.43 (d, 2 H, J=8.2 Hz), 7.38 
(d, 2 H, J=8.2 Hz), 7.26–7.22 (m, 1 H, ar.), 7.18 (d, 2 H, J=8.8 Hz), 
6.82 (d, 1 H, J=8.8 Hz), 5.63 (s, 2 H, -OCH2-), 5.26 (s, 2 H, -NCH2-). 13C 
NMR (100 MHz, DMSO-d6, δ/ppm): 167.09, 160.24, 142.60, 138.84, 
138.67, 134.92, 134.70, 129.87, 128.73, 127.55, 127.26, 127.08, 
125.24, 124.87, 123.05, 119.28, 114.54, 110.49, 61.19, 52.00. Anal. 
Calcd. for C25H18Cl2N4O2: C, 62.91; H, 3.80; N, 11.74: Found C, 63.01; 
H, 3.71; N, 11.79%. 

2.2.18.1. (Z)-5-bromo-3-(4-((1-(4-chlorobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7 u). Yield 67%; m.p.242–243 ◦C; 
IR (KBr) νmax/cm-1:3204, 3013, 2798, 1695, 1613, 1542, 1486, 1198; 1H 
NMR (500 MHz, DMSO-d6, δ/ppm): 10.73 (s, 1 H, -NH), 8.50 (d, 2 H, 
J=8.8 Hz), 8.33 (s, 1 H, triazole-H), 7.93 (s, 1 H, benzylidene-H), 7.89 
(s, 1 H, ar.), 7.45 (d, 2 H, J=8.0 Hz), 7.35–7.31 (m, 3 H, ar.), 7.15 (d, 
2 H, J=8.0 Hz), 6.77 (d, 1 H, J=8.0 Hz), 5.62 (s, 2 H, -OCH2-), 5.24 (s, 
2 H, -NCH2-).13C NMR (100 MHz, DMSO-d6, δ/ppm): 166.99, 160.27, 
142.63, 139.22, 138.72, 134.93, 134.74, 132.88, 130.38, 129.90, 
128.76, 127.71, 127.11, 124.90, 122.92, 122.03, 114.57, 112.96, 
111.04, 61.21, 52.04. Anal. Calcd. for C25H18BrClN4O2: C, 57.55; H, 
3.48; N, 10.74: Found C, 57.48; H, 3.45; N, 10.82%. 

2.2.19. (Z)-3-(4-((1-(4-chlorobenzyl)-1 H-1,2,3-triazol-4-yl)methoxy) 
benzylidene)-5 methylindolin-2-one (7 v) 

Yield 56%; m.p.220–221 ◦C; IR (KBr) νmax/cm-1:3141, 3030, 2911, 
1682, 1582, 1520, 1482, 1380, 1173; 1H NMR (500 MHz, DMSO-d6, 
δ/ppm): 10.48 (s, 1 H,-NH), 8.46 (d, 2 H, J=8.0), 8.34 (s, 1 H, triazole- 
H), 7.70 (s, 1 H, benzylidene-H), 7.49 (s, 1 H, ar.), 7.45 (d, 2 H, 
J=8.0 Hz),7.35 (d, 2 H, J=8.0 Hz), 7.11 (d, 2 H, J=8.2 Hz), 6.97 (d, 1 H, 
J=8.2 Hz), 6.68 (d, 1 H, J=8.0 Hz), 5.62 (s, 2 H, -OCH2-), 5.22 (s, 2 H, 
-NCH2-), 2.29 (s, 3 H, -CH3).13C NMR (100 MHz, DMSO-d6, δ/ppm): 

A. Das et al.                                                                                                                                                                                                                                      



Computational Biology and Chemistry 97 (2022) 107641

5

167.44, 159.77, 142.69, 138.03, 136.28, 134.92, 134.27, 131.40, 
129.88, 128.73, 127.33, 126.97, 125.33, 124.85, 124.40, 119.73, 
114.42, 108.90, 61.15, 52.01, 20.78. Anal. Calcd. for C26H21ClN4O2: C, 
68.34; H, 4.63; N, 12.26: Found C, 68.25; H, 4.55; N, 12.36%. + MS 
(ESI) m/z: 457.50 (456.93). 

2.2.20. (Z)-6-chloro-3-(4-((1-(4-chlorobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7w) 

Yield 68%; m.p.242–246 ◦C; IR (KBr) νmax/cm-1:3142, 3042, 2828, 
1700, 1613, 1511, 1476, 1176; 1H NMR (500 MHz, DMSO-d6, δ/ppm): 
10.75 (s, 1 H, -NH), 8.47 (d, 2 H, J=8.0), 8.33 (s, 1 H, triazole-H), 7.80 
(s, 1 H, benzylidene-H), 7.70 (d, 2 H, J=8.0 Hz), 7.45 (d, 2 H, 
J=8.0 Hz), 7.35 (d, 2 H, J=8.0 Hz), 7.14 (d, 2 H, J=8.0 Hz), 6.82 (d, 
1 H, J=8.0 Hz), 5.62 (s, 2 H, -OCH2-), 5.23 (s, 2 H, -NCH2-).13C NMR 
(100 MHz, DMSO-d6, δ/ppm): 168.80, 159.45, 143.97, 142.67, 136.79, 
134.93, 133.61, 132.88, 131.58, 129.89, 128.74, 126.68, 124.87, 
124.59, 123.26, 120.77, 120.05, 115.07, 109.94, 61.24, 52.03. Anal. 
Calcd. for C25H18Cl2N4O2: C, 62.91; H, 3.80; N, 11.74: Found C, 62.83; 
H, 3.69; N, 11.83%. 

2.2.21. (Z)-7-chloro-3-(4-((1-(4-chlorobenzyl)-1 H-1,2,3-triazol-4-yl) 
methoxy) benzylidene)indolin-2-one (7x) 

Yield 62%; m.p.250–252 ◦C; IR (KBr) νmax/cm-1: 3201, 3015, 2811, 
1699, 1604, 1548, 1486, 1201; 1H NMR (500 MHz, DMSO-d6, δ/ppm): 
11.04 (s, 1 H, -NH), 8.50 (d, 2 H, J=8.0 Hz), 8.33 (s, 1 H, triazole-H), 
7.85 (s, 1 H, benzylidene-H), 7.68 (s, 1 H, ar.), 7.45 (d, 2 H, 
J=8.0 Hz), 7.35 (d, 2 H, J=8.0 Hz), 7.23 (m, 1 H, ar), 7.16 (d, 2 H, 
J=8.0 Hz), 7.00 (t, 1 H, J=16.0 Hz), 5.62 (s, 2 H, -OCH2-), 5.24 (s, 2 H, 
-NCH2-). 13C NMR (100 MHz, DMSO-d6, δ/ppm): 167.21, 160.27, 
142.62, 138.70, 137.49, 134.91, 134.68, 132.88, 131.68, 129.88, 
128.73, 127.69, 127.18, 127.00, 124.88, 123.50, 122.03, 117.83, 
115.04, 114.54, 113.54, 61.21, 52.03. Anal. Calcd. for C25H18Cl2N4O2: 
C, 62.91; H, 3.80; N, 11.74: Found C, 62.83; H, 3.74; N, 11.81%. 

2.3. Cell cultures and treatments 

Human T-lymphoblastic cells (Jurkat and CEM) and human acute 
promyelocytic cells (HL-60) were provided from LGC standards (LGC 
Group, Middlesex, UK). Jurkat and CEM cells were cultured in Roswell 
Park Memorial Institute (RPMI) 1640 medium supplemented with 10% 
heat-inactivated bovine serum, 1% penicillin/streptomycin solution, 
and 1% L-glutamine solution (all obtained from Sigma Aldrich). HL-60 
cells were cultured in RPMI 1640 supplemented with 20% heat- 
inactivated bovine serum, 1% penicillin/streptomycin solution, and 
1% L-glutamine solution (all obtained from Sigma Aldrich). 293 T 
(human embryonic kidney epithelial cell line was purchased from Na-
tional Centre for Cell Science, Pune, India. Cells were maintained at 
37 ◦C and 5% CO2 in a humidified atmosphere.Cells were treated with 
increasing concentrations of the 1,2,3-traizole analog (7c) for different 
time points depending on the biological assay. Etoposide 10 µg/mL, 
camptothecin 2 µM, and H2O2 0.5 and 1 mM (all obtained from Sigma 
Aldrich) were used as positive controls. 

To evaluate the induction of non-canonical cell death pathways, cells 
were pre-treated for 1 h with different chemical inhibitors and then 
treated with 7c 8 µM for 24 or 48 h. For this purpose, the following 
blockers were used: the pan-caspase inhibitor carbobenzoxy-valyl- 
alanyl-aspartyl-[O-methyl]-fluoromethylketone (Z-VAD-FMK; Bio-
Vision, CA, USA) 75 μM; the PARP-1/− 2 inhibitor olaparib (Ola; Sell-
eckem, Houston, TX, USA) 5 μM; the RIP1 inhibitor II 7-Cl-O-Nec-1 or 
necrostatin-1s (Nec-1s; Sigma Aldrich) 75 μM; the inhibitor of ROS 
generation and lipid peroxidation ferrostatin-1 (Ferr-1, Sigma Aldrich) 
1 μM; the iron chelator deferoxamine mesylate (DFO, Across Organics, 
Thermofisher Scientific, MA, USA) 10 μM and the peroxyl radical 
scavenger vitamin E (Vit E, Sigma Aldrich) 100 μM, in order to inhibit 
apoptosis, parthanatos, necroptosis and ferroptosis, respectively. 

2.4. Cytotoxic activity 

The cytotoxicity of 1,2,3-traizole analogs (7a-x) were investigated 
against HeLa, CEM, L1210 and HEK293T cell lines according to the 
literature (Baraldi et al., 2004, Sujeet et al., 2014). The IC50 were 
calculated and expressed in µM (Table 1 and Fig. S1). All experiments 
were performed in triplicate. 

Further, the cytotoxic activity of compound 7c was analyzed using 
Guava Via Count Reagent (Merck Millipore, Burlington, MA, USA) ac-
cording to manufacturer’s instructions. In brief, after 24 and 48 h 
treatment with 7c, cells were diluted with the reagent containing 7-AAD 
(7-amino actinomycin D) and then incubated at room temperature in the 
dark for 5 min. After incubation, cells were analyzed by flow cytometry. 

2.5. Analysis of cell death mechanisms 

Discrimination between apoptotic and necrotic events was per-
formed by using Guava Nexin Reagent (Merck Millipore). This reagent, 
containing 7-AAD and annexin V-phycoerythrin (PE), is able to distin-
guish apoptotic and necrotic events. Cells were exposed to 7c for 24 h 
and then diluted in Guava Nexin Reagent. After incubation of 20 min at 
room temperature in the dark, cells were analyzed by flow cytometry. 
Three cell populations can be detected: live cells (annexin− / 7-AAD− ), 
early apoptotic cells (annexin+ / 7-AAD− ), and late apoptotic or 
necrotic cells (annexin+ / 7-AAD+). 

To evaluate the induction of non-apoptotic cell death pathways, cell 
viability was analyzed using SYTOX™ Green Nucleic Acid Stain 
(Thermo Fisher Scientific), according to manufacturer’s protocol. 
SYTOX™ Green Nucleic Acid Stain is a fluorescent and cell membrane 
impermeable dye that could easily penetrate only compromised mem-
branes of dead cells, where it binds DNA, thus increasing its fluores-
cence. Briefly, after pre-treatment of 1 h with the different chemical 
inhibitors and treatment of 24 and 48 h with 7c, cells were supple-
mented with SYTOX™ Green Nucleic Acid Stain 10 nM and after incu-
bation of 20 min at room temperature in the dark, cells were analyzed by 
flow cytometry. 

Table 1 
In vitro cytotoxicity data of synthesized indolin-2-one linked 1,2,3-triazole an-
alogs (7a–x).  

Compound IC50 (µM) 

L1210 CEM HeLa 

7a 8.1 ± 2.2 3.6 ± 2.5 4.6 ± 0.0 
7b > 250 33 ± 3.4 133 ± 18 
7c 3.0 ± 0.9 1.5 ± 0.6 3.4 ± 0.6 
7d 150 ± 14 6.7 ± 1.9 36 ± 0.6 
7e 29 ± 1.0 7.3 ± 1.9 38 ± 3 
7 f 44 ± 4.0 18 ± 4.0 66 ± 3.4 
7 g 32 ± 1.0 5.0 ± 0.7 7.8 ± 2.9 
7 h 32 ± 1.5 6.0 ± 1.1 9.2 ± 1.7 
7i 19 ± 2.0 11 ± 6.0 20 ± 1.0 
7j 17 ± 9.0 67 ± 2.5 7.1 ± 4.4 
7k 34 ± 2.0 3.9 ± 0.8 11 ± 3.0 
7 l 30 ± 4.0 4.6 ± 0.4 12 ± 3.0 
7 m 19 ± 4.0 4.4 ± 0.6 4.8 ± 0.1 
7 n 31 ± 4.0 33 ± 3.0 70 ± 3.5 
7o 5.3 ± 0.5 3.8 ± 0.8 4.4 ± 0.6 
7p 38 ± 2.5 7.4 ± 1.7 16 ± 1.0 
7q 24 ± 6 5.7 ± 1.0 15 ± 1.0 
7r 100 ± 13 18 ± 17 31 ± 3.9 
7 s 12 ± 0.9 3.8 ± 1.7 3.7 ± 0.1 
7 t 20 ± 4.0 5.3 ± 1.4 13 ± 1.0 
7 u 20 ± 6.0 5.5 ± 0.1 12 ± 6.0 
7 v 4.8 ± 1.1 4.0 ± 0.6 3.7 ± 0.4 
7w 14 ± 1.1 1.7 ± 0.8 3.9 ± 0.4 
7x 17 ± 3.0 6.8 ± 0.7 8.1 ± 1.9 
Melphalan 2.13 ± 0.02 1.4 ± 0.4 NT 

NT= Not tested. 
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2.6. Measurement of mitochondrial potential 

Analysis of mitochondrial membrane potential was assessed using 
MitoProbeTM DilC1(5) Assay kit (Molecular Probes, Thermo Fisher 
Scientific), according to manufacturer’ instructions. The dye DilC1(5) 
(1,1′,3,3,3′,3′-hexamethylindo dicarbo-cyanine iodide) accumulates in 
mitochondria with active membrane potential. The intensity of DilC1(5) 
staining decreases when cells are treated with agents that disrupt 
mitochondrial potential. Briefly, after 24 h of treatment with 7c, 106 

cells were washed and supplemented with 50 nM DilC1(5) for 20 min at 
37 ◦C, 5% CO2. Then, cells were washed and resuspended in PBS 1X for 
flow cytometric analysis. CCCP 50 µM was used as positive control. 
Results were expressed as % of cells with decreased mitochondrial po-
tential compared to untreated cells. 

2.7. Evaluation of caspase-8 and caspase-3 activity 

Caspase activity was assessed using Caspase 8 Colorimetric Protease 
Assay Kit or Caspase 3 Colorimetric Protease Assay Kit, respectively 
(both purchased by Thermo Fisher Scientific), according to manufac-
turer’s instructions. Briefly, after 24 h treatment, cells were washed in 
PBS 1X lysed by adding Cell Lysis Buffer on ice for 10 min. Then, cellular 
lysates were centrifuged and collected, and protein concentration has 
been normalized according to Bradford assay (Bradford, 1976). Cellular 
lysates were incubated for 2 h at 37 ◦C in the dark with 2X Reaction 
Buffer, containing DTT 10 mM and caspase-8 or caspase-3 substrate 
200 μM. Both substrates consist of a synthetic tetrapeptide, IETD (Ile--
Glu-Thr-Asp) specific for caspase-8, and DEVD (Asp-Glu-Val-Asp) spe-
cific for caspase-3, which are conjugated with the chromophore 
p-nitroanilide (pNA). When caspases are active, the specific substrate is 
cleaved from the chromophore and free pNA is used as a reporter, whose 
absorbance is measured at 405 nm, using the microplate reader Victor 
X3 (Perkin Elmer). Caspases activity was expressed as the fold increase 
of treated cells compared to untreated cells. 

2.8. Measurement of ROS generation 

Intracellular ROS generation was assessed using the probe 
2′,7′–dichlorodihydrofluoresceine (H2DCFDA) (Sigma Aldrich). 
H2DCFDA is a non-fluorescent and cell-permeable probe which is hy-
drolyzed by intracellular esterases of viable cells into 
2′,7′–dichlorohydrofluorescein (H2DCF). In turn, H2DCF is oxidized in 
presence of ROS into 2′,7′–dichlorofluorescein (DCF), which is highly 
fluorescent. In brief, 20 min before the different time end points (1, 3 or 
6 h of treatment with 7c) H2DCFDA 10 µM was added in each well. 
Then, cells were incubated for 20 min at 37 ◦C and 5% CO2 and, after 
incubation, 1 × 106 cells were centrifuged, resuspended in PBS 1X, and 
analyzed by flow cytometry. Intracellular ROS levels were expressed as 
fold increase of treated cells compared to untreated cells. 

2.9. Cell-cycle and cell-cycle-related proteins expression analysis 

After treatment with 7c for 6 and 24 h, cells were fixed with 70% ice- 
cold ethanol; after washing, cells were suspended in 200 μL Guava Cell 
Cycle Reagent (Merck Millipore), containing propidium iodide, and 
incubated 30 min at room temperature in the dark before analysis by 
flow cytometry. The percentages of cells in G0/G1, S, and G2/M phases 
were quantified by the analysis of DNA content based on the use of 
Guava Cell Cycle Reagent. 

In order to analyze the expression of cyclin A, cyclin B1 and CDK1, 
after treatment for 24 h, cells were fixed by 70% cold ethanol and per-
meabilized using 0.25% cold Triton X-100 in Wash Buffer (WB; PBS 1X 
+ 1% bovine serum albumin). Then, samples were washed and incu-
bated with the corresponding primary antibody anti-cyclin A (1:50, 
Invitrogen, Thermo Fisher Scientific), anti-cyclin B1 (1:50, Invitrogen, 
Thermo Fisher Scientific), and anti-CDK1 (1:200, Invitrogen, Thermo 
Fisher Scientific) for 30 min. Next, cells were washed in WB and stained 
with the respective secondary antibody (anti-mouse 1:200; anti-rabbit 
1:200; Invitrogen) for other 30 min. Cells were washed and then 

Scheme 1. Synthesis of compounds 7a-x.  
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analyzed by flow cytometry, recording the mean fluorescence intensity 
(MFI) values. Expression of Cyclin A, Cyclin B1, and CDK1 were indi-
cated as fold increase of treated cells compared to untreated cells. 

2.10. Analysis of DNA damage 

The genotoxic potential of 7c was assessed evaluating the phos-
phorylation of histone γ-H2A.X, as marker of DNA double strand breaks. 
Briefly, after treatment of 5 h with increasing concentrations of 7c, cells 
were fixed, permeabilized and incubated for 30 min in the dark at room 
temperature with an anti γ-H2A.X-Alexa Fluor® antibody (Merck Mil-
lipore, Darmstadt, Germany). Then, samples were analyzed via flow 
cytometry. Phosphorylation of histone γ-H2A.X was expressed as fold 
increase of treated cells compared to untreated cells. Etoposide 10 μg/ 
mL was used as positive control. 

2.11. Flow cytometry 

All flow cytometric analyses were performed using an EasyCyte 5HT 
flow cytometer (Guava Technologies-Millipore, Hayward, CA, USA). 

2.12. ADME evaluation 

The 3D (three dimensional) structures of the molecules were drawn 
using Avogadro v1.2.0 (Hanwell et al., 2012) and the structures were 
optimized using MMFF94s force field. SwissADME webserver (Daina 
et al., 2014, 2017) were used to evaluate ADME parameters, pharma-
cokinetics and drug-like nature of the molecules. 

2.13. Molecular docking simulations 

In docking simulations, the X-ray crystal structure (Pdb ID: 6P8Q) of 
EGFR was used as target. The co-ligand of this structure is 10-benzyl-2- 
fluoro-5,10-dihydro-11H-dibenzo[b,e][1,4]diazepin-11-one. In addi-
tion, we performed all theoretical calculations for the co-ligand and 
melphalan, reference drug, in order to compare with the results obtained 
for the synthesized compounds. For docking simulations, all ligands and 
target were prepared by using PyRx software (Dallakyanand Olson, 
2015) and subsequently the docking experiments were performed using 
the AutoDockVina software (Trott and Olson, 2010) with Lamarckian 

genetic algorithm (LGA) (Solis and Wets, 1981; Huey et al., 2007). The 
visualizations of docking simulations results were conducted using 
Discovery studio (Biovia, 2017). 

2.14. Statistical analysis 

All experiments are expressed as the mean ± SEM of at least three 
independent experiments. Statistical analyses were performed by 
Repeated Measures ANOVA; Tukey or Dunnett or Bonferroni were used 
as a post-test, using the statistical software GraphPad InStat 6.0 version 
(GraphPad Prism, San Diego, CA, USA). p-values below 0.05 were 
considered as significant and represented as * p < 0.05, ** p < 0.01, *** 
p < 0.001, and **** p < 0.0001. 

3. Results and discussion 

3.1. Chemistry 

A series of twenty-four 1,2,3-triazole derivatives (7a-x) was prepared 
following Scheme 1.4-(Prop-2-ynyloxy)-benzaldehyde(3) was synthe-
sized by reacting 4-hydroxybenzaldehyde (1) with propargyl bromide 
(2) in presence of potassium carbonate (K2CO3) and dry dime-
thylformamide (DMF), then was treated with benzyl azides (4A-D) in 
presence of sodium ascorbate and copper sulphate pentahydrate 
(CuSO4

.5 H2O) to get 4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)benz-
aldehydes (5A-D) in good yield. Finally, the (Z)− 3-(4-((1-benzyl-1H- 
1,2,3-triazol-4-yl)methoxy)benzylidene)indolin-2-ones (7a-x) were ob-
tained by refluxing triazole-aldehydes (5A-D) and indolin-2-one (6E-J) 
in methanol with piperidine. 

The feasibility and mechanism of indolin-2-one (6E-J) reaction with 
4-((1-arylmethyl-1H-1,2,3-triazol-4-yl)methoxy)benzaldehydes (5A-D) 
catalysed by piperidine follows Knoevenagel condensation (Fig. 2). An 
enol intermediate is formed initially between indolin-2-one (6E-J) and 
piperidine. This enol reacts with 4-((1-arylmethyl-1H–1,2,3-triazol-4-yl) 
methoxy)benzaldehydes (5A-D) and the resulting aldol undergoes sub-
sequent base-induced elimination to form the 3-(4-((1-arylmethyl-1H- 
1,2,3-triazol-4-yl)methoxy)benzylidene)indolin-2-ones (7a–x). 

All newly synthesized triazoles (7a-x) were characterized by their 
Fourier transform infrared (FTIR) and proton/carbon nuclear magnetic 
resonance (1H/13C NMR) spectral data. The FTIR spectra of 7a–x 

Fig. 2. Mechanism involved in the synthesis of indolin-2-one linked 1,2,3-triazole. derivatives(7a–x).  
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showed stretching absorption bands between 3247 and 3141 (N-H), 
3090–3010 (C-H, ar.), 2950–2798 (C-H, ali.), 1701–1672 (>C––O), 
1623–1582 (>C––N-), 1554–1449 (>C––C<) and 1226–1167 (-O-) cm-1. 
Absorption bands for -CH2- bending were observed in the range of 
1489–1448 cm-1. Compound 7c, 7l-r and 7v showed -CH3 bending ab-
sorption bands appearing at 1389–1376 cm-1. Absorption bands for 
-NO2 stretching in 7g-l were observed in the range of 1594–1514 cm-1. 
In 1H NMR spectra, the -NH proton as singlet was observed between δ 
11.04–10.41 ppm whereas, triazole ring proton appeared in the range of 
δ 8.41–8.27 ppm. Prominent signals between δ 8.50–5.90 ppm represent 
aromatic protons and, signal between δ 7.92–7.51 ppm appeared for 
benzylidene -CH. Presence of -CH2- groups was confirmed by a singlet 
signal between δ 5.81–5.50 (-OCH2-) and δ 5.29–5.22 (-NCH2-) ppm. 
Methyl protons of 7c, 7l-r and 7v were seen in the range of δ 
2.67–2.17 ppm. The 13C NMR spectra displayed peaks between δ 
169–166 ppm for C––O of 2-oxindole, peaks between δ 159–108 ppm for 
aromatic carbons, peaks at δ 61 ppm for –OCH2-, peaks between δ 
51–53 ppm for triazole –NCH2- and at δ 20–21 ppm for methyl carbon. 

3.2. In vitro cytotoxicity evaluation 

All 1,2,3-triazole analogs (7a–x) and standard Melphalan were pre-
liminary screened against murine L1210 leukemia cells, human CEM T- 
lymphocytic and cervix carcinoma HeLa cells. The results are presented 
in Table 1. Compounds were evaluated in the HeLa and CEM bioassays 
to ascertain if these triazoles (7a–x) are toxic to human cells or not. A 
number of drugs used in the cancer chemotherapy are toxic to murine 
leukemia L1210 cells and that made us to use L1210 cell line. The 
alkylating agent melphalan was used as positive control. In CEM screens, 
most of the compounds exhibited a good cytotoxic activity either in 
presence or absence of substituents on 2-oxindole and benzyl group of 
triazole. Among the tested compounds, 7c and 7w proved to be as potent 
as melphalan, whereas only three compounds 7b, 7j and 7n exhibited 
poor activity in comparison to melphalan. In HeLa screen, the com-
pounds 7a, 7c, 7m, 7o, 7s, 7v and 7w showed good cytotoxicity, 
whereas 7g, 7h, 7j-l, 7t, 7u and 7x showed moderate cytotoxic activity. 
In case of murine leukemia L1210, most of the compounds exhibited 
moderate to poor cytotoxicity except 7c, 7o and 7v. Moreover, the most 
potent cytotoxic compound 7c was further analyzed in order to evaluate 
its mechanism of action and studied for drug likeliness by using Swis-
sADME webserver. 

3.3. Structure activity relationships 

Compounds 7 were less effective against murine L1210 leukemia 
cells in comparison to standard melphalan (2.13 µM). However, the 
introduction of a methyl group at position 5 of indolin-2-one, led to the 
most effective compounds, namely 7c, 7o and 7 v, with IC50 3.0, 5.3 and 
4.8 µM respectively, against murine L1210 cells. Substituents different 
from the methyl group on indolin-2-one and benzyl group did not 
improve cytotoxicity against murine L1210 leukemia cells. Substitutions 
made at position 5, 6 or 7 on indolin-2-one and at position 4 on benzyl 
group increased (compounds 7c, 7w) or maintained the cytotoxic ac-
tivity against CEM cells, except for compounds 7b, 7 f, 7j and 7r. In 
general, replacement of hydrogen with -CH3, -Cl or -NO2 at position 4 of 
benzyl group, as well as substitution at position 5, 6 or 7 on indolin-2- 
one, improved cytotoxicity against HeLa cells. 

3.4. Compound 7c exclusively induces caspase-dependent apoptosis in 
Jurkat cells and activates both intrinsic and extrinsic apoptotic pathways 

We next investigated the molecular mechanisms involved in 7c’s 
cytotoxicity by flow cytometry. The screening of the newly synthesized 
1,2,3-triazole analogs unveiled that the most potent compound 7c was 
highly cytotoxic on CEM leukemia cells. Therefore, we preliminary 
tested 7c on different leukemia cell lines (i.e. HL-60, CEM, and Jurkat) 

using a cytofluorimetric technique, as described in materials and 
methods. Among all, Jurkat cells were found to be the most sensitive to 
7c cytotoxicity (data not shown) and thus were chosen to deeper 
investigate the anticancer potential of compound 7c. 

Different cell-death modalities were defined based on morphological 
alterations associated with specific mechanisms whereby dead cells are 
eliminated. These modalities include three types of cell demise: type I or 
apoptosis, type II or autophagy and type III or necrosis. Of note, 
apoptosis and autophagy are programmed cell death (PCD) pathways. 
Necrosis, instead, is a non-physiological, accidental cell death process 
caused by infections or trauma (Galluzzi et al., 2018, Greco et al., 2021). 
Among all types of PCDs, apoptosis is definitely the most studied and 
known mechanism of cell demise. Apoptosis is mainly mediated by two 
pathways: the extrinsic, or death receptor pathway, and the intrinsic, or 
mitochondrial pathway. The extrinsic apoptotic pathway is triggered by 
extracellular ligands that bind to specific transmembrane death re-
ceptors (DRs), leading to the activation of pro-caspase-8/-10. Once 
activation of caspase-8/-10 occurs, they cleave and activate effector 
caspase-3/-7, driving to apoptosis execution (Galluzzi et al., 2018). The 
intrinsic or mitochondrial apoptotic pathway, instead, is triggered by a 
wide variety of extracellular and intracellular stress stimuli that lead to 
the irreversible and diffuse mitochondrial outer membrane per-
meabilization (MOMP) (Galluzzi et al., 2018). Once the mitochondrial 
permeability is destroyed, the transmembrane potential collapses and 
multiple apoptogenic factors, as cytochrome c, are released into the 
cytoplasm (D’Arcy, 2019). Active caspase-9 catalyzes the proteolytic 
activation of executioner caspase-3 and -7, leading to apoptotic cell 
death (D’Arcy, 2019). 

In order to analyze if 7c triggers apoptotic or necrotic cell death, we 
performed the annexin V/7-AAD assay. The use of annexin V binding to 
phosphatidylserine plus 7-amino-actinomycin D (7-AAD) allows detect-
ing apoptotic cells (annexin V+/7-AAD− cells) and necrotic cells 
(annexin V+/ 7-AAD+ cells) (Zimmermann and Meyer, 2011). After 24 h 
of treatment, 7c increased the fraction of apoptotic cells in a 
dose-dependent manner. The percentage of apoptotic cells started to 
increase from the concentration 2 μM (14% versus 3.9% in untreated 
cells), and further increased up to the highest tested concentration, 
where they reached about 27%. Alongside the increase in apoptotic 
cells, the percentage of necrotic cells remained constant between 3% 
and 7% at all tested concentrations (Fig. 3). 

At this point, some of the molecular pathways modulated by the 
newly synthesized compound 7c have been explored. Caspase-3 is an 
effector caspase activated from both the intrinsic and extrinsic apoptotic 
pathway (Nagata et al., 2018). Its activity was markedly increased after 
treatment with 7c, up to about 8 times at concentrations 4 and 8 µM 
(Fig. 4), confirming apoptosis induction by the indole-based derivative. 
Next, to investigate the involvement of the extrinsic apoptotic pathway 
in the pro-apoptotic activity of 7c, we analyzed the activity of caspase-8. 
Its activity increased up to about 4 times at concentrations 4 and 8 µM 

Fig. 3. Percentage (%) of viable (annexin V-/7-AAD− ), early apoptotic (annexin 
V+/7-AAD− ), and late apoptotic or necrotic (annexin V+/ 7-AAD+) cells after 
24 h treatment of Jurkat cells with increasing concentrations of 7c. ** p < 0.01; 
**** p < 0.0001 versus untreated cells. 
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after 7c treatment (Fig. 4). To assess the involvement of the intrinsic 
apoptotic pathway, we measured the decrease in mitochondrial trans-
membrane potential. A significant increase in cells with reduced po-
tential was recorded starting from concentration 4 µM (35% of cells with 
decreased potential versus 7.4% in untreated cells) and the percentage 
further increased to about 46% at 8 µM (Fig. 4). On the whole, our re-
sults indicate that 7c activates both apoptotic pathways. 

The ability of 7c to activate both apoptotic pathways is noteworthy. 
Indeed, cancer cells are characterized by high genetic and genomic 
instability, which can lead to the mutation of some of the molecular 
actors involved in a specific apoptotic pathway. As an example, over-
expression of Bcl-2 (B-cell lymphoma 2) and associated anti-apoptotic 
proteins, impaired assembly of a functional apoptosome, inactivation 
of caspase-8, decreased expression or gene mutations of Fas (Fas cell 
surface death receptor, also called CD95) (Mohammad et al., 2015; 
Fulda, 2009) are just some of the multiple mechanisms involved in 
apoptosis resistance. The result is the development of drug resistance 
and the lack of efficacy of anticancer therapy (Mohammad et al., 2015). 
Thus, evidence that compound 7c is able to modulate both apoptotic 
pathways could potentially increase its clinical potential. 

In addition to apoptosis, other non-apoptotic forms of PCD have 
recently been discovered, which are activated regardless of apoptosis or 
when apoptosis is inhibited. (Greco et al., 2021) Non-apoptotic cell 
deaths are morphologically and biochemically different from apoptosis 
and comprise multiple PCD pathways (Tait et al., 2014, Greco et al., 
2021), as ferroptosis, necroptosis and parthanatos. Necroptosis is a 
highly regulated cell death mechanism, which shares the typical 
morphological features of necrosis. The process of necroptosis is 
controlled in an apoptosis-deficient environment by receptor interacting 
protein RIP1 and RIP3. Together with RIP1 and 3, mixed lineage kinase 
domain like pseudokinase (MLKL) is also involved in necroptosis (Qin 
et al., 2019). Indeed, after its phosphorylation by active phosphorylated 
RIP3, MLKL oligomerizes and translocates to plasma membrane, which 

is a crucial event for necroptosis execution (Chen et al., 2019). On the 
other hand, ferroptosis is a non-apoptotic form of cell death triggered by 
the inhibition of glutathione biosynthesis or the glutathione-dependent 
antioxidant enzyme GPX4 (glutathione per-oxidase 4), which leads to 
the accumulation of lipid reactive oxygen species (ROS) and conse-
quently cell demise. (Cao et al., 2016). Finally, parthanatos is a peculiar 
form of non-canonical PCD characterized by plasma membrane rupture 
without the formation of apoptotic bodies and DNA fragments. Bio-
chemically, parthanatos is a PARP-1-dependent PCD pathway, as it is 
mediated by the hyperactivation of PARP-1, due to a DNA-base modi-
fication (Galluzzi et al., 2018). 

Fig. 4. Activity of caspase-3 (A) and caspase-8 (B) and percentage (%) of cells with decreased mitochondrial potential (C) after 24 h treatment of Jurkat cells with 
increasing concentrations of 7c. Cpt (camptothecin) and CCCP (carbonyl cyanide 3-chlorophenylhydrazone) were used as positive controls. **p < 0.01; 
***p < 0.001; ****p < 0.0001 versus untreated cells. 

Fig. 5. Percentage (%) of viable cells after pre-treatment for 1 h with Z-VAD- 
FMK (Z-VAD), olaparib (Ola), necrostatin-1 s (Nec-1 s), ferrostatin-1 (Ferr-1), 
DFO, or vitamin E (VitE) following 24 h and 48 h treatment with 7c 8 µM. 
*p < 0.05; ***p < 0.001; ****p < 0.0001 versus untreated cells. # p < 0.05 
versus 7c-treated cells. 
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Hence, to determine whether 7c could activate non-canonical cell 
death programs, Jurkat cells were pre-treated for 1 h with different 
chemical inhibitors [i.e. Z-VAD-FMK, olaparib, necrostatin-1s, ferrosta-
tin-1, deferoxamine mesylate (DFO), and vitamin E] in order to inhibit 
apoptosis, parthanatos, necroptosis and ferroptosis, respectively. Then, 
after pre-treatment, cells were treated with 7c 8 µM for 24 h and 48 h 
and cell viability was analyzed by flow cytometry. 

Among all the pharmacological inhibitors, only the pan-caspase in-
hibitor Z-VAD-FMK increased Jurkat cells viability, just partially after 
24 h and significantly after 48 h (Fig. 5). Recorded cell viability of Z- 
VAD-FMK pre-treated cells was 82% at 24 h (versus 65% of 7c-treated 
cells) and 55% at 48 h (versus 25% of 7c-treated cells). Our results 
indicate that 7c does not induce non-canonical cell death as ferroptosis, 
necroptosis or parthanatos, but exclusively caspase-dependent 
apoptosis. 

Regarding the ability of indoles and indole derivatives, no evidence 
has been found about their ability to trigger non-canonical cell death. A 
study conducted by Behnisch-Cornwell and colleagues, for example, 
investigated ferroptosis induction in human cervical cancer SISO cells by 
a series of newly synthesized indole-based pentathiepins, establishing 
that these new derivatives induce apoptosis rather than ferroptosis 
(Behnisch-Cornwell et al., 2020). 

3.5. ROS are not involved in the pro-apoptotic activity of 7c 

ROS play a central role in cell signaling and represent one of many 
stimuli that leads to apoptotic cell death(Galluzzi et al., 2018). We 
measured intracellular ROS levels after different treatment times with 
7c. 7c did not induce any significant modulation of ROS levels (Fig. 6), 
thus indicating that ROS generation is not involved in the orchestration 
of the cytotoxic response evoked by the newly triazole derivative 7c. 

3.6. Compound 7c causes cell-cycle perturbations 

Cell cycle is a sequence of closely coordinated molecular processes 
that control DNA replication and chromosome division, ultimately 
leading to cell division and transfer of genetic material. Cell cycle resides 
into four distinct phases: G1 (gap), S (synthesis), G2 (gap) and M 
(mitosis), all strictly controlled by cyclins and cyclin-dependent kinases 
(CDKs) (Hochegger et al., 2008). Since the G1/S and G2/M checkpoints 
finely control cell proliferation, cell-cycle arrest is considered one of the 
most common events triggering the inhibition of cell proliferation. 
Hence, to explore the cytostatic potential of 7c we analyzed cell-cycle 
progression of 7c-treated cells together with the expression of some 
cyclins and CDKs. The treatment with increasing concentrations of 7c 
induced a significant accumulation of cells in the G2/M phase. Starting 

from the concentration 4 µM the accumulation of cells in the G2/M 
phase appeared to be statistically significant, with 57% versus 31% of 
untreated cells; at the highest tested concentration, the percentage 
further increased up to 64%. This observed increase was accompanied, 
at all tested concentrations, by a slight compensatory decrease in cells in 
the G0/G1 phase, from 59% of untreated cells to 23% of cells treated 
with 7c 8 µM (Fig. 7). 

As mentioned before, cell cycle is tightly controlled by CDKs and 
cyclins. Briefly, in the G1 phase, activation of cyclin D-CDK4/6 complex 
leads to the phosphorylation of RB1 protein, thus promoting the 
expression of different genes that regulate cell-cycle progression. Then, 
when cells progress into the S phase, cyclin A starts to be synthesized, 
thus replacing cyclin D and reaching its maximal expression in the G2 
phase until its degradation during the transition from the G2 to the M 
phase of cell cycle. Cyclin B, instead, starts to be expressed from the G2 
phase and extensively accumulates prior to mitosis. Finally, CDK1 could 
be activated by both interphase cyclins (i.e.cyclins D, E, and A) and 
mitotic cyclin B (Hochegger et al., 2008). To explore whether 7c-treated 
cells accumulate in G2 or M phase, the expression of cyclin A and B1, 
and CDK1 was analyzed. After 24 h of treatment, 7c did not modulate 
the expression of cyclin B1 and CDK1; however, a slight downregulation 
of cyclin A was observed (Fig. 8). As we noticed a decrease in cyclin A 
expression, but not a modulation of cyclin B and CDK1, we could 
speculate that compound 7c may block cell-cycle progression during the 
transition from the G2 to the M phase, where cyclin A starts to be 
degraded prior to the entry of cells in mitosis. Moreover, this hypothesis 
could explain why we did not observe any modulation of cyclin B1 and 
CDK1 expression. 

3.7. The pro-apoptotic activity of 7c is linked to its cytostatic activity 

Next, the pro-apoptotic and cytostatic activities of 7c were analyzed 
after 6 h of treatment with 7c to assess whether the two events were 
related or independent from each other. At 6 h of treatment,7c did not 
induce cell death, while a substantial block of cell cycle was already 
evident (Fig. 9). Thus, we can hypothesize that 7c-induced apoptosis 
could be a secondary effect, related to its cytostatic activity rather than 
an independent event. 

3.8. Compound 7c lacks genotoxic activity 

Given the interesting anticancer activities observed for 7c, a pre-
liminary assessment of its toxicological profile was performed by 
analyzing its genotoxicity. The ability of a compound to cause DNA 
damage is a crucial factor in determining its toxicological profile, as 
DNA mutations are involved in the pathogenesis of several degenerative 
diseases, as cancer (Nohmi, 2018). Additionally, genotoxicity is a 
dose-independent event, which means that a range of concentrations 
where genotoxicity does not occur cannot be always established 

Fig. 6. Intracellular ROS levels, expressed as fold increase versus untreated 
cells, of Jurkat cells treated with increasing concentrations of 7c for different 
time points. H2O2 0.5 and 1 mM were used as positive control. **p < 0.01versus 
untreated cells. 

Fig. 7. Cell-cycle distribution after Jurkat cells treatment with 7c for 24 h. 
***p < 0.001; ****p < 0.0001 versus untreated cells. 
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(Nohmi, 2018). The eventual genotoxic activity of 7c was verified by 
analyzing the phosphorylation of H2A.X (P-H2A.X) at Serine 139. 
P-H2A.X is considered an early cellular response to DNA double-strand 
breaks; hence, the analysis of this event is useful to detect the ability 
of a compound to induce DNA damage (Mah et al., 2010). Following 5 h 
treatment of Jurkat cells with 7c, no significant increase in H2A.X 

phosphorylation was observed at any tested concentration (Fig. 10). Our 
results are in contrast with what has been observed for other indole 
derivatives. Indeed, a series of indole hydrazide (Kilic-Kurt et al., 2020) 
and bis-indolinone derivatives (Amato et al., 2014) induced DNA dam-
age in breast adenocarcinoma MCF-7 cells and in human transformed 
fibroblasts (BJ-EHLT), as shown by a significant increase in H2AX 
phosphorylation (Kilic-Kurt et al., 2020; Amato et al., 2014). 

3.9. Effect of 7c in normal cells 

To investigate the effect of 7c on cancer cells compared to normal, 
we treated 293 T cells with 0.5 mM of 7c and performed a dead test 
using ethidium bromide stain over a period of 48 h. The results showed 
that 7c was more cytotoxic against L1210 (3 μM), CEM (1.5 μM) and 
HeLa (3.4 μM) compared to 293 T normal cells (7.5 μM) (Fig. S1). This 
suggests that 7c can effectively kill cells with a high rate of growth 
which is a hallmark of cancer cells. 

3.10. Physicochemical properties and ADME parameters 

The physicochemical properties, ADME parameters and the viola-
tions of drug-likeness rules of synthesized compounds were listed in  
Table 2. In here, the evaluated physicochemical properties are: the 
molecular weight (MW), topological polar surface area (tPSA), Molar 

Fig. 8. Expression of cyclin A (A), cyclin B1 (B), and CDK1 (C), indicated as fold increase versus untreated cells, following 24 h treatment of Jurkat cells with 
increasing concentration of 7c. *p < 0.05; **p < 0.01 versus untreated cells. 

Fig. 9. Percentage (%) of viable (annexin V-/7-AAD− ), early apoptotic (annexin V+/7-AAD− ), and late apoptotic or necrotic (annexin V+/ 7-AAD+) cells (A) and cell- 
cycle distribution (B) following 6 h treatment of Jurkat cells with increasing concentrations of 7c. *p < 0–05; **p < 0.01 versus untreated cells. 

Fig. 10. Relative expression of P-H2AX following 5 h treatment of Jurkat cells 
with increasing concentrations of 7c. Etoposide (ETO) 10 μg/mL was used as 
positive control. **p < 0.01 versus untreated cells. 
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Table 2 
Pharmaceutical properties of compounds 7a–x.    

Physicochemical Properties Lipophilicity Water Solubility Violation of Drug-likeness filters   

Comp. BindingAffinity MW 
(g/ 
mol) 

Fsp3 RB HBA HBD MR tPSA iLogP XLogP WLogP MLogP SILICOS- 
IT 

Consensus 
LogP 

ESOL Class Lipinski Ghose Veber Egan Muegge Bioavailability 
Score 

Log 
Kp 

(cm/ 
s) 

7a  -10.9  408.45  0.08  6  4  1  122.45  69.04  3.36  3.76  3.57  3.18  4.18  3.61  -4.89 Moderately  0  0  0  0  0  0.55  -6.12 
7b  -10.7  442.90  0.08  6  4  1  127.46  69.04  3.67  4.39  4.22  3.65  4.82  4.15  -5.49 Moderately  0  0  0  0  0  0.55  -5.88 
7c  -11.1  422.48  0.12  6  4  1  127.41  69.04  3.54  4.12  3.87  3.38  4.71  3.93  -5.19 Moderately  0  0  0  0  0  0.55  -5.95 
7d  -10.3  487.35  0.06  6  4  1  130.15  69.04  3.65  4.45  4.33  3.75  4.86  4.21  -5.80 Moderately  0  2  0  0  0  0.55  -6.11 
7e  -11.0  442.90  0.08  6  4  1  127.46  69.04  3.71  4.39  4.22  3.65  4.82  4.16  -5.49 Moderately  0  0  0  0  0  0.55  -5.88 
7 f  -10.7  442.90  0.08  6  4  1  127.46  69.04  3.61  4.39  4.22  3.65  4.82  4.14  -5.49 Moderately  0  0  0  0  0  0.55  -5.88 
7 g  -10.9  487.89  0.08  7  6  1  136.28  114.86  3.35  4.22  4.13  3.58  2.65  3.59  -5.55 Moderately  0  2  0  0  0  0.55  -6.28 
7 h  -10.5  532.35  0.08  7  6  1  138.97  114.86  3.44  4.28  4.24  3.69  2.69  3.67  -5.86 Moderately  1  2  0  0  0  0.55  -6.51 
7i  -10.8  487.89  0.08  7  6  1  136.28  114.86  3.16  4.22  4.13  3.58  2.65  3.55  -5.55 Moderately  0  2  0  0  0  0.55  -6.28 
7j  -10.7  487.89  0.08  7  6  1  136.28  114.86  3.14  4.22  4.13  3.58  2.65  3.54  -5.55 Moderately  0  2  0  0  0  0.55  -6.28 
7k  -10.6  453.45  0.08  7  6  1  131.27  114.86  3.08  3.59  3.47  3.11  2.01  3.05  -4.95 Moderately  0  1  0  0  0  0.55  -6.52 
7 l  -10.8  467.48  0.12  7  6  1  136.23  114.86  3.35  3.95  3.78  2.50  2.54  3.23  -5.25 Moderately  0  1  0  0  0  0.55  -6.35 
7 m  -10.9  422.48  0.12  6  4  1  127.41  69.04  3.60  4.12  3.87  3.38  4.71  3.94  -5.19 Moderately  0  0  0  0  0  0.55  -5.95 
7 n  -10.6  456.92  0.12  6  4  1  132.42  69.04  3.80  4.75  4.53  3.85  5.34  4.45  -5.79 Moderately  0  1  0  0  0  0.55  -5.71 
7o  -11.5  436.51  0.15  6  4  1  132.38  69.04  3.70  4.49  4.18  3.59  5.23  4.24  -5.49 Moderately  0  1  0  0  0  0.55  -5.77 
7p  -10.8  501.37  0.12  6  4  1  135.11  69.04  3.86  4.81  4.64  3.95  5.38  4.53  -6.10 Moderately  1  2  0  0  0  0.55  -5.94 
7q  -10.9  456.92  0.12  6  4  1  132.42  69.04  3.92  4.75  4.53  3.85  5.34  4.48  -5.79 Moderately  0  1  0  0  0  0.55  -5.71 
7r  -10.4  456.92  0.12  6  4  1  132.42  69.04  3.90  4.75  4.53  3.85  5.34  4.48  -5.79 Moderately  0  1  0  0  0  0.55  -5.71 
7 s  -10.7  442.90  0.08  6  4  1  127.46  69.04  3.62  4.39  4.22  3.65  4.82  4.14  -5.49 Moderately  0  0  0  0  0  0.55  -5.88 
7 t  -10.9  477.34  0.08  6  4  1  132.47  69.04  3.76  5.01  4.87  4.12  5.46  4.64  -6.08 Moderately  0  1  0  0  1  0.55  -5.65 
7 u  -10.8  521.79  0.08  6  4  1  135.16  69.04  3.88  5.08  4.98  4.22  5.49  4.73  -6.40 Moderately  2  2  0  0  1  0.17  -5.88 
7 v  -11.3  456.92  0.12  6  4  1  132.42  69.04  3.78  4.75  4.53  3.85  5.34  4.45  -5.79 Moderately  0  1  0  0  0  0.55  -5.71 
7w  -11.0  477.34  0.08  6  4  1  132.47  69.04  3.81  5.01  4.87  4.12  5.46  4.65  -6.08 Moderately  0  1  0  0  1  0.55  -5.65 
7x  -10.8  477.34  0.08  6  4  1  132.47  69.04  3.94  5.01  4.87  4.12  5.46  4.68  -6.08 Moderately  0  1  0  0  1  0.55  -5.65 
Melphalan  -8.0  313.26  1.00  8  4  3  80.01  69.72  2.79  1.25  1.35  1.56  1.72  1.73  -2.04 Soluble  0  0  0  0  0  0.55  -7.32 
Co-ligand  -8.1  364.55  1.00  2  4  2  99.73  35.50  0.00  4.01  2.95  3.49  1.02  2.29  -4.49 Moderately  0  0  0  0  0  0.55  -5.68 

MW: molecular weight, Fsp3:fraction of sp3 carbon atoms, RB: rotatable bonds,HBD: hydrogen bonds donor, HBA: hydrogen bond acceptor, MR: molecular refractivity,tPSA: topological polar surface, LogP: indicator of 
lipophilicity,ESOL: solubility parameter, Log Kp: skin permeation. 
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Refractivity (MR), fraction of sp3 carbon atoms (Fsp3) and some 
Hydrogen Bond properties. tPSA is defined as the sum of surface areas of 
polar atoms in a molecule and is used to estimate drug transport prop-
erties. Low tPSA values in molecules correspond to a higher propensity 
for transport and tPSA values obtained for all compounds are within the 
range of values recommended by various drug-likeness filters. Fsp3 is a 
newer parameter (Lovering et al., 2009) used to evaluate drug-likeness 
properties of molecules. As reported in Table 2, Fsp3 values of all 
compounds are lower than co-ligand and melphalan. MR is defined as a 
measure the overall polarity of a molecule and is expected to be in the 
range from 40 to 130. According to Table 2, MR values for all com-
pounds are within this range. On the other hand, lipophilicity is a 
valuable parameter that affects drug activity in the human body. LogP 
values are the most widely used measure of lipophilicity and represent 
an indicator of drugs permeability to reach the target tissue in the body. 
The LogP values used by the different drug-likeness filters (MLogP for 
Lipinski filter (Lipinski et al., 1997), WLogP for Ghose (Ghose et al., 

1999) and Egan filters (Egan et al., 2000)), XLogP for Muegge filter 
(Muegge et al., 2001) and their mean values (consensus LogP) were 
shown in the Table 2. The obtained LogP values vary a lot depending on 
the method used for the prediction and the acceptability limits of the 
LogP values differ according to drug filters approaches.In this context, 
when the LogP values are examined in the Table 2, it is observed that the 
compounds 7t (XLogP=5.01), 7u (XLogP=5.08), 7w (XLogP=5.01) and 
7x (XLogP=5.01) slightly exceed the acceptability limit (XLogP< 5) 
determined by the Muegge filter. On the other hand, it can be said that 
all other LogP values meet general standards. ESOL is aqueous solubility 
parameter of molecules proposed by Delaney (Delaney, 2004) and is 
considered one of the key physical properties in drug discovery. We 
observed that ESOL values of all synthesized compound belong to 
moderately water-soluble class. 

On the other hand, there are a lot of filter approach in the literature 
that suggest a set of rules to evaluate drug-likeness profiles ofmolecules. 
The filters discussed in this paper and their rules are as follows. 

Fig. 11. The bioavailability radar schemes of all synthesized compounds.  
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• Lipinski (Pfizer) filter (Lipinski et al., 1997): MW≤ 500; MLogP 
≤ 4.15; HBA≤ 10; HBD≤ 5  

• Ghose filter (Ghose et al., 1999): 160 ≤MW≤ 480; − 0.4 ≤WLogP 
≤ 5.6; 40 ≤MR≤ 130; 20 ≤atoms≤ 70  

• Egan (Pharmacia) filter (Egan et al., 2000): WLogP≤ 5.88; 
tPSA≤ 131.6  

• Muegge (Bayer) filter (Muegge et al., 2001): 200 ≤MW≤ 600, 
− 2 ≤XLogP≤ 5; tPSA≤ 157; HBA≤ 10; HBD≤ 5; RB ≤ 15; Number 
of rings≤ 7; Number of carbons> 4; Number of heteroatoms> 1  

• Veber (GSK) filter (Veber et al., 2002): RB≤ 10; tPSA≤ 140 

In here, the filters generally state that an orally active drug should 
not violate the above criteria more than once. According to Table 2, it is 

observed that compound 7u violates twice both Lipinski and Ghose fil-
ters. For all synthesized compounds except compound 7u, it can be 
inferred that the rules of drug-likeness filters are followed. On the other 
hand, bioavailability score estimate the probability of a compound to 
have oral bioavailability in rat or measurable Caco-2 permeability and 
the bioavailability score value of a compound in the rat is expected to be 
> 0.10 (Martin, 2005). A poor bioavailability results in lower activity of 
the molecule and higher inter-individual variability, and thus causes an 
unexpected response of a drug.The bioavailability score value of only 
compound 7u is 0.17 and F values for all the synthesized compounds, 
co-ligand and melphalan are is 0.55. Log Kp presented in Table 2 is skin 
permeation parameter suggested by Potts (Potts and Guy, 1992);high 
negative Log Kp value of the molecule indicates that the molecule has 

Fig. 12. 2D interaction diagram between 6P8Q receptor and compounds 7c, 7d, 7o, 7r, 7 v, and co-ligand.  
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less penetration into the skin. Accordingly, it is observed that all the 
synthesized compounds have higher skin permeability than melphalan. 

In summary, Table 2 shows the physicochemical properties, lip-
ophilicity and water solubility values of the compounds used by various 
drug filters. When the violation values of the drug filter criteria are 
examined, as general trend, the synthesized compounds appears to be 
drug-likeness. Moreover, the favorable bioavailability scores of the 
synthesized compounds and the higher skin absorption relative to the 
reference drug relative to the LogKp values indicate that these com-
pounds can be potential drug candidates. 

Moreover, we depicted the bioavailability radar scheme in Fig. 11 
using SwissADME webserver. The bioavailability radar allows a rapid 
and more clear assessment of drug similarity of compounds. In the radar 
scheme, the red colored zone shows the suitable physicochemical space 
for oral bioavailability of molecules by taking into criteria such as 
flexibility, lipophilicity, saturation, size, polarity, and solubility. Val-
idity limits of the criteria are for Lipophilicity: − 0.7 <XLogP< +5.0, 
Size: 150 <MW< 500, Polar: 20 <tPSA< 130, Insolu: 0 <ESOL< 6, 
Insatu: 0.25 <Fsp3 < 1.00 and Flex: 0 <RB< 9. According to radar 
scheme, it is observed that all criteria except Insatu for all synthesized 
compounds remain within the red colored region. Lower Fsp3 values, in 

other words, the decrease of molecule saturation, is associated with 
lower solubility in water and this situation can be also seen from Table 2. 
It can be said that the oral bioavailability of the compounds synthesized 
according to the radar schemes is at an acceptable level.In summary, 
ADME predictions discussed in the paper shows that all synthesized 
compounds meet the criteria for being a possible drug candidate. 

3.11. Molecular docking calculations 

As mentioned before, EGFR is involved in the development of 
different cancer types. Therefore, the ability of potential new anticancer 
agents to target and eventually inhibit EGFR activity is considered an 
effective antitumor strategy, especially for solid tumors (Wykosky et al., 
2011). For this reason, we also performed molecular docking simula-
tions to identify the possible binding sites on the EGFR receptor. The 
highest binding affinity values obtained for all molecules were added to 
Table 2. It was observed that all compounds had higher docking scores 
than co-ligand (10-benzyl-2-fluoro-5,10-dihydro-11H-dibenzo[b,e][1,4] 
diazepin-11-one), an inhibitor of the 6P8Q EGFR receptor. Therefore, it 
can be inferred that these compounds could act as EGFR inhibitors. 
When the values are examined, we also observe that docking affinity 

Fig. 13. 3D interactions on the Hydrogen Bond surface between 6P8Q receptor and compounds 7c, 7d, 7o, 7r, 7v, and co-ligand.  
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values are in good agreement with in vitro cytotoxicity results. When the 
values are examined, it can be also observed that affinity values are in 
good agreement with the experimental activity results. The three com-
pounds with the highest binding affinity are 7c (− 11.1 kcal/mol), 7o 
(− 11.5 kcal/mol) and 7v (− 11.3 kcal/mol) while the two compounds 
with the lowest binding affinity are compounds 7d (− 10.3 kcal/mol) 
and 7r (− 10.4 kcal/mol). Considering both these results and in vitro 
cytotoxicity results, we displayed the 2D interaction of these compounds 
and co-ligand with the 6P8Q EGFR receptor (Fig. 12). It is seen in the 
diagram that all of the compounds 7c, 7o, and 7v have, in common, 
hydrogen bond with MET793, Pi-Sulfur with MET790 and Pi-Alkyl type 
interactions with LEU788, ALA743. Therefore, it can be said that these 
residues play a key role for high binding affinity. On the other hand, 
compounds 7p and 7r with the lowest binding affinity have common 
eight interactions with the 6P8Q receptor. These interactions are 
Pi-Sigma with ALA726 and LEU 858, Ala743, LEU777, LEU788, Pi-Alky 
with MET790, Pi-Anion with ASP855, Pi-Sulfur with MET790. These 
common interactions could be an important finding for low binding 
affinity. 

Due to the importance of hydrogen bonds in terms of the pharma-
cological properties of molecules, we also demonstrated the 3D in-
teractions of the above-mentioned compounds and the co-ligand along 
with a hydrogen bond surface (Fig. 13). From the figure, acceptor and 
donor surface areas can be seen easily. 

4. Conclusion 

A series of indolin-2-one linked 1,2,3-triazole derivatives (7a-x) was 
synthesized in good yield and evaluated for their cytotoxicity after due 
characterization. Most of the compounds were potent cytotoxic agents 
against CEM and HeLa cells with IC50 ranging from 1.5 to 67 µM and 
3.4–133 µM respectively, whereas for L1210 cells, compounds 7a, 7c, 
7o and 7v showed cytotoxicity between 3 and 8.1 µM. Compound7c was 
found to be equipotent with standard melphalan. Further studies carried 
out on Jurkat cells unveiled that 7c induces apoptosis by activating both 
the intrinsic and the extrinsic apoptotic pathway. Thepro-apoptotic ac-
tivity of 7c showed to be closely associated with its ability to block the 
proliferation of cancer cells in the G2/M phase of cell cycle. Interest-
ingly, compound 7c did not show any genotoxic activity. In addition, the 
ADME properties of all the synthesized compounds were investigated 
and docking simulations were conducted to observe their inhibition 
effect on the 6P8Q EGFR receptor. The docking affinity results showed a 
good coherence with in vitro cytotoxicity results, observing also that all 
compounds possess higher docking scores compared with the co-ligand 
of 6P8Q EGFR receptor. As far as the potency of compounds 7c, 7o, and 
7v is concerned, it was determined that the residues MET793, MET790, 
LEU788 and ALA743 of 6P8Q EGFR receptor had a key role. The ADME 
predictions showed that all synthesized compounds meet the criteria for 
being a possible drug candidate. Structure activity relationship study 
showed that presence of methyl group is preferred at position 5 of 
indolin-2-one against murine L1210 cells. Substitution made at position 
5, 6 or 7 of indolin-2-one and position 4 of benzyl group increases the 
cytotoxic activity, against CEM cells. Replacement of hydrogen with 
-CH3, -Cl and –NO2 group on the position 4 of benzyl group improves 
cytotoxicity towards HeLa cells. In general, substitution on position 5, 6 
or 7 of indoline-2-one increases cytotoxicity against HeLa cells. 
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Abstract: Background: Fluorine containing hexahydroquinoline-3-carbonitrile derivatives were
found to have potent cytotoxicity. Furthermore, fluorine can modulate pharmacokinetic and phar-
macodynamic profile of drugs. Hence, new derivatives containing fluorine were explored as poten-
tial cytotoxic agents.

Objective:  Difluoro  substituted  compounds  containing  aromatic/heteroaromatic  rings  were  de-
signed, synthesized and screened for in vitro cytotoxicity on cancer cell lines. The active com-
pounds were subjected to docking on Mcl-1 and ADME/T prediction.

Methods: The synthesized compounds were characterized using various spectral techniques like

FT-IR,  
1
H  NMR,  

13
C  NMR  and  Mass  spectra.  Compounds  were  screened  for  cytotoxicity  on

NCI-60 cell lines at the National Cancer Institute. The active compounds were evaluated additional-
ly by MTT and SRB assay.

Results: Compounds (6l and 6o) showed maximum cytotoxicity with (% GI) of 69 and 63.7 at 10
μM drug concentration, respectively. Compound 6i showed potent cytotoxicity with GI50 of 7.2 μM

against Ishikawa cell line. Compound 6o was nearly as active as a reference with IC50 of 9.39 μM

and 13.54 μM against HT-29 and HCT-116, respectively, and compound 6l also showed equal po-
tency to that of reference with IC50 of 9.66 μM against Caco-2. Compounds 6i, 6o and 6l showed

high docking scores, suggesting their cytotoxicity. Furthermore, ADME/T prediction revealed that
all the compounds had drug-likeness properties.

Conclusion: Enhanced lipophilic interaction of compounds due to the presence of fluorine in com-
pounds 6i and 6l was revealed during the docking study. Compound 6i can be explored as a lead
molecule against other endometrial cancer in futuristic drug development.

Keywords: Hexahydroquinoline-3-carbonitrile derivatives, cytotoxicity, NCI-60 cell lines, MTT assay, docking, venetoclax,

imatinib.

1. INTRODUCTION
Cancer has emerged as one of the major leading causes

of mortality and death in the world, despite advancement in
the treatment with chemotherapy, radiotherapy, selective tar-
get  inhibitors  and  various  combination  therapies  based  on
clinical evidence. The change in living habits and environ-
mental pollutions are the stimulating factors that initiate ge-
netic mutation and progress in cancer. The WHO has made a
statistical prediction about the death of 13.2 million people
around the world by 2030. In light of above facts, there is an
urgent need for designing small molecules to be potent cyto-
toxic agents against cancer [1, 2].

* Address correspondence to this author at the Department of Pharmaceuti-
cal Chemistry, K B Institute of Pharmaceutical Education and Research, Se-
cor-23, GH-6, Gandhinagar-382023 Gujarat, India; Tel: -91-9429167326;
Fax: +91 079 23249069; E-mail: teraiya@gmail.com

The hexahydroquinoline-3-carbonitrile derivatives have
been reported for anticancer [3-8], antimicrobial [9-12], an-
ti-oxidant [13] and anti-tubercular [14, 15] activities. Hex-
ahydroquinoline  derivatives  bearing  sulfonamide  were  re-
ported as anticancer agents that act by inhibition of carbonic
anhydrase [16-19]. Ghorab MA et al., have reported bromi-
nated hexahydroquinoline-3-carbonitrile derivatives as po-
tent cytotoxic agents against breast cancer in Fig. (1a) [6].
Further, Fluoro, 3, 4-difluoro and 3-trifluoromethyl substitut-
ed hexahydroquinoline-3-carbonitrile was reported as a po-
tent anticancer agent in Fig. (1b) [15-17]. Fluorine is known
to alter the pharmacokinetic and pharmacodynamic profile
and  exhibits  good  binding  affinity.  It  also  shows  good
lipophilicity, metabolic stability and acts as a hydrogen bond
acceptor [20]. These findings inspired us to take active com-
pounds Fig. 1(a, b) as lead molecules to modify and explore
novel fluorine-containing hexahydroquinoline-3-carbonitrile
to be a potent cytotoxic agent as shown in Fig. (1c). The 4-
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methyl phenyl ring at 4
th
 position in lead molecule Fig. (1a)

was replaced with substituted aryl/heteryl to evaluate its ef-
fects on cytotoxicity. Further, the 3, 4-difluorophenyl ring in
the lead molecule Fig. (1b) was taken into consideration to
substitute 4-bromo phenyl ring in Fig. (1a) with 2, 4-difluo-
rophenyl ring. This substitution may give good lipophilicity
as that of bromide in the lead compound and further act as a
hydrogen bond acceptor. The modification strategy is given
in Fig. (1). The synthesized compounds were screened on a
large panel of cancer cell lines.

Fig. (1). Modification strategy for target compounds: Lead com-
pounds (a, b); designed compound (c) [6, 15].

The hexahydroquinoline-3-carbonitrile derivatives have
been reported for anticancer activity that act by Mcl-1 inhibi-
tion [21]. Myeloid cell leukemia (Mcl-1) is an anti-apoptotic
protein expressed highly in all cancers. Inhibition of Mcl-1
activates various cycles of apoptosis,  leading to cell  death
[22]. The active compounds found in the screening were fur-
ther  evaluated  for  molecular  docking  on  Mcl-1  and  AD-
ME/T prediction.

2. MATERIALS AND METHODS

2.1. Chemistry
All  the  chemicals  and  solvents  were  purchased  from

commercial suppliers Sigma-Aldrich and Spectrachem (Indi-
a). Melting points were measured on digital melting point ap-
paratus (Scientific Equipments MP-D) and were uncorrect-
ed. The IR spectra were recorded on Shimadzu FT-IR 8400

spectrometer using thr KBr pellet method. The 
1
H NMR and

13
C NMR spectra were recorded on Bruker Avance III 400

MHz spectrometer in DMSO-d6 solvent using TMS as an in-

ternal standard. Mass spectra were recorded on LC-MS (Shi-
madzu QP 2010) with EI technique and on UPLC-MS (Wa-
ter Acquity UPC2) using the ESI technique.

2.2.  Procedure for Synthesis of 5-((2,  4-difluorophenyl)
amino)-3, 3-dimethyl cyclohex-5-en-1-one (3)

Compound (3)  was reported earlier  and synthesized as
per previously published procedure [14].

2.3.  General  Procedure  for  Synthesis  of  2-amino-7,  7-
dimethyl-5-oxo-1, 4-substituted diphenyl-1, 4, 5, 6, 7, 8-
hexahydroquinoline-3-carbonitrile derivatives (6a-q)

The substituted  aromatic/heteroaromatic  aldehyde  (4a-
q), malononitrile (5) and enaminone (3) (0.002 mol of each)
were refluxed in 30 ml of methanol in the presence of two to
three drops of TEA for 6 to 8 h. The progress of the reaction
was monitored with TLC using n-hexane: ethyl acetate (9:1)
solvent mixture as a mobile phase. The separated solid com-
pound obtained during heating was filtered and washed with
cold methanol and n-hexane. The compound was then recrys-
tallized from dioxane [19].

2.3.1.  2-amino-1-(2,  4-difluorophenyl)-4-(4-fluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro-  quino-
line-3-carbonitrile (6a)

Yellow solid:  Yield:  69%;  mp:  265–267  °C;  IR  (KBr,

cm
-1
):  3466,  3396  (NH2),  3061  (Ar-H),  2968,  2889  (CH

aliph.),  2181 (CN),  1653 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.75 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.66 (d,

1H, J = 17.2 Hz, CH), 1.86 (d, 1H, J = 17.2 Hz, CH), 2.19
(d, 1H, J = 15.6 Hz, CH), 2.27 (d, 1H, J = 18 Hz, CH), 4.45
(s, 1H, CH), 5.67 (s, 2H, NH2, D2O exchangeable), 7.12 (t,

2H, J = 8.8 Hz, Ar-H), 7.26-7.31 (m, 3H, Ar-H), 7.54-7.59

(m,  1H,  Ar-H),  7.64-7.70  (m,  1H,  Ar-H);  
13

C  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  25.86 (CH3),  29.19  (CH3),  31.88

(C(CH3)2), 38.83 (CH), 40.51 (CH2), 49.15 (CH2 CO), 60.58

(C-CN),  112.90  (CN),  105.33,  112.03,  112.69,  114.97,
115.05,  128.56,  133.24,  142.66,  149.77,  150.87,  151.01,
159.59, 161.99 (13C,Ar-C), 194.85 (CO); MS (EI): m/z 423

[M]
+
 (calcd. for C24H20F3N3O: 423.16).

2.3.2.  2-amino-1-(2,  4-fluorophenyl)-7,  7-dimethyl-5-ox-
o-4-(3, 4, 5-trimethoxy phenyl)-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6b)

Yellow  solid:  Yield:  60%;  mp:  263-264  °C;  IR  (KBr,

cm
-1
):  3421,  3335  (NH2),  3074  (Ar-H),  2958,  2829  (CH

aliph.),  2179 (CN),  1653 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.85 (s, 3H, CH3), 0.92 (s, 3H, CH3), 1.67 (d,

1H, J = 17.6 Hz, CH), 2.01-2.05 (m, 1H, CH), 2.22 (d, 1H, J
= 16 Hz, CH), 2.31 (d, 1H, J = 17.2 Hz, CH), 3.64 (s, 3H,
OCH3), 3.76 (s, 6H, 2OCH3), 4.38 (s, 1H, CH), 5.59 (s, 2H,

NH2,  D2O exchangeable),  6.48  (s,  1H,  Ar-H),  6.52  (s,  1H,

Ar-H), 7.29-7.39 (m, 1H, Ar-H), 7.57 (t, 1H, J = 9.2, Ar-H),

7.65 (dd, 1H, J = 2.4, 8.8 Hz, Ar-H); 
13

C NMR (400 MHz,
DMSO-d6)  δ  ppm:  25.71  (CH3),  29.44  (CH3),  32.87

(C(CH3)2), 36.85 (CH), 40.65 (CH2), 49.19 (CH2CO), 55.45

(OCH3),  55.64  (OCH3),  59.89  (C-CN),  60.13  (OCH3),

112.77  (CN),  105.64,  106.43,  111.62,  112.96,  121.30,
133.85,  133.96,  136.2,  150.57,  150.93,  152.69,  152.78,
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161.50  (13C,  Ar-C),  194.96  (CO);  MS  (ESI):  m/z  495.22

[M]
+
 (calcd. for C27H27F2N3O4: 495.20).

2.3.3.  2-amino-1-(2,  4-difluorophenyl)-4-(2-methoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6c)

Yellow solid:  Yield:  67%;  mp:  245–246  °C;  IR  (KBr,

cm
-1
):  3439,  3348  (NH2),  3188  (Ar-H),  2821,  2704  (CH

aliph.),  2212 (CN),  1639 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.84 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.77 (d,

1H, J = 16 Hz, CH), 1.99 (d, 1H, J = 16 Hz, CH), 2.21-2.27
(m, 2H, CH2), 3.67 (s, 3H, OCH3), 4.83 (s, 1H, CH), 5.23 (s,

2H, NH2), 6.62 (d, 1H, J = 2.8 Hz, Ar-H), 6.71 (d, 1H, J =

2.8 Hz, Ar-H), 6.91 (d, 1H, J = 8.8 Hz, Ar-H), 7.40-7.44 (m,

4H, Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.48

(CH3),  29.31  (CH3),  32.36  (C(CH3)2),  36.32  (CH),  41.03

(CH2),  49.80  (CH2CO),  61.17  (OCH3),  62  (C-CN),  113.25

(CN),  104.42,  112.99,  114.82,  115.80,  118.06,  122.07,
134.59,  138.25,  144.20,  145.14,  145.40,  149.59,  149.59,
150.97, 151.32 (15C, Ar-C), 195.37 (CO); MS (EI): m/z 434

[M-H]
+
 (calcd. for C25H23F2N3O2: 435.18).

2.3.4.  2-amino-1-(2,  4-difluorophenyl)-4-(2,  5-dimethoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6d)

Yellow solid:  Yield:  77%;  mp:  251–252  °C;  IR  (KBr,

cm
-1
):  3446,  3331  (NH2),  3068  (Ar-H),  2955,  2837  (CH

aliph.),  2171 (CN),  1649 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.85 (s, 3H, CH3), 0.86 (s, 3H, CH3), 1.71 (d,

1H, J = 17.6 Hz, CH), 1.92-2.06 (m, 1H, CH), 2.19 (d, 1H, J
= 12.8 Hz, CH), 2.26 (d, 1H, J = 17.2 Hz, CH), 3.63 (s, 3H,
OCH3), 3.77 (s, 3H, OCH3), 4.92 (s, 1H, CH), 5.52 (s, 2H,

NH2,  D2O exchangeable),  6.70  (d,  1H,  J  =  2.8  Hz,  Ar-H),

6.73 (d, 1H, J = 3.2 Hz, Ar-H), 6.9 (d, 1H, J = 8.8 Hz, Ar-
H), 7.26-7.38 (m, 2H, Ar-H), 7.57 (t, 1H, J = 9.2 Hz, Ar-H);
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.56 (CH3), 29.79

(CH3),  31.09  (C(CH3)2),  32.20  (CH),  41.15  (CH2),  49.76

(CH2CO),  55.57  (OCH3),  56.94  (OCH3),  61.63  (C-CN),

113.16  (CN),  105.86,  106.94,  112.30,  114.55,  120.66,
133.33,  135.86,  136.60,  150.33,  150.33,  151.61,  158.61,
160.80, 162.14, 164.55 (15C, Ar-C), 195.37 (CO); MS (EI):

m/z 465 [M]
+
 (calcd. for C26H25F2N3O3: 465.19).

2.3.5.  2-amino-1-(2,  4-difluorophenyl)-4-(4-hydroxy-3,  5-
dimethoxyphenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hex-
ahydroquinoline-3-carbonitrile (6e)

Yellow solid:  Yield:  75%;  mp:  279–280  °C;  IR  (KBr,

cm
-1
):  3495  (OH),  3419,  3346  (NH2),  3074  (Ar-H),  2951,

2820  (CH  aliph.),  2169  (CN),  1650  (CO);  
1
H  NMR  (400

MHz,  DMSO-d6)  δ  ppm:  0.79  (s,  3H,  CH3),  0.90  (s,  3H,

CH3), 1.63 (d, 1H, J = 17.2 Hz, CH), 2.01 (d, 1H, J = 16 Hz,

CH), 2.191-2.231 (d, 1H, J = 16 Hz, CH), 2.30 (d, 1H, J =
17.2 Hz, CH), 3.71 (s, 3H, OCH3), 3.73 (s, 3H, OCH3), 4.36

(s, 1H, CH), 5.60 (s, 2H, NH2), 6.43 (s, 1H, Ar-H), 6.48 (s,

1H, Ar-H), 7.29-7.31 (m, 1H, Ar-H), 7.57- 7.66 (m, 2H, Ar-

H),  8.22  (s,  1H,  OH);  
13

C  NMR  (400  MHz,  DMSO-d6)  δ

ppm:  29.80  (CH3),  26.50  (CH3),  29.50  (C(CH3)2),  32.09

(CH),  41.16  (CH2),  49.72  (CH2CO),  56.10  (OCH3),  56.30

(OCH3),  61.89  (C-CN),  113.13  (CN),  104.38,  106.09,

112.54,  114.02,  120.60,  137.08,  148.23,  149.94,  150.09,
151.39, 158.16, 162.09, 164.57 (13C, Ar-C), 195.16 (CO);

MS (EI): m/z 481 [M]
+
 (calcd. for C26H25F2N3O4: 481.18).

2.3.6.  2-amino-1-(2,  4-difluorophenyl)-4-(3,  4-dimethoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6f)

Yellow solid:  Yield:  90%;  mp:  247–249  °C;  IR  (KBr,

cm
-1
):  3335,  3219  (NH2),  3063  (Ar-H),  2958,  2835  (CH

aliph.),  2179 (CN),  1647 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.78 (s, 3H, CH3), 0.79 (s, 3H, CH3), 1.65 (d,

1H, J = 17.6 Hz, CH), 2.01 (d, 1H, J =16.4 Hz, CH), 2.20

(d, 1H, J = 16 Hz, CH), 2.29 (d, 1H, J = 18 Hz, CH), 3.74

(s,  6H,  3OCH3),  4.39  (s,  1H,  CH),  5.72  (s,  2H,  NH2,  D2O

exchangeable), 6.77 -6.80 (m, 1H, Ar-H), 6.87-6.90 (m, 1H,

Ar-H),  7.08-7.14 (m,  3H,  Ar-H),  7.44-7.58 (m,  1H,  ArH);
13

C NMR (400 MHz, DMSO-d6) δ ppm: 25.70 (CH3), 29.40

(CH3),  31.84  (C(CH3)2),  36.20  (CH),  40.61  (CH2),  49.20

(CH2CO),  55.28  (OCH3),  55.66  (OCH3)  60.33  (C-CN),

112.03  (CN),  110.25,  111.41,  112.03,  113.13,  115.32,

121.42,  125.96,  134.08,  147.34,  149.50,  150.53,  151.31,

153.28, 160.41, 165.83 (15C, Ar-C), 194.91 (CO); MS (EI):

m/z 465 [M]
+
 (calcd. for C26H25F2N3O3: 465.19).

2.3.7.  2-amino-4-(3-bromo-4-hydroxy-5-methoxyphenyl)
-1-(2, 4-difluorophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8
-hexahydroquinoline-3-carbonitrile (6g)

Yellow solid:  Yield:  80%;  mp:  268–269  °C;  IR  (KBr,

cm
−1

):  3471  (OH),  3219,  3329  (NH2),  3063  (Ar-H),  2972,

2801  (CH  aliph.),  2179  (CN),  1658  (CO);  
1
H  NMR  (400

MHz,  DMSO-d6)  δ  ppm:  0.70  (s,  3H,  CH3),  0.90  (s,  3H,

CH3),  1.64  (d,  1H,  J  =  17.6  Hz,  CH),  1.99-2.053  (m,  1H,

CH), 2.20 (d, 1H, J = 16 Hz, CH), 2.29 (d, 1H, J = 17.6 Hz,

CH), 3.77 (s, 3H, OCH3), 4.34 (s, 1H, CH), 5.70 (s, 2H, NH2,

D2O exchangeable), 6.79 (s, 1H, Ar-H), 6.93 (s, 1H, Ar-H),

7.30 (d,  1H,  J  =  8.4  Hz,  Ar-H),  7.57-7.67 (m,  2H,  Ar-H),

9.30 (s, 1H, OH); 
13

C NMR (400 MHz, DMSO-d6) δ ppm:

25.62  (CH3),  29.34  (CH3),  31.89  (C(CH3)2,  36.03  (CH),

40.56 (CH2), 49.17 (CH2CO), 55.77 (OCH3), 59.77 (C-CN),

113.86  (CN),  105.65,  109.04,  109.65,  111.12,  111.86,

121.26,  122.55,  133.98,  138.54,  142.18,  148.24,  149.67,

150.76, 153.22, 157.63 (15C, Ar-C), 194.96 (CO); MS (EI):

m/z 531 [M+2]
+
 (calcd. for C25H22BrF2N3O3: 529.08).

2.3.8.  2-amino-4-(4-chloro-3-nitrophenyl)-1-(2,  4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6h)

Yellow solid:  Yield:  74%;  mp:  273–275  °C;  IR  (KBr,

cm
-1
):  3421,  3343  (NH2),  3067  (Ar-H),  2930,  2860  (CH
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aliph.),  2179 (CN),  1643 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.72 (s, 3H, CH3), 0.77 (s, 3H, CH3), 1.69 (d,

1H,  J  =  17.6  Hz,  CH),  1.90  (d,  1H,  J  =  17.2  Hz,  CH),
1.96-2.06 (m, 2H, CH), 4.59 (s, 1H, CH), 5.96 (s, 2H, NH2),

7.26-7.35  (m,  1H,  Ar-H),  7.54-7.75  (m,  4H,  Ar-H),

7.80-7.83 (m, 1H, Ar-H), 
13

C NMR (400 MHz, DMSO-d6) δ

ppm:  28.39  (CH3),  29.49  (CH3),  32.29  (C(CH3)2),  36.72

(CH), 40.94 (CH2), 49.50 (CH2CO), 59.59 (C-CN), 113.29

(CN),  105.94,  111.21,  111.59,  120.34,  121.31,  123.03,
131.96,  132.83,  134.50,  147.98,  148.06,  151.21,  158.09,
162.24, 164.70 (15C, Ar-C), 195.43 (CO); MS (ESI): 485.5

[M+H]
+
 (calcd. for C24H19ClF2N4O3: 484.11).

2.3.9.  2-amino-4-(4-bromophenyl)-1-(2,  4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6i)

Yellow solid:  Yield:  76%;  mp:  285–287  °C;  IR  (KBr,

cm
-1
):  3355,  3222  (NH2),  3073  (Ar-H),  2968,  2825  (CH

aliph.),  2173 (CN),  1649 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.72 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.64 (d,

1H, J = 17.2 Hz, CH), 1.97-2.06 (m, 1H, CH), 2.17-2.29 (m,

2H, CH), 4.42 (s,1H, CH), 5.73 (s, 2H, NH2), 7.18-7.24 (m,

2H, Ar-H),  7.27-7.31 (m, 1H, Ar-H),  7.49 (d,  2H, J  = 8.4

Hz, Ar-H), 7.56-7.61 (m, 1H, Ar-H), 7.65-7.67 (m, 1H, Ar-

H);  
13

C  NMR (400  MHz,  DMSO-d6)  δ  ppm:  29.12  (CH3),

29.66  (CH3),  32.39  (C(CH3)2),  36.72  (CH),  41.01  (CH2),

49.63  (CH2CO),  60.62  (C-CN),  113.62  (CN),  106.12,

106.36,  112.15,  119.85,  129.59,  131.58,  146.31,  150.45,

151.46, 158.09, 160.72, 162.13, 164.61 (13C, Ar-C), 195.36

(CO); MS (ESI): 484.2 [M+H]
+
, 486.8 [M+2+H]

+
 (calcd. for

C24H20BrF2N3O: 483.08).

2.3.10. 2-amino-4-(2-bromo-5-chlorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6j)

Yellow solid:  Yield:  73%;  mp:  290–292  °C;  IR  (KBr,

cm
-1
):  3446,  3329  (NH2),  3062  (Ar-H),  2959,  2892  (CH

aliph.),  2179 (CN),  1642 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.80 (s, 3H, CH3), 0.92 (s, 3H, CH3), 1.72 (d,

1H, J = 17.6 Hz, CH), 2.01 (d, 1H, J = 16.4 Hz, CH), 2.20

(d, 1H, J = 16 Hz, CH), 2.30 (d, 1H, J = 17.6 Hz, CH), 4.97

(s,  1H, CH),  5.83 (s,  2H, NH2),  7.19 (dd,  1H, J  = 8.4,  2.4

Hz, Ar-H), 7.31 (d, 1H, J = 3.6 Hz, Ar-H), 7.29 (d, 1H, J =

2.4 Hz, Ar-H), 7.58 (d, 1H, J = 8.8 Hz, Ar-H), 7.60-7.62 (m,

1H, Ar-H), 7.64-7.65 (m, 1H, Ar-H); 
13

C NMR (400 MHz,

DMSO-d6)  δ  ppm:  28.96  (CH3),  29.64  (CH3),  32.37

(C(CH3)2), 36.40 (CH), 40.96 (CH2), 49.53 (CH2CO), 59.02

(C-CN),  113.39  (CN),  106.05,  111.21,  112.26,  120.24,

121.23,  128.60,  129.42,  130.20,  133.06,  147.78,  151.40,

151.60, 160.73, 162.14, 164.74 (15C, Ar-C), 195.20 (CO);

MS  (ESI):  518.5  [M+H]
+
,  520.5  [M+2+H]

+
 (calcd.  for

C24H19BrClF2N3O:  517.04).

2.3.11.  2-amino-4-(5-bromothiophen-2-yl)-1-(2,  4-difluo-
rophenyl)-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro
quinoline-3-carbonitrile (6k)

Yellow solid:  Yield:  77%;  mp:  239–241  °C;  IR  (KBr,

cm
-1
):  3419,  3323  (NH2),  3058  (Ar-H),  2832,  2810  (CH

aliph.),  2226 (CN),  1652 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.61 (d,

1H, J = 17.2 Hz, CH), 2.08 (d, 1H, J = 16 Hz, CH), 2.23 (d,
1H, J = 16.4 Hz, CH), 2.29 (d, 1H, J = 16 Hz, CH), 4.70 (s,
1H, CH), 5.87 (s, 2H, NH2), 6.03 (s, 1H, Ar-H), 6.69 (d, 1H,

J = 2.4 Hz, Ar-H), 7.01-7.04 (m, 1H, Ar-H), 7.26-7.30 (m,

1H, Ar-H),7.65 (dd, 1H, J = 8.8, 2.6 Hz, Ar-H); 
13

C NMR
(400  MHz,  DMSO-d6)  δ  ppm:  26.32  (CH3),  29.77  (CH3),

32.16 (C(CH3)2), 32.50 (CH), 41.01 (CH2), 49.57 (CH2CO),

58.94 (C-CN), 113.37 (CN), 105.85, 106.76, 111.97, 112.19,
113.37,  120.32,  124.23,  130.60,  133.43,  150.44,  152.34,
153.12, 160.49, 164.65 (13C, Ar-C), 195.34 (CO); MS (E-

SI):  490.3  [M+H]
+
,  492.5  [M+2+H]

+
 (calcd.  for

C22H18BrF2N3OS:  489.03).

2.3.12. 2-amino-4-(5-bromo-2-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6l)

Yellow solid:  Yield:  83%;  mp:  281–282  °C;  IR  (KBr,

cm
-1
):  3464,  3325  (NH2),  3078  (Ar-H),  2962,  2877  (CH

aliph.),  2183 (CN),  1658 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.68 (d,

1H, J = 1.68 Hz, CH), 1.98-2.06 (m, 1H, CH), 2.18-2.30 (m,
2H, CH2), 4.75 (s, 1H, CH), 5.86 (s, 2H, NH2, D2O exchange-

able), 7.14 (t, 1H, J = 9.2 Hz, Ar-H), 7.28-7.30 (m, 1H, Ar-

H), 7.34-7.62 (m, 2H, Ar-H), 7.63-7.66 (m, 2H, Ar-H), 
13

C
NMR  (400  MHz,  DMSO-d6)  δ  ppm:  26.19  (CH3),  29.97

(CH3),  32.22  (C(CH3)2),  38.84  (CH),  40.50  (CH2),  49

(CH2CO),  59.08  (C-CN),  113.03  (CN),  105.72,  110.39,

112.84,  116.19,  117.81,  118.08,  130.97,  131.68,  132.29,
133.97,  135.53,  151.11,  156.78,  159.23,  161.74 (15C,  Ar-

C),  194.67  (CO);  MS  (ESI):  502.76  [M+H]
+
,  504.79

[M+2+H]
+

 (calcd.  for  C24H19BrF3N3O:  501.07).

2.3.13.  2-amino-4-(5-bromofuran-2-yl)-1-(2,  4-difluo-
rophenyl)-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro
quinoline-3-carbonitrile (6m)

Yellow solid:  Yield:  86%;  mp:  248–250  °C;  IR  (KBr,

cm
-1
):  3422,  3343(NH2),  3064  (Ar-H),  2957,  2850  (CH

aliph.),  2179  (CN)  1662  (CO);  
1
H  NMR  (400  MHz,  DM-

SO-d6) δ ppm: 0.80 (s, 3H, CH3), 0.92 (s 3H, CH3), 1.65 (d,

1H, J = 16 Hz, CH), 2.07-2.21 (m, 1H, CH), 2.20-2.23 (m,
2H, CH2), 4.53 (s, 1H, CH), 5.83 (s, 2H, NH2), 6.03 (d, 1H,

J  =  3.2  Hz,  Ar-H),  6.43  (dd,  1H,  J  =  7.2,  3.2  Hz,  Ar-H),
7.27-7.36  (m,  1H,  Ar-H),  7.52-7.58  (m,  1H,  Ar-H),

7.62-7.64 (m, 1H, Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ

ppm:  26.19  (CH3),  29.17  (CH3),  30.58  (C(CH3)2),  32.25

(CH), 41.07 (CH2), 49.58 (CH2CO), 56.97 (C-CN), 112.752

(CN),  105.83,  106.10,  107.03,  113.04,  119.51,  120.45,
121.52,  132.99,  134.51,  151.49,  160.55,  162.11,  164.59
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(13C, Ar-C), 195.08 (CO); MS (ESI): 474.3 [M+H]
+
, 476.5

[M+2+H]
+
 (calcd. C22H18BrF2N3O2: 473.06).

2.3.14. 2-amino-4-(4-bromo-2-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6n)

Yellow solid: Yield: 87%; mp: > 300 °C; IR (KBr, cm
-1
):

3429,  3358  (NH2),  3178  (Ar-H),  2823,  2712  (CH  aliph.),

2210 (CN),  1645 (CO);  
1
H NMR (400 MHz, DMSO-d6)  δ

ppm: 0.78 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.68 (d, 1H, J =

1.68 Hz, CH), 1.97-2.07 (m, 1H, CH), 2.19 (d, 1H, J = 16
Hz, CH), 2.26 (d, 1H, J = 16.8 Hz, CH), 4.74 (s, 1H, CH),
5.75 (s, 2H, NH2), 7.17 (t, 1H, J = 8.2 Hz, Ar-H), 7.31-7.39

(m, 3H, Ar-H), 7.46-7.49 (m, 1H, Ar-H), 7.55-7.58 (m, 1H,

Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.51 (CH3),

29.11  (CH3),  31.60  (C(CH3)2),  32.40  (CH),  41.04  (CH2),

49.52  (CH2CO),  59.52  (C-CN),  113.28  (CN),  105.91,

106.42,  110.75,  118.95,  119.98,  120.59,  128.08,  131.13,
133.03,  134.45,  151.32,  158.15,  160.80,  161.42,  164.69

(15C, Ar-C), 195.20 (CO); MS (ESI): 502.5 [M+H]
+
, 504.5

[M+2+H]
+
 (calcd. C24H19BrF3N3O: 501.07).

2.3.15. 2-amino-4-(2-bromophenyl)-1-(2, 4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6o)

Yellow solid:  Yield:  82%;  mp:  255–257  °C;  IR  (KBr,

cm
-1
):  3448,  3325  (NH2),  3047  (Ar-H),  2962,  2877  (CH

aliph.),  2191 (CN),  1651 (CO);  
1
H NMR (400 MHz, DM-

SO-d6)  δ  ppm:  0.78  (s,  3H,  CH3),  0.90  (s,  3H,  CH3),

1.87-2.01 (m, 2H, CH2), 2.16-2.30 (m, 2H,CH2), 4.97 (s, 1H,

CH),  5.64  (s,  2H,  NH2,  D2O exchangeable),  7.06-7.11  (m,

1H, Ar-H), 7.28-7.37 (m, 3H, Ar-H), 7.51-7.53 (m, 1H,Ar-

H), 7.54-7.60 (m, 1H, Ar-H), 7.61-7.65 (m, 1H, Ar-H); 
13

C
NMR  (400  MHz,  DMSO-d6)  δ  ppm:  26.08  (CH3),  29.18

(CH3),  31.89  (C(CH3)2),  38.86  (CH),  40.53  (CH2),  49.14

(CH2CO),  60.24  (C-CN),  113.34  (CN),  105.68,  111.65,

112.06,  122.19,  122.24,  127.98,  129.14,  129.97,  132.99,
145.93,  150.86,  151,  157.72,  161.68,  164.16 (15C,  Ar-C),

194.63 (CO); MS (ESI): 484.7 [M+H]
+
, 486.77 [M+2+H]

+

(calcd. for C24H20BrF2N3O: 483.08).

2.3.16. 2-amino-4-(3-bromo-4-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6p)

Yellow solid: Yield: 86%; mp: > 300 °C; IR (KBr, cm
-1
):

3350,  3248  (NH2),  3063  (Ar-H),  2825,  2710  (CH  aliph.),

2218 (CN), 1640 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ pp-

m:0.80 (s, 3H, CH3), 0.84 (s, 3H, CH3), 1.66 (d, 1H, J = 17.6

Hz, CH), 2.02 (d, 1H, J = 16.4 Hz, CH), 2.19 (d, 1H, J = 16
Hz, CH), 2.28 (d, 1H, J = 17.6 Hz, CH), 4.45 (s, 1H, CH),
5.78  (s,  2H,  NH2),  7.26-7.35  (m,  3H,  Ar-H),  7.49  (d,  1H,

J=2.4 Hz, Ar-H), 7.56-7.58 (m, 2H, Ar-H); 
13

C NMR (400
MHz,  DMSO-d6)  δ  ppm:  26.26 (CH3),  29.63  (CH3),  32.41

(C(CH3)2), 36.43 (CH), 40.98 (CH2), 49.59 (CH2CO), 59.81

(C-CN),  113.49  (CN),  105.90,  111.92,  112.19,  119.92,
116.84,  120.83,  121.59,  128.55,  132.09,  133.59,  134.51,
145.75, 150.65, 162.19, 164.67 (15C, Ar-C), 195.37 (CO);

MS  (ESI):  502.5  [M+H]
+
,  504.3  [M+2+H]

+
 (calcd.  for

C24H19BrF3N3O:  501.07).

2.3.17. 2-amino-4-(3-bromophenyl)-1-(2, 4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6q)

Yellow solid:  Yield:  82%;  mp:  260–262  °C;  IR  (KBr,

cm
-1
):  3324,  3256  (NH2),  3058  (Ar-H),  2938,  2840  (CH

aliph.),  2176 (CN),  1635 (CO);  
1
H NMR (400 MHz, DM-

SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.66 (d,

1H, J = 17.2 Hz, CH), 2.02-2.06 (m, 1H, CH), 2.20 (d, 1H, J
= 16  Hz,  CH),  2.33  (d,  1H,  J  =  16  Hz,  CH),  4.44  (s,  1H,
CH), 5.88 (s, 2H, NH2), 7.25 -7.37 (m, 3H, Ar-H), 7.38-7.41

(m,  2H,  Ar-H),  7.52-7.63  (m,  2H,  Ar-H);  
13

C  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  26.76 (CH3),  29.20  (CH3),  31.93

(C(CH3)2), 36.54 (CH), 40.50 (CH2), 49.11 (CH2CO), 59.36

(C-CN),  112.94  (CN),  105.92,  111.61,  119.91,  121.68,
126.01,  126.09,  129.18,  129.66,  130.38,  133.08,  149.12,
150.16, 151.14, 160.27, 164.14 (15C, Ar-C), 194.83 (CO);

MS (ESI): m/z 484.4 [M+H]
+
, 486.4 [M+2+H]

+
 (calcd. for

C24H20BrF2N3O: 483.08).

2.4. Anticancer Evaluation

2.4.1. General
All the chemicals, solvents and media used in the study

were purchased from Sigma-Aldrich and HiMedia. The NS-
CLC (A549) and Colon (HCT-116, Caco-2 and HT-29) cell
lines were obtained from NCCS, Pune (india). All the cell
lines  were  maintained  with  5% CO2  at  37  °C.  Venetoclax

drug  was  gifted  by  Zydus  Research  Centre,  Ahmedabad
(batch  no-6359-P56/18-672).

2.4.2. SRB Assay
The cytotoxicity was carried out on panels of leukemia,

melanoma, lungs, colon, CNS, ovarian, renal, prostate and
breast cancer cell lines at the National Cancer Institute (N-
CI-USA)  under  Developmental  Therapeutic  Programme
(DTP) at a single dose of (10 μM) concentration and method-
ology of testing was as per NCI-60 cell line protocol [23]. In
brief, test concentration of 10 μM was incubated with RPMI
1640 medium for 48 h in microtiter plates at 37 °C tempera-
ture, 5% CO2, 95% air and 100% relative humidity. SRB So-

lution (0.4%) was added and incubated for 10 minutes, fur-
ther  treated  with  1%  acetic  acid  to  remove  unbound  dye.
Trizma  Base  (10  mM)  was  added  to  solubilize  the  bound
stain and the absorbance was measured at 515 nm on an auto-
mated  plate  reader.  Results  were  reported  as  percentage
growth and presented as percent growth inhibition. Further
compounds (6c, 6q and 6i) were screened at four dose con-
centration of 0.1 μM, 1 μM, 10 μM, 100 μM and for stan-
dard  (0.1-250  μM)  against  SSC-40  (Oral),  Ishikawa  (En-
dometrial Adenocarcinoma) at Tata Memorial Centre, Mum-
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bai.  The  undertaking  methodology  was  as  per  previously
published NCI-60 protocol [24].

2.4.3. MTT Assay
The  cell  cultures  of  colon  (HCT-116,  HT-29  and  Ca-

co-2), lung (A549) and Vero (Kidney) were centrifuged and

cell density was adjusted to 1 × 10
5
 cells/ml using Dulbec-

co’s  Modified  Eagle  Medium  (DMEM)  with  10%  fetal
bovine serum (FBS). The diluted cell suspension (100 μl, ap-
proximately 10,000 cells / well) was added to a 96 well flat
bottom microtiter plate. After 24 hours, 100 μl of reference
compounds  (Doxorubicin,  5-Fluorouracil  and  Venetoclax)
and different test sample concentrations (6.25 μM, 12.5 μM,
25 μM, 50 μM and 100 μM) prepared in maintenance media
were added. The plates were then incubated at 37°C for 48 h
in 5% CO2 atmosphere. The MTT solution (20 μl, 2 mg/ml

in MEM) was added to the plates. The plates were further in-
cubated for 2 h at 37 °C. 100μl of DMSO was added to solu-
bilise the formed formazan. The absorbance was recorded at
540 nm using a microplate reader. The experiment was run
in triplicates and the percentage cell viability was recorded
and  the  IC50  value  was  calculated  from  a  dose-response

curve  [25].

2.5. Docking Protocol
The  molecular  docking  study  was  performed  using

Molecular Operating Environment (MOE-DOCK 2009.10)
software. The structure of the ligand was drawn, cleaned in
ChemDraw  and  saved  in  mol  format.  3D  X-ray  crystallo-
graphic  structure  of  protein  Mcl-1  (PDB  ID:  2PQK)  was
downloaded from protein data bank [26]. The docking steps
involved  the  preparation  of  a  ligand  and  a  protein  before
docking. For ligand preparation: ligand molecules were ener-
gy minimized, partial charges added and saved in MDB for-
mat. For protein preparation: zinc, sodium and water were
initially  removed and further,  hydrogen was  added.  In  the
docking  process,  various  docking  simulation  parameters,
like triangle matcher as placement method, London dG force
as an algorithm and rescoring function and refinement, were
set to force field. Ligand molecules were docked in the ac-
tive site and the docking score was generated.

2.6. Insilico ADME/T Evaluations
The active compounds were studied for ADME/T param-

eters like Lipinski’s rule of five, BBB, GI absorption, Ames
mutagenicity and CYP1A2 inhibitors using SWISSADME
and ADMETlab online program [27, 28].

3. RESULTS AND DISCUSSION

3.1. Chemistry
The hexahydroquinoline-3-carbonitrile derivatives were

synthesized in two steps. The sequences of reaction in the
synthesis are shown in Scheme 1 and 2. In the first step, the
equimolar mixture of 5, 5-dimethyl-1, 3-cyclohexanedione
and substituted aniline (2) was refluxed in methanol to give
intermediate enaminone (3). The synthesis and spectral data

were previously published [14]. In the second step, aldehyde
and malononitrile underwent condensation by Knoevenagel
mechanism to give benzylidene-malononitrile, which attacks
enaminone (3) by Michael addition to give hexahydroquino-
line-3-carbonitrile derivatives [19]. The yield of the product
ranged from 60% to 90% after recrystallization from diox-
ane. The structures of target compounds were in good agree-

ment with FT-IR, 
1
H NMR, 

13
C NMR and Mass spectra. The

IR spectra of final compounds showed absorption band for
NH2  stretching  (symmetry  and  asymmetry)  at  3219-3466

cm
-1
,  Ar-H  stretching  at  3047-3188  cm

-1
,  aliphatic  CH

stretching  (symmetry  and  asymmetry)  at  2704-2972  cm
-1
,

CN at 2169-2226 cm
-1

 and C=O at 1635-1662 cm
-1
. The 

1
H

NMR  spectra  showed  characteristic  peaks  (singlet)  at  δ
0.70-0.93  ppm for  CH3,  multiplets  at  δ  1.61-2.44  ppm for

CH2, multiplet at  δ 4.31-4.97 ppm for aliphatic CH, broad

singlet at δ 5.52-5.88 ppm for NH2, which disappeared after

the  addition  of  D2O,  singlet  at  δ  3.39-3.77  ppm for  OCH3

and multiplet at δ 6.03-8.22 ppm for aromatic proton. The
13

C NMR spectra exhibited peaks at 35.42-38.83 ppm, corre-
sponding to (CH aliphatic); 25.33-29.86 ppm, corresponding
to (CH3); 103.36-165.83 ppm, corresponding to (Ar-C); and

peak at 194.15- 195.55 ppm, corresponding to (C=O). The

molecular  mass  (M
+
),  (M+H

+
),  and  (M

+
+2-isotope  peak)

were observed in the mass spectra. The 
1
H NMR, 

13
C NMR

and Mass spectra of all the compounds are shown in Figs.
S1-S3 (Supplementary material).

Scheme 1. Synthetic route for the preparation of 5-((2, 4-difluo-
rophenyl) amino)-3, 3-dimethyl cyclohex-5-en-1-one (3). Reagents
and conditions: ethanol, acetic acid, reflux, 6 h.

3.2. Anticancer Evaluation
The fifteen compounds (6a-b, 6d-h, 6j-q) were evaluat-

ed for cytotoxicity at one dose of 10 μM concentration on
nine panels of cancer cell lines under NCI-60 protocol in the
Therapeutic Development Programme. The results revealed
that compounds exhibited % Growth Inhibition in the range
as  less  active or  mild  (10 to  20),  moderate  (21 to  50)  and
highly active (>50). The compound 6o showed the highest
cytotoxicity  against  SR  (Leukemia)  and  HCT-15  (Colon)
with % GI of 63.87 and 59.15, respectively, than Imatinib. It
also  showed  moderate  cytotoxicity  against  HCT-116
(Colon),  NCI-H466  (NSCLC)  and  K562  (Leukemia)  with
(% GI = 46.85, 48 and 49.60) respectively. The compound
6l stood as second highly active against SR (Leukemia) with
(% GI = 69) than Imatinib. Compounds 6g and 6m showed
maximum  activity  against  UO-31  (Renal)  with  (%  GI=
33.53 and 40.80), respectively. Compound 6q showed broad-
-spectrum % GI in the range of 12.31-38.19 against 24  cell
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Table 1. The percent growth inhibition (%GI) of compounds (6a-b, 6d-h, 6j-q) and standard Imatinib over NCI-60 cancer cell lines.

Compound/NSC
Code

Cancer Cell Lines Maximum
% Growth Inhibition

Other Sensitive Cell Lines
% Growth Inhibition (% GI)a

6a/
812679 Renal (CAKI-1: 15.81) Leukemia (K-562: 12.47, SR: 15.29), CNS (SNB-75: 13.62), Renal (UO-31: 10.90)

6b/
812680 Leukemia (SR: 16.93) CNS (SNB-75: 11.06)

6c NT

6d/
812683 CNS (SNB-75: 26.87) Renal (UO-31: 17.82)

6e/
812684 Renal (UO-31: 16.60)

Leukemia (K-562: 15.99), CNS (SNB-75: 11.65), Melanoma (UACC-257: 12.79), Renal (CAKI-1:

11.55)

6f/
812860 CNS (SNB-75: 18.42) NSCLC (NCI-H522: 10.47), Renal (CAKI-1: 15.4)

6g/
812861 Renal (UO-31: 40.80)

Leukemia (CCRF-CEM: 11.62, MOL-4: 11.14), NSCLC (A549: 11.17, EKVX: 16.24, NCI-H226:

12.51, NCI-H522: 29.36, Colon (HT-29: 16.16), CNS (SNB-75: 32.27), Melanoma (UACC-62:

13.15), Ovarian (SK-OV-3: 12.49), Renal (A498: 15.17, TK-10: 18.19), Breast (MCF-7: 11.41)

6h/
819938 CNS (SNB-75: 20.41) NSCLC (NCI-H522: 10.33), Renal (UO-31: 20.02)

6i NT

6j/
819940 Leukemia (SR: 24.62)

NSCLC (NCI-H522: 17.80), CNS (SNB-75: 18.01), Renal (CAKI-1: 12.45, UO-31: 13.87), Breast

(MDA-MB-468: 13.21)

6k/
819941 CNS (SNB-75: 29.75)

Leukemia (RPMI-8226: 14.39), NSCLC (NCI-H522: 20.54, HOP-62: 23.67), CNS (SF-295: 14.33),

Ovarian (OVCAR-8: 14.23, NCI/ADR-RES: 12.90), Renal (ACHN: 15.47, CAKI-1: 27.42, UO-31:

11.47), Prostate (PC-3: 23.07), Breast (MDA-MB-468: 15.13)

6l/
819942 Leukemia (SR: 69)

Leukemia (K-562: 12.35, MOLT-4: 11.11, RPMI-8226: 19.43, NSCLC (A549: 20.73, NCI-H23:

13.26, NCI-H522: 19.31, HOP-62: 10.11), CNS (SNB-19: 14.23, SNB-75: 32.94), Colon (HCT-116:

19.12), Melanoma (LOX IMVI: 42.47, M14: 14.94), Ovarian (OVCAR-8: 13.32, OVCAR-4: 16.90,

NCI/ADR-RES: 14.33), Renal (UO-31: 18.71), Prostate(PC-3: 23.33)

6m/
819943 Renal (UO-31: 33.54)

Leukemia (RPMI-8226: 26.20), NSCLC (EKVX: 16.55, NCI-H522: 11.63), CNS (SNB-75: 16.53),

Melanoma(UACC-62: 21.44), Renal (CAKI-1: 16.25), Prostate (PC-3: 17.43)

6n/
819944 Renal (UO-31: 19.92) _

b

6o/
819943

Leukemia (SR: 63.87)

Colon (HCT-15: 59.10)

Leukemia (CCRF-CEM: 32.50, HL-60: 14.88, K-562: 49.60, Molt-4: 29.37, RPMI-8226: 19.30), NS-

CLC (A549: 16.32, EKVX: 11.29, HOP-62: 12.95, NCI-H460: 48, NCI-H522: 18.2), Colon

(COLO-205: 26.48, HCT-116: 46.85, HT29: 23.40), CNS (SF-295: 20.38, SF-539: 21.46, SNB-75:

32.40, U251: 28.11), Melanoma (LOX IMVI: 31, SK-MEL-5: 39, UACC-62: 30.77), Ovarian (NCI/A-

DR-RES: 11.09), Renal (ACHN: 11.55, CAKI-1: 15.77, TK-10: 18.44, UO-31: 32.47), Prostate

(PC-3: 20.37), Breast (MCF-7: 10.45)

6p/
819937 Renal (UO-31: 17.08) CNS (SNB-75: 12.78)

6q/
812879 NSCLC (NCI-H522: 38.19)

Leukemia (CCRF-CEM: 12.31), NSCLC (A549: 19.74, EKVX: 11.02) Colon (HCT-116: 14.79,

HT29: 12.15), CNS (SF-268: 26.42, SF-295: 13.54, SF-539: 16.48, SNB-19: 27.34, U251: 29.35), Me-

lanoma (LOX IMVI: 13.29, UACC-62: 13.55), Ovarian (OVCAR-4: 20.28, OVCAR-8: 33.33, SK-

OV-3: 26.83), Renal (ACHN: 12.28, CAKI-1: 21.70, SN 12C: 20.62, TK-10: 18.43, UO-31: 11.23),

Prostate (PC-3: 17.10), Breast (HS578T: 31.11, T-47D: 12.05)

Imatinibc/
759874

Leukemia (CCRF-CEM: 6.6, Molt-4: 18 RPMI-8226: 12.6, SR: 14.6, HL60: -6.8), NSCLC (A549: 3.8, EKVX: 15.7, HOP-92: 43.7,

NCI-H226: 10.6, NCI-H23: 17.1, NCI-H460: 3.2), Colon (COLO 205: -1.1, HCT-116: 18.6, HT29: 47.1, HCT-15: 11.5,), CNS (S-

F-295: 15.1, SF-539: 24.5, SNB-75: 0.6, U251: 10.6), Melanoma (LOX IMVI: 11.6, MDA-MB-435: 7.4, SK-MEL-5: 12.3, UAC-

C-257: 2.8), Ovarian (NCI/ADR-RES: -0.5), Renal (786-O: 5, A498: 13.7, ACHN:- 1, TK-10: -10,Caki-1: -0.2, RXF 393: 5.7, SN

12C: 6, UO-31: 7.6), Prostate (PC-3: 10.4, DU-145: 14.4), Breast (MCF-7: 8.1, MDA-MB-231: 11.2, HS578T: 9.9, BT-549: -5,

T-47D: 19.6, MDA-MB-468: 29.1)
a
The compound showed percent growth inhibition of ≥ 10% is considered as active, compound with ≥ 40% is shown in (bold figure), NT-Not tested, 

b
No activity, 

c
Data were referred

from NCI data warehouse index [29].
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Scheme 2. Synthetic route for the preparation of substituted hexahydroquinoline-3-carbonitrile derivatives (6a- q). Reagents and conditions:
ethanol, TEA, reflux, 6-8 h.

lines. Compounds 6j and 6k showed moderate cytotoxicity
in the study while, compounds (6a-b, 6d-f, 6h and 6n-p) ex-
hibited mild activity against all cell lines. The substitution of
2-bromo (6o) and 2-fluoro-5-bromo (6l) exhibited the high-
est  activity  among the  series.  Compounds  (6l,  6q  and  6k)
with electron-withdrawing group showed higher cytotoxicity
than donating group (6e  and 6f). Replacement of aryl ring
(6l and 6o) with heterocyclic ring (6k and 6m) reduces activ-
ity. The compounds that showed maximum percent growth
inhibition and sensitivity to other cell lines in comparison to
Imatinib are given in Table 1. The cytotoxicity data of Ima-
tinib were referred from the NCI data warehouse index [29].

Active  compound 6q  found in  the  above  study  and  6c
and 6i  were screened against SCC-40 (Oral) and Ishikawa

(Endometrial) by SRB method and their data on GI50 are giv-

en in Table 2. The results revealed that compound 6i and 6c
showed  potent  (IC50  =7.2  μM)  and  moderate  (IC50  =  21.7

μM) against Ishikawa (Endometrial) and SSC-40 (Oral) com-

pared to Venetoclax (IC50 = 198 μM and 11.89 μM) respec-

tively, while compound 6q showed less activity in both the

cell  lines.  Further,  active  compounds  6o,  6l,  6m  and  6q
found in the NCI-60 were evaluated by MTT assay against

Colon (HCT-116, HT-29 and Caco-2), NSCLC (A549) and

Vero (Kidney) cell lines and their IC50 values are given in

Table  3.  Investigation  of  data  revealed  that  compound  6o
(IC50 = 9.39 μM and 13.54 μM) was nearly as active as dox-

orubicin (IC50 = 14.06 μM) and 5-Fluorouracil (IC50 = 10.42

μM)  against  colon  (HCT-116  and  HT-29)  respectively,

while  compound  6l  was  moderately  active.  All  the  com-

pounds  showed  moderate  activity  against  A549  (NSCLC)

with IC50 in the range of (27.52 μM to 50.37 μM) except 6o
(IC50 = 21.32 μM) was nearly as active as Venetoclax (IC50 =

15.34 μM). Compound 6o (IC50 = 9.66 μM) emerged as se-

cond equally potent as that of 5-Fluorouracil (IC50 = 11.23

μM) against  Caco-2 (Colon),  while 6l  was moderately ac-

tive. Compounds containing 4-bromo (6i), 2-fluoro-5-bromo

(6l) and 2-bromo (6o) on 4-phenyl ring showed equipotent

to potent activity, while compounds containing 2-methoxy

(6c), 3-bromo (6q) and 5-Bromo-furan-2-yl (6m) were mod-

erately active. Further, active compounds were screened on

Vero  (Non-cancerous)  and  showed  less  cytotoxicity  than

Venetoclax,  which  represents  their  selective  cytotoxicity

against cancer cell lines. The result revealed that potent com-

pounds 6i can be considered as a promising molecule to ex-

plore against other endometrial cancer.

3.3. Docking Studies
Apoptosis is the natural process of the body to eliminate

the unwanted, damaged cells and ageing of cells. Mcl-1 is

an antiapoptotic protein overexpressed in cancer that inhibits

various pro-apoptotic proteins, which leads to uncontrolled

cell growth in cancer. So, inhibition of Mcl-1 keeps all the

pro-apoptotic  proteins  in  active  state  to  initiate  cycles  of

apoptosis and cell death [30]. As hexahydroquinoline-3-car-

bonitrile is reported to inhibit Mcl-1 [21], we have also eval-

uated  the  active  compounds  in  the  active  site  of  Mcl-1  to

study  binding  interaction.  The  results  revealed  that  com-

pounds  6i,  6o  and  6l  showed  high  binding  energies  com-

pared  to  standard.  The  ketone  and  nitrile  groups  of  com-

pound 6i formed hydrogen bonds with Arg248 and Lys234

and fluorine enhanced strong hydrophobic interaction of 2,

4-difluoro phenyl ring with His252 in Fig. (2a). The nitrile

group and 2-bromo phenyl ring of compound 6o showed hy-

drogen  bond  and  strong  arene-cation  interaction  with

Arg260, respectively, as shown in Fig. (2b). Further, nitrile

group  and  2-fluoro-5-bromo  phenyl  ring  of  compound  6l
showed hydrogen bond and strong arene-cation interaction

with Arg263, respectively, in Fig. (2c). Docking images re-

vealed that fluorine increased lipophilicity, polarity and ex-

hibited good hydrophobic and arene-cation interactions. The

docking score of compounds is given in Table 4.
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Fig. (2). Docking pose of active compounds (6i, 6o and 6l) in active site of Mcl-1: a) 6(i); b) 6(o); and c) 6(l)-ligand-protein interaction
(arene-cation (green), lipophilic interaction (green) and hydrogen bond (pink) are illustrated as dotted line). (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

Table 2. GI50 value of compounds.

Compounds
GI50 (μM)

SCC-40 Ishikawa
6c 21.7 NT

6i > 100 7.2

6q > 100 > 100

Venetoclax 11.89 198
GI50 is the compound concentration required to inhibit tumor cell growth by 50%, NT= Not tested.

Table 3. IC50 values of synthesized compounds.

Compounds
IC50(μM)

Vero
(Non Cancerous) HCT-116 HT-29 A549 Caco-2

6c 104.36±0.781 NT NT NT NT

6i 138.42±1.44 NT NT NT NT

6l 159.16±0.89 36.43±1.33 61.08±1.40 27.52±0.61 9.66±1.28

6m 108.24±1.21 NT NT 50.37±1.02 NT

6o 226.53±1.39 13.54±0.69 9.39±0.87 21.32±0.91 31.20±1.25

6q 103.06±1.02 NT NT 9.35±0.72 NT

Venetoclax 17.04±0.93 NT NT 15.34±1.16 NT

5-Fluorouracil NT NT 10.42±0.64 NT 11.23±0.80

Doxorubicin NT 14.06±2.0 NT NT NT
IC50 is the compound concentration required to inhibit cancer cell proliferation by 50%. Each value is mean of triplicate ± SD, NT= Not tested.

(a) (b) 

(c) 
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Table 4. Docking score of compounds.

Compounds Docking Score
(kcal/mol)

6c -13.79

6g -15.09

6i -18.38

6k -13.94

6l -16.83

6m -13.89

6o -17.61

6q -15.13

Obatoclax -16.08

3.4. In Silico ADME/T Studies
The active  compounds  were  studied  for  ADME/T.  All

the compounds did not cross BBB, showed high absorption
from GIT and  inhibited  Pg-p,  which  reduces  resistance  to
chemotherapeutic agents. Lipinski’s rule of five allows maxi-
mum of two violations for an orally active drug. Here com-
pounds 6(g)  and 6(l)  violate only one rule (Mol.  Wt.)  and
hence are acceptable. Thus, all the compounds were found
to  follow  Lipinski’s  rule  of  five,  which  confirmed  their
drug-likeness properties. In addition, most of the compounds
were non-inhibitors of CYP1A2, which is a key enzyme in
drug metabolism and showed no toxicity in Ames test. The
results are displayed in Table 5.

Table 5. In silico ADME/T studies of synthesized compounds.

Code HBDa HBAb LogPc
Mol.
Wt.d

(gm/ml)

CYP1A2
Inhibitor Ames Test GI

Absorption BBB P-gp
Inhibitor

6c 1 5 3.27 435.46 - - Low - +

6g 2 6 3.51 530.36 - - Low - +

6i 1 4 3.51 484.33 - - High - +

6k 1 4 3.44 490.36 - - Low - +

6l 1 5 3.66 502.32 - - High - +

6m 1 5 3.49 474.29 + - High - +

6o 1 4 3.45 484.33 - - High - +

6q 1 4 3.55 484.33 - - Low - +

Venetoclax 3 9 5.39 867.31 - - High - +
a
Hydrogen Bond Donor ≤ 5; 

b
Hydrogen Bond Acceptor ≤ 10; 

c
LogP ≤ 5; 

d
Molecular Weight ≤ 500 (gm/mol) [27].

CONCLUSION
All the synthesized compounds were screened for cyto-

toxicity. Compounds 6o and 6l showed potent activity with
(% GIs) of 63.7 and 69 against SR (leukemia), respectively.
Fluorine substitution was found to enhance the lipophilic in-
teraction  in  docking  revealed  good  cytotoxicity  of  com-
pounds.  Compound  6i  showed  potent  cytotoxicity  against
Ishikawa,  while  6o  and  6l  showed  equipotent  activity
against (HT-29 and HCT) and Caco-2, respectively. Dock-
ing  study  of  potent  compounds  revealed  that  compounds
may  show  cytotoxicity  by  Mcl-1  inhibition.  Further  AD-
ME/T prediction showed the novelty of compounds 6i,  6o
and 6l for further research. The cytotoxicity of compound 6i
showed that it could be a promising lead against endometrial
cancer in future drug development.
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  Abstract: Background: Hexahydroquinoline as a small molecule was reported for good cytotoxicity and affinity to-

wards Mcl-1. Hence, new compounds were explored as Mcl-1 inhibitors to be potent anticancer agents. 

Objective: Compounds were synthesized and screened for cytotoxicity. The active compound was evaluated for cell 

cycle analysis, Mcl-1 inhibition, caspase-3, and caspase-9 activation. Further compounds were docked with Mcl-1 to 

confirm the mechanism of cytotoxicity. 

Methods: Compounds were confirmed by spectral techniques and screened for cytotoxicity at National Cancer Institute 

(USA). The active derivatives were screened by SRB and MTT. In addition, the potent compound was studied for 

apoptosis and cell cycle analysis by PI staining, Mcl-1 inhibition by TR-FRET assay, and activation assay of caspase-3 

and caspase-9 with the Elisa technique.  

Results: Compounds 6a and 6b exhibited the highest growth inhibition of 86.28% and 93.20% against SR and HOP-

62, respectively. Compound 6a showed higher cytotoxicity (IC50 = 0.4 µM) against THP-1 and HL-60. It showed 15-

fold higher apoptosis compared to control by arresting cells at the Sub-G1 in the cell cycle. It also showed a potent 

inhibition with IC50 of 1.5 µM against the anti-apoptotic protein Mcl-1, which may induce apoptosis. Furthermore, 

apoptosis was evidenced by an increase in cleaved caspase-3 and caspase-9 to 4.20 and 3 folds, respectively higher 

than control. The docking score of compound 6a was in good agreement with the Mcl-1 inhibition assay.  

Conclusion: Compound 6a inhibited anti-apoptotic protein Mcl-1 and induced activation of pro-apoptotic proteins 

caspase-3 and caspase-9. These dual results suggested the mechanism of apoptosis and cytotoxicity. 
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1. INTRODUCTION 

 Apoptosis is the natural process of eliminating the damaged, 
unwanted cells and cells' growth in the body. The balance between 
apoptosis activators (pro-apoptotic) and apoptosis inhibitors (anti-
apoptotic) determines whether cells survive or die. Pro-apoptotic 
proteins are Bim, Bid, Bik, Bad, Puma, and Noxa, and anti-
apoptotic proteins are Mcl-1, Bcl-xl, and Bcl-2. Mcl-1 over-
expressed in cancer binds with pro-apoptotic protein and inhibits 
apoptosis. Also, other studies showed that over-expressed Mcl-1 
indirectly decreased cell cycle regulatory proteins' levels and inhib-
ited cell cycle arrest induced by 5-fluorouracil [1, 2]. Moreover, 
Mcl-1 over-expression in gastric cancer cells exhibited chemother-
apeutic resistance to cisplatin and 5-fluorouracil [3]. Hence, inhibi-
tion of Mcl-1 could induce apoptosis and remains an attractive tar-
get in cancer therapy. 

  The hexahydroquinoline derivatives were reported as a potential 
lead for anticancer [4-9], anti-tubercular [10, 11], anti-oxidant [12], 
and antimicrobial [13-15] activities. Moreover, hexahydroquinoline 
derivatives were stated to induce apoptosis and cell cycle arrest 
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[16]. Walensky et al. enunciated hexahydroquinoline derivative for 
inhibition of Mcl-1 with good binding affinity in Fig. (1a) [17]. 
Further, trifluoromethyl substituted hexahydroquinoline was pub-
lished for potent cytotoxicity in Fig. (1c) [11]. Fluorine is known to 
modulate pharmacokinetic and pharmacodynamic profiles because 
of its good metabolic stability and lipophilic nature. Besides, it acts 
as a hydrogen bond acceptor [18]. In the earlier work, we have 
reported that fluorine enhanced the lipophilic interaction of hexa-
hydroquinoline in the docking against Mcl-1. In addition, it exhibit-
ed potent cytotoxicity against endometrial cancer (Ishikawa) with a 
GI50 of 7.2 µM in Fig. (1b) [19]. Therefore, the above finding in-
spired us to continue our work and choose compounds 1a-c as lead 
molecules to modify in Fig. (1d) as described in Fig. (1) and syn-
thesized 4-trifluoromethoxy containing hexahydroquinoline deriva-
tives (6a-o). The synthesized compounds were screened for cyto-
toxicity, and the active compound was studied for cell cycle analy-
sis, Mcl-1 inhibition, caspase-3, and caspase-9 activation. Further, 
potent compounds were docked to Mcl-1 to arrive at a possible 
mechanism of cytotoxicity. 

2. MATERIALS AND METHODS 

2.1. Chemistry 

  All the solvents and chemical intermediates were purchased 
from Spectrachem (India). Melting points were measured on the 
digital melting point instrument (Scientific Equipment) and were 

 1875-5992/22 $65.00+.00 © 2022 Bentham Science Publishers
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uncorrected. KBr pellet method was used to record IR spectra on 
Shimadzu FTIR 8400 spectrophotometer. The 

1
H NMR and 

13
C 

NMR spectra were recorded at 400 MHz in DMSO-d6 solvent on 
the Bruker Avance III spectrometer. Mass of compound was rec-
orded using the EI technique on LC-MS (Shimadzu QP 2010) and 
the ESI technique on UPLC-MS (Water Acquity UPC2). 

2.2. Procedure for Synthesis of 3,3-dimethyl-5-((4-(trifluorome 
thoxy)phenyl)amino)cyclohexan-1-one (3)  

 The mixture of 1,3-dimedone (1), and amine (2) (0.01 mol of 
each) was refluxed in 30 mL of methanol containing two to three 
drops of acetic acid as a catalyst for 6 h. The mixture was cooled 
and poured into the cold water. The mixture was stirred to separate 
out solid product from solution and filtered. Further, the solid was 
washed with water to remove acetic acid and air-dried. It was puri-
fied from ethanol by recrystallization [10]. Yellow solid: Yield: 
86%; mp: 201-203°C; IR (KBr, cm

-1
): 3240 (NH, stretching), 3047 

(CH-Ar), 2962, 2885 (CH-aliph.), 1712 (CO), 1512 (NH, bending); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 1.02 (s, 6H, 2CH3), 2.07 (s, 

2H, CH2), 2.38 (s, 2H, CH2), 2.47 (s, 3H, CH3), 5.34 (s, 1H, NH), 
7.28 (d, 2H, J = 8.8 Hz, Ar-H), 7.36 (d, 1H, J = 8.8 Hz, Ar-H), 8.90 
(s, 1H, Ar-H); MS (ESI): 300.45 [M+H]

+
 (Calcd. for C15H16F3NO2: 

299.29).  

2.3. General Procedure for Synthesis of 2-amino-4-(substitute 
dphenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluoromethoxy)phenyl)-1,4,5, 

6,7,8-hexahydroquinoline-3-carbonitrile derivatives (6a-o)  

 The mixtures of enaminone (3), aromatic/heteroaromatic alde-
hydes (4a-o), and malononitrile (5) (0.003 mol of each) were dis-
solved in 35 mL of boiling ethanol. To the above solution, 2-3 
drops of triethylamine were added, and the mixture was refluxed for 
6-8 h. The progress of the reaction during heating was confirmed by 

TLC. Next, the precipitated compound was filtered through the 
Buchner funnel and thoroughly washed with methanol. Then, the 
compound was recrystallized from 1, 4-dioxane [8]. 

2.3.1. 2-Amino-4-(2-bromophenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluorom 
ethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (6a)  

 Yellow solid: Yield: 77%; mp: 239-240°C; IR (KBr, cm
-1

): 
3464, 3340 (NH2), 3086 (CH-Ar), 2955, 2877 (CH-aliph.), 2183 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.80 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.74 (d, 1H, J = 17.6 Hz, CH), 1.95 
(d, 1H, J = 16 Hz, CH), 2.14-2.20 (m, 2H, CH2), 5 (s, 1H, CH), 
5.47 (s, 2H, NH2), 7.09-7.13 (m, 1H, Ar-H), 7.36 (d, 2H, J =3.6 Hz, 
Ar-H), 7.52-7.61 (m, 5H, Ar-H); 

13
C NMR (400MHz, DMSO-d6) δ 

ppm: 26.90 (CH3), 29.54 (CH3), 32.37 (C(CH3)2), 36.52 (CH), 
41.53 (CH2), 49.69 (CH2CO), 60.29 (C-CN), 111.81 (CN), 116.64, 
119.20, 121.75, 122.75, 124.36, 128.56, 128.69, 130.32 (8C, Ar-C), 
132.93 (OCF3), 135.41, 146.13, 149.36, 151.22, 151.61 (5C,Ar-C), 
195.09 (CO); MS (ESI): 532.7 [M]

+
, 534.7 [M+2]

+ 
(Calcd. for 

C25H21BrF3N3O2: 532.36). 

2.3.2. 2-Amino-4-(4-bromo-2-fluorophenyl)-7,7-dimethyl-5-oxo-1-(4- 
(trifluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbo 
nitrile (6b)  

 Yellow solid: Yield: 70%; mp: 257-259°C; IR (KBr, cm
-1

): 
3464, 3325 (NH2), 3070 (CH-Ar), 2962, 2877 (CH-aliph.), 2183 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.76 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.70 (d, 1H, J = 17.2 Hz, CH), 1.97 
(d, 1H, J = 16 Hz, CH), 2.16-2.22 (m, 2H, CH2), 4.71 (s, 1H, CH), 
5.59 (s, 2H, NH2, D2O exchangeable), 7.30 (t, 1H, J = 8.4 Hz, Ar-
H), 7.37 (d, 1H, J = 8.2 Hz, Ar-H), 7.48 (dd, 1H, J =10, 1.6 Hz, Ar-
H), 7.53-7.58 (m, 4H, Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ 

ppm: 26.19 (CH3), 29.01 (CH3), 31.27 (C(CH3)2), 31.88 (CH), 
40.94 (CH2), 49.08 (CH2CO), 58.44 (C-CN), 109.58 (CN), 118.52, 

 
Fig. (1). The design strategy for target compounds: Lead compounds a, b, and c; (a) (active compound against Mcl-1); (b) and (c) (cytotoxic compounds); (d) 

(designed compound) [11, 17, 19]. 
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119.41, 121.14, 122.33, 127.63, 131.46 (6C, Ar-C), 132.23 (OCF3), 
132.63, 134.91, 148.82, 151.03, 151.38, 158.49, 160.98 (7C, Ar-C), 
194.68 (CO); MS (ESI): 550.6 [M]

+
, 552.7 [M+2]

+
 (Calcd. for 

C25H20BrF4N3O2: 550.35). 

2.3.3. 2-Amino-4-(3-Bromophenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluo 
romethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-Carbonitrile 
(6c)  

 Yellow solid: Yield: 69%; mp: 228-230°C; IR (KBr, cm
-1

): 
3471, 3333 (NH2), 3070 (CH-Ar), 2947, 2885 (CH-aliph.), 2183 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.72 (s, 

3H, CH3), 0.88 (s, 3H, CH3), 1.70 (d, 1H, J = 17.6 Hz, CH), 1.99 
(d, 1H, J = 16 Hz, CH), 2.16-2.20 (m, 2H, CH2), 4.46 (s, 1H, CH), 
5.52 (s, 2H, NH2), 7.29 (d, 2H, J = 8.4 Hz, Ar-H), 7.37 (d, 2H, J = 
8.4 Hz, Ar-H), 7.41 (d, 1H, J = 8.4 Hz, Ar-H), 7.45-7.46 (m, 3H, 
Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ ppm: 26.43 (CH3), 29.03 

(CH3), 31.84 (C(CH3)2), 33.68 (CH), 41.02 (CH2), 49.10 (CH2CO), 
58.62 (C-CN), 110.30 (CN), 116.94, 117.16, 120.85, 127.73, 
128.47, 131.25, 131.31, 132.12 (8C, Ar-C), 132.09 (OCF3), 132.43, 
143.02, 151.37, 161.11, 163.57 (5C, Ar-C), 194.68 (CO); MS 
(ESI): 532.9 [M]

+
, 534.9 [M+2]

+
 (Calcd. for C25H21BrF3N3O2: 

532.36). 

2.3.4. 2-Amino-4-(4-Chloro-3-nitrophenyl)-7,7-dimethyl-5-oxo-
1-(4-(trifluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-
carbonitrile (6d)  

 Yellow solid: Yield: 78%; mp: 232-234°C; IR (KBr, cm
-1

): 
3464, 3333 (NH2), 3070 (CH-Ar), 2970, 2885 (CH-aliph.), 2175 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.75 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.74 (d, 1H, J = 17.2 Hz, CH), 2.03 
(d, 1H, J = 16 Hz, CH), 2.19 (d, 2H, J = 15.6 Hz, CH2), 4.62 (s, 1H, 
CH), 5.73 (s, 2H, NH2, D2O exchangeable), 7.55-7.61 (m, 4H, Ar-
H), 7.65 (d, 1H, J = 8.4 Hz, Ar-H), 7.73 (d, 1H, J = 8.4 Hz, Ar-H), 
7.91 (s, 1H, Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ ppm: 26.70 

(CH3), 29.33 (CH3), 32.37 (C(CH3)2), 36.83 (CH), 41.48 (CH2), 
49.56 (CH2CO), 59.28 (C-CN), 111 (CN), 116.61, 119.17, 121.63, 
122.75, 123.18, 124.23, 132.85 (7C, Ar-C), 132.08 (OCF3), 132.98, 
135.19, 148.02, 149.43, 151.38, 152.01 (6C, Ar-C), 195.34 (CO); 
MS (ESI): 533.93 [M+H]

+
, 535.93 [M+2+H]

+
 (Calcd. for 

C25H20ClF3N4O4: 532.90). 

2.3.5. 2-Amino-4-(4-Chlorophenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluorome 
thoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (6e)  

 Yellow solid: Yield: 80%; mp: 252-254°C; IR (KBr, cm
-1

): 
3464, 3325 (NH2), 3063 (CH-Ar), 2962, 2885 (CH-aliph.), 2175 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.72 (s, 

3H, CH3), 0.88 (s, 3H, CH3), 1.69 (d, 1H, J = 17.2 Hz, CH), 2 (d, 
1H, J = 16 Hz, CH), 2.17- 2.23 (m, 2H, CH2), 4.46 (s, 1H, CH), 
5.60 (s, 2H, NH2), 7.29 (d, 2H, J = 8 Hz, Ar-H), 7.37 (d, 2H, J = 8 
Hz, Ar-H), 7.55 (s, 4H, Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ 

ppm: 26.19 (CH3), 29.02 (CH3), 31.06 (C(CH3)2), 36.03 (CH), 
40.91 (CH2), 49.19 (CH2CO), 59.76 (C-CN), 111.4 (CN), 121.30, 
121.33, 122.30, 128.31, 128.74, 130.76 (6C, Ar-C), 132.71 (OCF3), 
134.98, 145.38, 148.77, 150.48, 151.28 (5C, Ar-C), 194.83 (CO); 
MS (ESI): 488.5 [M+H]

+
, 490.5 [M+2+H]

+
 (Calcd. for 

C25H21ClF3N3O2: 487.91). 

2.3.6. 2-Amino-4-(4-bromophenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluoro 
methoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile 
(6f)  

 Yellow solid: Yield: 83%; mp: 247-249°C; IR (KBr, cm
-1

): 

3464, 3325 (NH2), 3049 (CH-Ar), 2962, 2885 (CH-aliph.), 2175 
(CN), 1651 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.74 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.70 (d, 1H, J = 17.6 Hz, CH), 2.01 

(d, 1H, J = 16 Hz, CH), 2.17-2.23 (m, 2H, CH2), 4.46 (s, 1H, CH), 

5.58 (s, 2H, NH2, D2O exchangeable), 7.24 (d, 2H, J = 8 Hz, Ar-H), 

7.52 (d, 2H, J = 8.4, Hz, Ar-H), 7.56 (s, 4H, Ar-H); 
13

C NMR (400 

MHz, DMSO-d6) δ ppm: 26.69 (CH3), 29.51 (CH3), 32.34 

(C(CH3)2), 36.62 (CH), 41.43 (CH2), 49.70 (CH2CO), 60.26 (C-

CN), 111.94 (CN), 116.62, 119.47, 121.77, 122.77, 124.30, 129.65, 

131.72 (7C, Ar-C), 132.82 (OCF3), 135.47, 146.29, 149.30, 150.63, 

151.78 (5C, Ar-C), 195.30 (CO); MS (ESI): 532.86 [M]
+
, 534.93 

[M+2]
+
 (Calcd. for C25H21BrF3N3O2: 532.36). 

2.3.7. 2-Amino-4-(5-bromothiophen-2-yl)-7,7-dimethyl-5-oxo-1-
(4-(trifluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-
carbonitrile (6g)  

 Yellow solid: Yield: 75%; mp: 224-226°C; IR (KBr, cm
-1

): 

3464, 3340 (NH2), 3086 (CH-Ar), 2955, 2877 (CH-aliph.), 2183 

(CN), 1651 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.75 (s, 

3H, CH3), 0.90 (s, 3H, CH3), 1.63 (d, 1H, J = 17.6 Hz, CH), 2.08 
(d, 1H, J = 16 Hz, CH), 2.24 (d, 2H, J = 15.6 Hz, CH2), 4.72 (s, 1H, 

CH), 5.79 (s, 2H, NH2), 6.72 (d, 1H, J = 3.6 Hz, Ar-H), 7.04 (d, 1H, 

J = 4 Hz, Ar-H), 7.46 (s, 2H, Ar-H), 7.55 (d, 2H, J = 8. 4 Hz, Ar-

H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.02 (CH3), 29.10 

(CH3), 31.86 (C(CH3)2), 36.82 (CH), 40.77 (CH2), 49.10 (CH2CO), 

58.77 (C-CN), 108.99(Ar-C), 111.41 (CN), 118.66, 121.15, 122.39, 

123.63, 130.13 (5C, Ar-C) 132.19 (OCF3), 134.83, 148.78, 150.14, 

151.95, 152.89 (5C, Ar-C), 194.78 (CO); MS (ESI): 538.6 [M]
+
, 

540.6 [M+2]
+
 (Calcd. for C23H19BrF3N3O2S: 538.38). 

2.3.8. 2-Amino-4-(5-bromofuran-2-yl)-7,7-dimethyl-5-oxo-1-(4-
(trifluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-
carbonitrile (6h)  

 Yellow solid: Yield: 68%; mp: 237-238°C; IR (KBr, cm
-1

): 

3479, 3363 (NH2), 3186 (CH-Ar), 2970, 2893 (CH-aliph.), 2168 

(CN), 1612 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.78 (s, 

3H, CH3), 0.91 (s, 3H, CH3), 1.69 (d, 1H, J = 17.6 Hz, CH), 2.08 

(d, 1H, J = 16.4 Hz, CH), 2.20-2.73 (m, 2H, CH2), 4.53 (s, 1H, 

CH), 5.75 (s, 2H, NH2), 6.14 (d, 1H, J = 3.2 Hz, Ar-H), 6.49 (d, 1H, 

J = 3.2 Hz, Ar-H), 7.46 (d, 2H, J = 8.8 Hz, Ar-H), 7.56 (d, 2H, J = 

8.4 Hz, Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.45 

(CH3), 29.46 (CH3), 30.57 (C(CH3)2), 32.45 (CH), 41.31 (CH2), 

49.68 (CH2CO), 57.50 (C-CN), 107.56, 109.59 (2C, Ar-C), 112.81 

(CN), 119.38, 121.60, 121.72, 122.84 (4C, Ar-C), 132.57 (OCF3), 

135.76, 149.22, 151.72, 152.81, 160.3 (5C, Ar-C), 194.01 (CO); 

MS (ESI): 522.6 [M]
+
, 524.6 [M+2]

+
 (Calcd. for C23H19BrF3N3O3: 

522.32). 

2.3.9. 2-Amino-4-(5-bromo-2-fluorophenyl)-7,7-dimethyl-5-oxo-1- (4-
(trifluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carb 
onitrile (6i)  

 Yellow solid: Yield: 73%; mp: 267-269°C; IR (KBr, cm
−1

): 
3479, 3325 (NH2), 3093 (CH-Ar), 2955, 2877 (CH-aliph.), 2183 

(CN), 1666 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.77 (s, 

3H, CH3), 0.90 (s, 3H, CH3), 1.72 (d, 1H, J = 17.2 Hz, CH), 2 (d, 

1H, J = 15.6 Hz, CH), 2.17-2.23 (m, 2H, CH2), 4.69 (s, 1H, CH), 

5.60 (s, 2H, NH2), 7.15-7.20 (m, 1H, Ar-H), 7.43 (d, 2H, J = 5.4, 

Hz, Ar-H), 7.50 (d, 2H, J = 8.4, Hz, Ar-H), 7.59 (d, 2H, J = 8.4 Hz, 

Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.44 (CH3), 29.54 

(CH3), 32.39 (C(CH3)2), 32.85 (CH), 41.44 (CH2), 49.55 (CH2CO), 

58.63 (C-CN), 109.76 (CN), 116.52, 118.51, 119.17, 121.53, 

122.89, 131.55, 135.36 (7C, Ar-C), 132.74 (OCF3), 135.82, 149.34, 

151.68, 152.01, 158.80, 161.24 (6C, Ar-C), 195.21 (CO); MS 

(ESI): 550.7 [M]
+
, 552.7 [M+2]

+
 (Calcd. for C25H20BrF4N3O2: 

550.35). 

2.3.10. 2-Amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo-1-(4-(trifluoro 
methoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile (6j) 

 Yellow solid: Yield: 76%; mp: 217-219°C; IR (KBr, cm
-1

): 

3456, 3325 (NH2), 3063 (CH-Ar), 2955, 2885 (CH-aliph.), 2183 

(CN), 1643 (CO), 1512, 1357 (NO2); 
1
H NMR (400 MHz, DMSO-

d6) δ ppm: 0.74 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.73 (d, 1H, J = 
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17.2 Hz, CH), 2.01 (d, 1H, J = 16 Hz, CH), 2.19-2.25 (m, 2H, 

CH2), 4.62 (s, 1H, CH), 5.73 (s, 2H, NH2), 7.56-7.58 (m, 4H, Ar-

H), 7.62 (d, 2H, J = 9.2 Hz, Ar-H), 8.22 (d, 2H, J = 8.4 Hz, Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.27 (CH3), 28.94 (CH3), 

31.89 (C(CH3)2), 36.84 (CH), 40.96 (CH2), 49.10 (CH2CO), 58.96 

(C-CN), 111.79 (CN), 116.12, 118.68, 122.31, 123.71, 128.18 (5C, 

Ar-C), 132.48 (OCF3), 134.81, 146.03, 148.87, 150.74, 153.86, 

163.86 (6C, Ar-C), 194.79 (CO); MS (ESI): 499.5 [M+H]
+
 (Calcd. 

for C25H21F3N4O4: 498.46). 

2.3.11. 2-Amino-4-(2-bromo-5-chlorophenyl)-7,7-dimethyl-5-oxo-1-(4-(tri 
fluoromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboni 
trile (6k)  

 Yellow solid: Yield: 77%; mp: 262-264°C; IR (KBr, cm
-1

): 

3456, 3325 (NH2), 3078 (CH-Ar), 2962, 2885 (CH-aliph.), 2183 

(CN), 1651 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.82 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.79 (d, 1H, J = 17.6 Hz, CH), 1.99 

(d, 1H, J = 16 Hz, CH), 2.16 (d, 2H, J = 16 Hz, CH2), 4.98 (s, 1H, 

CH), 5.59 (s, 2H, NH2, D2O exchangeable), 7.20 (dd, 1H, J = 8.6, 

2.6 Hz, Ar-H), 7.31 (d, 1H, J = 2.8 Hz, Ar-H), 7.54-7.60 (m, 5H, 

Ar-H); 
13

C NMR (400 MHz, DMSO-d6) δ ppm: 26.34 (CH3), 28.93 

(CH3), 31.91 (C(CH3)2), 36.88 (CH), 41.02 (CH2), 49.06 (CH2CO), 

58.77 (C-CN), 110.43 (CN), 118.68, 120.62, 121.24, 122.36, 

128.04, 129.55 (6C, Ar-C), 132.32 (OCF3), 132.56, 134.24, 134.69, 

147.47, 148.89, 151.22, 151.31 (7C, Ar-C), 194.64 (CO); MS 

(ESI): 566.7 [M]
+
, 568.7 [M+2]

+
 (Calcd. for C25H20BrClF3N3O2: 

566.80). 

2.3.12. 2-Amino-4-(2,5-dimethoxyphenyl)-7,7-dimethyl-5-oxo-1-(4-(triflu 
oromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonit 
rile (6l)  

 Yellow solid: Yield: 67%; mp: 220-222°C; IR (KBr, cm
-1

): 

3479, 3363 (NH2), 3063 (CH-Ar), 2955, 2839 (CH-aliph.), 2186 

(CN), 1635 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.85 (s, 

3H, CH3), 0.92 (s, 3H, CH3), 1.76 (d, 1H, J = 17.6 Hz, CH), 2 (d, 

1H, J = 16 Hz, CH), 2.19 (d, 1H, J = 16 Hz, CH), 2.26 (d, 1H, J = 

17.6 Hz, CH), 3.68 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 4.84 (s, 1H, 

CH), 5.27 (s, 2H, NH2, D2O exchangeable), 6.63 (d, 1H, J = 2.8 Hz, 

Ar-H), 6.67-6.75 (m, 1H, Ar-H), 6.92 (d, 1H, J = 8.8 Hz, Ar-H), 

7.47 (d, 2H, J = 8.8 Hz, Ar-H), 7.57 (d, 2H, J = 8.4 Hz, Ar-H); 
13

C 

NMR (400 MHz, DMSO-d6) δ ppm: 26.17 (CH3), 29.35 (CH3), 

30.26 (C(CH3)2), 31.80 (CH), 41.08 (CH2), 49.30 (CH2CO), 55.07 

(OCH3), 56.36 (OCH3), 60.22 (C-CN), 110.59 (Ar-C), 111.35 (CN), 

112.65, 113.78, 117.08, 121.33 (4C, Ar-C), 132.20 (OCF3), 132.54, 

135.55, 150.56, 151.11, 151.32, 153.22, 160.93, 163.38 (8C, Ar-C), 

194.62 (CO); MS (EI): 513 [M]
+
 (Calcd. for C27H26F3N3O4: 

513.52). 

2.3.13. 2-Amino-4-(2,4-dichlorophenyl)-7,7-dimethyl-5-oxo-1-(4-(triflu 
oromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile 
(6m) 

 Yellow solid: Yield: 87%; mp: 241-243°C; IR (KBr, cm
-1

): 

3471, 3317 (NH2), 3063 (CH-Ar), 2955, 2885 (CH-aliph.), 2183 

(CN), 1651 (CO); 
1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.79 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.74 (d, 1H, J = 17.2 Hz, CH), 1.96 

(d, 1H, J = 16 Hz, CH), 2.15-2.20 (m, 2H, CH2), 4.98 (s, 1H, CH), 

5.54 (s, 2H, NH2), 7.39 (s, 2H, Ar-H), 7.52 (s, 1H, Ar-H), 7.56 (d, 

2H, J = 8.8 Hz, Ar-H), 7.59 (d, 2H, J = 8.4 Hz, Ar-H); 
13

C NMR 

(400 MHz, DMSO-d6) δ ppm: 26.67 (CH3), 29.43 (CH3), 32.38 

(C(CH3)2), 36.33 (CH), 40.61 (CH2), 49.86 (CH2CO), 60.03 (C-

CN), 108.01 (Ar-C), 111.73 (CN), 116.62, 121.71, 128.61, 128.66, 

132.07 (5C, Ar-C), 132.74 (OCF3), 135.35, 145.05, 149.34, 150.82, 

151.88, 156.11, 158.53 (7C, Ar-C), 194.83 (CO); MS (EI): 521 

[M]
+
 (Calcd. for C25H20Cl2F3N3O2: 521.35). 

2.3.14. 2-Amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo-1-(4-(trifluorome 
thoxy)phenyl)-14,5,6,7,8-hexahydroquinoline-3-carbo nitrile (6n)  

 Yellow solid: Yield: 78%; mp: 212-214°C; IR (KBr, cm
-1

): 
3464, 3333 (NH2), 3063 (CH-Ar), 2962, 2885 (CH-aliph.), 2183 
(CN), 1651 (CO);

 1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.73 (s, 

3H, CH3), 0.89 (s, 3H, CH3), 1.69 (d, 1H, J = 17.2 Hz, CH), 2 (d, 
1H, J = 16 Hz, CH), 2.17-2.23 (m, 2H, CH2), 4.47 (s, 1H, CH), 5.57 
(s, 2H, NH2), 7.11-7.17 (m, 2H, Ar-H), 7.27-7.32 (m, 2H, Ar-H), 
7.53-7.57 (m, 4H, Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ ppm: 

26.18 (CH3), 29.07 (CH3), 31.82 (C(CH3)2), 36.03 (CH), 40.94 
(CH2), 49.19 (CH2CO), 59.56 (C-CN), 111.31 (CN), 116.91, 
117.14, 121.36, 128.29, 128.75, 130.73 (6C, Ar-C), 132.27 (OCF3), 
145.47, 150.40, 151.36, 161.04, 163.49 (5C, Ar-C), 194.79 (CO); 
MS (ESI): 472.90 [M+H]

+
 (Calcd. for C25H21F4N3O2: 471.46). 

2.3.15. 2-Amino-7,7-dimethyl-4-(4-(methylthio)phenyl)-5-oxo-1-(4-(triflu 
oromethoxy)phenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carbonitrile 
(6o)  

 Yellow solid: Yield: 64%; mp: 206-208°C; IR (KBr, cm
-1

): 
3464, 3333 (NH2), 3086 (CH-Ar), 2962, 2877 (CH-aliph.), 2175 
(CN), 1643 (CO); 

1
H NMR (400 MHz, DMSO-d6) δ ppm: 0.76 (s, 

3H, CH3), 0.91 (s, 3H, CH3), 1.71 (d, 1H, J = 17.6 Hz, CH), 2.02 
(d, 1H, J = 15.6 Hz, CH), 2.18-2.25 (m, 2H, CH2), 2.47 (s, 3H, 
CH3), 4.46 (s, 1H, CH), 5.52 (s, 2H, NH2), 7.23 (s, 4H, Ar-H), 7.56 
(s, 4H, Ar-H); 

13
C NMR (400 MHz, DMSO-d6) δ ppm: 15.27 

(SCH3), 26.68 (CH3), 28.33 (CH3), 32.71 (C(CH3)2, 36.45 (CH), 
41.41 (CH2), 49.74 (CH2CO), 60.84 (C-CN), 112.27 (CN), 119.30, 
121.88, 122.61, 124.56 (4C, Ar-C), 132.77 (OCF3), 136.13, 138.99, 
144.65, 149.26, 150.37, 151.63, 160.08 (7C, Ar-C), 196.16 (CO); 
MS (ESI): 500.92 [M+H]

+
 (Calcd. for C26H24F3N3O2S: 499.55). 

2.4. Anticancer Evaluation 

2.4.1. General 

 Chemicals and media used in the assay were purchased from 
HiMedia. The Colon (HCT-15, HCT-116), Leukemia (Molt-4, 
THP-1, and HL-60), NSCLC (HOP-62, NCI-H460), and CNS 
(SNB-19) cell lines were obtained from NCCS, Pune (India). Cells 
were maintained in RPMI 1640 medium containing fetal bovine 
serum (10%), streptomycin (100 μg/mL), and penicillin (100 
U/mL). Further, cells were cultured in the presence of 5% CO2 at 
37°C. Venetoclax drug was provided by Zydus Research Centre, 
Ahmedabad (batch no-6359-P56/18-672). Gambogic acid and pro-
pidium iodide were purchased from Sigma-Aldrich.  

2.4.2. SRB Assay 

 The cytotoxicity screening was done at a single dose (10 µM) at 

the National Cancer Institute (USA). The methodology of testing 

was as per the established NCI-60 cell line protocol [20]. In short, 

the sample (10 µM) was incubated at 37°C in the presence of 5% 

CO2, 95% air, and 100% relative humidity for 48 h in the microtiter 

plates. Further, SRB solution was added, and plates were incubated 
for 10 minutes. Then the plates were washed with (1%) acetic acid, 

Trizma base was added, and absorbance was recorded at 515 nm on 

an automated plate reader. In addition, active compounds were 

screened at concentrations (0.1-100 µM) at Tata Cancer Insti-

tute (ACTREC), Mumbai (India). The screening procedure was 

referred from NCI-60 cell line protocol, and Growth Inhibition of 

50% cells (GI50) was reported [21]. 

2.4.3. MTT Assay 

 The methodology of the assay was previously published. In 
brief, different concentrations of samples (0.001-100 µM) were 

incubated for 96 h at 37°C in the presence of 5% CO2 with cell 

suspension in 96 well plates. To the above solution, an MTT rea-

gent was added and incubated for 4 h. The obtained formazan was 
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dissolved in DMSO and recorded at 550 nm. Each experiment was 

repeated in triplicate independently, and percentage inhibition was 

plotted against the concentrations to calculate the IC50 values [22]. 

2.4.4. Cell Cycle Analysis and Apoptosis 

 THP-1 cells were cultured with DMEM, FCS (10%) in T25 

flasks. Cells were seeded in 6 well plates and serum-starved for 12 

h. Then the cells were treated for 24 h with compound 6a at 0.4 µM 
(IC50), 0.01% DMSO (vehicle), and gambogic acid (standard). Cells 

were trypsinized and washed with 1% phosphate-buffered saline 

(PBS). Cells were then collected, fixed in methanol, and washed 

with 1% PBS solution. The cell cycle and apoptosis analysis were 

performed on a flow cytometer (BD FACS caliber) after treatment 

with 100 µg/mL of RNase (0.1%) and propidium iodide.  

2.4.5. Time-Resolved Fluorescence Resonance Energy Transfer 
(TR-FRET) Binding Assay 

 The Mcl-1 TR-FRET assay kit from BPS Biosciences (San 

Diego, CA) was used for the binding study as per the manufactur-

er’s instructions. Briefly, 20 µL of the Anti-His terbium-labeled 

donor, 20 µL dye-labeled acceptor, 20 µL Mcl-1, 20 µL biotinylat-

ed peptide ligand, 10 µL assay buffer, 10 µL of compound 6a and 

gambogic acid were added in a 96 well plate. It was incubated for 3 

h, and the fluorescence intensity was measured using a fluorescence 

plate reader (BMG Fluostar) to determine the IC50 value. Test con-

centration was used in the range of 0.01-100 µM.  

2.4.6. Caspase-3 and Caspase-9 Activation Assay  

 Human cleaved caspase-3 and caspase-9 ELISA kits from 

Abcam (Cambridge, USA) were used to study the activation of 

these enzymes as per the manufacturer’s instructions. Briefly, com-

pound 6a at a concentration of 0.4 µM (IC50), 0.01% DMSO and 

gambogic acid were added to the confluent six-well plates contain-

ing THP-1 cells and incubated for 8 hours. 50 μL of lysate and 50 

μL of the antibody cocktail were added to each well. All the plates 

were sealed and incubated on a plate shaker for 1 hour at 400 rpm 

at room temperature. Each well was washed with 350 μL of wash 
buffer solution (PT). Further, TMB development solution (100 μL) 

was added and incubated for 10-30 minutes in the dark. To the 

wells, stop solution (100 μL) was added, and the plate was shaken 

for 1 minute to mix. The optical density was measured at 450 nm.  

2.5. Docking Protocol 

 The molecular docking study was done using MOE software 
(2009.10) [23]. The co-crystalline complex of Mcl-1 protein bound 
with bim peptide (PDB ID: 2pqk) was downloaded from the protein 
data bank. The protein was prepared by removing the bound bim 
peptide, zinc, sodium, and water molecules. Then, the protonation 
command was used to add hydrogen. The ligand molecule was 
prepared by energy minimization and partial charges addition. Var-
ious parameters were set to default in the docking process, like 
placement method as triangle matcher; rescoring function was set to 
1 and the London dg force as an algorithm. The docking interaction 
generated a docking score, which represented binding energy [24]. 

2.6. Statistical Analysis 

 Each experiment was repeated in three independent replicates 
and presented as mean±SD. The variation between groups was de-
termined by the one-way ANOVA method using Graph Pad Prism 
8. The result of the comparison was considered significant at 
P<0.05. 

3. RESULTS AND DISCUSSION 

3.1. Chemistry 

 The hexahydroquinoline derivatives were synthesized in the 
two steps, and their reaction steps are depicted in Schemes (1 and 
2). In the first step, enaminone (3) was synthesized through conden-
sation between dimedione (1) and 4-trifluoromethoxy aniline (2) in 
the presence of glacial acetic acid [14]. The structure of the enami-
none intermediate (3) was confirmed using spectral data. The IR 
spectrum of compound (3) showed vibrational bands at 3240 cm

-1
 

for NH stretching, 3047 cm
−1

 for aromatic C-H stretching, and 1712 
cm

-1 
for stretching (C=O). The 

1
H NMR spectrum exhibited multi-

plet at 7.27-8.90 ppm for aromatic proton, broad singlet at 5.34 ppm 
for secondary amine, singlet at 2.07-2.38 ppm for methylene, and a 
singlet at 1.02 ppm for methyl proton. The second step involved 
Knoevenagel condensation between aromatic aldehyde and malo-
nonitrile to give intermediate benzylidene-malononitrile, which 
underwent Michael's addition reaction with enaminone (3) to give 
hexahydroquinoline derivatives (6a-o) as shown in Table 1 [19]. 
The product yield was in the range of 64-87%. The structures of 
hexahydroquinoline-3-carbonitrile derivatives were confirmed with 
spectral data. The FT-IR spectra of compounds showed absorption 

 
Scheme 1. Method for the synthesis of 5,5-dimethyl-3-((4-(trifluoromethoxy)phenyl)amino)cyclohex-2-en-1-one (3). Reagents and conditions: methanol, two 

to three drops of acetic acid, reflux, 6 h. 

 

 

Scheme 2. Method for the synthesis of hexahydroquinoline derivatives (6a- o). Reagents and conditions: methanol, two to three drops of TEA, reflux, 6-8 h. 
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band at 3317-3479 cm
−1

 for NH2 stretching, 3063-3086 cm
-1 

for C-
H aromatic stretching, 2839-2970 cm

-1
 for aliphatic CH stretching, 

2168-2186 cm
-1 

for nitrile, and 1643-1666 cm
-1 

for ketone. The 
1
H 

NMR spectra exhibited singlet at δ 0.72-0.92 ppm for methyl, mul-
tiplets at δ 1.63-2.73 ppm for methylene, and multiplet at δ 4.46-
4.98 ppm for methine. It exhibited a characteristic singlet at δ 5.27-
5.79 ppm for primary amine (NH2), which was exchangeable with 
D2O and multiplet at δ 6.14-7.91 ppm for aromatic proton. The 

13
C 

NMR spectra exhibited peaks at 31.80-36.88 ppm for CH aliphatic, 
26.16-29.94 ppm for methyl, 107.56-163.68 ppm for aromatic car-
bon atoms, and peak at 194.01-196.16 ppm for ketone. The mass 
spectrometry analysis showed (M

+
), (M+H

+
), and (M

+
+2) peaks in 

the spectra. The 
1
H NMR, 

13
C NMR, and mass spectra of the com-

pounds are available as supplementary material in Figs. (SP1-SP3).  

3.2. Anticancer Evaluation 

 The fifteen compounds (6a-o) were evaluated for cytotoxicity at 
one dose (10 µM) on cancer cell lines (leukemia, lung, colon, mela-
noma, CNS, renal, ovary, prostate, and breast) at the National Can-
cer Institute (USA).  

 The compounds were substituted with different aryl/heteryl on 
the fourth position of hexahydroquinoline, and its structure-activity 
relationship is discussed here. The substitution of bromo in com-
pound 6a at ortho position was most active in the study with mean 
growth inhibition of 36.73% and exhibited maximum cytotoxicity 
with percent growth inhibition of 86.28, 82.37, 72.54, and 71.22 
against Leukemia (SR), NSCLC (NCI-H460), Colon (HCT-116) 
and Leukemia (Molt-4), respectively. Besides, it showed GI more 
than 50% against all leukemia cell lines, Colon (HCT-15, HT-29, 
SW- 620 and KM12), CNS (SF-295, U251), Melanoma (Lox IMVI, 
SK-MEL-5, and UACC-62), and Prostate (PC-3). Furthermore, 
disubstitution with 2-fluoro-4-bromo in compound (6b) gave the 
second most active compound with mean growth inhibition of 
35.98%. It exhibited maximum cytotoxicity with a % GI of 93.20, 
76.34, and 74.70 against NSCLC (HOP-62, NCI-H460) and Breast 

cancer (HS578T), respectively. It also showed % GI by more than 
50% against NSCLC (A549, HOP-92, and NCI-H226), Colon 
(HCT-116), CNS (SF-295, SNB-19), Melanoma (Malme-3M), 
Ovarian (Ovcar-8, NCI/ADR Res) and Renal (786-O, A498, 
ACHN, and RXF-393) cancer. In contrast, 2,4-dichloro (6m) 
showed less activity against all cell lines. However, disubstitution 
on the second and fifth position as in 2-fluoro-5-bromo (6i), 2-
bromo-5-chloro (6k) and 2,5-dimethoxy (6l) showed diminished % 
GI of 47.82, 43.89, and 41.44 against Prostate (PC-3), Renal (Caki-
1), and CNS (SNB-75), respectively. Further, incorporation of 3-
nitro-4-chloro in (6d) improved the selective GI by more than 50% 
against Leukemia (Molt-4) and Renal (786-O). Substitution at meta 
position with bromo (6c) exhibited moderate cytotoxicity against 
various cell lines and maximum selective % GI of 83.75 and 77.43 
against CNS (SNB-75) and NSCLC (HOP-92), respectively. Substi-
tution at para position with chloro (6e) and nitro (6j) exhibited mod-
erate cytotoxicity against CNS (GI = 42.48 to 47.38%, SNB-75), 
while the introduction of bromo (6f) enhanced potency greater than 
50% against NSCLC (HOP-62), CNS (SNB-19) and Renal (ACHN), 
respectively. However, substitution with smaller and larger groups as 
in 4-fluoro (6n) and 4-thiomethyl (6o) respectively did not demon-
strate significant activity in the study. Also, replacement of aryl ring 
(6a) with heteryl as in compounds 6g (5-bromo-thiophen-2-yl) and 
6h (5-bromo-furan-2-yl) showed diminished % GI of 44.73 and 45.31 
against Renal (A498) and Prostate (PC-3), respectively. The % GI of 
all the compounds are given in Tables 2 and 3. 

 The active compounds (6a-d, 6f, and 6h) found in the NCI-60 
were screened against ovary (PA-1), bladder (T-24), and CNS 
(IMR-32) by SRB method. The results in Table 4 revealed that 
compound 6d was the most active compound with an IC50 of 6.53 
µM against T-24. However, it did not exhibit sensitivity against 
PA-1 and IMR-32. On the other hand, compounds 6a and 6b 
demonstrated higher potency against IMR-32 (IC50 =11.60 µM and 
16.45 µM, respectively) compared to standard. Further, compound 
6c exhibited moderate efficacy against PA-1 (IC50 = 17.11 µM), 
while compounds 6f and 6h did not display significant activity in 
the screening.  

Table 1. Structures of designed compounds. 
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Table 2. The percent growth inhibitions (%GI) of compounds (6a-6i) over various panels of NCI-60 cancer cell lines at a single dose (10 µM). 

Cancer Cell Lines 

Percent Growth Inhibition
 a
 

Compound / NSC Code / Panel of Cancer 

6a/ 

821407 

6b/ 

821406 

6c/ 

812868 

6d/ 

821410 

6e/ 

812866 

6f/ 

821411 

6g/ 

821403 

6h/ 

821405 

6i/ 

821404 

Mean GP 63.27 64.02 78.55 82.58 83.14 83.50 85.81 86.22 86.42 

Leukemia 

CCRF-CEM 50.54 14.36 16.82 49.93 - - 18.69 17.11 11.22 

HL-60(TB) 57.74 21.45 13.86 30.94 - - 13.36 23.87 11.65 

K-562 68.99 24.55 26.59 28.74 13.48 - 26.45 29.47 21.18 

MOLT-4 71.22 36.97 28.81 59.93 - - 32.38 30.31 30.63 

RPMI-8226 55.04 - NT 49.70 NT - 31.85 31.71 26.42 

SR 86.28 24.00 NT 33.86 NT 16.58 27.74 29.46 30.85 

Non-Small Cell Lung Cancer 

A549/ATCC 44.66 55.92 14.41 16.20 23.71 23.74 18.74 16.32 22.41 

EKVX 18.35 18.02 47.32 20.76 15.39 - 21.42 18.05 23.17 

HOP-62 36.22 93.20 18.78 - 27.30 51.96 - - - 

HOP-92 - 60.20 77.43 16.14 41.47 32.29 10.96 14.96 14.49 

NCI-H226 23.00 66.92 14.55 10.05 - 20.37 20.79 - 15.84 

NCI-H23 15.13 24.23 - - 14.42 16.06 - - - 

NCI-H322M - 40.86 10.66 - - 18.10 - - - 

NCI-H460 82.37 74.70 12.64 19.13 - - 12.34 - - 

NCI-H522 19.47 11.36 25.73 12.73 36.85 10.24 10.71 17.00 17.23 

Colon Cancer 

COLO 205 43.91 - 11.54 16.59 - - - - - 

HCC-2998 27.09 11.62 - - - - - - - 

HCT-116 72.54 53.29 21.10 23.66 31.61 28.58 24.25 19.55 21.32 

HCT-15 67.74 28.57 11.47 31.04 - - 20.69 19.48 20.87 

HT29 58.33 20.57 23.60 15.30 12.77 - 24.92 18.45 22.84 

KM12 51.79 10.54 19.73 20.28 13.10 - - 10.64 12.72 

SW-620 62.21 30.05 - - - - 13.66 - - 

CNS Cancer 

SF-268 43.68 63.38 22.54 11.85 25.68 23.59 - - 13.31 

SF-295 52.85 57.76 18.68 16.50 18.38 37.52 11.66 15.80 10.39 

SF-539 40.63 25.01 18.69 10.57 17.77 - - - - 

SNB-19 42.85 65.61 - 10.83 42.56 57.16 - - 16.91 

SNB-75 22.23 45.89 83.75 30.76 47.38 - 23.07 16.24 28.04 

U251 56.86 43.84 13.97 - 43.83 20.76 - - 13.96 

Melanoma 

LOX IMVI 67.35 45.45 14.10 - 14.00 23.05 - - - 

MALME-3M 26.00 53.17 - 13.89 15.01 32.12 19.23 15.80 10.94 

M14 33.86 20.86 - 36.14 - - 18.81 12.99 13.07 

MDA-MB-435 24.16 - - 25.00 - - - - - 

SK-MEL-28 26.55 - -  - - - - - 

SK-MEL-5 65.43 - - 17.21 - - 21.92 20.73 12.10 

UACC-257 30.75 19.08 10.85 17.16 15.90 19.82 20.05 20.45 18.07 

UACC-62 56.84 21.49 23.37 28.91 14.45 - 14.86 25.71 19.41 

Ovarian Cancer 

IGROV-1 49.36 36.84 36.98 19.16 - 17.72 12.36 11.36 - 

OVCAR-3 29.81 41.99 21.89 - - 14.52 - - - 

(Table 2) Contd…. 
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Cancer Cell Lines 

Percent Growth Inhibition
 a
 

Compound / NSC Code / Panel of Cancer 

6a/ 

821407 

6b/ 

821406 

6c/ 

812868 

6d/ 

821410 

6e/ 

812866 

6f/ 

821411 

6g/ 

821403 

6h/ 

821405 

6i/ 

821404 

Mean GP 63.27 64.02 78.55 82.58 83.14 83.50 85.81 86.22 86.42 

OVCAR-4 20.69 45.14 44.71 22.93 15.03 24.73 30.74 26.46 20.17 

OVCAR-5 - 12.80 22.55 - - - - - - 

OVCAR-8 41.75 64.17 14.27 - 43.81 38.64 10.04 10.68 - 

NCI/ADR-RES 28.06 64.72 11.15 - 12.40 25.52 - - - 

SK-OV-3 22.39 38.79 23.37 - 37.26 12.66 - - - 

Renal Cancer 

786-O 28.74 64.28 -  21.36 29.16 - - 10.35 

A498 10.45 68.56 35.60 50.01 - 32.35 44.73 - 22.31 

ACHN 29.92 58.89 23.38  28.58 52.97 - - - 

CAKI-1 25.57 49.72 41.94 30.62 39.22 42.68 29.53 31.43 34.01 

RXF 393 42.28 57.13 30.28 29.22 39.25 45.95 13.67 24.11 23.72 

SN 12C 26.11 41.34 26.24 - 20.03 20.27 10.04 - 10.51 

TK-10 11.52 - 14.51 - 10.35 - - - - 

UO-31 20.74 29.71 34.20 28.50 10.07 - 23.05 21.90 36.06 

Prostate Cancer 

PC-3 54.82 48.15 33.57 47.84 23.20 32.96 34.85 45.31 47.82 

Breast Cancer 

MCF-7 38.44 16.74 23.90 27.92 13.97 - 15.96 19.18 10.13 

 MDA-MB-231 27.52 38.80 27.34 - 19.19 31.34 10.59 - 13.11 

HS578T 19.05 76.34 30.68 12.48 34.49 24.87 11.45 18.15 18.80 

BT-549 28.05 30.86 28.32 - - - - - - 

T-47D - 21.06 34.55 19.25 20.88 - 29.68 29.52 31.92 

MDA-MB-468 22.97 44.29 10.82 25.56 - 19.60 17.34 12.83 11.68 

aPercent growth inhibition of ≥ 10% is shown, compounds with ≥ 40% are shown in (bold figure). “-”= GI less than 10%, NT = Not Tested. 

 

Table 3. The percent growth inhibitions (%GI) of compounds (6j-6o) over various panels of NCI-60 cancer cell lines at a single dose (10 µM). 

Cancer Cell Lines 

Percent Growth Inhibition
 a
 

Compound / NSC Code / Panel of Cancer 

6j/ 

812863 

6k/ 

821402 

6l/ 

812864 

6m/ 

821409 

6n/ 

812867 

6o/ 

812862 

Mean GP 89.36 90.67 91.88 92.79 92.64 95.10 

Leukemia 

CCRF-CEM - - 10.96 - - 14.89 

HL-60(TB) - - 19.16 11.44 - - 

K-562 17.66 - 14.29 10.63 25.83 - 

MOLT-4 16.34 - NT 10.26 18.41 23.39 

Non-Small Cell Lung Cancer 

A549/ATCC - 16.92 - - - - 

EKVX 21.76 - 13.41 - 11.57 - 

HOP-62 - 30.94 - 16.40 - - 

HOP-92 17.99 20.55 24.16 - 23.82 15.31 

NCI-H226 - - 24.30 - - - 

NCI-H23 11.39 - - - - - 

NCI-H522 25.96 - 13.41 11.02 28.27 17.58 

(Table 3) Contd…. 
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Cancer Cell Lines 

Percent Growth Inhibition
 a
 

Compound / NSC Code / Panel of Cancer 

6j/ 

812863 

6k/ 

821402 

6l/ 

812864 

6m/ 

821409 

6n/ 

812867 

6o/ 

812862 

Mean GP 89.36 90.67 91.88 92.79 92.64 95.10 

Colon Cancer 

HCT-116 18.82 - 11.01 11.86 12.40 - 

HCT-15 10.04 - - 11.99 - - 

HT29 - - - 11.93 21.51 20.30 

CNS Cancer 

SF-268 - 17.54 - - - - 

SF-295 - 21.54 - - - - 

SF-539 10.08 - - - - - 

SNB-19 12.35 34.83 - 18.44 - 11.78 

SNB-75 42.48 19.24 41.44 12.65 24.90 - 

Melanoma 

LOX IMVI - - - 10.98 - - 

MALME-3M - - - - 13.63 - 

MDA-MB-435 - - 14.99 - - - 

SK-MEL-2 10.68 - - - - - 

SK-MEL-5 - - - - 10.69 - 

UACC-257 13.61 - - 10.20 14.28 - 

UACC-62 23.37 - 19.97 - 18.45 - 

Ovarian Cancer 

IGROV-1 19.02 - - - - - 

OVCAR-4 17.84 10.25 20.94 - 18.08 10.31 

OVCAR-8 - 19.89 - 10.96 - - 

NCI/ADR-RES 10.07 11.33 - - - - 

SK-OV-3 - 13.98 17.11 - - 14.37 

Renal Cancer 

A498 24.23 12.17 22.60 32.23 11.92 - 

ACHN 12.30 16.20 - - - 13.93 

CAKI-1 20.23 43.89 28.71 25.51 13.34 22.31 

RXF 393 10.02 24.22 - 31.06 - - 

SN 12C 15.06 11.14 - 10.51 - - 

UO-31 23.48 13.98 18.57 - 20.57 12.62 

Prostate Cancer 

PC-3 23.92 10.65 17.25 19.83 19.96 15.31 

Breast Cancer 

MCF-7 - 19.04 - 22.32 - - 

MDA-MB-231 13.61 17.64 - - - - 

HS578T 10.75 29.72 18.14 10.11 10.36 11.79 

T-47D 24.40 - 10.84 - - - 

MDA-MB-468 12.39 - - 11.72 - - 

aPercent growth inhibition of ≥ 10% is shown, compounds with ≥ 40% are shown in (bold figure). “-”= GI less than 10%, NT = Not Tested. 
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Table 4. GI50 values of compounds. 

Compound 

GI50 (µM) 

PA-1 T-24 IMR32 

6a NT NT 11.60±3.45 

6b NT NT 16.45±2.82 

6c 17.11±2.34 > 100 > 100 

6d > 100 6.53±0.40 > 100 

6f > 100 > 100 > 100 

6h NT NT > 100 

Venetoclax 12.00±2.08 22.70±3.74 50.25±4.88 

GI50 is the compound’s concentration that inhibits cancer cell growth by 50%. Data are represented as mean±SD, (n=3), NT= Not tested. 

 

Table 5. Cytotoxicity of compounds against sensitive cancer cell lines. 

Compound 

IC50 (µM) 

Colon Non-Small Cell Lung Leukemia CNS 

HCT-15 HCT-116 HOP-62 NCI-H460 THP-1 Molt-4 HL-60 SNB-19 

6a 0.60±0.07 0.90±0.16 NT 0.90±0.31 0.40±0.02 0.90±0.05 0.40±0.21 0.80±0.09 

6b NT 2.80±0.78 0.90±0.12 2.00±0.26 NT 1.10±0.47 NT 1.00±1.21 

6d NT NT NT NT 0.50±0.01 0.40±0.39 NT 1.20±0.09 

6e NT 10.00±0.35 NT NT NT NT NT 3.50±0.69 

6f NT 10.00±0.45 1.90±0.08 NT NT NT NT 1.50±0.72 

Imatinib 0.50±0.44 8.00±1.86 2.50±0.58 3.20±1.01 1.20±0.23 0.60±0.87 1.00±0.73 0.70±0.98 

IC50 is the concentration at which compound inhibits tumor cell growth by 50 %. Each value represents mean±SD, (n=3). 

 

 Further active compounds were screened against Colon (HCT-
15, HCT-116), NSCLC (HOP-62, NCI-H460), and Leukemia (HL-
60, MOLT-4, and THP-1) by MTT assay, and results are displayed 
in Table 5. Compound 6a showed the highest activity among the 
compounds in testing with an IC50 in the range of (0.4-0.9 µM) 
compared to imatinib (0.5-8 µM) against all cell lines except it 
showed equipotency against Molt-4 and HCT-15 compared to 
standard. It showed greater cytotoxicity against leukemia with the 
lowest IC50 value of 0.4 µM against THP-1 and HL-60. Also, com-
pound 6b showed higher activity with IC50 value of 0.9 µM and 2.8 
µM against HOP-62 and HCT-116, while it showed equipotent 
activity (IC50 = 1.1 µM and 2 µM) compared to standard against 
NCCI-H460 and Molt-4 respectively. Further, compound 6d 
showed higher activity with a low IC50 of 0.4 µM and 0.5 µM 
against Molt-4 and THP-1, respectively. Compounds 6e and 6f 
showed equipotency in the study compared to standard against 
HCT-116 and HOP-62. Compound 6a was found active among the 
series in the cytotoxicity study and was further screened in the tar-
get-based assay to understand the mechanism of action.  

3.2.1. Effects on Cell Cycle Arrest and Apoptosis 

 Apoptosis and cell cycle arrest are the significant causes of cell 
death and cytotoxicity. Therefore, THP-1 cells were treated with 
compound 6a at its IC50 value to evaluate its ability to induce apop-
tosis and cell cycle arrest. The results in Figs. (2A-C) revealed that 
compound 6a exhibited 15-fold increase in cell population to 
55.16% at Sub-G1 (apoptotic cells) compared to vehicle control 
(3.64%), with a concomitant reduction in G0/G1 (57.46% to 
32.43%), S (12.56% to 8.49%) and G2/M (18.31% to 2.8%). Also, it 
showed a similar pattern to the gambogic acid in the study. These 

investigations suggested that compound 6a shifted the cell popula-
tion from G0/G1, S, and G2/M to Sub-G1, which indicated that apop-
tosis might solely be the mechanism of cytotoxicity. However, it 
did not exhibit significant activity in cell cycle arrest.  

3.2.2. Mcl-1 Inhibition Study 

 Mcl-1 competitively binds with pro-apoptotic proteins and 
down-regulates the process of apoptosis. Inhibition of Mcl-1 indi-
rectly keeps pro-apoptotic proteins active to execute the apoptosis. 
As compound 6a exhibited significant cytotoxicity and induced 
apoptosis in our study, it was screened for inhibition of Mcl-1 in the 
competitive binding assay to validate the possible mechanism of 
apoptosis. Compound 6a showed a 10-fold higher binding affinity 
with (IC50= 1.5 µM) than gambogic acid (IC50= 10 µM), and the 
results are depicted in Table 6. It also exhibited significant inhibi-
tion of Mcl-1 compared to standard at various concentrations in the 
dose-response curve in Fig. (3A). The above research concluded 
that inhibition of Mcl-1 might induce apoptosis and serve as the 
cause of cytotoxicity in the study. 

3.2.3. Activation Studies of Caspase-3 and Caspase-9 

 Compound 6a showed apoptosis in the cell cycle study, addi-
tionally evaluated at IC50 concentration for activation of caspase-3 
and caspase-9 in THP-1 cells to substantiate the mechanism of 
apoptosis. Caspase-3 is an executioner of cascades of apoptosis and 
an essential biomarker of apoptosis. At the same time, caspase-9 is 
known as the initiator caspase, which activates caspase-3 to execute 
cell death via the intrinsic apoptotic pathway. So, the investigation of 
the activation of caspases designates a hallmark of the apoptosis pro-
cess. Compound 6a exhibited 4.2 fold (31.32±4.99 pg/mL) increases 
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      (A)                       (B)        (C) 

Fig. (2). A diagram of cell cycle analysis: (A), (B), and (C) Histogram on the distribution of cell population in THP-1 cells treated with compound 6a at its IC50 

value (0.4 µM) relative to DMSO (vehicle) and gambogic acid (standard). It demonstrated the accumulation of the highest % of cells in Sub-G1 (apoptotic 

phase) compared to DMSO. Data represent the mean of three independent replicates with standard deviation. (A higher resolution / colour version of this figure 
is available in the electronic copy of the article). 

 

Table 6. Inhibition data of active compound 6a against Mcl-1. 

Compound IC50 (µM) 

6a  1.50±0.48 

Gambogic acid  10.00±0.55 

IC50 is the compound's concentration that inhibits 50% of the anti-apoptotic protein Mcl-1. Each experiment is a mean of three independent replicates with standard deviation. 

 

 

Fig. (3). A diagram of Mcl-1 binding and caspases activation assay: (A) Percentage inhibition curves of compound 6a and gambogic acid against Mcl-1 in the 

competitive binding assay. (B) and (C) Effects of compound 6a on activation of caspase-3 and caspase-9 in THP-1 cells at its IC50 (0.4 µM) in comparison to 

DMSO (vehicle) and gambogic acid (standard). Data represent mean±SD (n=3), *statistically significant difference between compound 6a and control at P < 

0.05. 
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in cleaved caspase-3 compared to DMSO (7.45±1.89 pg/mL) in 
Fig. (3B). Besides, it also showed 2 and 3-fold (27.2±3.1 pg/mL) 
increase in cleaved caspase-9 compared to gambogic acid (13.9±4.6 
pg/mL) and DMSO (9.1±3.8 pg/mL), respectively, as shown in Fig. 
(3C). These results evidenced that compound 6a induces apoptosis 
by activation of caspase-3 and caspase-9. 

3.3. Docking Studies 

 The active compounds exhibiting cytotoxicity were docked 
against Mcl-1 to confirm the possible mechanism of cytotoxicity. 
Compounds 6a and 6b exhibited higher docking scores than the 
standard and are discussed here. The binding pocket consists of 
residues like Arg248, Asn260, His224, Arg263, Phe319, Thr266, 
Val 253 His252, and Lys234 in the active site. The amino group of 
compound 6a formed a hydrogen bond with Asn260, and the tri-
fluoromethoxy ring showed strong arene-cation interaction with 
Arg263. It was also slightly bent towards Val253 to fill the cavity, 
as shown in Fig. (4A). The trifluoromethoxy group of compound 6b 
showed a hydrogen bond with Thr266 and arene-cation interaction 
with Arg263. Additionally, a trifluoromethoxy phenyl ring was 
projected towards Gly262 to fill the cavity, as shown in Fig. (4B). 
Gambogic acid exhibited two hydrogen bonds with Arg263 and 
extended hydrophobic side chain towards Val216 and val265 as in 
Fig. (4C). The interaction study revealed that both the compounds 

bind with identical binding residues as standard in the active site. 
Docking interactions revealed that substitution with trifluorometh-
oxy on the N-phenyl ring increases polarity, lipophilicity, and 
arene-cation interaction. The highest docking score of compound 6a 
was in good agreement with its Mcl-1 inhibition in a binding assay, 
which revealed that it acts by Mcl-1 inhibition. The docking scores 
of the active compounds are displayed in Table 7. 

CONCLUSION 

 All the Compounds were synthesized and evaluated for cytotox-
icity against various panels of cell lines. Overall, compound 6a 
showed the highest cytotoxicity among the series against leukemia 
cell lines. These observations were supported by induction of apop-
tosis and significant inhibition of Mcl-1 as its mechanism of anti-
cancer activity. Further, apoptosis was evidenced by the mechanism 
of activation of caspase-3 and caspase-9. Finally, the docking of 
compound 6a supplemented the anticancer activity by inhibition of 
Mcl-1. The above finding concludes that hexahydroquinoline deriv-
atives act as anticancer by targeting Mcl-1, caspase-3, and caspase-
9. It suggests that compound 6a can be explored as a lead in the 
development of activator of other pro-apoptotic proteins and inhibi-
tors of anti-apoptotic proteins like Bcl-2 in the future drug devel-
opment process.  

  

        (A)                                                                            (B) 

 

(C) 

Fig. (4). Docking of active compounds on the Mcl-1: (A) 6(a); (B) 6(b); and (C) Gambogic acid. Hydrogen bond and arene-cation interactions are illustrated 

as a dotted line in pink and green colors, respectively. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Table 7. Docking score of active compounds. 

Compounds Docking Score (kcal/mol) 

6a -19.05 

6b -17.82 

6c -17.64 

6d -16.76 

6e -15.50 

6f -16.34 

6h -14.13 

Gambogic acid -16.67 
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PDB =  Protein Data Bank 

MCL-1 =  Myeloid Cell Leukemia-1 
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ABSTRACT 

Five derivatives 3-(1, 3- substituted diphenyl-1H-pyrazole-4-yl-) propionic acidswere synthesized by 
reduction of   3-(1,3-diphenyl-1H-pyrazole-4-yl-) acrylic acid in ethyl acetate was added in the presence of 
20% palladium / charcoal with constant stirring. The reaction mixture was stirred for overnight and the 
excess of ethyl acetate was distilled off under reduced pressure. The precipitate obtained was filtered, 
dried and recrystallized from appropriate solventThe chemical structures of these compounds were 
confirmed by means of Physical data and IR spectral data. The compounds were assayed for anti-
inflammatory activity.Among the compounds 4a and 4d showed significant anti-inflammatory activity, 4b 
and 4e showed moderate anti- inflammatory activity. 

Keywords: Physical data, IR spectral data compounds, anti-inflammatory activity. 
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INTRODUCTION 

Pharmaceutical compounds which are 

predominantly heterocyclic compounds, have 

been an area of intensive research, due to their 

applicability in the prevention or treatment of 

various disorders. A large number of heterocyclic 

compounds, both synthetic and natural, are 

pharmacologically active and are in clinical use. 

Heterocyclic compounds are widely distributed in 

nature, which are essential to life. Various 

compounds such as alkaloids, antibiotics, 

essential amino acids, vitamins, hemoglobin 

,hormones and a large number of synthetic drugs 

contain heterocyclic ring systems.Among the 

wide variety of heterocycles that have been 

explored for developing pharmaceutically 

important heterocycles for developing important 

molecules, pyrazoles have played an important 

role in medicinal chemistry. 

MATERIALS AND METHODS  

All the chemicals and solvents used were of 

synthetic grade from Sd. fine chemicals Ltd. 

(Mumbai India), Merck, NR chem. Melting points 

were determined in open capillary tubes using 

SISCO melting point apparatus and are 

uncorrected. Purity of the compounds was 

verified by a single spot in TLC using E-Merck 

Silica Gel F254, 0.25mm aluminum plates. 

Visualization was accomplished with U.V light 

(254nm) and iodine chamber. The IR spectra 

were recorded on SCHIMADZU FT IR 

SPECTROPHOTOMETER by using 1% potassium 

bromide discs

.  

mailto:teja.konatham1704@gmail.com
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RESULTS &DISCUSSION 

CH3

+

H
N

NH2

O

Substituted
acetophenone

Substituted
phenylhydrazine

N

H
N

CH3

Methanol

Glacial acetic acid,

stir,50-60 0C,1 hr

N

N

CHO

R1

R R1

R

R1

R

Vilsmeier-Haack reaction,

ref lux,60-700C ,4-5 hr
DMF+POCl3

Malonic acid,Pyridine,
Piperidine

Reflux,90-1000C,4-5 hr

N

N

R

R1

1-substituted phenyl-3 substituted phenyl-
1H-pyrazole-4-carbaldehyde 2(a-e)

O

OH

(E)-3-(1-substituted phenyl-3-substituted phenyl1H-
pyrazol-4-yl)acrylic acid 3(a-e)

N

N

R

R1

O

OH

3-(1 substitutedphenyl-3 substituted phenyl-1H-
pyrazol-4-yl)propanoic acid 4(a-e)

Substituted phenyl hydrazones 1(a-e)

Reduction Palladium
4(a-e) : R-H,R1 -H,

 
 

 

PHYSICAL AND SPECTRAL DATA OF THE COMPOUNDS : 

 

Steps involved are: 

Step 1:  

In the above scheme, first step involves condensation reaction in which substituted acetophenones react 

with substituted phenyl hydrazines to give 1-phenyl ethanone phenyl hydrazones in the presence of 

methanol and catalytic amounts of glacial acetic acid. Homogeneity of the compound was checked by 

TLC(Solvent system - ethyl acetate :hexane 3:7).  

 

TABLE  1: Physical data of 1-phenyl ethanone phenyl hydrazone derivatives(1a-1e):    

 

 

N

H
N

CH3

R R1  
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 (1a-1e) 

Step2: 

Different substituted phenyl hydrazones when subjected to Vilsmeier -Haack reaction under reflux at 60-70 
0C for 4-5 hr yielded   pyrazole-4-carbaldehydes. Progress of the reaction was monitored by TLC. Purity of 

the compounds (2a-2e) was monitored by melting point and a single spot in TLC. The structures of the   

compounds were confirmed by physical and spectral data  

Table 2 Physical data of 3-(1,3-diphenyl)-1-H-pyrazole-4-carbaldehydes(2a-2e): 

N
N

CHO

R

R1  
(2a-2e) 

 

 

S.No 

 

compd 

 

R 

 

R1 

 

Molecular formula 

 

Molecular 

weight 

 

M.P(0C) 

 

Yield(%

) 

1 2a H H C16H12N2O 248 138-140 88 

2 2b 2-Cl H C16H11ClN2O 282 142-145 89 

3 2c 4-Cl H C16H11ClN2O 282 138-142 88 

4 2d 4-CH3 H C17H14N20 262 137-139 86 

5 2e 4-CH3 2-CH3 C18H16N20 276 141-143 87 

 

Table 3: Spectral data of the compounds(2a-2e) 

N
N

CHO

R

R1  
 

 

 

(2a-2e) 

 

S.No 

 

Compd 

 

R 

 

R1 

Molecular 

formula 

Molecular 

weight 

 

M.P(0C) 
Yield (%) 

1 1a H H C 14H14 N2 210 125-130 93 

2 1b 2-Cl H C14H13ClN2 244 119-125 93 

3 1c 4-Cl H C14H13ClN2 244 118-122 91 

4 1d 4-CH3 H C15H16N2 224 117-122 93 

5 1e 4-CH3 2-CH3 C16H18N2 238 121-125 92 
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Comp      R     R1 IR(KBr disc) in cm-1 

2a H H 1674.1 (C=O str of CHO), 3055.54(Ar C-H str),2929 (C-H str of 

CHO),1591.16 (C=N str ) 

2b 2-Cl H 1670.24 ( C=O str of CHO), 3060.61 (Ar C-H str ), 2858 (C-H str of 

CHO)1596.65 (C=N str),754.12 (C-Cl str ). 

2c 4-Cl H 1670.24 ( C=O str of CHO), 3061.78 (Ar C-H str ), 2921 (C-H str of 

CHO),1597.91 (C=N str),753.15 (C-Cl str ). 

2d 4-CH3 H 1670.24(C=O str of CHO), 2825 (C-H str of CHO),3058.68(ArC-H str), 

1596.95(C=N str ) 

2e 4-CH3 2-CH3 1671.20( C=O of CHO), 2819 (C-H str of CHO),3121.57(Ar-C-H str),  

1604.66(C=N str).  2930.63 (C-H  str of CH3 )  

 

 

STEP 3: 

 

The above substituted pyrazole-4-carbaldehydes were condensed with malonic acid in pyridine and 

catalytic amounts of piperidine under reflux for 4-5 hr to form corresponding acrylic acids (3a-h). The 

structures of the compounds were confirmed by physical and spectral data  

 

Table 4.1.4: Physical data of 3-(1,3-diphenyl-1H-pyrazol-4-yl)acrylic acids(3a-3e) 

N
N

COOH
R

R1  
(3a-3e) 

 

S.no 

 

Comp 

 

R 

 

R1 

 

Mol.formula 

 

Mol.wt 

 

M.P(0C) 

 

Yield(%) 

1 3a H H C18H14N2O2 290 208-210 84 

2 3b 2-Cl H C18H13ClN2O2 324 218-224 83 

3 3c 4-Cl H C18H13ClN2O2 324 216-220 81 

4 3d 4-CH3 H C19H16N2O2 304 210-215 82 

5 3e 4-CH3 2-CH3 C20H18N2O2 318 214-217 81 

 

Table 4: Spectral data of compounds (3a-3e) 
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N
N

COOH
R

R1  
(3a-3e) 

 

 

Compd      R     R1 IR(KBr disc) in cm-1 

3a H H 1691.48  (C=O str of COOH), 1618.17 ( C=N str), 3392.91 (O-H str) 

3b 2-Cl H 1683.74(C=O str of COOH),1620.09(C=N str),3427.27 (O-H str) 

3c 4-Cl H 1683.74 (C=O str of COOH), 1627.81(C=N str), 3407.29(O-H str) 

3d 4-CH3 H 1685.67 (C=O str of COOH),   1620.09(C=N str),3427.27(O-H str) 

3e 4-CH3 2-CH3 1687.60 (C=O str of COOH),  1610.28 (C=N str) ,3326.01(O-H str) 

 

Step 4: 

The above pyrazole-acrylic acids were reduced   by diimide method  using hydrazine hydrate and hydrogen 

peroxide. The  reduction was also tried with palladium/charcoal  in ethyl acetate and ammonium formate 

by stirring for overnight at room temperature. The structures of the  compounds were  confirmed by 

physical and spectral data . 

 

Table .6:Physical of 3-(1,3-substituted diphenyl-1H-pyrazol-4-yl)propanoic  acids(4a-4e): 

N
N

COOH
R

R1  
(4a-4e) 

;  

S.No Compd R R1 Mol.formula Mol.wt M.P(0 c) 

1 4a H H C18H16N2O2 292 99-103 

2 4b 2-Cl H C18H15ClN2O2 326 97-100 

3 4c 4-Cl H C18H15ClN2O2 326 93-95 

4 4d 4-CH3 H C19H18N2O2 308 91-95 

5 4e 4-CH3 2-CH3 C20H20N2O2 322 92-96 

 

Table:5: Spectral data of compounds (4a-4e) 
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N
N

COOH
R

R1  
(4a-h) 

 

Cpd 

 

R 

 

R1 

 

IR(KBrdisc) stretching 

4a H H   1708.81  (C=O str of COOH), 1596.95 (C=N str),3438(O-H str) 

4b 2-Cl H 1714.60(C=O str of COOH),3367(O-H str) , 756.04(C-Cl str ) 

4c 4-Cl H 1706.88 (C=O str of COOH),3438(O-H str)754.17 (C-Cl  str) 

4d 4-CH3 H 1711.71(C=O str of COOH),2927 (C-H str of CH3),  3243.08(0-H str) 

4e 4-CH3 2-CH3 1707.85(C=O str  of COOH), 2917.74(C-H str of CH3), 3405(O-H str) 

 

Anti-inflammatory Studies 

INFLAMMATION:  

Inflammation is a tissue reaction to infection, 

irritation or foreign substance. It is a part of host 

defensemechanism. During these tissue reactions 

the permeability of the vasculature is increased 

and leads to extrusion of cells and cellular fluid 

into the extra vascular ares which results in the 

formation of edema. 

The complete process of inflammation generally 

consists of three phases: 

1) Dilation and increased permeability of 

small blood vessels resulting in edema 

and swelling. 

2) Emigration of leucocytes from venules 

and capillaries, cellular infiltration and a 

general mopping up reaction. 

3) Proliferation of fibroblasts and synthesis 

of new connective tissue to repair the 

injury. 

 

Inflammation may be acute or chronic. 

 Acute inflammation is 

usuallycharacterized by 

fundamental symptoms like 

redness, swelling, pain and loss 

of function at the injured area 

depending upon site and extent 

of injury. 

 Chronic inflammation usually 

occurs when acute inflammation 

remains unresolved. It is 

associated with many 

inflammatory diseases e.g. 

rheumatoid arthritis, hepatitis 

etc. 

                In human beings, inflammation occurs in 

vascular tissues and is primarily a local vascular 

response, where rich fluid and cells are brought 

to the site of injury to neutralize the damaging 

agent. The damage may be due to variety of 

causes such as mechanical (cuts, blows, etc), 

chemical (acids, alkalis, toxins etc), radiation, 

burns, bacteria, viruses, parasites and may be 

antigen antibody reactions. At a microscopic 

level, the response is usually accompanied by the 

familiar clinical sign of erythema, edema, 

tenderness and pain. The inflammation 

mediators are histamine, serotonin, 

prostaglandins, leukotrienes etc. Models for the 

acute inflammation involve the measurement of 

the cardinal signs of inflammation such as 

edema. 
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Many acute inflammatory models involve the 

injection of irritants into the hind paw of the rat 

to induce edema. A famous and good irritant 

known was carrageenan. The volume of hind paw 

is measured prior and after inducing the 

inflammation by using plethysmometer. The 

amount of inflammation in untreated animals 

and animals treated with test drugs were 

measured. If the inflammation in the treated 

animals is less than that in untreated animals, 

then the drug is considered to possess anti-

inflammatory activity. 

                Plethysmometer technique is based on 

the principle of mercury displacement. It is a 

simple apparatus, which consists of two glass 

arms containing mercury in one of the arm, and 

on the other arm a scale is fixed. The mercury 

displacement due to dipping of the paw can be 

directly read from the scale attached to the 

mercury column. The net edema volume can be 

calculated by subtracting paw volume before the 

induction of edema from the paw volume after 

the inflammation.                                                                                        

 

Table No : 6 Anti –Inflammatory data of 3-(1,3-substituted diphenyl-1H-pyrazole-4-yl) propionic acids (4a- 

4e) 

N
N

COOH
R

R1  

 

 

 

Treatment 

 

R 

 

R1 

Dose 

mg/kg 

 

MEAN EDEMA VOLUME(ml) 

 _    

30 min 

 

 

1 hr 

 

2hr 

 

3hr 

 

4hr 

 

Control  

_ 

 

_ 

 0.20±0.018 0.38±0.045 0.72±0.021 0.92±0.05

6 

0.90±0.0

18 

Diclofenac 

(standard) 

_ _ 100 0.12±0.011 0.22±0.011 0.32±0.01 0.25±0.01

8 

0.33±0.0

1 

4a H H 100 0.10±0.011 0.16±0.011 0.28±0.01 0.20±0.01

7 

0.38±0.0

1 

4b 2-Cl H 100 0.15±0.012 0.23±0.019 0.39±0.018 0.32±0.01

9 

0.50±0.0

18 

4c 4-Cl H 100 0.16±0.013 0.21±0.018 0.22±0.016 0.38±0.01

7 

0.58±0.0

18 

4d 4-CH3 H 100 0.15±0.018 0.19±0.015 0.25±0.019 0.30±0.01

0 

0.37±0.0

14 

4e 4-CH3 2-CH3 100 0.16±0.013 0.26±0.018 0.28±0.016 0.30±0.01

7 

0.42±0.0

18 
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Edema volume = (mean ± SEM) 

 

 

Table: 7Percentage protection against edema formation 

 

 

Treatment 

 

R 

 

R1 

Dose 

mg/kg 

% protection 

30min 

 

1 hr 

 

2 hr 

 

3hr 4hr 

Diclofenac 

(standard) 

_ _ 100 40 43.8 55.55 72.6 65.1 

4a H H 100 13.5 56.7 52.5 70.3 38.3 

4b 2-Cl H 100 25 42.6 51.8   66.3 32.6 

4c 4-Cl H 100 20.7 47.6 51.4 64.6 31.8 

4d 4-CH3 H 100 25.8 46.7 53.8 67.8 37.2 

4e 4-CH3 2-CH3 100 20.2 47.8 53.7 66.7 39.8 

 

DISCUSSION: 

Five synthesized compounds 4a, 4b, 4c, 4d and4e 

were screened for anti-inflammatory activity by 

carrageenan induced paw edema method. 

Diclofenac was used as a standard. From the data 

obtained, the mean edema volume and 

percentage reduction in edema was calculated. 

From the tested compounds   4a & 4d showed 

significantactivity and the results are comparable 

to the standard drug Diclofenac.  

CONCLUSION 

 Eight derivatives of 3-(1,3- substituted 

diphenyl -1H-pyrazol-4-yl)  propanoic 

acids have been synthesized in high 

purity and  in good yields. 

 The chemical structures of the 

synthesized compounds were confirmed 

on the basis of physical and IR data . 

 In the last step, the reduction of  pyrazole 

acrylic acids was carried out by using 

palladium/charcoal method. 

 The compounds were screened  anti 

inflammatory activity  was carried out 

using carrageenan induced rat paw 

edema method 

 The compounds (4a)& 4(d) exhibited 

significant protection against the edema 

formation at a concentration of 100 

mg/kg and the results are comparable 

with the standard drug, Diclofenac  

(100mg/kg). The activity may be 

attributed to the presence of chloro, 

methyl, substitutions  on the phenyl ring.  

 Suitable molecular modifications and 

QSAR studies of the compounds may 

generate more potent anti inflammatory 

agents. 
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ABSTRACT: 

A gel is a solid or semisolid system of at least two constituents, consisting of a condensed mass enclosing and 
interpenetrated by a liquid. Gels and jellies are composed of small solids dispersed in a relatively large amount of liquid, 
yet they possessa more solid-like than liquid-like character. The characteristic of gel and jelly is the presence of some 
cutaneous structure, which provides solid-like properties.The gel consists of a natural or synthetic polymer forming a 
three-dimensional matrix throughout a dispersion medium or hydrophilic liquid. After application, the liquid evaporates, 
leaving the drug entrapped in a thin film of the gel-forming matrix physically covering the skin. Gel formulations 
prepared with Carbopol 934 and Carbopol 940 showed good homogeneity, no skin irritation, stability, and anti-
inflammatory activity. Formulation F2 with 5% extract and 4% Carbopol 940 showed the best formulation with 
significant anti-inflammatory activity.  

Keywords :  Ginger gel ,carbopol ,anti-inflammatory Activity  ,gel formulations  

DOI Number: 10.14704/NQ.2022.20.12.NQ77084                                                 NeuroQuantology2022;20(12): 1030-1037 

 

INTRODUCTION 

 Gel: 

 A gel is a solid or semisolid system of at least two constituents, consisting of a condensed mass enclosing and 

interpenetrated by a liquid. Gels and jellies are composed of small amounts of solids dispersed in relatively large 

quantities of liquid, yet they possess more solid-like than liquid-like characters. The characteristic of gel and jelly is the 

presence of some cutaneous structure, which provides solid-like properties. 

 Gels have better potential as a vehicle to administer drugs topically than ointment because they are non-sticky and 

require low energy during formulation. 

The gel consists of a natural or synthetic polymer forming a three-dimensional matrix throughout a dispersion medium 

or hydrophilic liquid. After application, the liquid evaporates, leaving the drug entrapped in a thin film of the gel-forming 

matrix physically covering the skin. 
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MATERIALS AND METHODS 

PREPARATION OF EXTRACT: 

100 grams of ginger powder was soaked in 500 ml of methanol in a conical flask covered with aluminum foil.This process 

was performed in duplicates. This mixture was allowed to macerate for 4-5 days with interval shaking. After maceration, 

the mixture was subjected to filtration. The filtrate was collected in china dishes upto 60%. This was allowed to 

evaporate for a week until dry extract was obtained. 

PREPARATION OF PHOSPHATE BUFFER (7.4 pH): 

Saline pH 7.4, Phosphate-buffered: Dissolve 2.38 g of disodium hydrogen phosphate, 0.19 g of potassium dihydrogen 

phosphate, and 8.0 g of sodium chloride in sufficient water to produce 1000 ml. Adjust the pH if necessary. 

POLYMERS:carbopol 934,carbopol 940. 

SOLVENTS: Triethanolamine, Methanol, Distilled water. 

PERMEATION ENHANCERS: propylene glycol. 

PRESERVATIVES:Sodium benzoate. 

PHYTOCHEMICAL SCREENING: 

Qualitative Phytochemical Screening of Ginger Extract : 

 Phytochemical screening was carried out for Methanolic extract of ginger using standard procedures. 

Test for tannin: 0.5 g of plant extract was mixed with 2mL of water and heated in a water bath. The mixture was filtered, 

and 1mL of 10% FeCl3 solution was added to the filtrate. A blue-black solution indicates the presence of tannin.  

Test for flavonoid: 5 mL of distilled water and about 0.2 g of plant extract were mixed thoroughly. And 1 mL of 1% AlCl3 

solution was added and shaken. A light yellow precipitate indicates the presence of flavonoids.  

Test for phenol:About 0.5 g of plant extract was added to 1 mL of 10% FeCl3 solution. A deep bluish-green coloration 

was an indication of the presence of phenol.  

Test for saponin:  About 0.2 g of plant extract was shaken with 4 mL of distilled water and then heated to boil in a water 

bath. The creamy miss of tiny bubbles (Frothing) shows the presence of saponin. 

 Test for reducing sugar: 2 mL of distilled water and 0.2 g of plant extract were mixed and thoroughly shaken in a test 

tube. 1 mL each of Fehling solution A and B were added to the mixture. A brick-red precipitate at the bottom of the test 

tube confirms the presence of reducing sugar.  

Test for chalcone: 0.2 g of plant extract and 2 ml of 1% ammonium hydroxide were mixed. The appearance of reddish 

color shows the presence of chalcone.  

Test for glycoside: 0.2 g of plant extract and 2.5 mL of dilute sulphuric acid were mixed and boiled for 15 minutes, 

cooled, and neutralized with 5 mL each of Fehling solution A and B. The formation of a red brick precipitate confirmed 

glycoside.  

Acidic test: 0.2 g of plant extract and sufficient distilled water were mixed and warmed in a hot water bath and cooled. A 

wet litmus paper was dipped inside the solution. 

Test for volatile oil: 0.2 g of plant extract and 2 mL of ethanol were mixed, and a few drops of ferric chloride solution 

was added. A green coloration indicates volatile oil.  

Test for amino acid (protein):0.2 g of plant extract and 5 mL of distilled water were mixed and left for three h. The 

mixture was later filtered. To 2 mL of the filtrate, 0.1 mL million reagent was added. A yellow precipitate indicates the 

presence of protein (amino acid). 

 Test for phlobatannins: 0.2 g of plant extract and 2 mL of 10% aqueous hydrochloric acid solution were mixed and 

boiled. A deposition of a red precipitate indicates the presence of phlobatannins. 

Test for anthraquinones: 0.2 g of plant extract and 5 mL of chloroform were mixed and shaken for 5 minutes. The 

mixture was filtered. 2.5 mL of 10% ammonium hydroxide was added to the filtrate. A bright pink, red, or violet color at 

the upper layer indicates free anthraquinones. 
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 Test for steroids (Salkowski test): 0.2 g of plant extract and 2 mL of chloroform were added, and 2 mL of concentrated 

sulphuric acid was added to form a layer. The formation of a violet/blue/green/reddish-brown ring at the interface 

indicates the presence of a steroidal ring.  

IN-VITRO ANTI-INFLAMMATORY ACTIVITY (HRBC METHOD) 

Blood was collected from a healthy human volunteer and mixed with an equal volume of Alsvers solution.This blood was 

centrifuged at 3000 rpm. Packed cells were washed with isosaline, and 10% suspension was made.Various concentrates 

of extracts were prepared using distilled water, and to each concentration 1ml phosphate buffer, 2 ml hypo saline 0.5 ml 

HRBC suspension was added and subjected to incubation at 370C for 30 minutes. After incubation, the mixture was 

centrifuged at 3000 rpm for 20 minutes, and the hemoglobin content of the supernatant solution was estimated 

spectrophotometrically at 281.4 nm. 

                  % of hemolysis = (optical density of test /optical density of control)x100 

                 % of protection =100-(optical density of test/optical density of control)x100 

COMPOSITION: 

Blank: 

Phosphate buffer -1 ml, Hyposaline -2 ml, Normal saline -0.5 ml. 

Control: 

Phosphate buffer – 1 ml, Hyposaline -2 ml, HRBC suspension – 0.5 ml. 

 Standard drug: 

Phosphate buffer – 1 ml, Hyposaline – 2 ml, standard drug –1 ml (50-250 mg/ml), 

HRBC suspension – 0.5 ml. 

Test: 

Phosphate buffer – 1ml, Hyposaline – 2 ml, plant extract – 1ml, HRBC suspension -0.5 ml. 

STANDARD GRAPH: 

100 mg of crude extract was dissolved in a little volume of methanol and diluted to 100 ml in a volumetric flask to get a 

concentration of 1000 micrograms/ml. This was treated as a stock solution. Various aliquots of stock solution were 

diluted further to obtain different concentrations. Resultant solutions were scanned for wavelength in the 200-400 nm 

range using a UV- spectrophotometer. 

Preparation of calibration curve: Aliquotes of the stock solution of ginger extract (1000 micrograms/ml) were pippeted 

out into a series of 10 ml volumetric flasks and diluted with methanol to get a final concentration of 20-100 

micrograms/ml. The absorbance of the resultant solutions was measured at 281.4 nm. 

FORMULATION: 

INGREDIENTS F1 F2 

Ginger extract 2.5 grams (5 %) 2.5 grams (5 %) 
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Carbopol 934 2 grams(4%) - 

Carbopol 940               - 2 grams(4%) 

Polyethelene glycol 10 ml 10 ml 

Triethanolamine q.s q.s 

Sodium benzoate q.s q.s 

Distilled water Upto 50 ml Upto 5o ml 

 

The Ginger gel was formulated by the dispersion method. First, the required amount of carbopol was taken and 

sprinkled in 3 mL of water in a beaker. The beaker was kept aside for 15 minutes for the carbopol to swell. Later, a 

weighed amount of propylene glycol and ginger powder was added to the beaker and stirred utilizinga mechanical 

stirrer for 1 hour. Alternatively, the slurry of ginger powder in propylene glycol can also be prepared and incorporated 

into the carbopol mixture's beaker. Once the ginger powder was evenly dispersed, triethanolamine was added to adjust 

the pH to 7. Next, sodium benzoate was added to it, and asufficient quantity of distilled water was added to get the 

ginger gel. 

 

 
940(4%)                                                                              934(4%) 

EVALUATION: 

 PHYSICAL APPEARANCE: 

 The physical appearance of the formulation was checked visually which comprised.  

Color - The color of the formulations was checked out against white background.  

Consistency-The consistency was checked by applying on skin. 

Homogenecity -The homogenecity was observed visually . 

Feel on the skin - No Irritation  

pH:  

pH of the formulated gel was determined by using pH meter. In this method, gel was dispersed in purified water. The 

electrode was washed with double distilled water, dried by tissue paper and calibrated before use with standard buffer 

solution at 4.0, 7.0, 9.0. The pH measurements were done in triplicate and average values were calculated 10 . 

VISCOSITY: 

Viscosity of gel was determined by using Brookfield rotational viscometer at 5,10,20,30 and50 rpm. Each reading was 

taken after equilibrium of the sample at the end of two minutes.  The samples were repeated three times 12 . 

SPREADABILITY: 



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1030-1037| DOI: 10.14704/NQ.2022.20.12.NQ77084                     
SVVNSM Lakshmi/ DEVELOPMENT  AND EVALUATION OF ANTI-INFLAMMATORY GEL CONTAINING ZINGER OFFICINALE 

 
 

                                                                                                                                                                              www.neuroquantology.com 

eISSN 1303-515  

 1034 

 The spreadability studies were carried out using 1gm of the gel on the butter paper. This was then placed between two 

parallel tiles with an upper plate bearing a weight of 1 kg. The spreading diameter of the gel was recorded as 

spreadability. The average diameter of the circle after the spreading of the gel was determined . 

 
940(4%)                                      934(4%) 

DRUG CONTENT: 

 The assay of the drug in the gel was performed by extracting the ginger constituents from 1gm of ginger gel with 25 mL 

of phosphate buffer (pH-7.4) for 15 minutes. The resultant mixture was filtered through a membrane filter, having pore 

size 0.45 µm. The absorbance of the filtrate was determined spectrophotometrically at 281.4 nm (Shimadzu UV-VIS 

spectrophotometer) after appropriate dilution with phosphate buffer pH 7.4. The above assay was performed in 

triplicate. The same procedure was carried on a blank reference gel. The concentration of the novel drug (ginger) was 

estimated from the calibration curve deduced above. 

RESULT AND DISCUSSION: 

PHYTOCHEMICAL SCREENING: 

               CONSTITUENTS   SOLVENT –EXTRACTS OF GINGER 

                      METHANOL 

Flavonoids                               _ 

Phenol                               _ 

Tannin                               _ 

Saponin                               + 

Anthraquinone                               _ 

Volatile oil                               + 

Steroid                               _ 

Glycoside                               + 

Reducing sugar                               +         

Phlobatannin                               + 

Aminoacids                               + 

Acid test                               _ 

Chalcone                               + 

 

HRBC Results : 
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 % of hemolysis = (optical density of test /optical density of control)x100 

= (0.012/0.04)x100 =30 

 % of protection =100-(optical density of test/optical density of control)x100 

=100-(0.012/0.04)x100  

=100-30 =70 

 STANDARD GRAPH: 

CONCENTRATION ABSORBANCE 

0.1 0.176 

0.2 0.286 

0.3 0.408 

0.4 0.543 

0.5 0.684 

0.6 0.805 

0.7 0929 

 

 
PHYSICAL APPEARANCE: 

       PARAMETER                  F1                 F2 

COLOUR Dark Brown  Dark Brown 

CONSISTENCY Smooth Smooth 

HOMOGENECITY Homogenous Homogenous 

FEEL ON THE SKIN No Irritation No Irritation 

 

pH : 

S.NO F1 F2 

1. 4.07 5.2 

2. 4.00 5.3 

3. 4.02 5.3 

AVERAGE 4.03 5.2 

R² = 0.999
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VISCOSITY: 

F1 (cps) F2 (cps) 

4500 4600 

4550 4700 

4500 4600 

AVERAGE =4516 4633 

 

SPREADABILITY: 

S.NO F1 F2 

1. 0.6 0.66 

2. 0.62 0.68 

3. 0.64 0.7 

AVERAGE 0.62 0.68 

 

DRUG CONTENT: 

The content of drug per 1gm (50mg equivalent drug) 

ranged from 45mg to 48 mg which indicates efficient 

loading and uniform distribution of drug in the 

formulations. 

CONCLUSION: 

 On the basis of the study, the data showed that the 

Ginger gel prepared from the dried methanolic extracts 

of ginger gave the significant anti-inflammatory activity 

when compared with standard Diclofenac gel. As 

phytochemical tests showed the presence of 

Glycosides,Reducingsugars,Volatileoils,Saponins,Phlobat

annins,Aminoacids,Chalcones in the methanolic extracts 

they might suppress the formation of prostaglandins 

and bradykinins or antagonize their action and exert its 

activity. The ginger gel showed its effect and can be 

useful for the treatment of local inflammation. 

We conclude that from the values of pH 

,Viscosity,Spreadability,Drug content Ginger gel made 

with polymer carbopol 940 (F-II) was optimized based 

on the above parameters. 
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ABSTRACT  

A simple, rapid, precise, accurate and sensitive reverse phase liquid chromatographic method has been 

developed for the simultaneous determination of Capecitabine and Temozolamide in bulk and 

pharmaceutical dosage forms. The chromatographic method was standardized using Develosil ODS HG-5 

RP C18, 5m, 15cmx4.6mm i.d. i.d. column with UV detection at 250 nm and acetonitrile: Phosphate 

buffer (0.02M) with 60:40 (pH-2.6) ratio at a flow rate of 1.0 ml/ min and the retention   times were found 

to be 1.781 for Capecitabine and 2.589 for Temozolamide. The proposed method was successfully 

applied to the simultaneous determination of Capecitabine and Temozolamide in bulk and pharmaceutical 

dosage form. The method was linear over the range of 0-14µg/ml for Capecitabine and 0-30µg/ml for 

Temozolamide. The recovery was in the range of 99% to 103%. Different analytical performance 

parameters such as precision, accuracy, limit of detection, limit of quantification and robustness were 

determined according to International Conference on Harmonization (ICH) guidelines. The results of the 

forced degradation studies indicated the specificity of the developed method that has been developed. 

Capecitabine and Temozolamide were stable only in acidic, basic and thermal stress conditions and 

photolytic stress conditions. 

Keywords: RP-HPLC, Capecitabine and Temozolamide, Method development and validation, ICH 

Guidelines. 
DOI Number: 10.14704/NQ.2022.20.12.NQ77082                        NeuroQuantology2022;20(12): 1012-1020 
 

INTRODUCTION  

Capecitabine is a prodrug of 5’-deoxy-5- 

fluorouridine (5'-DFUR), which is enzymatically 

converted to 5-fluorouracil in the tumor cells, 

where it inhibits DNA synthesis and slows 

growth of tumor tissue. The activation of 

Capecitabine follows a pathway with three 

enzymatic steps and two intermediary 

metabolites, 5'-deoxy-5- fluorocytidine (5'-

DFCR) and 5'-deoxy-5-fluorouridine (5'-DFUR), 

to form 5-fluorouracil. Chemically it is 5'-

deoxy-5-fluoro-N-[(pentyloxy) carbonyl] - 

cytidine with empirical formula of C15H22FN3O6 

and the molecular weight of 359.35 g/mol 
[1, 2].

 It 

elicits the pharmacodynamics response by 

resembling as a normal cell nutrient needed by 
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cancer cells to grow. The cancer cells take up 

the Capecitabine, which then interferes with 

their growth. Literature review reveals that few 

analytical methods have been evoked for the 

estimation of Capecitabine by HPLC 
[3-7]

 method 

(Figure 1) 

Temozolamide (TMZ), 4-methyl-5-oxo-

2,3,4,6,8-pentazabicyclo nona-2,7,9-triene-9-

carboxamide, is an oral anticancer drug. It 

belongs to the alkylating agent class and is used 

for the treatment of brain cancer such as 

glioblastoma multiform. The antitumor effect of 

TMZ depends on its ability to alkylate/ 

methylate DNA. This methylation damages 

DNA and triggers the death of tumor cells. TMZ 

is a prodrug and an imidazotetrazine derivative 

of the dacarbazine, 5-(3-dimethyltriazen-1-yl)- 

imidazo-4-carboxamide (DTIC). TMZ 

demonstrates better 272 antitumor activities and 

a better safety profile in preclinical 

assessments.3,4 The antitumor activity of the 

drug depends on linear thiazine, 5-(3-

methyltriazen-1-yl)-imidazo-4- carboxamide 

(MTIC). DTIC is metabolically converted to 

MTIC in the liver, whereas TMZ is degradated 

chemically to MTIC at physiologic pH.5 MTIC 

shows a cytotoxic effect due to alkylation at the 

O6 and N7 positions of guanine. After this 

process, MTIC converts itself to 5(4)-

aminoimidazole-4(5)-carboxamide (AIC) 

(Figure 2).
8-11 

 

 

Figure 1 & 2 Capecitabine & Temozolamide 

MATERIALS AND METHODS  

Chemicals & Reagents  

Capecitabine & Temozolamidegift of 

Orbicular Pharmaceutical Technologies Pvt. 

Ltd., Hyderabad. HPLC grade Acetonitrile and 

HPLC Water were purchased from Ranbaxy 

Fine Chemicals Ltd., India. Analytical grade 

orthophosphoric acid, NaOH pallets purchased 

from Merck, India 

Instrumentation  

A high-performance liquid chromatographic 

system (Agilent-1260 VWD and DAD detector) 

with a UV-visible detector was used for the 

analysis. The data were recorded using Open 

Lab E.Z. Chrom with Data store A.01.05 

software  

PreparationofStandardSolutions: 

10 mg of Capecitabine and Temozolamidewas 

weighed accurately and transferred into100 ml 

volumetric flask. A little ml mobile phase was 

added and sonicated to dissolve.The volume was 

made up to the mark with same solvent. The 

final solution containedabout10μg/ml 

and10μg/ml 

ofCapecitabineandTemozolamiderespectively 

System suitability: 

The system suitability test is a Pharmacopoeia 

requirement and is used to verify whether the 
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resolution and reproducibility of the 

chromatographic system are adequate for 

analysis to be done. The tests were performed by 

collecting data from six replicate injections of 

standard solutions. It was carried out for the 

parameters like plate number (N), resolution (R), 

and tailing factor, and the %RSD values were 

calculated in each case. 

 Precision: 

Accurately 10 mg of Capecitabine and 10mg of 

Temozolamide working standard were weighed 

and transferred into 10mL clean dry volumetric 

flasks and diluent was added and sonicated to 

dissolve it completely and made volume up to 

the mark with the same solvent. (Stock solution). 

From this 1ml of both solutions were transferred 

to 10 ml volumetric flasks and volume was 

made up using diluents. Further this was 

pipetted (1ml and 2ml) into a 10ml volumetric 

flask and dilute up to the mark with diluents. 

The standard solution was injected for six times 

and the area for all six injections measured in 

HPLC. The %RSD for the area of five replicate 

injections was found to be within the specified 

limits. 

Accuracy: 

Accurately weighed 10mg of

 Capecitabine and 10mg

 ofTemozolamideworkingstandardswer

etransferredinto10mLcleandryvolumetricflasks.

The standard solution, Accuracy -80%, 

Accuracy -100% and Accuracy -120% solutions 

were injected. The Amount found and Amount 

added for Capecitabine and Temozolamide and 

the individual recovery and mean recovery 

values were calculated. 

Linearity: 

The method was linear over the range of 0-

14µg/ml for Capecitabine and 0-30µg/ml for 

Temozolamide This proposed method's linearity 

was evaluated using a calibration curve to 

calculate the coefficient of correlation, slope, 

and intercept values. 

Robustness 

 Robustness is the capacity of the method to 

remain unaffected by slight, deliberate variations 

in method parameters. The effect of the 

following deliberate changes in chromatographic 

conditions was monitored, e.g., detector 

wavelength: ± 2 nm, flow rate: ± 10 %, and 

temperature: ± 2 ºC. 

Forced Degradation Studies 

Degradation studies were carried out as per ICH 

guidelines. The study's objective was to find the 

degradation products which help establish 

degradation pathways and the intrinsic stability 

of drug molecules. To check the selectivity of 

the proposed method, degradation studies were 

carried out using acidic, basic, neutral, and 

oxidative conditions. 

Acid degradation 

An accurately weighed 10 mg of both the pure 

drugs were transferred to two different clean & 

dry round bottom flasks. 30 ml of 0.1 N HCl 

was added to it and it was refluxed in a water 

bath at 600C for 4 hours. Allowed to cool to 

room temperature. The sample was then 

neutralized using dilute 0.1 N NaOH solution & 

final concentration was prepared to 50 µg/ml 

and 40 µg/ml for Capecitabine and 

Temozolamide respectively with mobile phase. 

It was injected into the HPLC system against a 

blank of mobile phase (after optimizing the 

mobile phase compositions). This experiment 

was repeated several times using same 

concentration of HCl (0.1N) and observed its 

degradation profile.  

Alkali degradation: An accurately weighed 10 

mg of both the pure drugs was transferred to two 

different clean & dry round bottom flasks. 30 ml 

of 0.1N NaOH was added to it. & it was 

refluxed in a water bath at 600C for 4 hours. 

Allowed to cool to room temperature. The 
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sample was than neutralized using 0.1 N HCl 

solution & final concentration was prepared to a 

mixture of 50 µg/ml and 40 µg/ml for 

Capecitabine and Temozolamide respectively 

withmobile phase. It was injected into the HPLC 

system against a blank of mobile phase after 

optimizing the mobile phase compositions. This 

experiment was repeated several times using 

same concentration of NaOH such as 0.1N to 

observe its degradation profile.  

Thermal Degradation 

Accurately weighed 10 mg of both pure drugs 

were transferred to two different clean & dry 

round bottom flasks. 30 ml of HPLC water was 

added to it. Then, it was refluxed in a water bath 

at 600C for 6 hours uninterruptedly. After the 

reflux was over, the drugs became soluble and 

the mixture of drugs& water was allowed to cool 

to room temperature final concentration was a 

mixture of 50 µg/ml and 40 µg/ml for 

Capecitabine and Temozolamide 

respectivelywith mobile phase. It was injected 

into the HPLC system against a blank of mobile 

phase. 

Photolytic degradation studies: 

Approximately 10 mg of both the pure drug was 

taken in two different clean & dry Petri dish. It 

was kept in a UV cabinet at 254 nm wavelength 

for 24 hours without interruption. Accurately 

weighed 1 mg of the UV exposed drug was 

transferred to a clean & dry 10 ml volumetric 

flask. First the UV exposed drug was dissolved 

in mobile phase & final concentration was 

prepared toa mixture of 50 µg/ml and 40 µg/ml 

for Capecitabine and Temozolamide 

respectively with mobile phase. Finally, this 

solution was injected into the HPLC system 

against a blank of mobile phase and 

chromatogram was obtained. 

Oxidation with (3%) H2O2 studies: 

Accurately weighed 10 mg. of both the pure 

drugs were taken in two different clean & dry 

100 ml volumetric flask. 30 ml of 3% H2O2 and 

a little methanol was added to it to make it 

soluble & then kept as such in dark for 24 hours. 

final concentration was prepared toa mixture 

of50 µg/ml and 40 µg/ml for Capecitabine and 

Temozolamide respectively with mobile phase. 

The above sample was injected into the HPLC 

system. 

RESULTS & DISCUSSIONS  

Developing the analytical method is a 

continuous process and essential to confirm and 

maintain the quality of the pharmaceutical 

finished product. Therefore, finalized 

chromatographic conditions were applied, and 

performed analytical method validation. 

Chromatographic Conditions: 

Mobilephase Acetonitrile :Phosphatebuffer(0.02M,pH-2.6)=60:40 

Column DevelosilODSHG-5RPC18,5m, 15cmx4.6mmi.d. 

ColumnTemperature Ambient 

DetectionWavelength 250nm 

Flow rate 1.0ml/min. 

Runtime 10min. 

Diluent MobilePhase 

InjectionVolume 10µl 
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Type ofElution Isocratic 

 

Table No: 1 optimized Chromatographic Conditions: 

System suitability: System suitability is evaluated by injecting six replicates of freshly prepared standard 

solutions. Standard peak area, tailing factor, and theoretical plates were measured and tabulated in Table 2 

The results were satisfactory, i.e., tailing factor value is not more than 2.0; area % RSD is not more than 

2.0 %, and theoretical plates were above 2000, also evaluated method precision by injecting six different 

sample preparation from a single batch of the finished product in duplicate, calculate % assay of 

dexamethasone peak and calculated assay values (NMT 2.0 %) observed satisfactory, i.e., between the 

limit range of 98.0 to 102.0 %  

S.No. Parameter Limit Result 

1 Resolution Rs2 3.56 

2 Asymmetry T 2 Capecitabine=0.87 

 

Temozolamide=1.25 

3 Theoreticalplate N 2000 Capecitabine=3875 

Temozolamide =3254 

 

Table No 2:SystemsuitabilityresultsforCapecitabineand Temozolamide 

Accuracy: Known amount of Capecitabine and Temozolamide was spiked in Placebo at about 80, 100, 

and 120 % of test concentration. Each accuracy level was prepared in triplicate. First, the amount of 

Capecitabine and Temozolamide recovered was quantified per the developed method. Then, the 

percentage recovery was calculated from the amount found and added. The results are shown in Table 3. 

The overall recovery of dexamethasone in the samples was between 98% and 102 % (RSD < 2 %), which 

is satisfactory for quantifying dexamethasone in the finished product. 
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Figure :3  HPLC Spectrum of Capecitabine and Temozolamide (Blank Solution 

 

Figure :4Chromatogram of capecitabine and Temozolamide in Optimized Chromatographic 

Condition 

 

 

SampleID 

capecitabine 

StatisticalAnalysis 

Temozolamide 

 

80% Mean=100.0163% 

S.D.= 1.293505 

% R.S.D.=1.293294 

Mean= 100.1207% 

S.D. = 1.251602 

% R.S.D.= 1.250093 

100% 

 

Mean=101.4033% 

S.D.= 0.613379 

%R.S.D.= 0.60489 

Mean= 101.44% 

S.D. = 0.330454% 
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R.S.D.= 0.325763 

120% 

 

Mean=100.6053% 

S.D.= 0.730041 

% R.S.D. =0.725649 

Mean= 101.27 4% 

S.D. = 0.284828 

% R.S.D. = 0.280774 

 

Table No :3 Accuracy Results of Capecitabine & Temozolamide 

Linearity:  

Linearity range was found to be 0-14 µg/ml for capecitabine. The correlation coefficient was found to be 

0.999, the slope was found to be 50245 and intercept was found to be 12529 for Capecitabine. Linearity 

range was found to be 0-30 µg/ml for Temozolamide. The correlation coefficient was found to be 0.999, 

the slope was found to be 55283 and intercept was found to be 12871 for Temozolamide 

LOD & LOQ 

The LOD was found to be 0.08 ng/ml and 0.13ng/ml for Capecitabine and Temozolamide The LOQ was 

found to be 0.26 ng/ml and 0.35 ng/ml for Capecitabine and Temozolamide. 

Forced degradation: The results of the forced degradation studies indicated the specificity of the 

developed method that has been developed. Capecitabine and Temozolamide were stable in acidic, basic 

and thermal stress conditions and photolytic stress conditions as given in the Table 4 

Stresscondition Time 

 

 

 

(hours) 

Assay 

ofactivesubs

tance 

Assay 

ofdegraded

products 

Mass 

Balance(%) 

Acid 

Hydrolysis(0.1N

HCl) 

24Hrs. 98.36 1.64 100.00 

Basic 

Hydrolysis(0.INNa

OH) 

24Hrs. 80.25 19.25 100.00 

ThermalDegradati

on(50
0
C) 

24Hrs. 99.32 0.68 100.00 

UV(254nm) 24Hrs. 94.35         5.65 100.00 

3% 

Hydrogenpero

xide 

24Hrs. 92.03 7.97 100.00 

Table 4    Results of Force Degradation Studies of Capecitabine andTemozolamideAPI. 
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CONCLUSION  

A sensitive & selective stability indicating RP-

HPLC method has been developed & validated 

for the analysis of capecitabine and 

Temozolamide in bulk and pharmaceutical 

dosage form. 

Based on peak purity results, obtained from the 

analysis of samples using described method, it 

can be concluded that the absence of co-eluting 

peak along with the main peak of Capecitabine 

and Temozolamide indicated that the developed 

method is specific for the simultaneous 

estimation of Capecitabine and Temozolamide 

in the bulk and dosage forms. 
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Abstract
Microneedles (MNs) are micron-scaled needles measuring 100 to 1000 μm that were initially explored for delivery 
of therapeutic agents across the skin. Considering the success in transcutaneous drug delivery, the application of 
microneedles has been extended to different tissues and organs. The review captures the application of microneedles 
to the oral mucosa, the eye, vagina, gastric mucosa, nail, scalp, and vascular tissues for delivery of vaccines, 
biologics, drugs, and diagnostic agents. The technology has created easy access to the poorly accessible segments 
of eye to facilitate delivery of monoclonal antibodies and therapeutic agents in management of neovascular disease. 
Microporation has been reported to drastically improve the drug delivery through the poorly permeable nail plate. 
Curved microneedles and spatially designed microneedle cuffs have been found to be capable of delivering stem cells 
and therapeutic macromolecules directly to the cardiac tissue and the vascular smooth muscle cells, respectively. 
Besides being minimally invasive and patient compliant, the technology has the potential to offer viable solutions 
to deliver drugs through impermeable barriers owing to the ability to penetrate several biological barriers. The 
technology has been successful to overcome the delivery hurdles and enable direct delivery of drug to the target 
sites, thus maximizing the efficacy thereby reducing the required dose. This review is an attempt to capture the non-
dermatological applications of microneedles being explored and provides an insight on the future trends in the field 
of microneedle technology.

Keywords Microneedles · Transmucosal · Ocular · Transungual · Vascular

Abbreviations
MN  Microneedles
BSA  Bovine serum albumin
OCT  Optical coherence tomography
VADDS  Vaginal mucosal adjuvant dual delivery system
HIV  Human immunodeficiency virus
HSV  Herpes simplex virus
GI  Gastrointestinal
PLGA  Poly lactic co glycolic acid

Introduction

After oral or parenteral administration, drug would typically 
get distributed in the plasma that constitutes the central 
compartment. The drug in the plasma that constitutes the 
central compartment would subsequently get distributed 
to other tissues or organs that comprise the peripheral 
compartment at a specific rate until equilibrium is achieved. 
Generally, the rate of drug distribution to most peripheral 
tissues or organs is limited by poor regional blood flow and 
low tissue perfusion rates. In addition, the extent of drug 
distribution or the regional bioavailability is constrained by 
drug’s tendency to bind to tissue or plasma protein binding, 
its lipophilicity, and degree of ionization (pKa) [1]. Owing to 
these hurdles, drug distribution to peripheral organs or tissues 
following systemic administration is substantially hampered. 
At the same time, drug distribution to the peripheral tissues is 
considerably hindered as the biological membranes generally 
act a formidable barrier to delivery of topically applied 
therapeutic agents and macromolecules. Thus, systemic 
delivery involving oral or parenteral route invariably needs a 
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high dose to be administered in order to achieve and maintain 
effective local drug concentrations that usually is associated 
with off-target systemic adverse effects. Considering the need, 
attempts are made to breach the epithelial or the endothelial 
barriers using microneedle technology to directly deliver the 
drug to the distant target tissue or organs.

Microneedles (MNs) are micron-scaled needles that were 
initially explored for delivery of therapeutic agents across 
skin. Microneedle patches generally contain arrays of needles 
that are typically 100–1000 µm in length. These patches 
have been successful as a physical enhancement strategy to 
improve the transdermal drug delivery [2]. Microneedles 
offer various advantages with respect to hypodermic 
needles as shown in Table 1. The technique was known to 
facilitate the delivery of macromolecules and hydrophilic 
therapeutic entities across the stratum corneum that forms 
a formidable barrier to permeation of such drugs [2, 3] 
skin drug delivery is the stratum corneum which forms the 
outermost layer of the skin that measures about 10–20 µm in 
thickness. Microneedles were found to offer viable solution 
for permeation of such therapeutic agents across the stratum 
corneum enabling local accumulation and eventually 
systemic delivery. Microneedle represents a minimally 
invasive, commercially feasible, and easy-to-use technique to 
deliver therapeutic agents as a potential attractive alternative 
for invasive parenteral administration. Microneedle patches 
were found to penetrate the outermost layer of the skin, 
making micron size pores in the stratum corneum, thus 
enabling the entry of therapeutic macromolecules and other 
drugs into body. These micron size pores created during 
application of MNs are small enough to be painless and 
at the same time avoid any possible irritation [3, 4]. There 
are five different types of microneedles available: solid 
microneedles, dissolving microneedles, hollow microneedles, 
coated microneedles, and hydrogel-forming microneedles 
as shown in Fig. 1. Solid microneedles are used to create 
pores in the stratum corneum, which would be subsequently 
followed by application of drug [5, 6]. These pores created 
by the solid microneedles improve the permeation flux of the 
drug. Solid microneedles have served as a rising platform for 
the advent of other types of microneedles available today. On 
the other hand, hollow microneedles on insertion into the 
tissue deliver the drug through the central channels present 
in the microneedles. In contrary, coated microneedles, as the 

name suggest, comprise drug present in the surface which 
is released once the microneedle is inserted into the tissue. 
Finally, dissolving microneedles are made of up of soluble 
materials, that on insertion into the skin dissolve releasing 
the entrapped drug. Most recently, hydrogel-forming needles 
are being extensively explored for several other applications 
[7, 8]. These MNs comprise crosslinked drug-loaded 
hydrogels, mounted on an adhesive patch. On application 
of these microneedles onto the skin, they tend to swell in 
contact with the aqueous media of skin, creating a hydrogel 
that facilitates the influx of drug into the tissues [9, 10]. 
MNs can be made up of different materials such as water 
insoluble materials like metals, ceramic, or water soluble 
materials such as saccharides and polymers. In recent years, 
extensive investigation has been carried out by researchers 
to exploit the potential of microneedle technology to deliver 
drugs to other organs and tissues such as the oral cavity, nails, 
eyes, scalp, and muscular delivery that otherwise would 
require the use of injections as shown in Fig. 2. Based on the 
biopharmaceutical property of the drug, a portion of drug 
may tend to bind to the target tissue while a fraction of the 
same is prone to pre-systemic metabolism. The rest of the 
drug is likely to enter the systemic circulation. This review is 
an attempt to summarize the progress that has been achieved 
by microneedles in drug delivery to the other tissues and 
organs apart from the skin (Table 2) [11, 12].

Microneedles for oral mucosal delivery

The oral cavity that is lined by oral mucosa basically 
comprises stratified squamous epithelium that forms the 
upper one fourth to one third of the oral mucosa. Oral 
epithelium is a complex microbial, chemical and immune 
barrier that ensures protection to the underlying tissues. 
The thickness of the oral mucosa varies depending on the 
site of the epithelium. Underlying the epithelium are the 
basement membrane and lamina propria and submucosa 
that is rich in blood vessels and nerve endings. The 
thickness of the oral mucosa varies from one site to 
another. It is about 500–600 μm thick in the buccal region 
whereas it reduces to a maximum of 200 μm thick in the 
sublingual region. Microneedles have been also explored 
for vaccination, therapeutics, and for diagnostic purpose.

Table 1  Advantages of 
microneedle technology in drug 
delivery

Hypodermic needles Microneedles

Pain Painful Painless; faster healing at site of 
application compared to hypodermic 
needles

Patient compliance Poor Highly compliant
Administration Requires trained personnel for 

administration
Could be self-administered
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Fig. 1  Types of microneedles. 
a Solid microneedles are gener-
ally made of metals or insoluble 
polymer to create pores in the 
skin. b Dissolving micronee-
dles, where the polymeric 
microneedles would dissolve in 
the tissue fluid and release the 
drug. c Hollow microneedles 
are meant for injection of for-
mulation. d Coated micronee-
dles have the drug coated on 
the surface of the polymeric or 
metal microneedles which get 
released in the tissue fluid
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Microneedles for vaccination

Oral mucosal surface is the primary site that is prone to 
microbial attack as it gets directly exposed to external 
environment. Vaccine delivery to the oral mucosa would 
be highly favorable as most of the pathogens enter the body 
through the mucosa. Moreover, delivery of vaccine to the 
buccal or sublingual mucosa would elicit a strong immune 
response at distal sites such as urogenital, respiratory, and 
intestine. However, aqueous formulations of the vaccine 
can only be taken up by the Langerhans cells present in 
the superficial layers of oral submucosa thereby eliciting 
a poor immune response. On the contrary, microneedles 
have proved to be a promising tool for oral vaccination as 
they can easily access the dendritic cells and Langerhans 
cells residing in the upper few hundred micrometers in 
order to generate a strong immune response. Moreover, 
microneedles are known to improve the residence time 

and permeation through the epithelium thereby facilitating 
efficient delivery of vaccine. In addition, microneedles are 
known to ensure precise depth of penetration and dosing. 
Coated microneedles measuring 700  μm were used to 
deliver HIV antigens to the oral mucosa [13]. The systemic 
and mucosal immune response was assessed by measuring 
the IgG and IgA levels in serum and saliva, respectively, 
after inserting the microneedles into the inner lower lip and 
dorsal surface of the tongue in rabbits. The microneedles 
were able to elicit comparable antigen-specific IgG levels 
in serum although significantly higher antigen-specific IgA 
response was noted in saliva [13]. Microneedles containing 
stabilized liposomal formulation were developed for oral 
mucosal delivery of hepatitis B virus by Wang et al. High 
levels of specific immunoglobulin G were observed in 
serum, saliva, intestinal, and vaginal sections after a single 
application of the microneedles to oral mucosa in mice. 
It was observed that the microneedle systems could be 
used to induce multi-modal immunity against hepatitis B 
infection on a single application in mice. On similar lines, 
bovine serum albumin (BSA) antigen was entrapped into 
a stabilized liposomal formulation that was incorporated 
into microneedle system. On insertion into the oral mucosa 
of mice, robust systemic and mucosal immune responses 
were elicited against the BSA [13]. Microprojection array 
measuring 110 μm with dry-coated influenza vaccine was 
designed to immunize at the mucosal surface of the mouse 
model [14]. The projections when inserted on a buccal 
mucosa were easily able to access the antigen presenting 
cells to release the vaccine in the proximity. The resultant 
systemic immune response elicited was similar to the 
systemic immunization but superior to conventional oral 
immunization. Microneedles constituted by multifunctional 
liposomes loaded with model bovine serum albumin as a 

Fig. 2  Schematic representing the fate of drug post microneedle 
application

Table 2  Application of microneedles to diverse tissues and organs

Sl. No Type of microneedles Target tissue Application

1 Coated Oral mucosa Vaccination [13, 14]
Coated Systemic chemotherapy [17]
Microneedle pretreatment Delivery of diagnostic agent[18]

2 Coated Anterior segment of eye Delivery of marker by intrascleral route to 
anterior segment of eye [23]

Hollow Posterior segment of eye Delivery to suprachoroidal space [29]
Biodegradable Drug delivery [32]

3 Dissolving Vaginal mucosa Delivery of antigen [35] and antiretrovirals [36]
4 Hollow Gastrointestinal tract Delivery of biological [38]

Solid Delivery of biological [38]
5 Biocompatible Cardiac Delivery of stem cells
6 Microneedle pretreatment Scalp Drug delivery [45–47]
7 Microneedle pretreatment Nail Drug delivery [51]
8 Biodegradable Vascular Drug delivery [55, 56]
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model antigen were applied to oral mucosal route in mice 
model. The microneedles measuring 660  μm in height 
were found to elicit a robust immune response as noted 
by high levels of immunoglobulin A (IgA) in systemic, 
salivary, intestinal, and vaginal secretions [15]. The studies 
indicated that the microneedles were found to exhibit 
superior immunization efficiency owing to the minimal 
loss and ability to access the deep seated antigen presenting 
cells. Microneedles consisting of multifunctional liposomes 
constituting stable mucosal vaccine were designed against 
hepatitis B. Application of microneedles to oral mucosa was 
found to induce robust systemic and wide spread immune 
response in mice model as noted with high Ig A levels in 
saliva, vaginal, and intestinal secretion [16].

Microneedles for drug delivery and diagnosis

Microneedles have evolved as an attractive option to 
systemic chemotherapy as they would ensure delivery of 
the anticancerous drugs to the target sites. Microneedles 
thus enable dose reduction of antineoplastic agents that 
are invariably associated with several side effects. The 
microneedle technology would minimize the systemic 
exposure and the associated systemic and off-target side 
effects of chemotherapeutic agents. Ma et al. also evaluated 
doxorubicin-coated microneedles as a minimally invasive 
treatment strategy for treatment of oral carcinomas. The 
drug was initially encapsulated into poly (lactic-co-
glycolic) acid (PLGA) nanoparticles before being coated on 
microneedles. The in vitro evaluations suggested that these 
coated microneedles measuring 3 mm in height were able 
to deliver 0.6 µg of drug which was proven toxic enough for 
cancer cells within a 1-cm3 area [17]. These studies carried 
out demonstrated the potential of microneedles for oral 
vaccine delivery and management of oral cancers.

Microneedles have been employed as diagnostic aids 
in the management of oral cancers. Optical coherence 
tomography (OCT) is used as a valuable noninvasive tool 
to diagnose oral cancer. However, gold nanoparticles, 
used as contrast agent in OCT imaging, fail to penetrate 
through the oral mucosal barrier affecting the efficiency of 
the imaging technique. Dual treatment with microneedles 
and ultrasound was found to improve the penetration and 
distribution of gold nanoparticles in induced dysplasia 
of the oral mucosa of hamsters [18]. It was observed that 
microneedle pretreatment followed by application of 
ultrasound on topically applied nanoparticle formulation 
demonstrated a multi-modal delivery of antibody conjugated 
PEGylated gold nanoparticles that enhanced the contrast of 
OCT images of the oral cancer. The combination strategy 
was found to clearly identify pathological structures of early 
stages of cancer. But the possible risks of systemic infections 
and drug dissipation in saliva present in the oral mucosa 

need to be further explored for such delivery systems [19, 
20]. The studies provided vital leads to further explore the 
possibility of the microneedle technology to get translated 
into commercial use.

Microneedles for ocular delivery

Ocular diseases generally involve ailment in the anterior 
segment and/or posterior chamber of the eye. Diseases of 
the anterior segment such as corneal neovascularization, 
glaucoma, bacterial or fungal infection blepharitis, and 
herpes simplex keratitis can cause serious impairment of 
vision. Ocular diseases affecting the posterior segment of 
the eye like age-related muscular degeneration, diabetic 
muscular edema, chorioretinal diseases, diabetic retinopathy, 
or cytomegalovirus retinitis usually can cause permanent 
loss of vision if left untreated. The ailments that affect the 
posterior chamber of the eye are more sight threatening 
compared with those affecting the anterior chamber.

Microneedles for drug delivery to anterior segment of eye

The lacrimal turnover rate (1 μl/min) and nasolacrimal 
drainage is the primary limiting barrier to delivery of the 
drugs to the anterior segment. Moreover, cornea that is the 
outmost layer of the eyeball acts as a physiological barrier 
to drug delivery. In addition, absorption of the drug by 
conjunctiva hinders the drug delivery to the anterior segment 
of the eye. [21]. Several products have been introduced into 
the market that can prolong the retention of the drug in the 
precorneal space and improve the ocular bioavailability. 
Lipophilic esters and transporter targeted prodrug approach 
have been employed to enhance the ocular absorption. 
Abundance of peptide transporters on the corneal epithelium 
has enhanced the scope to develop peptidomimetic prodrugs 
that can improve the ocular bioavailability. Prodrugs like 
valacyclovir and valganicyclovir have revolutionized 
the era of peptide prodrug design targeting oligopeptide 
transporters. Formulation approaches such as incorporation 
of viscosity imparting mucoadhesive pseudoplastic 
polymers in ophthalmic products are found to be practically 
feasible to improve the residence time of the therapeutic 
agents in the precorneal space in view to increase the ocular 
absorption. Attempts have been made to develop novel drug 
delivery systems such as ocular inserts, nanosuspensions, 
nanoemulsions, liposomes, dendrimers, and drug polymer 
conjugates with the aim to enhance the drug retention time 
in the precorneal space. These systems offer the advantages 
of sustained drug release, evade the drug efflux, enhance 
the precorneal drug retention time, and thereby reduce the 
dosing frequency [22]. An attempt to deliver the marker 
sodium fluorescein into the anterior chamber was made using 
individual stainless steel microneedles. Coated microneedles 
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measuring 500–750 μm were evaluated for delivery into 
the anterior chamber of the eye administered either by 
intrascleral route [23]. The coated microneedles were 
inserted halfway into the cornea of rabbit eye and left for 
2 min before retrieval. The microneedle coat was primarily 
dissolved first into the anterior eye chamber followed by 
a gradual release into the anterior eye chamber. A sharp 
increase in the concentration of the marker was noted in 
1 min that peaked in 3 min and reached the baseline values 
in 24 h. The study indicated that the microneedles were able 
to increase the concentration of the marker by nearly 60-fold 
compared with topical application. In the same study, it was 
noted that pilocarpine-coated microneedles were able to 
increase the drug concentration by nearly 45-folds when 
compared with topical application.

Microneedles for drug delivery to posterior segment of eye

Delivery of the drug to the posterior segment of the eye 
continues to be a challenge in treating diseases associated 
with the posterior segment of the eye owing to the poor 
accessibility, delicate nature of the eye, and barrier 
properties of the ocular tissue. The standard treatment for 
management of diseases involving posterior segment would 
be an intravitreal injection that involves direct administration 
of medication into the space in the vitreous cavity using 
hypodermic needle [24, 25] However, hypodermic injections 
are invasive causing discomfort, pain, and damage to the 
tissues present in the eye. Additionally, intraocular injections 
are challenging as they warrant sterile clinical settings 
and need skilled clinicians to avoid infections. Generally, 
surgical implantation of controlled release preparations 
is invasive and is considered only in absence of effective 
alternative procedures. As a promising option to deliver 
the drugs to the back of the eye, microneedles have been 
proposed in recent years as a potential alternative to the 
current invasive techniques [26]. MNs were demonstrated 
to be the practically feasible approach to the posterior 
segments of the eye. Being minimally invasive, microneedles 
reduce the pain sensation, damage to the eye tissues, and 
possibility of any bacterial infections. Also, MNs enable 
self-administration leading to improved patient compliance 
by decreasing discomfort during and post application.

An attempt was done to employ hollow microneedles 
measuring 200–300 μm for delivery of sulforhodamine B 
solution or particles into sclera of the human cadaver eye. 
Histological observations indicated that on insertion of 
dye-loaded microneedles into the human cadaver scleral 
tissue for 20 s, a rapid dissolution of dye followed by a 
depot formation within the scleral tissue was observed [27]. 
The studies indicated that hollow microneedles have been 
useful in the intrascleral delivery of drugs. Attempts were 
also done in the same study to deliver nanoparticles and 

microparticles into the sclera using hollow microneedles. 
A 33G hollow microneedle measuring 850 μm was used 
to deliver triamcinolone acetonide to the suprachoroidal 
space. A dose ranging from 0.2 to 2 mg was as effective 
as high-dose intravitreal injection in reducing the 
inflammation in the posterior segment of the eye. Moreover, 
the microneedle administration was found to be safe and 
devoid of any adverse effects and toxicity [28]. Patel et al. 
used hollow microneedles as a suitable option for delivery 
of particulate system into the suprachoroidal space of 
the eye. Drug delivery into the suprachoroidal space of 
excised rabbit, pig, and human eyes was achieved by hollow 
microneedles having a length of 750 µm ex vivo [29]. The 
studies indicated the possibility of delivering solution 
or particulates to the back of the eye. A preclinical trial 
involving bevacizumab-coated stainless steel microneedles 
measuring 400 μm in rabbits was carried out to compare 
the microneedle delivery with subconjunctival injection and 
topical application. The aim of the study was to determine 
the effective dose of bevacizumab required to treat corneal 
neovascularization using microneedles [30]. It was noted 
that 4.4 µg of the drug delivered through microneedles had 
the same therapeutic effect as that obtained with 2.5 mg 
subconjunctival injections and 52.5 mg of eye drops. The 
study clearly indicated that microneedles have the potential 
to substantially reduce the dose if directly applied to the eye 
using hollow microneedles.

A pilot study in rabbit has undertaken the toxicity 
profile of biodegradable microneedles of methotrexate 
[31]. Methotrexate microneedles measuring 2  mm in 
length were designed using poly (D, L-lactide) by solvent 
casting technique. The microneedles designed were 
evaluated for their degradation and toxicity profiles in 
rabbit model. The histopathological studies indicated that 
the biodegradable microneedles proved to be a viable 
option for vitreoretinal lymphoma. No adverse evidence 
of ocular inflammation or infection was noted on insertion 
into to the eye demonstrating the safety of the microneedles. 
The feasibility of using polyvinylpyrrolidone to fabricate 
dissolving microneedles was determined by observing the 
microneedle penetration into the ocular tissues. A significant 
increase in permeation across the scleral and corneal tissues 
was observed compared with topical administration of eye 
drop solutions. An eye patch equipped with detachable 
microneedles displayed the ability to penetrate the ocular 
surface tissue and deliver the drug in a controlled fashion 
[32]. The microneedle patch measuring 500 μm was loaded 
with anti-angiogenic monoclonal antibody that was designed 
by micromolding technique using sodium hyaluronate as 
polymer. The microneedles were found to display biphasic 
release kinetics. Delivery of the antibody was found to 
reduce the neovascular area by almost 90% in a neovascular 
disease-induced mice model. Hollow microneedle was 
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proposed for targeted delivery of antiglaucoma drugs into 
the supraciliary space [33]. A 33-gauge hollow microneedle 
measuring about 700–800 μm was used to infuse the drugs 
into the supraciliary space in rabbit model. The drugs 
sulprostone and brimonidine were delivered using the 
microneedles and topical application, and the intraocular 
pressure was monitored by rebound tonometry. Supraciliary 
delivery of the drugs was able to reduce the intraocular 
pressure by 3 mm Hg with reference to topical application 
enabling dose reduction by nearly 100-fold. However, like 
other ophthalmic preparations, the microneedles would 
warrant terminal sterilization prior to application to the eye 
to ensure the safety of the technology.

Microneedles for vaginal delivery

Vaginal mucosa is found to be suitable site for vaccination 
as it can prevent sexually transmitted pathogens. The other 
reasons for its suitability would be its large surface area, 
easy accessibility, and less safety concerns compared 
with other mucosal sites [34]. Vaginal mucosa is lined by 
stratified squamous epithelium that forms a tough barrier 
owing to tight junctions. The tightly packed cells are likely 
to substantially hinder the topically applied vaccines to 
come in contact with the antigen-presenting cells that are 
responsible to elicit an immune response. Moreover, the 
vaginal mucosa is covered by a layer of mucus that gets 
constantly renewed that would further prevent the access of 
the topical vaccines to the deep seated antigen-presenting 
cells. In addition, the mucus comprises lysosomal enzymes, 
proteins, and glycoprotein that would deactivate the topically 
applied vaccines.

Microneedles for vaccination

Mucosal vaccination is known to stimulate the body’s 
immune system to produce not only sufficient pathogen-
neutralizing antibodies but also sufficient pathogen-specific 
T lymphocytes. The mucosal-associated lymphoid tissue 
(MALT) comprises on interlinked mucosal compartments 
that are rich in antigen-presenting cells like the dendritic 
cells and macrophages. One of the most recent advancement 
in the field of drug delivery through microneedles has been 
through the vaginal route of drug administration. The 
vaginal tissues can be exploited as a portal for vaccination 
to prevent sexually transmitted diseases like human immune 
deficiency virus (HIV) [34]. Microneedles were used as a 
platform to deliver multifunctional liposomes loaded with 
a model antigen into the vaginal cavity. The microneedles 
when applied to the vaginal mucosa in mice were found 
to elicit a robust antigen-specific immune response in the 
reproductive and gastrointestinal mucosa. The liposomes 
were likely to be taken up by the vaginal mucosal dendritic 

cells or transferred directly to the draining lymph nodes 
and get eventually picked up by the macrophages. The 
studies indicated that microneedles would be effective 
vaginal mucosa adjuvant dual delivery system (VADDS) 
which could be helpful in clinical use for protection against 
infectious pathogens [35].

Microneedles for intravaginal drug delivery

Dissolving microneedle patch constituted of long acting 
nanosuspension of rilpivirine was developed. The designed 
microneedles were found to be discrete and mechanically 
strong [36]. The in vivo studies performed by the same 
research group in rats indicated displayed a mean plasma 
concentration (116.5  ng/ml) at the 56-day endpoint 
when inserted in the vagina that was comparable with 
intramuscular injection (118.9  ng/ml). Rilpivirine was 
detectable systemically, in the lymph and in the vagina 
indicating the potential of the microneedle patch to deliver 
the therapeutic levels of drug to the primary sites of viral 
replication. These observations indicate the potential of 
the microneedles as a possible platform for pre-exposure 
prophylaxis against human immunodeficiency virus (HIV) 
[37]. Microneedle patch has the potential to improve the 
patient acceptance and adherence to the treatment regimen 
as they can avoid the instances of needle-stick injuries and 
blood-borne diseases. Application of microneedles for 
vaginal drug delivery is still being explored at this stage 
with insights still needed on mucosal irritation and toxicity 
along with user feasibility studies that would enhance this 
microneedle application furthermore.

Microneedles for gastrointestinal tract delivery

Oral route for drug administration has been a preferred 
route for both patients as well as health care professionals. 
However, the oral bioavailability of several biologicals would 
be limited due to poor absorption across gastrointestinal 
tract. The poor bioavailability of these biological agents 
can be attributed to the variation in the pH prevalent in 
the gastrointestinal tract. Moreover, presence to protease 
and bacteria-rich environment of the tract curtails the oral 
bioavailability. Considering these constraints, attempts 
are made to administer biologicals using microneedles. 
Microneedles act as a platform for the oral delivery of 
broad range of drugs by penetrating the endothelial barrier 
of the GI tract in a swine model. Traverso et al. were the 
first to demonstrate a proof of concept using microneedles 
for delivering biologicals through the gastrointestinal tract 
[38]. The acrylic microneedle device that had 25 G needles 
projecting 5 mm from the surface was fitted into a pill that 
was 2 cm long and 1 cm in diameter contained. A radio 
opaque central metallic core was embedded to enable 
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radiographic detection of the microneedle device. The pill 
containing hollow or solid microneedle device was carefully 
positioned in the stomach of the animals under endoscopic 
radiographic visualization. The retention time of the 
microneedle pill was determined till it was no longer visible 
on radiographs for a period of 48–72 h. In case of hollow 
microneedles, the drug reservoir was compressed owing to 
peristaltic movement of the gastrointestinal tract releasing 
the drug. On the other hand, in case of solid microneedles, 
the device broke down into the constituent needles that in 
turn were found to penetrate the gastrointestinal tissue to 
release the drug in a controlled fashion. The study clearly 
demonstrated the ability of microneedles to improve the 
bioavailability of orally administered drug. Although using 
microneedles for drug delivery through the gastrointestinal 
tract has potential, many aspects need to be investigated 
before it makes its way into the clinic. Exploratory novel 
formulations including polymer-based systems will be 
essential in maximizing active pharmaceutical ingredient 
profile in terms of stability and functionality. The needle 
geometry could play a pivotal role in determining the 
residence time inside the gastrointestinal tract and in 
providing an extended release profile. Moreover, the 
potential tissue damage that could likely be caused during 
the transit through the gastrointestinal tract on chronic 
administration warrants thorough elucidation prior to 
clinical investigation.

Microneedles for cardiac delivery

No approved therapies are available till date to reduce the 
size of heart scar developed during coronary heart disease 
like myocardial infarction. Stem cell therapy has evolved as 
one of the attractive therapeutic options to treat myocardial 
infarctions. Randomized phase 1 clinical trials have 
indicated that cardiac stem cells are likely to offer benefit in 
mild to moderate myocardial infarction [39]. The stem cell 
therapy is said to regenerate the viable myocardial tissue 
and decrease the scar size [40]. However, one of the major 
limitations of the cardiac stem cell therapy is extremely 
low cell retention rate post delivery. Nearly 90% of the 
injected cells are known to get cleared off within 24 h, 
irrespective of the route of administration that may be in 
the form of intracoronary or intramyocardial injection [41]. 
In this context, polymeric microneedle patch integrated with 
cardiac stromal cells for therapeutic heart regeneration after 
acute myocardial infarction [42]. The microneedle patch 
was designed using biocompatible poly (vinyl alcohol) 
by micromolding technique. The 144-mm2 microneedle 
patch was fabricated to have a 400 microneedle array. The 
microneedles integrated with the stromal cells were found 
to be biocompatible and non toxic to cardiomyocytes in 
rats. The microneedles had a base diameter of 300 μm 

and a height of 600  μm. The microneedle displayed a 
good mechanical strength of ~ 2 N per needle that enabled 
sufficient penetration without breaking. When implanted 
surgically onto the heart, the microneedles were found to 
provide a portal of entry to enable the regenerative factors 
to easily diffuse from the cardiac stem cells to repair the 
infracted heart. Surgical transplantation of stem cell-loaded 
microneedles to rats with acute myocardial infarction was 
found to promote angiomyogenesis, reduce the scar size, 
and thereby augment cardiac functioning. Application of 
microneedle patch by open heart surgery following acute 
MI in porcine was found to preserve the cardiac function 
without inducing any toxicity. However, since the method 
employed in the study was invasive, the possibility of using 
minimally invasive approaches needs further exploration to 
deploy the microneedle patch on the surface of the heart.

Microneedling for delivery to the scalp

Microneedling was primarily investigated for as a viable 
and practical option to treat hair loss by creation of micron-
sized holed using a device called dermaroller. Dermaroller 
was the first microneedle device developed by Dr Desmond 
Fernandes (Dermaroller Deutschland GmbH, Wolfenbüttel, 
Germany) primarily used for application to the skin. A scalp 
roller on the contrary is known to utilize titanium needles 
unlike the stainless steel needles used in dermaroller [43]. 
Unlike the conventional dermarollers, the optimal length of 
microneedles to facilitate drug delivery through the scalp is 
1.2 to 1.5 mm [44]. The device is made available in variety of 
designs for vivid applications in drug delivery. The technique 
is basically known to activate the stem cells in the hair bulge 
area of the scalp by platelet activation and skin wound 
generation that eventually releases the hair growth-related 
gene vascular endothelial growth factor and therefore the hair 
growth. Microneedling is hypothesized to enhance the growth 
factors by enhancing the collagen and elastin synthesis. A 
pilot clinical study has indicated that microneedling was 
found to restore the scalp hair in subjects with male alopecia. 
The mechanism underlying hair re-growth by application of 
scalp roller involved stimulation of the follicular stem cells 
and activation of growth factor in dermal papillae [45].

Microneedling of the scalp can create pores in the stratum 
corneum of the scalp thereby improving the permeation flux 
of applied therapeutic agents. However, few papers indicate 
that combination of microneedling with topical application 
works well compared with topical application alone. A 
12-week randomized blinded study was conducted to assess 
the effectiveness of microneedle treatment in alopecia areata 
[45]. About 50 patients each were allocated into two groups 
consisting of microneedling group and minoxidil group. 
A scalp roller of 1.5 mm sized needles was rolled on the 
affected scalp in vertical, horizontal, and diagonal directions 
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till mild erythema was observed. The patients were in the 
group who were instructed to apply 1 ml of minoxidil lotion 
(5%) twice daily 24 h after the procedure. The minoxidil 
group involved the application of minoxidil lotion (5%) 
without scalp roller treatment. The study proved that scalp 
roller along with minoxidil treatment was found to be 
statistically significant compared with minoxidil treatment 
alone in men with alopecia areata. The study concluded 
that microneedling was a safe and promising technique in 
stimulation of hair re-growth. Microneedling was more 
effective in men with androgenetic alopecia who failed to 
respond to conventional therapy (finasteride and minoxidil). 
More often, treatment of alopecia is hampered by poor drug 
delivery to the scalp. It was concluded that microneedling 
could be quite effective in patients who failed to respond to 
triamcinolone acetonide injections, topical corticosteroids, 
and minoxidil (5%). A pilot study involving 15 patients 
with alopecia areata indicated that the combination therapy 
of microneedling and topical application of triamcinolone 
acetonide resulted in better therapeutic outcomes [46]. 
About 1  ml of triamcinolone acetonide was applied 
dropwise to the affected area. A scalp roller having 192 
needles measuring 500 microns each was used to create 250 
holes per square cm when rolled over the area for about 
15 times. The microneedling procedure was found to be 
painless and did not require the use of any local anesthesia. 
The procedure was repeated for six sessions with an interval 
of 3 weeks between each. The patients were instructed to 
apply minoxidil (5%) after 24 h of treatment with scalp 
roller. Following six sessions of treatment nearly 12 out of 
15 patients experienced clinically significant therapeutic 
outcomes. However, the big limitation of the report was that 
there was no control group involved in the study.

The effect of topical application of growth factor solution 
followed by microneedle treatment was assessed in a pilot 
study involving 11 women with female pattern hair loss [47]. 
Each subject received weekly treatment for a total span of 
5 weeks. The device comprised nine 33 gauge needles that 
moved vertically to a depth of 0.5 mm. A significant difference 
in the hair shaft density was observed in 2nd, 4th, and 5th 
week compared with the control that involved treatment 
with normal saline followed by microneedle treatment. 
Microneedle treatment was likely to increase the permeation 
by creating of pores in the stratum corneum. However, no 
adverse reactions were observed following the microneedle 
treatment in the study. The study revealed a new therapeutic 
option to enhance the hair density in female pattern hair loss.

Microneedles for delivery to the nail

Topical nail formulations are usually used for treatment of nail 
diseases such as onychomycosis and nail psoriasis. However, the 
efficacies of the conventional topical nail formulations are found 

to be poor due to low permeability of the therapeutic agents 
though the dense keratinized structure of the nail plate [48]. 
Microporation involves drilling or creating micron-sized holes 
in the nail plate without affecting the nail bed. The technique has 
the ability to overcome the barrier properties of the nail plate. 
Microporation has the ability to drastically improve the drug 
delivery through the poorly permeable nail [49]. Micropores of 
the nail plate are normally induced by mechanical procedures 
using dermaroller or using a device called PathFormer (Path 
Scientific, Carlisle, USA) or application of low-frequency 
ultrasound or laser ablation. The effect of microporation of 
diseased toenail trephinated with FDA-approved “mesoscission” 
prior to treatment efficacy of terbinafine cream (1%) was 
assessed. An enhanced permeation of terbinafine across nail 
plate was observed on microporation. Standardized drilling 
technique was used in a pilot clinical study that involved 28 
patients with proven subungual toenail onychomycosis. 
Follow-up clinical evaluation at 4, 8, 16, 24, 36, and 48 weeks 
assessed the treatment efficacy. The study established a clinical 
evidence that microporation could be well-tolerated and effective 
procedure to enhance the transungual delivery. Polymeric 
biodegradable nanoparticles were proposed as drug reservoirs 
for sustained topical delivery of microporated nail plate [50]. 
Microporation of the nail clippings was initially performed 
using commercial dermaroller equipped with 250-μm-long 
titanium needles. The dermaroller was rolled five times back 
and forth on dorsal surface of the hydrated nail plate to create 
the micropores prior to application of the nanodispersion. The 
nanodispersion that comprised octyl methoxycinnamate-loaded 
poly-(caprolactone) nanoparticle was labeled with Nile red. 
The depth of Nile red permeation was observed using laser 
scanning confocal microscopy. The nanoparticles are basically 
particulate drug delivery systems ranging from 1 to 100 nm in 
size. Nanoparticles of poly (ε-caprolactone) loaded with Nile red 
were prepared by solvent displacement method. The particles 
displaying an average particle size of 152 ± 3 nm were found 
to be biodegradable as they degraded over a period of time 
releasing the dye in a controlled manner. The nano dispersion 
applied on the nail plate was found to have a concentration of 
206 μg/ml. Owing to the small size, the nanoparticles were found 
to be easily filled into the micropores created in the nail plate. 
Once filled into the micropores, the nanoparticles were found 
to act as immobile micro reservoirs from which the dye was 
released that diffused laterally into the nail plate over prolonged 
period of time. The transungual permeation rate of Nile red was 
considerably higher for the microporated nail compared with the 
untreated nails. It was observed that Nile red released from the 
nanoformulation permeated to a depth of 70–90 m after 7 days. 
The study demonstrated that nanoparticles deposited in the 
micropores act as reservoir for prolonged and local release of 
therapeutic agents lasting for several days. A strategy involving 
combination of nanoformulation and microporation approach 
was investigated to enhance the tioconazole delivery into the nail 
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plate [51]. Nanoparticles of poly (ε-caprolactone) containing 
tioconazole were prepared by interfacial deposition of polymer. 
The nail lacquer formulations having a concentration of 1 mg/
ml were found to display a particle size of less than 200 nm. 
A series of nanoformulations of tioconazole were assessed 
for in  vitro permeation across microporated human nail 
clippings. Microporation of the human nail clippings was 
performed adapting the same procedure using the dermaroller. 
Microporation was found to successfully increase tioconazole 
delivery in single-dose experiments. The nanoparticles get 
filled into the micropores created and function as reservoirs for 
hydrophobic drugs and prolong their local release over several 
days. The study proved the nail poration and nanoformulation 
approach could be employed in combination to improve the 
ungual drug delivery to eradicate nail diseases.

Nail poration by laser ablation can also be induced prior to 
application of topical formulation [52]. The technique could 
improve the efficacy of the topical nail formulation used to 
treatment of different nail diseases. However, the technique 
could be clinically applied only if the depth of nail poration 
could be better controlled and the thermal damage encountered 
during treatment minimized. In addition, creation of smaller 
diameter pores is highly warranted to ensure the patient comfort.

Microneedles for vascular delivery

In patients with atherosclerosis, insertion of stent is a 
common clinical practice. When occlusion happens in 
patients with previously inserted stents, bypass grafting 
is the clinical procedure employed. However, some of the 
patients who undergo the bypass grafting surgery suffer from 
neointimal hyperplasia at the site of grafting. Neointimal 
hyperplasia involves proliferation and migration of vascular 
smooth muscle cells present in tunica intima eventually 
leading to thickening of the artery walls and narrowing of 
the arterial lumen. Therapeutic compounds like proteins, 
oligonucleotides, and anti-proliferating agents are commonly 
used to prevention of neointimal hyperplasia [53]. Even 
though drug-eluting stents and eluting balloons have been 
developed to deliver drugs to treat neointimal hyperplasia, 
the devices have proved to be less efficient due to drug loss 
to the blood stream. Microneedle cuffs were developed as 
perivascular drug devices with the aim to achieve higher to 
higher drug delivery efficiency to inner layers of the blood 
vessels. Microneedle cuffs are found to be advantageous 
as they can be easily applied around the affected blood 
vessel and at the same time do not cause endothelial injury. 
The cuffs are known to specially benefit the delivery of 
therapeutic macromolecules that have issues permeating the 
biological membranes owing to their high molecular weight.

Biodegradable microneedles made of poly (lactic co-glycolic 
acid) [PLGA] with ultra-fine tips were fabricated using spatial 
thermal drawing method for vascular drug delivery [54].The 

mechanical strength of the microneedles was found to depend on 
the shape of the microneedles. The bullet-shaped microneedles 
were found to have a superior mechanical strength compared 
with the slender microneedles. Ex vivo studies with canine aorta 
indicated that microneedles with bullet-shaped tips were found 
to penetrate deeper into tunica media. In vitro release of the 
drug-coated microneedles displayed a sustained release for a 
span of 1 week. Curved microneedles composed of PLGA were 
designed using the same procedure. Ex vivo studies with canine 
and rabbit aorta indicated that the microneedle cuffs easily 
penetrated the tunica adventitia layer and touched the tunica 
media layer [55]. In vivo studies in canines demonstrated the 
feasibility of the cuff to penetrate through the adventitia layer 
and reach the tunica media. An attempt was made to fabricate 
biodegradable microneedle cuffs of PLGA and surgically 
implant the same for delivering paclitaxel to the inner vascular 
layers. In vivo studies in rabbits indicated the possibility of 
drug delivery to tunica media. The higher drug concentration 
in the layer was ascribed to the affinity of the drug to the smooth 
muscle cells. The studies also demonstrated a significant 
decrease in neointimal hyperplasia in 2 to 4 weeks [56]. Despite 
some success reported, slow diffusion of the therapeutic entities 
through the different vascular layers continues to pose as a 
challenge in perivascular drug delivery.

Conclusion

In the last few years, microneedle technology has grown 
from mere idea that has been successfully scaled up a pilot 
and eventually a commercial scale. Although the extensive 
studies are carried out on the skin application of microneedles, 
investigations are still in progress to deploy the technology for 
delivering drug to other tissues and organs. With the success 
of technology in drug delivery to the skin, applications of 
microneedles have been explored for oral mucosa, ocular, 
muscular, cardiac, nail, scalp, and vascular delivery. The advent 
of technology into other domains involving various tissues and 
organs is likely to further evolve in times to come. At present, the 
main objectives are to commercialize the microneedle devices 
and explore the already developed microneedles in clinical 
settings [5]. Till now, only intradermal vaccine and drug delivery 
based on hollow microneedles such as the Microjet® 600 by 
NanoPass Technologies, Israel and Soluvia® (Becton Dickson, 
NJ, USA) have been approved by the FDA. Even though 
microneedles are a minimally invasive technique and safe, there 
are many safety concerns that need to be thoroughly investigated 
[57, 58]. However, there is dearth of information available on 
the barrier disruption and the restoration of the live tissues 
and organs. In this context, it is necessary to have a thorough 
understanding of the barrier disruption and its subsequent 
restoration when microneedles are directly applied to other 
tissues and organs. Other issues that need to be dwelled upon 
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include the possibility of an allergic reaction upon microneedle 
application on repetitive or chronic applications. At this stage, 
usage of microneedles from a drug delivery perspective into 
other tissues and organs is still at very early stages. Considering 
the viability of living tissues and organs, we anticipate stringent 
regulatory measures in place in order to commercialize the 
technology. In case the safety concerns of the microneedle 
technology are duly addressed, drug delivery to the remote 
inaccessible affected organs and tissues may become a true 
reality in future. However, in such cases, surgical intervention 
by a clinician/clinical practitioner becomes inevitable.
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Abstract 

Background: Standardization of topical therapy dosage is important to ensure optimum use and dosage of 
topical medications. One of the concepts frequently used in the standardization of topical treatment is the 
Finger-tip unit (FTU). While practitioners, both dermatologists and pharmacists, are generally aware of 
FTU, practical use is less. 

Objectives: We aimed to evaluate views and practices related to FTU among both dermatology and 
pharmacy faculty and to elicit and validate suggestions for improving standardization. 

Methods: We surveyed a group of Dermatologists and Pharmacists-in two phases-in phase 1 (n = 44), an 
electronic survey was used as a tool to understand their practices regarding FTU, and to obtain suggestions 
regarding standardization of topical medication delivery. In phase 2 (n = 40), the main suggestions for 
improvement were resent to the group to rate and validate the same. 

Results: The awareness of FTU was high among the experts, but practical use of the FTU for patient 
counselling was less frequent. The group gave suggestions to standardize applications. All these suggestions 
got high ratings on both feasibility and possible effectiveness in the second phase, with the highest rating 
being for the suggestion of "Placing QR codes on ointment/cream tubes which link to websites with 
educational materials/ videos on FTU/topical drug dosing." 

Conclusion: Awareness regarding FTU is high among both dermatologists and pharmacists, however 
practical use is less. Strategies to improve standardization of topical drug dosing can be formulated through 
collaboration involving both dermatologists and pharmacists. 

Keywords: application dose; awareness; finger-tip unit; standardization; topical therapy. 
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Abstract
Background: Standardization of topical therapy dosage is important to ensure opti-
mum use and dosage of topical medications. One of the concepts frequently used in 
the standardization of topical treatment is the Finger- tip unit (FTU). While practition-
ers, both dermatologists and pharmacists, are generally aware of FTU, practical use 
is less.
Objectives: We aimed to evaluate views and practices related to FTU among both 
dermatology and pharmacy faculty and to elicit and validate suggestions for improv-
ing standardization.
Methods: We surveyed a group of Dermatologists and Pharmacists— in two phases— in 
phase 1 (n = 44), an electronic survey was used as a tool to understand their practices 
regarding FTU, and to obtain suggestions regarding standardization of topical medica-
tion delivery. In phase 2 (n = 40), the main suggestions for improvement were resent 
to the group to rate and validate the same.
Results: The awareness of FTU was high among the experts, but practical use of 
the FTU for patient counselling was less frequent. The group gave suggestions to 
standardize applications. All these suggestions got high ratings on both feasibility and 
possible effectiveness in the second phase, with the highest rating being for the sug-
gestion of “Placing QR codes on ointment/cream tubes which link to websites with 
educational materials/ videos on FTU/topical drug dosing.”
Conclusion: Awareness regarding FTU is high among both dermatologists and phar-
macists, however practical use is less. Strategies to improve standardization of topical 
drug dosing can be formulated through collaboration involving both dermatologists 
and pharmacists.
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1  |  INTRODUC TION

Topical medications have different delivery systems, depending on 
the specific type and preparation of active medication. Creams and 
ointments can have different types of delivery systems, nozzles and 
often, different diameters for the nozzle. Standardization of doses 
can hence be often difficult. As a result, patients tend to either 
under- use or over- use topical medications. It is common for patients 
to return before the review date, with the topical medications having 
run out.

The finger- tip unit (FTU) was first described by Long and Finlay, 
as a practical measure for topical ointments. A finger- tip unit (FTU) 
is defined as “The amount of ointment expressed from a tube with 
a 5 mm diameter nozzle, applied from the distal skin- crease to the 
tip of the index finger.” The weight of the FTU ranges from 0.43 to 
0.49 g. One FTU approximately covers an area of skin twice the size 
of the flat of an adult's hand (with the fingers together). The advan-
tage of the FTU is that it is easy for the patient to understand and 
ensures optimum use of the topical medication. While the FTU is 
important for topical corticosteroids, it can be applied to any cream 
or ointment.1– 3

As a background to our study, twenty- three of the most used 
topical medications in our outpatient department (a university clinic 
in Saudi Arabia) were checked for nozzle type/diameter (these were 
medications with at least one prescription given daily). Among these 
one was zinc oxide containing moisturizer, with an open top (the 
medication needed to be scooped out for application). One was a 
shampoo. One was an antibiotic solution for acne with an absorbent 
pad delivery system, which could be applied on the skin. One was a 
steroid solution, mainly used for scalp application. Two were to be 
applied using brushes (of which one, a preparation for verruca had 
a stencil to mark and limit the area to be applied). Two were sprays. 
Eleven topical medications in tubes had a standard round nozzle 
with a nozzle diameter of 0.5 cm (including 1 moisturizer, 1 burn 
treatment preparation, 1 antibiotic, 1 antifungal, 1 local anesthetic 
preparation, with the rest being topical steroid preparations either 
alone or in combination).

Four topical medications in tubes had standard round nozzles 
having a diameter less than 0.5 cm. Of these two were gels used in 
the treatment of acne, while the others were moisturizing creams.

Except for the minoxidil spray, none of the other medications 
had clear instructions on the amount to be applied and none of the 
medications had clear, illustrative descriptions of the finger- tip unit 
concept. All corticosteroid- containing tubes had a standard 0.5 cm 
diameter nozzle. Our findings seem to suggest that while some 
preparations like topical corticosteroids were well standardized for 
FTU, the same did not hold true for many other preparations. This, 
we felt, underscores the importance of explaining and applying the 
concept of FTU to patients as effectively as possible. The problem 
is that although dermatologists and pharmacists are familiar with 
the concept of FTU, the same is often not discussed with patients, 
especially in busy clinics. Studies have shown that community phar-
macists also do not often convey the concept of FTU to patients.4

2  |  AIMS

Our study had two objectives. We aimed to evaluate the delivery 
systems for the most prescribed topical medications in our out-
patient department, in terms of standardization of application. 
Secondly, we aimed to evaluate views and practices related to FTU 
among both dermatology and pharmacy faculty and to elicit and vali-
date suggestions for improving standardization.

3  |  MATERIAL S AND METHODS

The study was designed as a two- phase cross- sectional survey. The 
survey was designed in Google forms and send as an electronic link 
to social media groups of dermatologists and pharmacists. The ques-
tionnaire was designed by a group of investigators based in Saudi 
Arabia and India. The respondents were also from Saudi Arabia and 
India. The first questionnaire attempted to understand views and 
practices regarding FTU in the context of topical treatment, as well 
as to obtain possible suggestions and consensus regarding stand-
ardization of topical medication delivery at the consumer end. A 
dermatologist and a pharmacist designed this questionnaire. Two 
other dermatologists helped in further validation. The question-
naire had a 5 point Likert scale component (covering 4 statements 
for all respondents–  “I am familiar with the concept of finger- tip unit 
for topical medications,” “Dispensing pharmacists must be aware of 
FTU,” “All patients prescribed topical medications should be made 
aware of FTU,” and “Most topical medications are standardized for 
FTU” and one statement exclusively for dermatologists –  “You rou-
tinely explain the concept of FTU to your patients.” The second part 
included a score for different types of topical preparations, based 
on the important of FTU (1– 5) and a question on overall importance 
of FTU (1– 10) There was an open- ended part for suggestions/com-
ments regarding FTU specifically and standardization of topical 
treatment in general. The final questionnaire had a high reliability 
(Cronbach's alpha 0.91).

In the second phase, the collated suggestions (four main sugges-
tions were chosen) given by the experts were assessed for feasibility 
and perceived effectiveness. The respondents were asked to score 
both parameters (feasibility and effectiveness), on a scale of 1 to 5 
(5 being highest).

4  |  RESULTS

There were 44 respondents in phase 1 and 40 in phase 2. Response 
rate was difficult to calculate as the link was shared through differ-
ent social media groups. The mean scores for overall importance of 
FTU, out a maximum score of 10, was high in both groups (8.562 for 
pharmacists and 7.857 for dermatologists).

Awareness regarding the FTU was high in both the groups (mean 
score 4.5 for dermatologists and 4.06 for pharmacists), For the state-
ments “Dispensing pharmacists must be aware of FTU” -  the mean 
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score among dermatologists was 4.607 and among pharmacists was 
4.5. For the statement “All patients prescribed topical medications 
should be made aware of FTU,” also there was a high agreement 
score— 4.64 among dermatologists and 4.5 among pharmacists. 
For the statement “Most topical medications are standardized for 
FTU,” the consensus was lower— 3.285 among dermatologists and 
3.64 among pharmacists. For the importance of FTU with respect 
to specific preparations (respondents were asked to score from 1 
to 5, 1 being least and 5 most important), highest mean scores were 
obtained for topical steroid creams and ointments in both the groups 
(4.187 for pharmacists and 4.392 for dermatologists).

For the statement “You routinely explain the concept of FTU to 
your patients” (only for Dermatologists), a mean score of 3.21 was 
obtained (Table 1).

Some of the suggestions and open- ended comments, which 
were given by the respondents included– 

-  Time limitations in explaining the FTU concept to the patient

Ensuring that the pricking tip, use to open the tube, is inserted 
completely, so that the diameter is uniform.

-  Using leaflets with illustrations in the clinic to highlight the 
concept of FTU

-  Placing QR codes on ointment/cream tubes which link to websites 
with educational materials/videos on FTU/topical drug dosing

-  Discuss with pharmaceutical manufactures to standardize all topi-
cal creams and ointments to have the same nozzle format and di-
ameter and include information of FTU in the leaflet or packaging 
itself.

-  Using scoops with standard volumes for creams and ointment 
which are not in tubes (effectiveness), mention amount in weight 
and volume for a standard application and use standardized deliv-
ery tips to achieve the same for all topical applications, including 
for lotions, sprays

-  Standard delivery tips which can be attached to non- standard 
medications, or adhesives/stencils in which precise amounts of 
topical medications could be applied, were some of the other sug-
gestions given by the respondents.

In the second phase (n = 40), the rating for four of the most im-
portant suggestions out of a maximum score of 5 is given below in 
Table 2.

5  |  DISCUSSION

Standardization of topical applications in terms of application 
amount is important to avoid both over- use and under- use. The re-
sults of our study suggest that topical corticosteroids in cream and 
ointment form are standardized for the FTU. However, standardiza-
tion of application dosage is not well established for other topical 
formulation.

Regarding the FTU, both dermatologists and pharmacists high-
lighted the importance of the concept, especially for topical cortico-
steroids, but practical usage and application was low. As mentioned 
in the results, time would be one important limiting factor. In a busy 
dermatology clinic, it is often difficult for the dermatologist to ex-
plain the concept of FTU in detail. The same holds true for the phar-
macist. However, considering that topical dosage is important, both 
dermatologists and pharmacists need to be more diligent in applying 
the concept of FTU/dose standardization in general, in their routine 
practice.

It would seem logical to facilitate optimum amounts of topical 
medications, irrespective of the active ingredient. Inputs from all 
stakeholders— dermatologists, pharmacists and patients— would 
be important in achieving this. Increasing awareness of all stake-
holders is important. As mentioned in our study, the use of simple 
illustrations in leaflets can help patients understand concepts like 
FTU easily. This would be important when the doctor or pharmacist 

Statement
Mean score 
dermatologist (n = 28)

Mean score 
pharmacist (n = 16)

I am familiar with the concept of finger- tip 
unit for topical medications

4.535 4.0625

Dispensing pharmacists must be aware of 
FTU

4.607 4.5

All patients prescribed topical medications 
should be made aware of FTU

4.642 4.5

Most topical medications are standardized 
for FTU

3.285 3.64

You routinely explain the concept of FTU to 
your patients (please skip if this does not 
apply to you)

3.214 Not applicable

Overall importance of FTU in topical 
medication of 1 to 10

7.857 8.562

The difference in the scores was not statistically significant for any of the statements (Student's T 
test, not significant at p < 0.05).

TA B L E  1  Mean scores for the 
questionnaire from the two groups
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finds it difficult to explain the concept in detail. It is also important 
to ensure that the patients have really understood the concept well. 
A previous study has shown that with proper counseling patients 
applied more consistent and optimal doses of topical corticosteroids 
application, using the FTU method.5 Previous studies, done mainly 
in the context of topical corticosteroids have also shown that health 
care professionals tend not to advise patients sufficiently regarding 
amount of topical medication to be used.6– 8

It would be important to ensure that dispensing pharmacists are 
also aware of application amount and dose, and this would be es-
pecially more important in the context of finer details, like adjust-
ing the dose of FTU based on anatomical site, for corticosteroids. 
Pharmacists would need to effectively reinforce information given 
by doctors.9,10 Studies have shown mixed results regarding the prac-
tices of pharmacists in advising patients about the amount of topical 
application. Some studies have shown that while pharmacists do ad-
vice patients in detail regarding amount and frequency, the specific 
use of FTU is less frequent.4,9 It is important that there is a clear 
communication between the prescribing doctor and the pharmacist 
too, to ensure optimum dosage.11

Industry could contribute by incorporating dosage parameters, 
possibly in conjunction with the FTU, for easier understanding and 
practical application. For preparations like sprays, powders or liq-
uids, standardized dose delivery systems could be designed either as 
part of each unit, or as stand- alone devices which can be attached 
to individual units. The use of technology in the form of mobile apps, 
could be another avenue which could be explored for both prescrib-
ing physicians and patients.

Following the survey responses, we tried out some of the sug-
gested mentioned by the experts and we found that converting a 
simple dropper as a nozzle adapter, would be a simple method to en-
sure uniformity of cream or ointment dosages (Figures 1 and 2) For 
preparations which are not in small tubes, the use of micro- scoops/
plastic stencils/wells with defined volumes of medication would be 
the simplest method of ensuring a standardized application dosage. 
This would have the added advantage of knowing the exact vol-
ume and the area that it can cover. Plastic scoops are not expensive 
and providing one along with containers, like moisturizers, should 
be quite simple to do. More importantly a simple illustration of the 
concept of FTU on the package insert or the carton of the topical 
medication would be useful for the patients (either as such or as a 
link accessible by QR code). A larger study incorporating patient per-
ceptions is warranted.

The small sample size of experts was the main limitation. We also 
did not use a proper Delphi design, which would have been more 
valid. The absence of additional data collection methods like a focus 
group discussion was the other limitation. We also did not incor-
porate view of the patients, who are obviously the most important 
stakeholder. The standardization of topical medications in terms of 
dose delivery may have more significant regional variations which 
needs to be considered.

To the best of our knowledge, this is the first study exploring 
awareness and attitudes towards dose standardization of topical TA
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applications, focusing on FTU, among dermatologists and phar-
macists. While there is standardization of the nozzles for top-
ical corticosteroids, the extent of standardization is less for other 

medications. Both dermatologists and pharmacists are aware and 
convinced of the concept of FTU but need to be more consistent 
in advising patients. This will help in ensuring optimal dosage ap-
plications for topical medications in general and topical corticoste-
roids specifically. Besides increasing awareness of all stakeholders in 
general, simple, and practical solutions to improve standardization 
of dose delivery in topical therapy need to be explored, with active 
participation from the pharmaceutical industry.
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Abstract: The present investigation demonstrates renewable cardanol-based polyol for the formula-
tion of nanocomposite polyurethane (PU) coatings. The functional and structural features of cardanol
polyol and nanoparticles were studied using FT-IR and 1H NMR spectroscopic techniques. The
magnetic hydroxyapatite nanoparticles (MHAPs) were dispersed 1–5% in PU formulations to develop
nanocomposite anticorrosive coatings. An increase in the strength of MHAP increased the anticorro-
sive performance as examined by immersion and electrochemical methods. The nanocomposite PU
coatings showed good coating properties, viz., gloss, pencil hardness, flexibility, cross-cut adhesion,
and chemical resistance. Additionally, the coatings were also studied for surface morphology, wetting,
and thermal properties by scanning electron microscope (SEM), contact angle, and thermogravimetric
analysis (TGA), respectively. The hydrophobic nature of PU coatings increased by the addition of
MHAP, and an optimum result (105◦) was observed in 3% loading. The developed coatings revealed
its hydrophobic nature with excellent anticorrosive performance.

Keywords: cardanol; hydroxyapatite; nanocomposite; anticorrosive coatings; polyurethane; renew-
able materials

1. Introduction

Corrosion is a process in which metallic objects become damaged, which affects
various sectors of industries such as automobile, construction, aerospace, marines, and
healthcare. Metal corrosion is one of the big problems that result in massive losses to the
economy as well as human health [1–3]. In the case of biomaterials, corrosion prevention is
crucial particularly to overcome inflammation and allergic reactions caused by biomaterials
as these materials are constantly challenged by biological fluids [4]. Anticorrosive paints
and coatings based on synthetic polymeric resins are used to minimize such types of losses
and to improve the life span of metallic items [5–7]. The majority of polymeric resins used
in the present paints and coatings are of petroleum origin. The depletion of petroleum
sources and fluctuations in their prices made it necessary to find out some new alternatives
such as renewable, readily available, and ecofriendly polymeric materials [8,9]. Renewable
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materials including carbohydrates, lipids, vegetable oils, cardanol [10], eugenol [11], etc.,
have been explored to use in the preparation of monomers and polymers such as alkyds [5],
polyurethanes [6], polyesters [6], phenol-formaldehyde resins, epoxy [12], benzoxazines,
etc. [13]. The resultant renewable source-based polymers have found applications in the
different fields such as coatings, composites, microencapsulation, reactive diluents, foams,
and so on. Among all renewable materials, cardanol has fascinated the researchers due to
its unique chemical structure and possible chemical modifications through the availability
of reactive sites such as phenolic hydroxyl group, aromatic ring, and long aliphatic carbon
chain with unsaturation [13,14]. Aromatic ring provides chemical and thermal resistances,
while the hydroxyl group provides good adhesion. A long aliphatic carbon chain provides
good flexibility, excellent water resistance, and anti-corrosive properties [5].

Over the past decades, nanocomposite polymer coatings have been used to improve
the corrosion, thermal, and mechanical properties of coating formulations [15,16]. They
are developed from nano-sized fillers and polymeric resins. The polymeric resin helps to
hold the nanofiller in the matrix that works as a reinforcing material or improves physi-
comechanical properties of the composites [17,18]. Various types of nano-size fillers such as
SiO2 [19], ZnO [20], TiO2 [21,22], Fe2O3 [23], Fe3O4 [24], ZrO2 [25], Al2O3 [26], V2O5 [27],
graphene [28], BaZrO3 [29], and other materials [30] have been used in coating matrix
for desired applications such as the improvement of adhesion, gloss, corrosion, scratch,
thermal, and scratch/wear resistance. The main purpose of nanoparticle incorporation in
the coating formulation is to enhance physicochemical as well as corrosion resistance. The
use of nanocomposites offer excellent barrier resistance, flame retardancy, and change in
optical and electrical properties [31]. Additionally, the use of corrosion inhibitor is also
possible based on precursors used in the formulation of coatings, thickness, and adhe-
sion towards the metal surface [32]. The protective organic/inorganic hybrid composite
coatings are prepared by the addition of magnetic hydroxyapatite nanoparticle (MHAP)
as a reinforcing agent. The presence of MHAP has enhanced coating properties such as
chemical, wetting, and corrosion resistances. Previous reports are available on the use of
hydroxyapatite (HAP) for bone tissue engineering, controlled drug delivery, and as filler
for composites coatings. Even HAP modified with silver was used in the formulation of
antibacterial composite coatings [33] as bone substitutes [34], drug and protein carriers [35],
dental implants [36], etc. Additionally, magnetically modified HAP was utilized in the
removal of heavy metals such as uranium (VI) [37], lead ion [38], cadmium (II) [39], copper,
nickel [40], and other pollutants for the water [41]. As per the literature, until today, MHAP
has not been used in the designing of anticorrosive coatings for metal protection.

The present study explored the potential of cardanol and its derivative as an envi-
ronmentally friendly alternative for petroleum raw materials for applications in polymer
resin and coating industries. In the present study, cardanol-based Mannich polyol has been
used to synthesize renewable PU. Structural features of the prepared resin were confirmed
by end group analysis as well as by spectroscopic methods. Simultaneously, magnetic
hydroxyapatite nanoparticles were prepared and modified for their magnetic properties to
improve the anti-corrosion properties of PU coatings upon mixing with polyol and further
treatment with hexamethylene diisocyanate. The prepared PU composite coatings were
tested for their physicochemical and anticorrosive properties.

2. Materials and Methods

Cardanol was provided as a gift sample by the Polymer Division of Atul Ltd., India.
Hexamethylene diisocyanate (99%) (HDI), diethanolamine, (98%), and dibutyltin dilaurate
(95%) (DBTDL) were purchased from Sigma-Aldrich, India. Ferrous chloride tetrahydrate,
ferric chloride, potassium hydroxide, calcium nitrate tetrahydrate, diammonium hydrogen
phosphate, and xylene were purchased from Loba Chemie, India. All other chemicals were
used as received without any purification.
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2.1. Synthesis of Cardanol Based Mannich polyol

The synthesis of cardanol Mannich polyol (CMP) was based on our previously reported
method [42]. In the first step, the formation of oxazolidine was performed by reacting
diethanolamine (0.2 M) with formaldehyde (0.2 M) in a three-necked flask equipped with a
magnetic stirrer, condenser, and thermometer. The reaction mixture was heated at 65 ◦C for
2 h followed by distilling water off reaction to form oxazolidine intermediate. Thereafter,
cardanol (0.066 M) was added dropwise in the reaction mixture for 30 min and the reaction
was maintained to 95 ◦C for 4 h. The progress of the reaction was checked by conducting
thin layer chromatography (TLC) in an ethyl acetate: hexane (20:80) system. Finally, the
deep reddish-colored liquid of cardanol polyol was formed. The reaction for the synthesis
of CMP is given in Scheme 1.
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2.2. Synthesis of Magnetic Hydroxyapatite Nanoparticles

Magnetic hydroxyapatite nanoparticles were synthesized according to the literature
procedure with some modifications [43,44]. In the typical process, ferrous chloride tetrahy-
drate (1.85 mM) and ferric chloride (3.78 mM) were dissolved in 30 mL DI water taken
in a 250 mL round bottom flask under stirring at 500 rpm in the presence of nitrogen
atmosphere. After 1 h, the completely clear orange color solution was formed. Then,
10 mL 30% ammonia solution was added dropwise into the reaction mixture and kept at
70 ◦C temperature for 1 h to form black color iron oxide nanoparticles. Entire synthesized
iron oxide nanoparticles were well dispersed in a solution of calcium nitrate tetrahydrate
(33.7 mM) and diammonium hydrogen phosphate (20 mM) prepared in a 250 mL beaker
containing 50 mL DI water. Afterward, the pH of the solution was adjusted to 11 using
ammonia solution. This mixture was stirred for 3 h at 90 ◦C temperature under a nitrogen
atmosphere. Milky white particles formed were centrifuged and washed with water and
ethanol to remove impurities. The resulting particles were magnetically separated from
the medium using a local magnet and dried in an oven at 70 ◦C. Then, the particles were
ground in a mortar pestle and filtered using 150 mesh size sieved for their uniform size
and utilized for further applications.

2.3. Formulation of Polyurethane Nanocomposite Coatings

Mild steel (MS) panels were used as the substrate for the application of polyurethane
(PU) nanocomposites coatings. The elemental composition of mild steel used is provided
in Table 1.
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Table 1. The elemental composition of mild steel substrate used for exploring the functionality of
the coating.

Element Composition Amount in Steel (%)

Carbon 0.16

Aluminum 0.07

Silicon 0.168

Manganese 0.18

Phosphorous 0.025

Copper 0.09

Iron Balance

The MS substrate was pre-treated with sandpaper, degreased with acetone, and dried
in an oven for 20 min. The required quantities of MHAP of 0, 1, 2, 3, 4, and 5 wt. %
and CMP were dispersed into the xylene with stirring. Then, the calculated amounts of
hexamethylene diisocyanate (HDI) in the ratio of NCO:OH 1.2:1 and DBTDL as a catalyst
were added into the above mixture. After achieving desired viscosity to the resultant
formulation, it was applied by brush on pre-treated mild steel (MS) panels of 2.14-inch
dimension. The prepared coating panels were allowed to cure at room temperature for
48 h, and the cured coating film’s thickness was 90 ± 2 µm. The prepared samples were
coded as CMPU, CMPU-1, CMPU-2 CMPU-3, CMPU-4, and CMPU-5 based on the amount
of MHAP. The schematic of PUs preparation reaction is represented in Scheme 2.
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3. Characterization of Materials
3.1. End Group Analysis

Hydroxyl functionality is the most important parameter in the development of
polyurethane. They are deciding the actual quantity of diisocyanates for solid film devel-
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opment in the final crosslinked structure of PUs. It was determined experimentally by
following ASTM D 6342-12 methods.

3.2. Structural Analysis

Transformation of the functional group of cardanol to cardanol Mannich polyol and
structural confirmation were determined by recording FT-IR spectra on a Perkin Elmer-
1750 in the range between 4000 and 400 cm−1 and 1H NMR spectroscopic techniques were
applied on a Bruker Avance-400 MHz spectrometer in deuterated CDCl3 as a solvent and
TMS as an internal standard.

3.3. Testing Properties of Coatings
3.3.1. Gloss Test

The lustrous property of PU coatings was investigated using a digital gloss meter
(Model BYK Additives and Instruments, Wesel, Germany) at an angle of 60◦. For testing,
10 different positions on the surface of coated MS panels were considered and their average
value was recorded as a final gloss of PU coatings.

3.3.2. Adhesion Test

The adhesion of developed coatings to the mild steel surface was checked using a
cross-cut adhesion tester (model No. 107, Elcometer UK) as per the following method:
ASTM D-3359-02. The tester toolbox contained a die of parallel sets of 10 blades, adhesive
tape (Scotch brand 810 magic tape), brush, and lens. Initially, the coated surface was rapidly
scratched two times at 90◦ to each other with the help of a blade and smoothly cleaned
using a brush. Then, the adhesive tape was pressed on the scratched surface and pulled
within 60 S at a 180◦ angle. Finally, the visual confirmation of the percentage of squares
adhered on the surface of adhesive tape from crosscut MS panel with respect to the total
initial number of squares was considered for calculating the adhesion of the coatings with
the metal substrate.

3.3.3. Pencil Hardness

The hardness of PU-coated samples was determined using a pencil hardness tester
(Model BYK Additives and Instruments, Wesel, Germany) as per the ASTM D-3363 stan-
dards. The test was carried out by pushing pencils on the coated samples at an angle of 45◦

and repeated at a fresh place every time until the pencils formed scratches on the surface
of coatings.

3.3.4. Flexibility

The flexibility of the prepared coating samples was tested by a Conical Mandrel
Instrument (Raj Scientific Co., Mumbai, India) in the range of 45−180◦ angles.

3.3.5. Contact Angle

The surface hydrophobicity of PU coating samples was determined using a Contact
Angle Tensiometer, Model 200 standard Goniometer (p/n 200-F4) of Rame-hart Instrument
Co., Succasunna, NJ, USA. The test samples were fitted on the stage of the equipment and
a liquid drop of deionized water with constant volume (approximately 3–5 µdm3) was
dropped on the surface of the PU-coated sample using a microsyringe (Thermo Scientific
Gilmont Micrometer Syringe Model-GS-1200). All measurements were taken at room
temperature and an average of 10 times was considered for reporting.

3.3.6. Corrosion Performance

The corrosion performance of developed PU coatings was examined by immersion
and electrochemical testing.

An immersion study was used to examine the corrosion performance by dipping
uncoated and PU-coated MS samples in 3.5% NaCl aqueous solution for 7 days [45].
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After testing, the coated samples were compared with the control for a change in gloss,
deterioration, cracking, and partial or complete removal of the film from the surface. The
result was in the form of captured images of both before and after testing of all samples.

The corrosion performance of prepared PU coatings was also checked by electrochemi-
cal testing. The analysis was performed by an Auto lab PGSTAT30 potentiostat instrument,
and all analyses were carried out at room temperature in an aqueous 3.5 wt. % NaCl
solution. The analysis comprises three electrodes: platinum wire as a working, calomel and
coated MS strips as counter and working electrodes. The area of the coated panels exposed
to the test solution was 1 × 0.5 cm2 in all cases and the range of testing current potential
was kept between −1 and +1 V at a scan rate of 0.01 V/s.

3.3.7. Chemical Resistance

The chemical resistance was checked by dipping coatings into aqueous acid and
alkali solutions, water, and xylene as an organic solvent for 7 days [45,46]. The chemical
resistance of PU coatings was also checked by the methyl ethyl ketone rub test as per ASTM
D-5402. The test was carried out by rubbing the methyl ethyl ketone wet cotton cloth on
the surface of coated samples. The maximum number of double rubs at which the coatings
were removed from the surface or when 200 rubs were passed was considered as the final
result’s value.

3.3.8. Thermal Property

The thermal property of prepared PU films was studied in the range of 40 to 750 ◦C
using a thermogravimetric analyzer (TGA), Perkin Elmer TGA-4000 (Waltham, MA, USA).
All PU films were measured at a heating rate of 10 ◦C per min under an inert nitrogen
atmosphere at a flow rate of 20 mL/min.

3.3.9. Surface Morphology

The surface morphology of the prepared PU films was observed under a scanning
electron microscope (SEM) (FESEM, S-4800, Hitachi High Technologies Corporation, Tokyo,
Japan). The accelerating voltage was in the range of 0.5 to 30 kV and with an emission
current at about 10 µA.

4. Results and Discussion

Magnetic nanocomposite materials serve multifunctional purposes in the field of
catalysis, colloidal photonic crystals, imaging, nanofluids, data storage, defect sensor,
optical filters, environmental remediation, and, in particular, in the biomedical industry
because of their unique mechanical, thermal, physical, and chemical properties [47]. The
research in the field of hydroxyapatite nanocomposites is still in its infancy and requires
controlling fabrication processes for advanced applications.

4.1. Formation of Cardanol Based polyol

Renewable cardanol-based polyol was synthesized by the Mannich condensation of
cardanol, diethanolamine, and formaldehyde. The overall process for the synthesis of CMP
was considered ecofriendly due to its solvent-less nature. The hydroxyl value of polyol was
187 mg of KOH/g. Initially, diethanolamine and formaldehyde were condensed together to
form the oxazolidine intermediate [48]. Oxazolidine is present in the equilibrium with cyclic
and open-chain forms. The open-chain form is an iminium cation, which is the well-known
intermediate of Mannich reactions [49–51]. In the presence of a base (i.e., oxazolidine and
tertiary amine), cardanol dissociates in the cardonalate anion with the negative charge
circulated at equilibrium in resonance hybrids at oxygen and ortho- and para-positions of
the aromatic ring. Finally, it results in a substituted product at ortho- and para-positions
of the phenolic hydroxyl group of cardanol. The mechanism for the synthesis of CMP is
presented in Figure 1.
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Figure 1. Mechanism for the formation of cardanol Mannich polyol.

Structural confirmation of the cardanol-based polyol was performed by FT-IR and
1H NMR spectroscopies. The FT-IR spectrum of CMP is represented in Figure 2 and the
corresponding functional groups are tabulated in Table 2.
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Table 2. Peaks observed in FT-IR spectra of cardanol and cardanol Mannich polyol and magnetic
hydroxyapatite nanoparticles and the corresponding functional groups.

Wavenumber (cm−1) Vibration Type

Cardanol and cardanol Mannich polyol

3371 -OH bending vibration

2854–2924 vibration of symmetric and asymmetric -CH2 group

3009 -C-H stretching vibration

1651 C=C-bond

1041 -C-N- stretching

Magnetic hydroxyapatite nanoparticles

3570 -OH bending vibration

1458, and 871 -C=O stretching vibration

1035 and 630 phosphate group

1619 and 570 Fe-O bond stretching

The stretching vibration at 3371 cm−1 was related to the -OH group present in cardanol
and CMP. Absorption bands associated with the vibration of symmetric and asymmetric
-CH2 group were observed in between 2854 and 2924 cm−1, while aromatic -C-H stretching
vibration was observed at 3009 cm−1. The band at 1651 cm−1 is due to the presence of
-C=C- bond present in CMP and cardanol. The new broad peak observed in the FT-IR
spectra of CMP at 1041 cm−1 for -C-N- stretching confirmed that the reaction of oxazolidine
with cardanol formed cardanol Mannich polyol.

Additionally, the structural confirmations of cardanol and CMP were carried by 1H
NMR, and their spectra are shown in Figure 3. In the spectrum of cardanol, the chemical
shift of terminal methylene proton appeared at 0.9 ppm and all -CH2- linkages were
observed at 1.25–1.5 ppm. The peaks found between 5.03 and 5.46 ppm were related to
the protons of -C=C-, while the peaks at 2.03 and 2.55 ppm corresponded to the -CH2-
protons adjacent to the unsaturation and aromatic ring, respectively. The peak at 4.6
and 6.68–7.17 ppm were related to phenolic protons and aromatic benzene rings. In the
spectrum of CMP, the new chemical shift was observed at 2.35 and 3.7 ppm, which were
corresponded to the hydroxy and methylene protons present in between the nitrogen atom
and phenolic aromatic ring, respectively [49]. The appearance of these protons in the CMP
spectrum evidenced the occurence of the reaction between oxazolidine with cardanol.
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4.2. FT-IR of Magnetic Hydroxyapatite Nanoparticles

FT-IR spectrum of MHAP nanoparticles is represented in Figure 4, and the values are
tabulated in Table 2. The broad absorption band at 3570 cm−1 was related to -OH bending
vibration. The stretching vibration of carbonyl was observed at 1458, and 871 cm−1, while
the phosphate group showed absorption at 1035 and 630 cm−1 [52,53]. The Fe-O bond
stretching vibration occurred at 1619 and 570 cm−1 [37]. It proved that MHAP nanoparticles
were successfully formed.
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4.3. Magnetic Behavior of MHAP Nanoparticles

The magnetic property of the nanoparticles was tested by a simple magnet test. For
this purpose, the synthesized nanoparticles were suspended in a water–ethanol solution
and sonicated for 5 min to form a complete suspension of nanoparticles (Figure 5a). Af-
terward, the magnet was connected to bottles as shown in Figure 5b. In a few seconds, all
nanoparticles were attracted toward the magnet, which concluded that the synthesized
particles had magnetic behavior.
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4.4. Coating Properties

Determining the properties of coating is important in order to find out the suitability
of coating formulations. The results of coating properties are represented in Table 3. The
gloss of all the coated samples was observed in the range of 73 to 121. The gloss value of
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the pristine sample was more than all nanocomposite coatings because the incorporation of
MHAP nanoparticles would have increased opacity as well as increased roughness on the
surface of the coating. Thus, as the percentage of MHAP increased in coating formulations,
it decreased gloss. All coatings showed 100% adhesion towards the metal surface as not
a single block was removed from the area of the scratched surface. Hence, the results
conclude that the formulated coatings have excellent adhesion to the metal surface. The
MHAP nanoparticles incorporated coatings were not scratched to the level of a 5H-grade
pencil. The coatings containing 4 and 5% MHAP nanoparticles presented better pencil
hardness (5 H) than other coating samples. It may be due to the magnetic nature of MHAP
nanoparticles that might have resulted in high interactive forces between metal surfaces
and the coating matrix. All coating samples passed the flexibility test, which can offer
the prevention of crack formation. In addition to that, the chemical resistance of all the
prepared coatings was checked using the methyl ethyl ketone rub test. There were no
defects found on the surface of coatings, such as film removed from the surface, crack
formation, and changing color of coating on the surface up to 200 double rubs. Finally,
based on all coating properties, one can say that the developed coatings are suitable for the
coatings on metal surfaces.

Table 3. Coating properties of prepared PUs coatings.

PUs Code Gloss 60◦ Cross-Cut Adhesion (%) Pencil
Hardness Flexibility Methyl Ethyl Ketone

Double Rub Test

CMPU 121 100 3H Pass 200
CMPU-1 96 100 3H Pass 200
CMPU-2 85 100 4H Pass 200
CMPU-3 84 100 4H Pass 200
CMPU-4 74 100 5H Pass 200
CMPU-5 73 100 5H Pass 200

4.5. Chemical Resistance Study

The chemical resistance of the developed cardanol-based nanocomposite coatings was
studied in 5% HCl (in DI water) and 5% NaOH (in DI water), solutions, water, and xylene
as an organic solvent for 7 days. The obtained results of the test are expressed in Table 4
and captured images are provided in Figure 6.

Table 4. Chemical resistance of bared, CMPU, CMPU-1, CMPU-2, CMPU-3, CMPU-4, and CMPU-5.

Sample Code Water HCl NaOH Xylene

Bared F F F F
CMPU B D A A

CMPU-1 B B A A
CMPU-2 C C A A
CMPU-3 B C A A
CMPU-4 B B A A
CMPU-5 B B A A

A = not affected; B = slight loss in gloss; C = change in color and loss in gloss; D = the film partly removed; E = film
completely removed; F = fully damaged.

The results detected that bared and MHAP nanoparticles added PU coating samples
were completely damaged, had film detached from the surface, and showed a loss in
gloss in water and acid media. On the other hand, PUs added with MHAP showed better
resistance against media, with the exception of only a slight loss in gloss. These results
indicated that the presence of MHAP plays a role in increasing the adhesion of metal
surfaces. A minor loss in gloss was noted for all coatings in the alkali medium, while all
prepared coatings showed excellent results against the solvent medium, which may be
attributed to the good interaction between the MHAP and polyurethane matrix. Thus,
all composite coatings with MHAP showed better chemical resistance compared to the
pristine PU.
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4.6. Anticorrosive Performance by Immersion Method

The corrosion resistance of the prepared nanocomposite coatings was examined by
dipping coated and uncoated samples in 3.5% NaCl solution. After the test, analyzed
samples were compared with control samples and captured images are given in Figure 7.
The bared sample fully corroded, as it does not cover the PU coating layer and had direct
contact with the corrosive medium. From the test results, it was revealed that MHAP-based
nanocomposite coatings provide superior corrosion resistance than compared to the bared
and without MHAP coatings. The presence of MHAP nanoparticles in the PU matrix
provides a strong adhesion over the metal surface and acts as a barrier between corrosive
media and metal surface, which caused inhibition in the corrosive process.
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4.7. Anticorrosive Study by Electrochemical Method

Anticorrosive performance was also examined by measuring Tafel plots of uncoated,
coated, and MHAP-added coating samples in 3.5% NaCl solution. The Tafel plots of all
PU samples are shown in Figure 8. The plots were used to estimate corrosion potential
(Ecorr), corrosion current density (Icorr), polarization resistance (Rp), and corrosion rate (CR).
Using the Tafel extrapolation method based on the software Nova 1.8, the values of these
corrosion parameters were calculated and represented in Table 5. In such a curve, higher
Ecorr and lower Icorr values corresponded to the lower corrosion rate and vice versa [6,54].
The MHAP nanoparticles-added coatings showed lower Icorr values and higher Ecorr values
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than blank and pristine (CMPU) coatings. As the percent loading of MHAP in formulations
increased, it decreased the Icorr values of the coatings because of an increase in adherence
of the coatings with the metal surface due to the magnetic property of MHAP particles and
the formation of a protective barrier between corrosive ions and metal substrate.
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Figure 8. Tafel plot of CMPU, CMPU-1, CMPU-2, CMPU-3, CMPU-4, and CMPU-5 coated samples
in aq. 3.5% NaCl medium.

Table 5. Electrochemical corrosion measurement of bare, CMPU, CMPU-1, CMPU-2, CMPU-3,
CMPU-4, and CMPU-5 coated samples.

Sample
Code Ecorr (mV) Icorr

(nA)
Rp

(kΩ)
Corrosion Rate
(CR) (mm/Year)

Inhibition Efficiency
(% IE)

Bare (Uncoated) −656.47 968.44 4.929 0.0442 0.00
CMPU −618.24 528.12 8.994 0.00814 45.47

CMPU-1 −602.31 479.09 8.954 0.00812 50.52
CMPU-2 −544.68 465.71 10.343 0.00709 51.91
CMPU-3 −554.76 372.97 23.280 0.005483 61.48
CMPU-4 −547.84 345.10 16.059 0.00401 64.47
CMPU-5 −535.07 181.35 116.520 0.000582 81.28

Percent IE was determined from the values of corrosion current density of uncoated
and coated samples. In general, the higher the Icorr values, the lower the inhibition efficiency
of the coatings. The graphical presentation of all the coated and uncoated samples is shown
in Figure 9. The corrosion inhibition efficiency of MHAP-added coating samples was far
better than blank and CMPU. Higher efficiency was obtained for the 5% loaded coating due
to the good adhesion of PU formulation to the MS substrate. Additionally, the hydrophobic
nature of the coatings might have helped to enhance anticorrosive behavior by restricting
interaction between coatings and corrosive media.

The corrosion rate versus the type of coatings is graphically represented in Figure 10.
The corrosion rate of all PU-coated samples was better than the uncoated ones. Therefore,
it confirmed that the prepared PU formulations acted as an obstacle for said medium to
interact with the substrate and thus decreased the corrosion rate. From all results, it was
concluded that the developed nano-composite PU coatings provide superior corrosion
inhibition as compared to CMPU due to the presence of MHAP nano-particles in the PU
matrix. MHAP nano-particles act as a barrier to corrosive ions, which cause corrosion
inhibition and result in high Rp values and impedance of nanocomposite coatings, which
increased with an increase in the percent loading of MHAP nanoparticles in coatings.
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4.8. Contact Angle

The contact angle of the coated CMPU and all MHAP-embedded coated samples was
measured to estimate the surface hydrophobicity, and the results are shown in Figure 11.
From the results, it was observed that all nanocomposite-coated MS samples were more
hydrophobic than the pristine-coated sample. The contact angle of all the nanocomposite
coatings was found to be more than 90◦, which was much higher compared to MHAP
coatings (87◦) without nanoparticles. The contact angle of the coating samples increased
with an increase in the amount of MHAP nanoparticles up to 3% and, beyond that, the
declining values of the contact angle were observed. Overall, the results of contact angle
revealed the hydrophobic nature of the prepared nanocomposite PU coatings.

4.9. Thermogravimetric Analysis

The thermograms of all prepared PU films are presented in Figure 12. Thermal analysis
showed three steps of thermal degradation in all PU films. The first step of degradation
started in the range of 212–225 ◦C and ended at 410–419 ◦C with a degradation result of
30–38% weight losses due to the breakdown of urethane groups in PUs. In the second step,
degradation occurred in the range of 416–425 ◦C and ended at 530–539 ◦C with weight
losses of 35–43% due to the degradation of the main backbone chain of PUs. The third step
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of degradation was observed in the range of 534–536 ◦C and completed at 643–677 ◦C with
weight losses of 17–19% as a result of residual degradation. Thus, it can be stated that all
prepared composite coatings resulted in excellent thermal stability than CMPU.
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4.10. Surface Morphology of MHAP Composite Coating

The MHAP nanoparticles and their PU coatings were observed under a scanning elec-
tron microscope, and a few representative images are shown in Figure 13. The morphology
of MHAP nanoparticles revealed irregularly shaped agglomerates with an average size
of 38.64 nm. The particles showed a smooth surface. The CMPU appeared as a smooth
surface as it does not contain MHAP and it was free from phase separation or the presence
of any voids. However, slight agglomerations were seen at larger amounts of nanoparticles,
CMPU-4 and 5 samples, which is common in the dispersion of nanoparticles. The images
of MHAP incorporated coatings were also clear and homogeneous with the absence of
any type of phase separation or cracks over the surface. Therefore, it can be concluded
that MHAP was properly dispersed in the PU formulation and interacted with the matrix.
Furthermore, all coatings were free from the microcracks, voids, and phase separation.
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5. Conclusions

Cardanol was used as a renewable phenol for the preparation of Mannich-type polyol,
which was further utilized in the formulation of PU nanocomposite coatings using a various
percentage of MHAP (1,2,3,4, and 5%). The structural features of the synthesized cardanol
Mannich polyol were confirmed by FT-IR and 1H NMR spectroscopic techniques. MHAP
was synthesized in the laboratory and characterized by FT-IR and SEM analysis. The
developed PU nanocomposite coatings demonstrated good physicochemical properties.
The prepared coatings showed excellent anti-corrosion and chemical resistance tests. The
hydrophobic character of coatings increased up to 3% loading of MHAP; beyond that, it
decreased as measured by the contact angle test. All coatings showed good thermal stability
and smooth surface morphology, as studied by TGA and SEM, respectively. Thus, cardanol
can be used as a good renewable substitute over petroleum materials in the preparation of
polyurethane coatings.
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Abstract
Microneedles are used to deliver drugs topically across the skin and mucous membranes.
Dissolvable microneedles are made using soluble polymers, which disintegrates in the tissue and
release the entire payload instantaneously including the polymer construct. Often, a slow release
of drug into the tissue is desirable to overcome the severity of side effects at the site of
administration as well as systemic adverse effects. In addition, controlled release of active
pharmaceutical ingredient (API) only (not the excipients) is safe and effective particularly when
the drug delivery is intended to sensitive organs like the eye. In this project, the feasibility of
fabricating polymer coated polymeric (PCP) microneedles to achieve a gradual release of only the
active ingredient from the device was investigated. The potential application of such PCP
microneedles in the dermal and intravitreal drug delivery was also explored using animal tissue
models. The PCP microneedles were found to be intact even after prolonged contact with the
release medium. The time at which 50% (T50%) of dextran (10 K) was released in case of
microneedles prepared using 20% of core polymer (PVP-K30) was about 15 min versus less than
5 min in the case of uncoated microneedles. Whereas when the core polymer concentration was
increased to 50%, the T  was increased to 90 min. The rate of release depended on the polymer
molecular weight grade. The rate of drug release was not influenced by the total amount of
concentration of dextran. The PCP microneedles of lidocaine hydrochloride could constantly
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A B S T R A C T

Microneedles are used to deliver drugs topically across the skin and mucous membranes. Dissolvable micro-
needles are made using soluble polymers, which disintegrates in the tissue and release the entire payload
instantaneously including the polymer construct. Often, a slow release of drug into the tissue is desirable to
overcome the severity of side effects at the site of administration as well as systemic adverse effects. In addi-
tion, controlled release of active pharmaceutical ingredient (API) only (not the excipients) is safe and effec-
tive particularly when the drug delivery is intended to sensitive organs like the eye. In this project, the
feasibility of fabricating polymer coated polymeric (PCP) microneedles to achieve a gradual release of only
the active ingredient from the device was investigated. The potential application of such PCP microneedles in
the dermal and intravitreal drug delivery was also explored using animal tissue models. The PCP micronee-
dles were found to be intact even after prolonged contact with the release medium. The time at which 50%
(T50%) of dextran (10 K) was released in case of microneedles prepared using 20% of core polymer (PVP-K30)
was about 15 min versus less than 5 min in the case of uncoated microneedles. Whereas when the core poly-
mer concentration was increased to 50%, the T50% was increased to 90 min. The rate of release depended on
the polymer molecular weight grade. The rate of drug release was not influenced by the total amount of con-
centration of dextran. The PCP microneedles of lidocaine hydrochloride could constantly release the drug for
up to 9 h in the skin tissue. Likewise, the PCP microneedles infused voriconazole, intravitreally for 6 h.

© 2022 American Pharmacists Association. Published by Elsevier Inc. All rights reserved.
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Introduction

Microneedles are intended for delivery of drugs and macromo-
lecules by the way of mechanically perturbing the biological bar-
rier.1 Microneedles have been explored as a mode of drug delivery
into skin, mucous membranes, and ophthalmic tissues.2-4 Micro-
needles are fabricated broadly in two major types, solid micronee-
dles and hollow microneedles.3 Another broad classification is

dissolving and non-dissolving type microneedles.4,5 Non-dissolving
microneedles are generally fabricated using metals. Often metallic
microneedles are used to pretreat the skin for drug delivery using
conventional topical dosage forms (may be called as poke-and-
patch or poke-and-apply approach). Metallic microneedles are also
used to deliver therapeutic agents that are coated on the surface of
microneedles into the tissue.6 Upon insertion into the tissue, the
therapeutic agent detaches and disperses in the extracellular fluid.7

Dissolving or soluble microneedles are constructed of materials
that can dissolve instantaneously in the tissue fluid within a few
seconds to minutes to release all the active. The microneedles are
also prepared with biodegradable polymers for controlled release
of drugs, which can control the release for several hours to days
by slow erosion or biodegradation.8,9 The objective of the present
project was to explore the feasibility of coating the dissolvable
polymeric microneedles with a suitable polymer to retard the drug
release rather than instantaneously release the entire polymer con-
struct at once into the tissue. Slower release could have several

Abbreviations: API, Active Pharmaceutical Ingredient; PCP, Polymer Coated Poly-
meric; PDMS, Poly Dimethyl Siloxane; PBS, Phosphate Buffer Saline; SEM, Scanning
Electron Microscope; LOQ, Limit of Quantification; TEWL, Transepidermal Water Loss;
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High Performance Liquid Chromatography; MIC, Minimum Inhibitory Concentration;
MN, Microneedle; IVRT, Invitro Release Test; IOP, Intraocular Pressure.
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potential benefits such as mitigating the drug induced tissue irrita-
tion, better regional therapeutic activity and maintenance of effec-
tive levels over relatively longer duration.10 The polymer coated
polymeric (PCP) microneedles developed in this project is a first of
its kind approach of accomplishing a slow infusion of drug into the
tissue without letting the polymer contents dissipate into the tis-
sue. The manuscript presents different drug delivery applications
of PCP microneedles. The PCP microneedles were characterized for
morphometrics, mechanical strength and their potential application
in drug delivery across the skin and into the vitreous humor was
also explored.

Materials & Methods

Materials

Fluorescein isothiocyanate (FITC)-Dextran (10 kDa) FITC- Albumin
(66 kDa) and cellulose acetate were purchased from Sigma Aldrich,
St. Louis, USA. Polyvinyl Pyrrolidone (PVP K30) was kindly gifted by
BASF, New York, USA. Nile Red and Voriconazole was purchased from
TCI Chemicals, Portland, USA. Toluene and Ethyl cellulose were pur-
chased from Aqualon, Wilmington, USA. Ethyl acetate, acetone and
isopropyl alcohol were purchased from Fisher Scientific, Waltham,
USA. Lidocaine hydrochloride was purchased from yarrow pharma,
Mumbai, India. The freshly excused pig ear skin and the eyes were
obtained from the local abattoir in cold ice.

Experimental Methods

Preparation of Core Polymeric Microneedles
FITC-dextran and FITC-albumin loaded polymeric microneedles

were prepared using Poly Dimethyl Siloxane (PDMS) template. The sili-
cone mold consisted of an array of conical shaped 6 £ 6 array with a
depth of 500 mm and a base of 250 mm. The casting solution was pre-
pared by dissolving 20% w/v PVP K30 in deionized water with a final
concentration of 10 mg/ml of FITC-dextran or FITC-albumin. Precisely
0.4 mL of casting solution was placed into the silicone molds following
which the molds were subjected to centrifugation at 4000 rpm for
10 min. After this, the needles were partially dried at ambient temper-
ature. 0.3 mL of the PVP K30 solution devoid of the active was placed
into the molds to form a backing platform and entire set up was placed

in a desiccator at 28 °C for 9 h for drying. The formulated microneedle
arrays were stored in a desiccator until further use.

Coating of Microneedles
The core polymeric microneedles were coated by dip-and-

spin technique. Ethyl cellulose solution (1−4% w/v) was pre-
pared in toluene and coated on microneedles prepared using
20% w/v of PVP K30. The microneedle array was attached to the
paddle shaft with the help of an adhesive tape and dipped into
the coating liquid and rotated for 2 min at 25 rpm. For micro-
scopic experiments, some coating formulations were prepared
using nile red (0.001%) and curcumin (0.01%). The PCP micronee-
dle arrays were stored in a desiccator until further use. The
entire process of fabrication of core microneedle array and PCP
microneedles is shown in Fig. 1.

Formulation Variables
To investigate the feasibility of modulating the release of the

active from the PCP microneedles, several variabilities in the for-
mulation were explored. Generally, it is known that the perme-
ability of the polymeric coating depends on the molecular weight
of the polymer.11-13 Therefore, ethyl cellulose of different viscos-
ity grades (N7, N10 and N14) was used in the coating solution at
the same 4% w/w concentration. The other variabilities explored
were molecular weight of the core polymer, PVP (K30 and K90 at
20% w/v in casting solution) and concentration of the polymer in
the casting solution used to prepare the core polymer PVP K-30
(20% and 50% w/w).

Permeation Studies Across Polymeric Films
The permeability of drug across 4% w/v ethyl cellulose

(used to coat the microneedles) film was studied using Franz
diffusion cells. The receiver chamber was filled with 5 ml
Phosphate Buffered Saline (PBS) pH 7.4 at 32°C. The films of
different thickness were prepared by solution casting in a flat
bottom glass plate by casting different volumes of the polymer
solution. The dried film was mounted in between the donor
and receptor chambers. Donor cell was filled with FITC -dex-
tran (1% w/v) in 20% PVPK30 solution. The receiver chamber
was filled with PBS buffer. In another set of diffusion cells,
the FITC-dextran was replaced with FITC-albumin. The receiver

Figure 1. The Dip and spin process involved in fabrication and coating of PCP microneedles. The coating was uniform on the mcroneedles (MN) as well as on the dorsal and later
slides of the array as shown in the final polymer coated microneedle array (PCPMN). The coating solution was incorporated with nile read for microscopic studies.
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fluid was withdrawn at different intervals and analyzed by flo-
rescence spectrometry.

Characterization of PCP Microneedles

Microscopy
The morphological characterization of PCP microneedles was

performed using scanning electron and bright field microscopy.

Scanning Electron Microscopy (SEM)

Briefly, the microneedle sample was mounted to the aluminum
stub using carbon tapes over the circular metallic sample holder. The
sample was then coated with platinum under vacuum using a Desk
V HP Sputter Coater (Denton Vacuum Moorestown, NJ, USA) and
observed using a scanning electron microscope (Model JSM-7200F.,
JEOL Ltd., USA Inc.,) for studying the morphology and topography of
the microneedles9,14,15

Bright Field Microscopy

The morphology of the PCP microneedles was determined using
Olympus microscope (Model − BX53F). Microneedle array was
mounted onto the glass slide using a double-sided adhesive tape and
focused under 4X magnification. Images of un-coated microneedles,
and PCP microneedles were captured. The PCP microneedles after
performing IVRT were captured under bright field using a high-reso-
lution digital camera connected to microscope.

Mechanical Strength

A texture analyzer was used to determine the mechanical
strength of the microneedles. An array of PCP microneedle was
placed on the flat stainless baseplate of the texture analyzer probe. In
this setup needles pointed downwards, facing the base plate. The
probe was set to move at a speed of 0.1 mm/sec until it touches the
solid stainless block and then exerts a pre-determined force over the
microneedles for 30 s. Upon application of force for 30 s, the probe
was set to move back to its initial position at a higher speed of 1 mm/

sec. The heights of the PCP microneedles were measured before and
after the experiment. Displacement in the height of microneedles
was calculated and the percentage decline in the height of PCP micro-
needles vs the applied force (N) was calculated to determine the
mechanical strength.9, 16

In vitro Release Studies

In-vitro release study of the PCP microneedles was performed
using a custom-made setup presented in Fig. 2. The PCP micronee-
dle array (single array) was mounted on an adjustable string so
that only the needles are dipped into the buffer (PBS 7.4) but not
the backing platform. The volume of the dissolution compartment
was 20 ml. 5 ml of the buffer was placed in the beaker as receiver
medium. The buffer was stirred at a low speed of 100 rpm and the
temperature was maintained at 32§1C. Samples (200mL) was col-
lected at different time intervals. Equal amount of buffer was
replaced after each sampling. One single array was used for each
trial. Each array had a loading of 0.55% and 0.83% respectively at 1
and 2% FITC-dextran. The solubility of FITC dextran in PBS is
>25 mg/ml, hence good for sink condition. The samples were
filtered and analyzed by fluorescence spectrophotometry
(excitation at 490 nm and emission at 520 nm)17,18

Analysis of Drugs

The voriconazole and lidocaine hydrochloride were analyzed
using Waters HPLC system (Water 600 Controller, USA) equipped
with a 600-pump unit, a 717 plus auto sampler and 2487 dual absor-
bance UV detector. Peak area integration was performed using Breeze
software. The chromatographic separation was done using the
reversed-phase C18 column (25 cm £ 4.6 mm i.e., particle size 5 mm).
The mobile phase for voriconazole was acetonitrile and water (50:50,
v/v) and the flow rate 1.0 mL min�1. The detection wavelength was
260 nm.19 . Lidocaine HCl detection was achieved on a reversed-
phase Phenomenex C18 column (250 mm x 4.6 mm i.e., particle size
5 mm) with mobile phase Methanol and Water (50:50, v/v). The flow
rate was 0.5 ml/min and the active was detected at a wavelength of
240 nm.20

Figure 2. The custom setup used to study the in vitro release of model active constitutents from Microneedles. The PCP microneedles were suspended using a adjustable knob so
that only the microneedles dip into the release medium.
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The HPLC was partially validated. The LOQ was 10 ng/ml for both
lidocaine and voriconazole. The linearity was checked between the
concentration 10ng-1 ug/ml in both the cases (R2 = 0.99)

Exploring Potential Applications

PCP Microneedles with Lidocaine for Dermal Drug Delivery
Microneedle array was prepared by loading 1% w/v Lidocaine

hydrochloride in microneedles prepared with 20% w/v PVP K30
instead of FITC dextran and were coated as discussed in section 2.1.2
using 4% w/v of ethyl cellulose (N7) in toluene.

PCP Microneedles for Intravitreal Delivery of Voriconazole
Voriconazole loaded polymeric microneedles were prepared using

PDMS template. The casting solution was prepared by dissolving 20%
w/v PVP K-30 in deionized water with a final concentration of 1 mg/
ml of Voriconazole. Rest of the procedure was similar to that men-
tioned in the section 2.1.1 and 2.1.2. The formulated microneedles
were coated with 4% w/v ethyl cellulose (N7) in toluene and stored in
the desiccator until further studies.

Ex vivo Drug Permeation Studies

Dermal Drug Delivery
The drug delivery from PCP microneedles was evaluated using

Franz diffusion cell across porcine tissues. To investigate the dermal
drug delivery in vitro, permeation study was performed across por-
cine skin. The porcine skin was mounted between the donor and
receptor chambers of the Franz diffusion cell, 5 ml of PBS buffer (pH
7.4) was filled in the receiver chamber and temperature was allowed
to equilibrate so that the skin temperature is 32§1C, Trans epidermal
water evaporation rate (TEWL) was checked using Vapometer� (Del-
fin technologies, Denmark) Any skin with more than 10 g/m2/h of
TEWL values were rejected and replaced with the piece of skin that
qualified the TEWL test. An array of PCP microneedle was applied on
the skin. The temperature was maintained at 32§0.5 °C using a con-
tinuously circulating water bath. The receiver samples were with-
drawn at regular time intervals and analyzed using HPLC/UV for the
amount of lidocaine hydrochloride.20

Microporation using PCP Microneedles
The ability of PCP microneedle array to form micropores in the

skin was evaluated using porcine skin. The TEWL of the skin were
determined before and after the treatment with microneedles.
The porcine skin was sandwiched between the donor and recep-
tor membrane. PBS of pH 7.4 was placed in the receptor compart-
ment and the Vapometer (Delfin technologies INC., Stamford,
Connecticut) was placed in the donor membrane for reading the
TEWL. A microneedle array was applied on the skin prior to
mounting on the diffusion cell. PCP microneedle array prepared
with 20% w/v PVP K30 and coated with 4% w/v ethyl cellulose
was used to test the microporation ability.

Intravitreal Delivery of Voriconazole
Voriconazole microneedle was inserted into the porcine eyeballs

on the scleral region. After predetermined time interval, the eye was
dissected to separate the vitreous humor. The vitreous humor was
centrifuged at 15,000 rpm for 15 mins, 100 ml of supernatant was
diluted with 900 ml of acetonitrile was added and centrifuged again
at 15,000 rpm for 10mins. Drug content in the supernatant was mea-
sured using HPLC-UV.

Statistical Analysis
The general statistical tests were performed in Microsoft excel.

The significant difference between the groups was determined by

performing student t-test (unpaired) at 95% level of significance. The
data points are an average of multiple trials, and the error represents
the standard deviation.

Results and Discussion

Preparation of Core Microneedles

The process of preparing PVP microneedle arrays has been
reported earlier.21 The polymeric core microneedles were prepared
using PVP K30 20% w/v for most of the studies. Core microneedles
were also prepared using 50% w/v PVP K30 to investigate the effect of
polymer concentration in the core microneedle on the drug release
profile. Likewise, the polymeric microneedles were prepared using
20% PVP K90 to investigate the effect of molecular weight of the poly-
mer used to prepare the core microneedle arrays.

Coating of Microneedles

Ethyl cellulose was used for coating microneedles as it is water
insoluble, hydrophilic and semipermeable in nature.22 Ethyl cellulose is
hydrophilic enough to hydrate and render itself permeable to smaller
molecules.23 It is compatible with PVP core microneedles.24 Dip-and-
spin coating technique was followed for coating the PVP microneedles.
Alcohol has been the most preferred solvent system to dissolve ethyl
cellulose.25 However, as PVP is soluble in alcohol, to prevent the disin-
tegration of the core microneedles during the preparation, toluene was
chosen as the solvent for preparation of ethyl cellulose coating solution.
One should ensure that the residual solvent concentration is within the
acceptability criteria as per the Q3C (R8) impurities guidance. However,
as the objective here was to test the feasibility and generate the proof-
of-concept data, it was thought to go ahead with toluene as it satisfied
the solvent criteria to prepare coating solution in this project. Several
processing variables associated with the formulation and process were
found to be important in achieving uniform coating such as concentra-
tion of the coating polymer and the spinning process.

Preparation of PCP Microneedles

Concentration of the Coating Polymer
The polymer concentration was one of the critical factors to be con-

sidered for coating the microneedles uniformly. The polymer concentra-
tion to be chosen also depends on the surface area, the contours of the
surface material and texture of the material to be coated as well.26,27

The polymer should form an intact film without any micropores or
cracks. Approaches such as dipping microneedles in the coating solution
longer than 2 s or multiple times with significant time interval between
each episode of coating did not improve the coating uniformity. There-
fore, the microneedle array was secured on a paddle stirrer and rotated
at different speeds with an objective to uniformly distribute the coating
solution. The rotation speed was optimized just adequate to overcome
the gravitational pull and not too high to keep it from aerosolizing away
into the atmosphere. At 1% w/v and 2% w/v concentration, the coating
was not uniform, and the core microneedles dissipated quickly in the
release medium. At 3% w/v the polymer concentration was not found to
be adequate to form a uniform film (uneven distribution) over the nee-
dles either. Only when the polymer concentration was increased to 4%
w/v the coating was complete and uniform. 4% w/v was found to be the
most suitable in terms of consistency and reproducibility of coating by
spinning technique. The entire process of coating of microneedle is illus-
trated in the flowchart (Fig. 1). Fig. 3a-d shows the core microneedles
coated with coating solutions of different concentration polymer solu-
tions. The coating solution was incorporated with nile red for micro-
scopic visibility. Concentrations more than 4% w/v of ethyl cellulose in
the coating solution was not appropriate as there was blunting of
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microneedle tip observed, which could potentially affect the penetrabil-
ity of the microneedles into the tissue. Use of plasticizers was found to
soften the tip and lead to tailing of polymer coating at the tip.

Coating intactness Test
a. Pre-formulation permeation study across ethyl cellulose

films
Two different fluorescent probe molecules were used to

evaluate the EC films: FITC-albumin and FITC-dextran. The FITC-
albumin has a much higher molecular weight and, hence, would
be less likely to be able to diffuse through the EC film than the
FITC-dextran. Ethyl cellulose films of different thickness were
formulated by solution casting technique28-30 . The uniformity of
films was confirmed by measuring the thickness of the film at
four different spots across a circular disk of 1 sq.cm area. The
films were dipped in PBS buffer pH 7.4 for 6 h and the thickness
of the film was noted. The increase in thickness was negligible
and was less than 1% even after 6 h of exposure to buffer
medium. The permeation of FITC-dextran 10 kDa across different
thickness membranes and FITC-albumin across the membrane of

thickness 0.63, 0.086 and 0.116 mm are shown in the Fig. 4. The
increase in thickness lead to decreased permeation of the active.
However, increasing the thickness by about two-fold also, lead to
marginal modulation of drug release rate as evident from the
slopes of the linear graphs in the Fig. 4. When the permeation
studies were performed by placing, FITC-albumin solution in the
donor compartment across the polymeric films, there was
absolutely no fluorescence detected in the receiver medium even
after 6 h. The polymeric membrane is permeable to linear sub-
strates like dextran and not permeable to globular large proteins
like FITC-albumin (45 kDa). Therefore, it was decided to use
FITC-albumin as a marker to test the intactness of the coating in
PCP microneedles.

b. Test for detecting the defects in the coating
To assess coating of PCP microneedles, a challenge test was per-

formed by incorporating FITC-albumin in the microneedles. The
coated microneedles were dipped into the PBS buffer medium for
6 h. Presence of any fluorescence in the receiver compartment fluid
following exposure of the PCP microneedles (incorporated with FITC-
albumin in the core) to the PBS buffer, indicated a defective film coat.

Figure 3. Bright field microscopic images of PCP microneedles, coatings with different concentrations of polymer. a) 1% w/v of EC, b) 2% w/v EC, c) 3% w/v EC and d) 4% w/v EC.
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The release studies in PBS buffer for 6 h revealed that there was
absolutely no leaching of fluorescein albumin in the receiver.

Scanning Electron Microscopy
The uncoated PVP microneedles that served as core and the PCP

microneedles were characterized by SEM and optical microscopy.
The core microneedles were of 266§2.82 mm at the base and 27§
3.69 mm at the tip (Fig. 5a). The array had 36 microneedles with a
pitch of 1500 mm. Morphometrics of the PCP microneedles showed
that the coating increased the dimensions of the core microneedles
(Fig. 5b). Coated microneedle thickness was found to be 100 mm
thicker than the uncoated microneedle. The PCP microneedles had a
smooth surface than the uncoated microneedles. Fig. 5c shows a sin-
gle microneedle distinguishing the polymer coating form the core
microneedle.

Bright Field Microscopy
The bright field microscopic images of uncoated core polymeric

microneedles are shown in Fig. 6a, and the PCP microneedles are
shown in Fig. 6b. Curcumin was added to the coating solution to
study the uniformity in the coating and to differentiate between the
coated and un-coated microneedles (Fig. 6c). The core microneedles
had uniform length and dimensional area of 566.14§3.53 mm,
77.53§2.34mm2 respectively indicating an excellent uniformity. Like-
wise, the PCP microneedles had a uniform length of 600§1.82 mm
and an area of 86.56§1.27mm2

Test to Detect Defects in the Coating after Exposure to Release Medium
The PCP microneedles were observed under the microscope

after exposure to the release medium for 6 h. One side of the
coat was scraped off with a sharp blade for differentiation of
coating and the core microneedles in Fig. 6d. The coat and the
core microneedles were found intact with a uniform contact at
the interphase. This study showed that the release profile repre-
sented in the future studies of this project are only due to the

diffusion of active across the coat and not due to the disintegra-
tion the polymer components.

Mechanical Strength
Microneedles should have adequate mechanical strength to avoid

breaking during handling as well as to be able to penetrate the tissue.
The break strength was evaluated for both uncoated core and PCP
microneedles using texture analyzer. A force of 0.221§0.027 N/mm
was required to break the PCP microneedle whereas uncoated
polymeric microneedles require 0.211§0.017 N/mm force to break
(n = 4§sd). There was no significant difference in the mechanical
strength of PCP microneedles compared to the un-coated polymeric
microneedle.31-34

In vitro Release Studies

Effect of Molecular Weight of the Polymer of the Core Microneedles
The total amount of FITC-dextran 10 K Da present in the core

microneedles was 440§2 ug (in 36 microneedles). The release of
FITC-dextran from the uncoated microneedles was found to be
complete within 5−10 mins (Fig. 7a). The molecular weight of
PVP did not delay the release of FITC-dextran from the uncoated
microneedles. Coating of microneedles significantly decreased the
release rate up to 60−120 min. More than 90% of FITC-dextran
loaded in the needles was found to be released even in PCP
microneedles (Fig. 7a). The higher molecular weight PVP did lead
to relatively slower release compared to PVP K30. The T50% (dura-
tion required for 50% of the drug to release) in case of PCP micro-
needles prepared using PVP K30 was about 15 min whereas in
case of PVP K90 was about 78 min.

Effect of Concentration of the Active Constituent on the Release
The amount of FITC-dextran in the microneedles prepared with

1% and 2% w/v dextran was 440§2 and 670§4 (in 36 microneedles)
respectively. The drug release rate was not significantly different
(Fig. 7b). Apparently, the membrane permeability is the predominant
factor determining the release rate.

Effect of Concentration of the Polymeric Solution used to Prepare Core
Polymer

The polymer concentration in the core microneedle was found
to have a significant influence on the release of the active.
Increase of the polymer concentration in the casting solution
used to prepare the core microneedles from 20 to 50% w/v
retarded the release rate significantly and extended the release of
contents by 2 folds (Fig. 8a). The T50% for PCP microneedle pre-
pared using 20% PVP was about 15 min whereas in case of the
microneedles prepared using 50% w/v PVP K30 was found to be
about 90 min.

Viscosity Grade of the Coating Polymer
The viscosity grade of the polymer represents the polymer network

density. The polymer of higher viscosity generally has a higher poly-
mer density which means it is relatively less permeable compared to
polymers of lower molecular weight. The results shown in Fig. 8b is
concurrent with this basic theory as the higher viscosity grade polymer
led to slower release rate compared to the lower viscosity grade.

Dermal Drug Delivery using PCP microneedles

Microporation Ability of PCP Microneedles
Transepidermal water loss is an excellent tool to determine the

skin integrity. Increase in TEWL following microporation of skin has
been reported by several groups.15,35,36 In this study, the intact skin
had a TEWL value of 7.2 § 1.7 g/m2.h. Following microporation with

Figure 4. FITC dextran permeation through the different thicknesses of the ethyl
cellulose films.
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Figure 5. SEM images of a) Uncoated or core polymeric microneedle prepared using 20% PVP K30 casting solution,b) PCP microneedles coated with 4% w/v ethylcellulose solutionc)
Inner core of the PCP microneedle and the out coating to demonstrate the texture and uniformity of coating, the microneedles were intentionally unplugged from the base.

Figure 6. a. Bright field microscopic images of a) Uncoated polymeric microneedles, b) PCP microneedles. (Uniform distribution of the curcumin shows the intactness of uniform
distribution of polymer coating coated using the optimized procedure). Fig. 6c: Bright field microscopic image showing the area of PCP Microneedles. The area of the microneedles
was consistent across all the needles in the array. Fig. 6d: Brightfield microscopic image showing a single microneedle after exposure to the release medium (PBS) for 6 h. One side
of the microneedle was chopped using a fine blade to be able to get the distinction between the core and the coat.
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uncoated and coated microneedles, the TEWL increased to 14.98§2.18
and 15.23§1.55 g/m2.h respectively indicating complete rupture of
stratum corneum barrier.

Delivery of Lidocaine Hydrochloride
Lidocaine hydrochloride was used as a model molecule to explore

the feasibility of using PCP microneedles for dermal delivery of drugs.
Porcine skin was used to investigate the permeation of drug.
Lidocaine hydrochloride is a local anesthetic and a pain modulator.
Prolonged delivery of drug could lead to longer sustained pain

modulation effect in case of management of chronic pain associated
with neurological disorders and injuries. The release from uncoated
microneedles was almost instantaneous. On the other hand, the PCP
microneedle (core MN was casted by using PVP K 30) led to a slow
and controlled release and permeation of drug up to 8 h (Fig. 9).
Similarly, the PCP microneedles could be used in prolonged delivery
of drugs used in pain modulation or other dermal and neurological
disorders. The other potential applications could be delivery of drugs
that are amenable to enzymatic degradation in the skin, the drugs
whose target site of action is skin, delivery of smaller peptide

Figure 6. Continued.

Figure 7. a. Release study of different grade (PVP K-30 and PVP K-90) of PVP microneedles with and without coating. Coating material- Ethyl cellulose (grade-N7) and percentage
coating material- 4% w/v. (n = 3§SD). The PCPMN-PVP K30 represents PCP microneedles prepared using PVP K30 in the core and PCPMN-K90 represents PCP microneedles fabri-
cated using PVPK90 in (n = 3§sd). Fig. 7b. Release pattern from Uncoated and PCP microneedle loaded with different percentages of FITC-Dextran. ((n = 3§sd).
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Figure 7. Continued.

Figure 8. a. Release study of PCP microneedle (PVP K-30 50% & 20%) coated with 4% ethyl cellulose (N7 Grade). (n = 3§sd) Lake Hopatcong NJ. Fig. 8b. Release study of FITC-dextran
from 20%PVP (K-30) coated with different grades of ethyl cellulose (N14, N10, and N7) (n = 3§sd).
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Figure 8. Continued.

Figure 9. Permeation of lidocaine hydrochloride across porcine skin from uncoated microneedles prepared with PVP-k30 (20% w/v casting solution) and PCP microneedles coated
with ethyl cellulose N7 (4% w/v coating solution) (n = 6§sd).
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antigens and for the delivery of immune suppressants for the treat-
ment of cutaneous disorders.

Intravitreal Delivery using PCP Microneedles
Passive delivery to the intravitreal compartment is challenging

due to anatomical structure, physiological barriers and unfavorable
physicochemical characteristics of the APIs.37-39

Direct intravitreal administration of drugs is known to cause sig-
nificant increase in the intraocular pressure (IOP) and other side
effects. There is an urgent need to deliver antifungal and anti-inflam-
matory drugs intravitreally to treat several ophthalmic disorders

pertaining to the posterior segment. Voriconazole is reported to treat
fungal infections of the eye, commonly caused by candida species.40-42

Voriconazole exhibits broad spectrum activity besides having a low
Minimum Inhibitory Concentrations (MIC),43 which made voricona-
zole the perfect drug of choice for elucidating one of the applications
of PCP microneedles.

The amount of drug in the microneedles (6 £ 6 array of needles)
was 218.35§59.45 mg. When delivered using PCP microneedles, there
was absolutely no polymer disintegration in the vitreous humor and
the PCP microneedles were recovered intact after 6 h. (Fig. 10 and 11).
The total amount of drug found in the vitreous humor, one hour after

Figure 10. Voriconazole loaded PCP microneedle administered to the posterior segment of the eye.

Figure 11. Amount of voriconazole in the porcine vitreous humor at different points of time after application of microneedle array (n = 6§sd) from uncoated microneedles prepared
with PVP-k30 (20% w/v casting solution) and PCP microneedles coated with ethyl cellulose N7 (4% w/v coating solution).
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application of uncoated microneedles was about 65.58 § 11.25 mg
which did not increase with time. Whereas in case of PCP microneedles
the cumulative amount of drug in the vitreous humor increased
incrementally up to 6 h demonstrating the feasibility of infusing the
drug in a control manner into the vitreous humor

Conclusion

The soluble microneedles is effective in immediate release of
active constituents into the tissue. Coating microneedles offer several
advantages over soluble microneedles in terms of not letting the
polymer and other components used to manufacture the micronee-
dles deposit in the tissue. The PCP microneedles were successfully
developed, characterized, and evaluated. The PCP microneedles could
retard the release of the actives significantly compared to soluble
microneedles (termed as core microneedles or uncoated micronee-
dles in this manuscript. The formulation variables such as concentra-
tion and molecular weight of the polymer used to fabricate the core
microneedles and the composition of the coating solution could be
optimized to achieve the desired release rate. The potential applica-
tion of PCP microneedles in dermal and intravitreal delivery has been
demonstrated in this project.
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Bellaiah et al.: Etravirine Solid Lipid Nanoparticles for Oral Administration
Etravirine is an antiviral belonging to biopharmaceutics classification system class IV due to low aqueous 
solubility and poor permeability. In this study, to augment the dissolution profile of etravirine, solid lipid 
nanoparticles have been formulated by utilizing lipid mixture of Compritol® 888 ATO and Gelucire® 
50/13 as lipids and poloxamer 188 as surfactant by hot homogenization technique. Effect of variables, 
ratio of lipids, the concentration of surfactant and sonication time on responses like: Percentage yield, 
percentage encapsulation efficiency and percentage drug release were studied at 2 different levels and were 
statistically analyzed using 23 full factorial statistical design. The effect of factors on responses was well 
explained by a significant linear model. The optimized solid lipid nanoparticles preparation was evaluated 
for zeta potential, size of the particle and polydispersity index. The solid lipid nanoparticles displayed a 
zeta potential of 36.2 mV, the particle size of 178 nm and polydispersity index value of 0.075 indicating 
the solid lipid nanoparticles were nano sized and monodispersed. The absence of interaction of drug with 
excipients was confirmed with differential scanning calorimetry and X-ray powder diffractometer. In vitro 
drug profile of optimized solid lipid nanoparticles formulation was found to be 43.68 % in comparison 
with pure drug (19.99 %) and the release kinetics for optimum preparation was explained by first-order 
kinetics. Based on promising in vitro results it can be concluded that solid lipid nanoparticles of etravirine 
can be formulated based on validated factorial design, which may be a potential drug delivery system in 
the management of human immunodeficiency virus infection.

Key words: Etravirine, solid lipid nanoparticles, 23 full factorial design, biopharmaceutics classification 
system class IV, antiretroviral drugs

Nanotechnology offers many advantages like 
targeted drug delivery and controlled/programmed 
release of therapeutic compounds for improved 
drug pharmacokinetics, biodistribution and 
pharmacodynamics activity. In addition, the 
strategy can be implemented to drugs belonging to 
Biopharmaceutics Classification System (BCS) class 
II and IV to increase their solubility and permeation 
through Gastrointestinal (GI) barrier. It can be 
used to solve the problems associated with poorly 
soluble drugs, thereby increasing the solubility 
and bioavailability[1,2]. In recent years lipid-based 
nanoparticles for drug delivery have gained attention 
due to their physiochemical diversity, biocompatibility 
and ability to enhance oral bioavailability of poorly 
water-soluble drugs[3,4]. Matrix type lipid-based Solid 
Lipid Nanoparticles (SLN) represent an alternative 
carrier system to conventional colloidal systems such 
as emulsions, liposomes and polymeric micro and 

nanoparticles. SLN are sub-micron colloidal carriers 
with particle size ranging from 50-1000 nm. SLN is 
biocompatible and biodegradable and has been used for 
controlled drug delivery and specific targeting. It also 
offers a greater surface area, prolonged drug release 
and instant uptake by the cells. It has the potential to 
overcome the solubility and bioavailability problem of 
poorly soluble drugs and enhances the bioavailability 
of entrapped drugs by enhancing the rate of dissolution 
and tissue distribution[5,6]. It can be administered 
by various routes and can incorporate hydrophilic/
hydrophobic drugs with different physicochemical and 
pharmacological properties[7,8].
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Antiretroviral (ARV) drugs are clinically accepted 
for effective management of Acquired Immune 
Deficiency Syndrome (AIDS) by controlling of Human 
Immunodeficiency Virus (HIV). Etravirine (ETR) is 
a Non-Nucleoside Reverse Transcriptase Inhibitor 
(NNRTI) developed for the treatment of HIV-1 
infection. It belongs to BCS class IV compound with 
low solubility and low permeability. With LogP>5, it is 
practically insoluble over a wide range of physiological 
pH and metabolized by cytochrome P450[9,10].

Novel drug delivery system has taken a new direction 
to reach the goals of ARV therapy in the management 
of HIV/AIDS[11]. SLN has been explored for antiviral 
drugs for targeting the lymphatic system[12-14] to enhance 
oral bioavailability by resolving solubility issues and 
to minimize drug toxicity and extensive first-pass 
metabolism. Therefore, these SLN holds great promise 
for reaching the goal of controlled and site-specific 
drug delivery.

Lipids in SLN preparation should be biocompatible and 
remain solid at body temperature. Compritol® 888 ATO 
(COM) has gained attention in the preparation of SLN 
for its ability to solubilize and entrap lipophilic drug 
due to its complex structure which gives more space 
for drug loading[15]. Gelucire® 50/13 (GEL) chemically 
named as stearoyl polyoxyl-32 glycerides, is a lipid that 
can enhance drug solubility and bioavailability due to 
its unique composition. It is blended with other lipids 
in SLN drug delivery system, for stabilizing lipid nano 
system and to increase drug loading[16-18].

Since not much work is reported on ETR-SLN 
preparation, in this work ETR-SLN was prepared using 
lipids COM and GEL, based on 23 factorial design and 
to evaluate the effect of variables on in vitro responses.

MATERIALS AND METHODS

ETR was obtained as a generous gift sample from Apotex 
Research Private Limited (Bengaluru, India). GEL and 
COM are gift samples obtained from Gattefosse India 
Private Limited (Mumbai, India), poloxamer 188 from 
Sigma Aldrich, and the rest of the analytical grade 
chemicals and reagents were procured from Merck 
(Mumbai, India) and SD Fine Chem Limited (Mumbai, 
India).

Solubility study of ETR in lipids:

The specific amount of lipid was taken in a vial and 
melted at a temperature greater than its melting point 
on a hot plate. ETR was added in increments of 10 mg 
to the melted lipid and vortexed until the complete ETR 

was solubilized in the molten lipid. This is continued till 
the saturation level. The amount of drug solubilized in 
the lipid was determined analytically. Solid lipids such 
as COM, GEL, stearic acid and glyceryl monostearate 
were screened to determine the saturation solubility of 
ETR[13-16].

Formulation of SLN:

Hot homogenization technique was followed for 
preparation of SLN followed by probe ultra-sonication. 
The SLN formulation was prepared using GEL and COM 
as lipids and poloxamer 188 as surfactant. A weighed 
amount of solid lipids were taken and melted at 70° on 
a hot plate and ETR was dissolved in a molten lipid 
mixture. An aqueous phase was prepared separately in 
a beaker by dissolving poloxamer 188 in distilled water 
and heated up to 70°. Once the lipid mixture melts the hot 
surfactant aqueous solution was added to the molten 
lipid, it is homogenized at 15 000 rpm for 10 min in IKA 
T18 digital Ultra-Turrax. During this homogenization 
process, the temperature was maintained constant at 
70°. The resultant oil/water (o/w) emulsion was ultra-
sonicated by probe sonicator-PUS-250 at 100 W for 5 
and 10 min[12,19,20]. The obtained milky nano emulsion 
was cooled down to room temperature to form SLN 
suspension. The SLN suspension was centrifuged at 14 
000 rpm and the supernatant solution was separated. 
After centrifugation, the dispersion of SLN is stored in 
an airtight container and dried in a vacuum desiccator.

ETR-SLN formulations by 23 full factorial 
design:

ETR-SLN formulations were prepared as per 23 factorial 
design. The independent variables selected were lipid 
ratio (A), surfactant concentration (B) and sonication 
time (C). Percentage (%) yield (Y1), % Entrapment 
Efficiency (% EE) (Y2), and % Drug Release (% 
DR) (Y3) were taken as the response parameters 
and are considered as dependent variables. Levels of 
independent variables are shown in Table 1 and the 
codes +1 and -1 indicates the high and low values of 
the independent variables. A total of eight formulations 
ET1 to ET8 with two levels of each factor were prepared 
according to a 23 full factorial experimental as shown in 
Table 2.

Factor Coded value
-1 +1

Lipid ratio (g) 1:1 1:2
Surfactant 
concentration 1 % 2 %

Sonication time 5 min 10 min

TABLE 1: INDEPENDENT VARIABLES AND LEVELS



www.ijpsonline.com

Indian Journal of Pharmaceutical SciencesMay-June 2022 714

Physicochemical characterization of SLN:

Percentage yield and % EE of ETR-SLN: The % 
yield (% Y) of the dried ETR-SLN was calculated by 
determining actual yield and theoretical yield[21]. Where 
actual yield is the amount recovered after preparation 
and theoretical yield is the yield calculated based on 
ingredients added in preparation. The % EE of ETR-
SLN was determined by the centrifugation method[13]. 
A fixed quantity of SLN dispersion was centrifuged at 
20 000 rpm (Refrigerated micro centrifuge ELTEK RC 
4815 F) for 25 min and the sample from supernatant 
solution was diluted using Dimethyl Sulfoxide (DMSO) 
and further quantified for free ETR using Ultraviolet-
Visible (UV-VIS) spectrophotometer (Shimadzu UV-
VIS 1800 spectrophotometer) at 315 nm.

% EE=Weight of initial drug-Weight of free drug/
Weight of initial drug×100

In vitro drug release of ETR from ETR-SLN: In vitro 
drug release from ETR-SLN was performed by United 
States Pharmacopeia (USP) apparatus II (Paddle type) 
using 900 ml of 0.01 M Hydrochloric acid (HCl) with 
1 % Sodium Lauryl Sulfate (SLS) at 37°±0.5° and 50 
rpm. An aliquot of sample was withdrawn at regular 
time intervals of 30 min and after each sampling, 
the equivalent volume is replaced with fresh media 
and sample volume is filtered by 0.45 µm membrane 
filter[19]. The dissolution was performed for 8 h and the 
amount of drug released was analyzed using a UV-VIS 
spectrometer at 315 nm.

Statistical analysis and model validation: The 
responses obtained after in vitro evaluation were 
subjected to Design-Expert 12.0 for statistical analysis 
and model validation.

Characterization of ETR-SLN:

Particle size analysis, Polydispersity Index (PDI) 
and zeta potential: ETR-SLN preparations were 
dispersed in distilled water and stirred for 5 min to 
form dispersion and then PDI and mean particle size 
was measured by dynamic light scattering using a zeta 

sizer (Malvern Zetasizer). The surface charge was 
determined by measuring the zeta potential of ETR-
SLN. Zeta potential measurements were carried out at 
25º with an electric field strength of 23 V/cm[18].

Differential Scanning Calorimetry (DSC): DSC 
was analyzed for dry samples of the SLNs using DSC 
60-Shimadzu. Samples were accurately weighed and 
placed on the aluminum pan and heated at 25°-300° 
below nitrogen flow. The flow of heat was measured 
as a sample temperature and used to study the thermal 
behavior of nanoparticles[17].

X-ray Powder Diffraction (XRPD): X-ray scattering 
measurements were obtained by employing X-ray 
powder diffractometer; generated at 40 kV and current 
of 30 mA with the diffraction angle (2θ) between 5° 
and 80° at 25° temperature. XRPD studies were carried 
out for drug and lipid mixtures, the physical mixture 
containing drug and excipients, and optimized SLN 
formulation[19].

Release kinetics: In vitro drug release data obtained 
from release studies were subjected to modeling to 
assess the kinetics of drug release. Attempts were 
made to fit the dissolution data into Higuchi model, 
Korsmeyer-Peppas model and Hixson-Crowell model 
to determine the mechanism of drug release. The drug 
release mechanism is explained in terms of the highest 
correlation coefficient; the highest values of correlation 
coefficient suggest the release mechanism[20].

RESULTS AND DISCUSSION

Solubility of the drug in lipid is a prerequisite for high 
drug loading in preparation of SLN[13]. To select suitable 
lipid for the present study, saturation solubility of ETR 
was done in various lipids and lipids GEL and COM 
were selected for preparation of SLN. Good solubility 
of ETR in GEL (stearoyl macrogol glycerides) is due to 
high Hydrophilic-Lipophilic balance (HLB) value and 
amphiphilic property[17] and solubility in COM (glyceryl 
behenate) is attributed to its chemical structure of 
lipid[15].

Formulation ET1 ET2 ET3 ET4 ET5 ET6 ET7 ET8

Drug, ETR (mg) 100 100 100 100 100 100 100 100

COM:GEL (g) 1:1 (-1) 1:1 (-1) 1:2 (+1) 1:2 (+1) 1:1 (-1) 1:2 (+1) 1:1 (-1) 1:2 (+1)

Poloxamer 188 (%) 1 (-1) 1 (-1) 2 (+1) 2 (+1) 2 (+1) 1 (-1) 2 (+1) 1 (-1)

Distilled water (ml) 50 50 50 50 50 50 50 50

Sonication time 
(min) 5 (-1) 10 (+1) 10 (+1) 5 (-1) 10 (+1) 5 (-1) 5 (-1) 10 (+1)

TABLE 2: LIST OF SLN FORMULATIONS WITH CODED VALUES



May-June 2022Indian Journal of Pharmaceutical Sciences

www.ijpsonline.com

715

Preparation of SLN by hot homogenization technique 
followed by probe sonication gave uniform dispersed 
suspension, which was further processed to get dried 
ETR-SLN powder. ETR-SLN formulations ET1 to 
ET8 were evaluated for % Y and % EE and results 
are tabulated in Table 3. The % EE was found to be 

in the range of 55.6±1.15 to 89.3±1.29 and % Y in 
the range of 63 % to 83 %. To understand the effect of 
independent variables on drug dissolution, formulations 
were subjected to in vitro release studies in comparison 
with pure drug. The results are depicted in fig. 1a and 
fig. 1b and ETR-SLN exhibited sustained drug release.

Formulation % Y (Y1) % EE (Y2) % DR at 8th h (Y3)

ET1 63 58.4±1.20 21.73±2.90

ET2 69 55.6±1.15 22.50±3.44

ET3 83 87.1±1.57 43.68±2.84

ET4 75 89.3±1.29 41.50±3.18

ET5 76 65.5±1.59 17.66±2.82

ET6 70 81.8 ±1.16 30.47±2.8

ET7 70 63.9±1.41 19.70±2.85

ET8 73 79±1.75 43.05±1.57

Note: Y1, Y2 and Y3 are responses of SLN formulations

TABLE 3: IN VITRO CHARACTERIZATIONS OF SLN FORMULATIONS

Fig. 1: In vitro drug release, (a) In vitro drug release of SLN formulation ET3 in comparison with pure drug, ( ) Pure drug; ( ) ET3 and (b) 
In vitro drug release of SLN formulations ET1 to ET8, ( ) ET1; ( ) ET2; ( ) ET3; ( ) ET4; ( ) ET5; ( ) ET6; ( ) ET7; ( ) 
ET8
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Formulations were prepared according to a 23 full 
factorial experimental design (Table 2) and the 
observed responses for all formulations are shown in 
Table 3. Multiple linear regression analysis was done to 
estimate the effect of factors on responses by generating 
a polynomial equation:

Y=β0+β1A+β2B+β3C+β12AB+β23BC+β13AC+β123ABC

Where Y is the response parameter for each factor 
level; β0 is an intercept. A, B and C are the coded levels 
of independent variables. The polynomial equation was 
used to determine the coefficients and the mathematical 

sign positive and negative implies a synergistic effect 
and antagonistic effect. To identify the best fit model, 
results were subjected to several regression models; 
Linear, Two-Factor Interactions (2FI) and Three-Factor 
Interactions (3FI) in the design expert.

Based on the p value, R2 value, predicted R2 value and 
Predicted Residual Error Sum of Squares (PRESS) 
value represented in Table 4 and results of Analysis of 
Variance (ANOVA) represented in Table 5, the best fit 
significant model for all the responses was found to be 
linear model represented by the equations as shown in 
Table 4.

Reponses R2 Adjusted R² Predicted R2 Precision SD % CV p

% Yield (Y1) 0.97 0.9534 0.8934 26 1.27 1.76 0.0013

% 
Encapsulation 
(Y2)

0.99 0.9904 0.9781 26.96 1.3 1.79 <0.001

% DR (Y3) 0.88 0.7914 0.5232 416.22 5.1 16.98 0.0256

Note: SD: Standard Deviation; CV: Coefficient of Variation; P: Probability

TABLE 4: SUMMARY OF RESULTS OF REGRESSION ANALYSIS FOR RESPONSES Y1, Y2 AND Y3

Parameters DF SS MS F

% Yield

Model 3 237.38 79.13 48.69, significant

Residual 4 6.5 1.63 -

Total 7 243.83 - -

% Encapsulation

Model 3 1224.73 408.24 242.28, significant

Residual 4 6.74 1.69 -

Total 7 1231.74 - -

% DR

Model 3 768.86 256.29 9.85, significant

Residual 4 104.05 26.01 -

Total 7 872.91 - -

Note: DF: Degrees of Freedom; SS: Sum of Square; MS: Mean Sum of Square and F: Fischer’s ratio

TABLE 5: RESULTS OF ANOVA FOR MEASURED RESPONSES
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Fig. 2: Response surface plot, (a) Effect of factors on % yield (Y1); (b) Effect of factors on EE (Y2) and (c) Effect of factors on drug 
release (Y3) responses

As shown in Table 4, the polynomial linear equation 
generated for responses are as follows.

Y1=72.38+2.87A+3.62B+2.87C,

Y2=72.58+11.72A+3.87B-0.77C,

Y3=30.04+9.64A+0.59B+1.69C

From the generated linear equation and its coefficient 
values, it is observed that there is no interaction effect 
(ABC) on the responses. The effect of independent 
variables A and B shows a positive significant effect on 
all the response variables Y1, Y2 and Y3. This indicates 
that the lipid ratio and surfactant concentration has a 
significant effect on % Y, % EE and % DR. But variable 
C has a positive effect on % Y and % DR and a negative 

effect on % EE. For a better understanding of the effect 
of independent variables on dependent variables and 
the significance of the effect, surface response plots 
and Pareto charts were generated for all the responses. 
Surface response plots and Pareto charts are represented 
in fig. 2 and fig. 3 for all the responses. During this 
study, the volume of the continuous phase and the 
processing variables such as stirring speed and time is 
kept constant. From fig. 2a it is observed that all three 
independent factors are responsible for an increase in 
the % Y, which is significant according to Pareto charts. 
This indicates that % Y is affected by the concentration 
of lipids, the ratio of COM:GEL mixture and sonication 
time.

Fig. 3: Pareto chart, (a) Effect of factors on % yield (Y1); (b) Effect of factors on EE (Y2) and (c) Effect of factors on drug release 
(Y3) responses, where A: Lipid ratio; B: Surfactant concentration and C: Sonication time; (        ) Positive effect and (        ) Negative 
effect
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Fig. 2b and fig. 3b represents the response surface 
plot and Pareto chart of % EE. Lipid type and its 
concentration affect drug % EE. In the present study, it 
is observed that an increase in lipid ratio (COM:GEL) 
and surfactant concentration (poloxamer-188) increases 
% EE. This may be due to high lipid concentration 
containing a mixture of mono, di and triglyceride 
which tend to form less perfect crystals which result 
in greater drug loading capacity[13] and in the presence 
of poloxamer 188 rapid solubility of the drug occurs in 
lipid phase enhancing drug encapsulation[8]. However, 
at the same time, it was observed that an increase in 
surfactant concentration also resulted in decreased % 
EE, which may be due to increased solubility of the 
drug in the aqueous phase during the preparation of 
SLN in the presence of surfactant[21].

Two responses were observed for the effect of factors 
on % DR, sustained release of the drug and increase in 
drug dissolution. Sustained release is attributed to the 
formation of rigid solid particles due to increased lipid 
concentration and increased viscosity of the medium 
and aggregation of particles which occurs at higher 
sonication speed. Both factors result in decreased drug 
diffusion to the dissolution medium[22]. Another effect 
observed was change in the lipid ratio which increases 
drug release. This effect was due to the lipid GEL, which 
has the properties of reducing interfacial tension and 
enhancing the solubilization of poorly soluble drugs[17].

For generating optimized formulation numerical 
optimization was used by stating the range for 
independent and dependent variables[23]. Formulation 
with greater % Y, % EE and % DR was selected as 
optimized formulation, therefore ET3 with % Y 87 
%, % EE 87.1 % and % DR 43.68 % was selected as 
an optimum formulation with a desirable value of 1. 
Observed values and predicted values of ET3 were in 
close relation with predicted values of formulation ET3. 
The model was validated by preparing ET3 formulation 

in triplicate and evaluating the response. Predicted 
average experimental values of ET3 were subjected to 
conformation study and observed that the average data 
of the experimentation is within the confirmation view 
indicating the validity of the model (Table 6). From this 
result, it indicates that generated linear model describes 
the effect of independent variables on dependent 
variables and therefore an optimization technique is an 
appropriate tool for optimization of ETR-SLN.

Particles with submicron sizes, specifically smaller than 
400 nm, may increase the bioavailability of drugs due 
to decreased particle size[24]. In the present study size 
of the particle for optimum ET3 was found to be 178.8 
nm as shown in fig. 4. This result shows that though 
a high amount of lipid COM is used, the presence of 
non-ionic hydrophilic surfactant stabilizes particles in 
the nano size range[25]. PDI of dispersed particles was 
found to be 0.075 as shown in fig. 4. PDI is a sign of 
measurement of the particle size distribution; its value 
specifies the quality of dispersion. PDI values≤0.1 
indicate the highest quality of dispersion[26] and in 
the present study, the PDI value was observed to be 
0.075 indicating a homogenous distribution of SLNs. 
An increase in concentration of surfactant was found 
to decrease the PDI value. Homogenization facilitates 
the particle partition and decreases surface area with 
an increase in surfactant concentration[27]. Positive or 
negative zeta potential value signifies more repellant 
forces and repulsion among the particles with like 
electrical charges and avoids aggregations of particles 
and therefore, shows a simple distribution[28]. Zeta 
potential was measured for ET3 formulation and found 
to be -36.2 mV as shown in fig. 5, which confirms good 
physical stability.

DSC is used to detect the possible interactions among 
the components. DSC spectra of drug lipid mixture, 
physical mixture and optimized preparation of SLN are 
shown in fig. 6a-fig. 6d.

Run 3 response Predicted 
mean

Predicted 
median Observed SD n SE pred 95 % PI 

low

Average  
data of 

formulation 
(ET3)

95 % PI 
high

Yield 81.75 81.75 83 1.2747 3.00 1.1636 78.5191 81.4967 84.9809

Encapsulation 87.4 87.4 87.1 1.298 3.0 1.1849 84.11 84.3967 90.69

Drug release 41.96 41.96 43.68 5.100 3.0 4.6559 29.033 42.2667 54.887

TABLE 6: CONFIRMATION TABLE INDICATING THE VALIDITY OF THE MODEL

Note: SD: Standard Deviation; SE: Standard Error and PI: Prediction Interval
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Fig. 4: Size distribution of SLN formulation ET3

Fig. 5: Zeta potential of SLN formulation ET3

Fig. 6: DSC endothermic peaks, (a) Physical mixture of ETR:GEL; (b) Physical mixture of ETR:COM; (c) Physical mixture of  
ETR:GEL:COM and (d) ET3 SLN formulation
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The sharp endothermic peaks in fig. 6a and fig. 6b at 
280°, 75.01° and 50.93° indicate endotherm of ETR, 
COM and GEL, and the absence of any interaction 
between drug and lipids. A decrease in intensity of peak 
or absence of endothermic peak within the melting 
point range of ETR in the physical mixture and ET3 
preparation confirms the conversion of the crystalline 
state to an amorphous state of ETR. Literature supports 
such conversion of drugs from crystalline to amorphous 
when GEL acts as a carrier in SLN dispersion[13,29].

For the assessment of crystallinity of lipid matrices, 
XRPD was carried out for drug lipid mixture, physical 
mixture and SLN formulation ET3, and results are 
depicted in fig. 7a-fig. 7d. As depicted in fig. 7a sharp 
peaks in drug lipid mixture at about 2θ-scattered angles 
indicated the crystalline nature of ETR and absence of 
interaction. In the XRPD pattern of the physical mixture 
and ET3 SLN fig. 7d, it was observed that reduced 

intense peaks of ETR present at the same position, 
which indicated the absence of interaction and ETR was 
not in crystalline form in SLN. The amorphous state of 
ETR in the lipid matrix is the probable reason for the 
better solubility and dissolution of ETR. These results 
confirmed that ETR existed in an amorphous state in 
the SLN formulation[27,30].

To study the release kinetics, data obtained from 
in vitro drug release studies were subjected to 
various kinetic models. It was found that the in vitro 
drug release kinetics of formulation ET3 was best 
explained by first-order kinetics with the highest linear 
correlation coefficient (r2=0.9704) followed by zero-
order (r2=0.9708), Higuchi (r2=0.909) respectively as 
shown in Table 7. From Korsmeyer’s plots, n value was 
observed to be 0.6219, indicating drug release followed 
by Non-Fickian diffusion[24,31].

Models Slope (n) Regression coefficient (r)

Zero order 7.87 0.9664

First order 0.2068 0.9704

Higuchi 26.587 0.9107

Hixson Crowell -0.0932 0.9557

Korsmeyer-Peppas 0.6219 0.8614

TABLE 7: RELEASE KINETICS OF SLN FORMULATION ET3

Fig. 7: XRD pattern, (a) Physical mixture of ETR:GEL; (b) Physical mixture of ETR:COM; (c) Physical mixture of  ETR:GEL:COM 
and (d) ET3 SLN formulation
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In conclusion, ETR loaded SLNs were successfully 
prepared by a hot homogenization method followed 
by probe sonication employing 23 full factorial design. 
From optimization, it was observed that drug release, 
% encapsulation and % yield are significantly affected 
by lipid ratio, surfactant concentration and sonication 
time. The increase in drug release is attributed to nano 
sized particles and the presence of GEL and surfactant 
concentration. Hence prepared nano sized ETR-SLN 
particles can be effectively targeted to lymphatic 
circulation for the destruction of the viral reservoir. 
Further, in vivo studies are required to confirm the 
benefits of ETR-SLN particles in the management of 
HIV infection.
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ABSTRACT 
Nevirapine, a non-nucleoside reverse transcriptase inhibitor, exhibits pH-dependent solubility resulting in poor 
dissolution limiting its absorption. In the present study, an attempt is made to prepare a self-dispersing lipid formulation 
(SDLF) involving the novel combination of two drug solubility enhancing strategies, i.e., self-emulsifying system (SES) 
and solid dispersion (SD). Nevirapine-SES (NV-SES) consisting of an ideal ratio of oleic acid (oil), Cremophor RH 40 
(surfactant), and Transcutol (co-surfactant) exhibited good emulsifying properties with maximum drug loading. The 
NV-SES developed was mixed with an equal quantity of nevirapine: gelucire 50/13 solid dispersion [Nevirapine Solid 
Dispersion (NV-SD)] to get a novel nevirapine SDLF (NV-SDLF). The NV-SDLF was characterized for its zeta potential, 
polydispersity index, and particle size, and the results obtained were found to be satisfactory. NV-SDLF was adsorbed 
on carrier neuciline U2 to get solid NV-SDLF, and solid-state characterization using Differential Scanning Calorimetry 
(DSC) and Powder X-Ray Diffraction (PXRD) indicated the amorphous nature of the drug in NV-SDLF. The in-vitro 
drug release of the NV-SDLF was found to be 87.2% ± 0.96% in comparison with nevirapine 28.8% ± 1.02%. In-vivo 
pharmacokinetic performance of solid NV-SDLF and pure drug suspension was carried out in rats, and a significant 
two-fold increase (p < 0.05) in area under the curve (AUC) of solid NV-SDLF was observed with respect to nevirapine 
AUC. Thus, the in-vitro and in-vivo results confirmed that the combined strategies of SES and SD in the formulation of 
solid NV-SDLF were found to enhance the bioavailability of nevirapine, which could be a promising novel drug delivery 
system in the management of Acquired Immune Deficiency Syndrome (AIDS).

INTRODUCTION
Antiviral drug nevirapine is one of the preferred choices 

for the treatment of AIDS and is effectively used in Highly active 
antiretroviral therapy (HAART) for the management of the disease. 
It stops the growth of the virus at a submicromolar concentration 
by inhibiting the ability of the viral enzyme to transcribe the 
ribonucleic acid (Jindal and Mehta 2015; Wang et al., 2019). 
The major concern with nevirapine is its side effects which 
include Central nervous system (CNS) toxicity, hepatotoxicity, 
insomnia, depression, nausea, rashes, and hyperlipidemia. It 
gets metabolized by CYP3A and stimulates mutagenicity and 

hepatocarcinogenicity (Kuo and Chung, 2011). Also, a high dose 
has to be given to penetrate viral reservoir sites, which results in 
intolerance (Shegokar and Singh, 2011).

In addition to the mentioned toxicity, nevirapine belongs 
to the Biopharmaceutics Classification System (BCS) class II 
drugs for the reasons of poor water solubility (~0.1 mg/ml)and 
pH-dependent solubility with a pKa of 2.8 (Chadha et al., 2010; 
Moretton et al., 2014). In an acid medium, the solubility is 4.99 
g/l and the solubility is reduced by a factor of 10–40 when pH is 
increased. This observable fact is due to change in the structure 
of molecules at different pH (de Oliveira et al., 2013). Solubility 
plays a significant role in in-vitro and in-vivo performances of a 
drug, and dissolution of a drug depends on ionic strength, pH, and 
buffer capacity of the Gastro intestine (GI) fluids (Hamed et al., 
2016). Due to the above-mentioned reasons, the dissolution of 
nevirapine has been considered to be the rate-limiting step for its 
absorption.
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Always there exists a correlation between solubility and 
bioavailability. A number of formulation strategies could be used 
to improve the solubility of class II drugs, such as a change in 
crystal habit, particle size reduction, chemical approaches, and 
formulation approaches using carriers (Leuner and Dressman, 
2000; Vasconcelos et al., 2016). Solid dispersion (SD) is one of 
the approaches, which enhances solubility by reducing particle 
size and increasing wettability (Huang and Dai, 2014). Among 
the four generations of SD, the third generation SD is prepared 
using surfactants as carriers; this has the advantage of increased 
drug release, long stability, and enhanced bioavailability (Vo et al., 
2013).

An advance in formulation technology has introduced a 
range of carriers for the preparation of dispersion. Gelucire belongs 
to the group of saturated polyglycolized glycerides that has gained 
more attention as SD carriers due to its surface active properties. 
It reduces the surface tension between the drug and dissolution 
medium and consequently enhances the oral bioavailability of 
the poorly soluble drug (Bertoni et al., 2020; da Fonseca Antunes 
et al., 2013). It has been successfully used as a carrier in SD of 
antiviral drugs (Damian et al., 2000; Sinha et al., 2010), ursolic 
acid (de Oliveira Eloy et al., 2012), carvedilol (Potluri et al., 
2011), and Lycopene (Faisal et al., 2013).

In recent years, another approach has gained importance 
in the delivery of poorly soluble drug called lipid-based 
drug delivery system, which can enhance solubility and oral 
bioavailability (Gershanik and Benita, 2000; Sandeep et al., 
2013; Singh et al., 2020). Self-emulsifying drug delivery system 
(SEDDS) is one among them, consisting of a blend of oils, 
surfactants, and co-surfactants, on mild agitation with GI fluid 
forms o/w microemulsion, and both hydrophilic and hydrophobic 
drugs can be incorporated (Gursoy and Benita, 2004; Jing-ling 
et al., 2007; Nardin and Köllner, 2019). In addition to solubility 
and bioavailability, it enhances drug uptake by the intestinal 
lymphatic system and protects from the hostile environment in the 
gut (Colin, 1997; Jing-ling et al., 2007; Krishnamoorthy et al., 
2013; Sandeep et al., 2013).

In the present study, we have investigated a novel self-
dispersing lipid formulation (SDLF) of nevirapine by combining 

the benefits of both SD and self-emulsifying system (SES). As 
SES has the advantage of overcoming toxicity associated with 
the drug, initially SES was designed using various combinations 
of oil, surfactant, and co-solvent and was characterized for drug 
loading, microscopic, and self-emulsifying properties. Later, a SD 
of drug was prepared using gelucire 50/13 as a carrier to improve 
its solubility and characterized for drug using DSC, XRD, and in-
vitro drug release. Subsequently, novel SDLF was developed by 
combining SD and SES and evaluated for its in-vitro and in-vivo 
behavior. 

MATERIALS AND METHODS
Nevirapine was a gift sample from Micro Labs Limited, 

Bengaluru, India. Gelucire 50/13 and Transcutol HP were gift 
samples from Gattefosee India Pvt. Ltd, Mumbai, India. Neucil 
US2 and Cremophor RH 40 were gift samples from Strides Arco 
Labs, Bengaluru, India. Oleic acid was purchased from SD Fine 
Chemicals, Mumbai, India. All the chemicals used in this study 
were analytical grade. Buffers were prepared using double distilled 
water. 

Preparation and characterization of drug-loaded SES
Oil (oleic acid), surfactant (Cremophor RH 40), and co-

surfactant (Transcutol HP) were selected based on drug solubility 
and emulsifying ability. Nevirapine-SES (NV-SES) formulations 
were prepared by dissolving nevirapine in different amounts of 
oil (10%–90%) placed in glass vials at ambient temperature by 
vortexing on a vortex mixer. To the mixture, previously prepared 
surfactant co-surfactant mixture (S/CoS mix) in the ratio of 3:1 
was added in the range of 10%–90% (Table 1) and vortexed with 
simultaneous heating up to 40°C until a homogenous transparent 
preparation was obtained. NV-SES formulations were evaluated for 
drug loading, phase separation, precipitation, and the emulsifying 
ability for selecting optimized NV-SES (Cometa et al., 2020; 
Komal et al., 2015; Shweta et al., 2011). Optimized NV-SES was 
subjected to aqueous dilution to get microemulsion and evaluated 
for droplet size, polydispersity index (PDI), and zeta potential 
(ZP) using Malvern Zetasizer instrument (Nano-ZS, UK). The 
solubility of the drug in excipients and SES was determined using 

Table 1. Formulation and characterization of NV-SES.

NV-SES code
Formulation of NV-SES Characterization of NV-SES

Oil (%) Surfactant (%) Co-surfactant (%) Drug loading (mg/ml) %Transmittance at 
638.2 nm

Emulsification 
gradea

F1 10 67.5 22.5 12.24 99.5 A
F2 20 60 20 15.68 94.2 A
F3 30 52.5 17.5 16.34 92.2 A
F4 40 45 15 16.09 63.2 A
F5 50 37.5 12.5 18.91 56.8 B
F6 60 30 10 16.71 44.5 B
F7 70 22.5 7.5 18.41 43.8 B
F8 80 15 5 19.71 42.9 C
F9 90 7.5 2.5 23.12 40 C

a Emulsification grade: A- microemulsion formed within 5 minutes; B- droplets spread in water to form a turbid emulsion; and C- coalescence of 
oil droplets. 
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either DMSO/Methanol as diluent by UV spectrophotometer 
(Shimadzu, Pharmaspec UV-1700) at wavelength 282 nm.

Preparation and characterization of drug-loaded SDs
A SD of nevirapine with Gelucire 50/13 was prepared 

in the ratio of 1:1, 1:2, 1:3, and 1:4 by the conventional melt 
method. Nevirapine was dissolved in a small quantity of 
ethanol and this solution was added to melt gelucire 50/13 
(at 50°C) in a china dish. The solution mixture was dried in a 
rotary evaporator to remove ethanol and cooled rapidly in an 
ice bath (Faisal et al., 2013; Sinha et al., 2010). Prepared SDs 
were subjected to in-vitro drug release in intestinal pH 6.8. The 
selected ratio was subjected to DSC and XRD to identify drug 
excipient interaction. 

Preparation of SDLF
A novel SDLF containing a combination of SD and 

self-emulsifying formulation was prepared by mixing (Table 2) 
an equal quantity of drug loaded self-emulsifying system to get 
an nevirapine SDLF (NV-SDLF) (Faisal et al., 2013). Adsorbent 
NeucilUS2 was added to the above formulation to overcome 
the stickiness and tackiness and to improve flow properties. The 
prepared solid NV-SDLF was scrapped, pulverized, sieved, and 
stored in the desiccator.

Characterization of NV-SES, NV-SD, and NV-SDLF 

Differential scanning electron microscope 
Thermal analysis was carried out on a DSC Q1000 

(TA Instruments, UK). Samples were accurately weighed into 
aluminum pans and sealed. The sample and reference pans 
were loaded into the sample chamber at ambient temperature, 
equilibrated to 25°C, and held at this temperature for 5 minutes. 
The temperature range for the thermogram was 25°C–250°C, and 
the samples were heated at a rate of 5°C/minute with an applied 
modulation of ±1°C every 60 seconds. Samples were purged in a 
stream of dry nitrogen flowing at 50 ml/minute.

X-ray diffraction
Powder XRD was recorded on an X-ray defractometer 

(RigakuMiniflex 600) consisting of an X-ray tube operated at 600 
watts with a fixed tube current of 15 mA and a voltage of 40 kV. 
Samples were exposed to radiation, over an angular range of 5°–
130° (2θ) at a scanning speed of 0.01°–100°/minute. The diffraction 
patterns were analyzed by Integrated X-Ray Powder Diffraction 
Software (PDXL) software (version 1.8.0.3).

Surface morphology of NV-SDLF
Surface characteristics of nevirapine, NV-SDLF, 

and other excipients were assessed using a scanning electron 
microscope [ZEISS EVO MA18 with Oxford EDS(X-act)]. 
Magnified images were taken at an excitation voltage of 15–20 kV.

In-vitro dissolution studies of NV-SD and NV-SDLF
In-vitro dissolutions of NV-SD and NV-SDLF were 

carried out in 900 ml of phosphate buffer pH 6.8 using USP 
I dissolution apparatus (Electrolab TDT-08L, India). Samples 
equivalent to 50 mg nevirapine filled in capsules were used 

for dissolution study at 50 rpm and 37°C ± 0.5°C. Aliquots of 
samples were withdrawn at a regular time interval of 10 minutes 
for 180 minutes. The volume pipetted out was replaced with 
fresh media to maintain sink condition. Samples taken were 
filtered through a 0.45 µ membrane and then analyzed using 
a UV spectrophotometer at 282 nm (Chadha et al., 2010; US 
Food and Drug Administration).

Ex-vivo permeability study of solid NV-SDLF
The permeability study was carried out using chicken 

intestinal sac (Nipun and Ashraful Islam, 2014) which was 
collected from a slaughter house. A cleaned intestinal sac of length 
3 cm was tied at one end and filled with nevirapine, and the sample 
was suspended in 1 ml of water. Tying the other end of the sac, 
we determined the release of the drug using USP I dissolution 
apparatus containing 900 ml of basic medium 6.8 phosphate buffer 
at 50 rpm maintained at 37°C ± 0.5°C. Samples were withdrawn 
at a predetermined interval and each sampling was replaced with a 
fresh medium. Samples filtered through 0.45 µ were analyzed for 
drug release by using UV spectrophotometer at 282 nm.

In-vivo pharmacokinetic studies in the animal model
The bioavailability of the prepared solid NV-SDLF was 

assessed in male Wistar rats (220–250 g) after taking institution 
ethical clearance. Experiments were conducted as per the Committee 
for the Purpose of the Control and Supervision on Experiments on 
Animals guidelines. Before the experiments, animals (n = 4 for each 
group) were fasted for 12 hours. Each animal was cannulated in 
the right jugular vein in anesthetic condition. Suspensions of solid 
NV-SDLF and the pure drug were prepared in 0.5% carboxymethyl 
cellulose with gentle agitation. A test group of animals was 
administered with solid NV-SDLF suspension and a control group 
of animals was administered with the pure drug at a dose of 60 mg/
kg body weight with oral gavage (Inugala et al., 2015; Moretton 
et al., 2014; Usach and Peris, 2011).

Estimation of nevirapine in the blood sample
Nevirapine was extracted from 200 µl plasma by 

liquid–liquid extraction using ethyl acetate as the extraction 
solvent. The extracted dried sample was reconstituted with mobile 
phase, acetonitrile: 0.1% formic acid (80:20 v/v) containing 
internal standard (METAXALONE) for introduction into Liquid 
Chromatography with tandem mass spectrometry (LCMS/MS). LC 
separation was carried out by introducing 10 µl of the reconstituted 
sample into High-performance liquid chromatography (HPLC) 
(Prominence LC-20AT, Shimadzhu, Japan) consisting of C-18 
column (Agilent, ZORBAX XB-C18, 5 µm, 4.6 × 50 mm) 
maintained at 40°C. Throughout isolation, the mobile phase flow 
rate of 0.500 ml/minute was maintained. The eluted components 
from the column were delivered to API 4000 Triple Quadruple 
mass spectrometer (SCIEX, USA), to detect ions.

Pharmacokinetics analysis
Non-compartmental pharmacokinetic analysis of plasma 

data was carried out using WinNonline software. Parameters 
determined using WinNonline are as follows: half-life (t1/2), area 
under the curve (AUC) of plasma drug concentration time curve 
from zero to infinity (AUC0–∞), AUC from time of administration 
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to the last plasma concentration (AUC0–Last), maximum plasma 
concentration (Cmax), time of maximum concentration (Tmax), 
elimination rate constant (K), and relative bioavailability (%F).

Statistical analysis
In-vivo pharmacokinetic data expressed as mean ± SE 

were analyzed for statistical significant differences between the 
means of the two groups by unpaired Student’s “t”-test using 
GraphPad Prism Software. The results were considered significant 
at p < 0.05.

RESULTS AND DISCUSSION

Preparation of drug-loaded SES
SES has gained attention in the delivery of BCS class II 

drugs in recent years due to its ability to combat solubility issues of 
poorly soluble drug and other advantages with respect to increased 
GI permeability, enhanced lymphatic absorption, and inhibiting 
first-pass metabolism and Pg protein efflux (Gurram et al., 2015, 
Sandeep et al., 2013). In the present study, the development of 
NV-SES was initiated by screening the various oils, surfactants, 
and co-surfactants based on the solubility of the drug in the 
individual vehicle and miscibility among each other. Based on 
the solubility studies, oleic acid a long-chain triglyceride was 
selected as oil, Cremophor RH 40 as surfactants, and transcutol 
HP as co-surfactants, with the solubility of 21.05, 15, and 12.23 
mg/ml, respectively. In the preparation of SES, the combination 
of surfactant and co-surfactant ratio plays a prominent role in the 
formation of smaller particles. As per the requirement stated by 
Pouton, the ideal combination of surfactant and co-surfactant is 3:1 
(Colin, 1997). Hence, 3:1 ratio of Cremophor RH40:Transcutol 
HP (surfactant/co-surfactant mix) were mixed and added to the 
different percentages of oils to get different ratios of SES. Drug 
loading was conducted for all the ratios and the emulsifying ability 
of these ratios was determined by dilution method and observed 
for %transmittance at 638.2 nm. Among the SES ratios, the ratio 
containing 30% of oil and 70% of S/Co mixture emulsified within 
a minute with the %transmittance of 92.2 with drug loading 20 
mg/ml was selected as optimized SES. The optimized SES was 
analyzed for particle size and was found to be 108.2 nm, which 
indicates microemulsion formation after dilution. Measurements 
of PDI and ZP confirm uniform size distribution of particles and 
the stability of the colloidal system. The particles in the dispersion 
with large potential will tend to repel each other and there will 
be no tendency for particles to aggregate (Gurram et al., 2015). 
The ZP of the optimized SES was observed to be ±36.5 mV, 
which confirmed good stability. In support of the ZP result, the 
polydispersibility index of optimized SES was found to be 0.291 
which is less than 0.3, which indicates uniform size distribution of 
dispersed particles (Zupančič et al., 2016). 

Preparation of drug-loaded SDs
SDs are molecular mixtures of hydrophobic drugs in 

hydrophilic carriers, where the drug release profile is driven by 
polymer properties. In SD, the drug is dispersed but not fully 
solubilized in the excipient matrix which facilitates a higher dose 
loading (Vo et al., 2013). For the present study, gelucire 50/13, 
belonging to the gelucire family, was selected as a SD carrier because 

of its ability to enhance the oral bioavailability of the hydrophobic 
drugs and the ability to self-emulsify on contact with aqueous media 
forming a fine dispersion, i.e., microemulsion (Damian et al., 2000). 
A SD of nevirapine with different ratios of gelucire 50/13 was 
prepared by the melt method. From the in-vitro release study in 6.8 
phosphate buffer (Fig. 1), it was observed that as the gelucire ratio 
increased, nevirapine solubility also enhanced. With regard to the 
bulk of the final formulation and drug loading, 1:4 drug to gelucire 
ratio was used for the preparation of a novel lipid delivery system.

Preparation of SDLF
Although SES has number of justifiable advantages in 

delivering a poorly soluble drug, in our present study, it was not 
possible to successfully load the target dose of 50 mg nevirapine 
within the SES pre-concentrate. With the intention of increasing the 
drug loading, a new formulation has been designed called SDLF 
which has the combined benefits of SES and SD. The SDLF was 
prepared by mixing an equal quantity of optimized SES and the SD. 
The product SDLF was of semisolid consistency which would have 
the disadvantage of the storage and the stability issues. The use of 
adsorbent can minimize the stickiness and tackiness problems of 
lipid formulations. Neuciline US2, a synthetic, amorphous form of 
magnesium aluminometasilicate, exhibits multiple excipient roles 
due to its porosity, greater specific area of 300 m2/g, and adsorbing 
capacity of 3.2 ml/g (Gupta et al., 2001). The literature supports 
its applications in the lipid formulations as an adsorbent in the 
preparation of solid SEDDS and as the carrier in the formulation 
of lipid SD (Gumaste et al., 2013; Gupta et al., 2001; Kazi et al., 
2017). Hence, neuciline US2 was added to the NV-SDLF to get 
solid NV-SDLF with desired solid consistency accompanying good 
stability and flow property.

Characterization of formulations

Differential scanning electron microscope 
A thermogram of the drugs, gelucire 50/13, neucilin U2, NV-

SD, and solid NV-SDLF, are shown in Figure 2. A sharp endothermic 
peak at 251.35°C in Figure 2f and 50.36°C in Figure 2e indicates the 
melting point of nevirapine and gelucire 50/13. The DSC curve of 
SD (Fig. 2d) revealed a shallow peak without any sharp endothermic 
peak of the drug at 251.35°C; this confirmed the change in drug 
property from crystalline to amorphous form. Also, the presence of 
the endothermic peak of the carrier in SD substantiated that there is no 

Figure 1. In vitro drug release of NV-SD in 6.8 phosphate buffer (n = 3).
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change in the melting point of the carrier and suggested the formation 
of a monotectic system (Sinha et al., 2010). DSC of neuciline U2 
in Figure 2c showed characteristic endotherms at 91.17°C and 
231.72°C. A solid SDLF without drug and solid NV-SDLF exhibited 
one endothermic peak at 150.55°C and 146.51°C in comparison with 
neuciline U2 (Fig. 2c). This may be due to the melting of the mixture 
exhibiting more than one phase, indicating the minor change in the 
thermal behavior of Neucilin U2. But there is no obvious appearance 
of drug endothermic peak at 251.35°C which confirms the amorphous 
nature of the drug in the SDLF. 

X-ray diffraction
The physical states of nevirapine in NV-SD and solid 

NV-SDLF were investigated by the X-ray diffraction method and 
diffractograms are shown in Figure 3. The XRD patterns of pure 
nevirapine (Fig. 3f) showed distinct peaks between 5° and 30° (2θ 
= 9.3°, 13.2°, 13.6°, and 25.6°) indicating crystalline nature of 
nevirapine (Jindal and Mehta, 2015) and diffractogram in Figure 
3d shows typical triglycerides peaks at 19.1° and 23.3° of gelucire 
50/13 (Chauhan et al., 2005). Triglyceride peaks were retained in 
NV-SD (Fig. 3d), with suppressed nevirapine crystalline peaks, 
confirming the transformation of crystalline nevirapine into 
amorphous nevirapine. As expected, the XRD pattern of neuciline 
US2 gave no peaks, indicating the amorphous nature of the 

solidifier. SDLF and N-SDLF retained sharp characteristic peaks 
of gelucire 50/13 similar to pure gelucire50/13; this result ruled out 
the possible interaction of drug and gelucire 50/13. The absence 
of crystalline peaks of nevirapine in solid NV-SDLF reveals that 
the physical state of the crystalline drug has been transferred into 
an amorphous form, which is attributed to greater dissolution rate 
of solid Nevirapine self-dispersing lipid formulation (NV-SDLF) 
due to higher internal energy (Venkata and Basanth 2013; Tran 
et al., 2013). 

Surface morphology
The surface morphology of the nevirapine, neusilin 

US2, and solid NV-SDLF was studied by Scanning Electron 
Microscopy (SEM), as shown in Figure 4. As expected, it was 
observed that adsorbent neusilin US2 existed as a porous granular 
spherical fine powder (Fig. 4b), and Figure 4c clearly shows the 
adsorption of semisolid NV-SDLF on the surface of neusilin US2.

Dissolution studies 
Stomach pH can vary due to the presence of food 

and in fasting conditions (Hamed et al., 2016), and drugs may 
get absorbed over an extended period of time and reach the 
small intestine with a physiological pH between 6.5 and 7.6. 
Therefore, in-vitro dissolution of the formulation NV-SDLF 

Figure 2. DSC endothermic peaks: solid SDLF without drug (a), solid NV-
SDLF (b), neucilin U2 (c), NV-SD (d), gelucire 50/13 (e), and nevirapine (f).

Figure 3. XRD Peaks: neucilin U2 (a), solid SDLF without drug (b), solid NV-
SDLF (c), NV-SD (d), gelucire 50/13 (e), and nevirapine (f).
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was carried out in the pH, the non-enzymatic simulated gastric 
pH 0.1 N HCl, and simulated intestinal 6.8 pH phosphate buffer. 
The release profile of a solid NV-SDLF was compared with 
the pure drug release profile and it was observed that the drug 

release in acidic pH was found to be 93% ± 0.91%, which is 
very close to 99.5% ± 0.84% pure drug release (Fig. 5). In basic 
pH, solid NV-SDLF exhibited 87.2% ± 0.96% drug release, 
which was 58.4% more than that of pure drug release (28.8% ± 
1.02%). The enhanced drug release in basic pH was attributed 
to gelucire 50/13, which can enhance drug dissolution (de 
Oliveira Eloy et al., 2012) and good dispersibility properties of 
the prepared solid NV-SDLF. 

Figure 4. SEM images of nevirapine (a), neuciline US2 (b), and NV-SDLF adsorbed on to the surface of neuciline (c)

Figure 5. In vitro drug release of nevirapine solid NV-SDLF in different media 
(n = 3).

Figure 6. ZP (a) and particle size (b) of solid NV-SDLF suspension.

Figure 7. Ex-vivo drug permeation of nevirapine suspension and NV-SDLF in 
6.8 phosphate buffer (n = 3).

Figure 8. Plasma concentration time curve of nevirapine suspension and solid 
NV-SDLF (n = 4).
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Release kinetics
It was found that the formulated solid NV-SDLF in 0.1N 

HCl and 6.8 pH phosphate buffer indicated the best agreement 
with Korsmeyer and Peppas’ release with “n” values of 0.25 
(R2 = 0.8072) and 0.080 (R2 = 0.9675), which shows that this 
release is not governed by the Fickian diffusion. The undefined 
mechanism of the formulation may be due to the combined effect 
of SES with SDs. 

Particle size and ZP 
The in-vivo behavior of the dispersed particle is 

influenced by particle size. The smaller the size of the particle, 
the larger will be the surface area, which results in enhanced 
dissolution and bioavailability (Shweta et al., 2011). As depicted 
in Figure 6b in the present study the particle size of the dispersed 
solid NV-SDLF was found to be 100.5 nm, which could justify 
the enhanced dissolution of the drug in basic pH. Quality of 
dispersion is assessed by determining PDI. The dispersed NV-
SDLF exhibited a polydispersibility index of 0.277, which is 
less than 0.3 and confirms the good dispersion property of NV-
SDLF (Zupančič et al., 2016). The stability of dispersed particles 
depends on the surface charge and its potential; the greater the ZP 
value of surface charge, the greater will be the repellant forces. 
The ZP of the NV-SDLF was measured using a zeta sizer, and it 
exhibited a ZP of ±32.4 mV. The result signifies the stability of the 
dispersed system (Fig. 6a). 

Ex-vivo permeation studies 
Nevirapine belongs to BCS class II drug which does not 

have permeability issues. But for confirming the absence of influence 

of formulation excipients on permeability, an ex-vivo permeation 
study was carried out as described by Nipun and Ashraful Islam 
(2014), using chicken intestinal sac. The permeation profile of the 
pure drug was compared with solid NV-SDLF and observed that 
there is no significant difference in drug diffusion profile of the pure 
drug and optimized formulation (Fig. 7). 

Pharmacokinetic studies
The in-vivo oral performance of solid NV-SDLF was 

compared with nevirapine suspension obtained by dispersing 
nevirapine in 0.5% w/v carboxymethylcellulose aqueous solution. 
In this assay, we evaluated the following pharmacokinetic 
parameters: maximum plasma concentration (Cmax), time to 
maximum plasma concentration (Tmax), area under the curve 
between 0 and last time interval (AUC0–last), area under the curve 
between zero to ∞ (AUC0–∞), and plasma elimination half-life (t½) 
using Wistar rats at a dose of 15 mg nevirapine per 1 ml. These 
parameters of nevirapine were obtained by non-compartmental 
analysis of plasma concentrations at selected time points. The 
pharmacokinetic curves of the nevirapine plasma concentration 
versus time after oral administration are shown in Figure 8. 
Details of the pharmacokinetic parameters are shown in Table 3. 
The AUC0–last and AUC0–∞ values observed were 33.03 ± 5.22 and 
46.54 ± 21.57 µg/ml for solid NV-SDLF and 21.70 ± 13.05 and 
26.84 ± 4.087 µg/ml for nevirapine suspension, respectively. The 
increase in AUC values was found to be statistically significant at 
p < 0.05. Also, it was observed that solid NV-SDLF exhibited an 
increase in Cmax value to 72.17 ± 3,345.58 from 54.12 ± 3,965.61 
µg/ml for pure drug suspension, which is nearly 34% increase. 
The increase in AUC and Cmax was substantiated with increased in-

Table 2. Composition of NV-SES, NV-SD, and NV SDLF. 

SES components/g Solid dispersion components/g NV-SDLF components/g

30% OA

70% CRH40:TC

(S:Comix 3:1 ratio)

GU50/13 = 800 mg

15% OA

35% CRH40:TC

(S:Comix 3:1 ratio)

GU 50/13 = 400 mg

Drug loaded 20 mg Drug loaded 200 mg Drug loaded 120 mg

Table 3. Pharmacokinetic parameters of solid NV-SDLF and suspension of NV.

Kinetic parameter Unit Suspension of NV NV-SDLF

Cmax ng/ml 5,412.45 ± 3,965.61 7,217.52 ± 3,345.58

tmax hour 2 ± 1.63 2.5 ± 1.15

AUC0–Last µg.hour/ml 21.70 ± 13.05 33.03 ± 10.44*

AUC0-∞ µg.hour/ml 26.84 ± 4.087 46.54 ± 21.57*

t½ hour 4.01 ± 4.21 3.29 ± 1.20

%F % 100 173.39

Cmax: Maximum plasma concentration; tmax: Time to maximum plasma concentration; AUC0–Last: Area under the 
curve between 0 and last time interval; AUC0–∞: Area under the curve between 0 and infinite time interval; t½: 
Plasma elimination half-life; %F: AUC0–∞ of formulation divided by AUC0–∞ of pure drug.
Results are expressed as mean ± SE (n = 4).
* p < 0.05 versus suspension of NV.
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vitro dissolution of Nevirapine. The result is most likely due to the 
presence of components in NV-SDLF; oleic acid, Cremophor RH 
40, and Gelucire, which enhance the bioavailability of the poorly 
soluble drug by various mechanisms. The expected mechanisms 
are lymphatic transport of lipophilic drug (long-chain oleic acid) 
(Zhang et al., 2021), absorption of the lipophilic drug by inhibiting 
the efflux pumps, cytochrome P450 3A (Cremophor RH 40) 
(Tayrouz et al., 2003), and solubilizing and emulsifying ability of 
gelucire (de Oliveira Eloy et al., 2012). 

Tmax and t1/2 of nevirapine remained unchanged for both 
solid NV-SDLF and nevirapine drug suspensions, respectively. 
This confirmed that the component used in the formulation of 
SDLF has not interfered in the elimination of the drug and release 
of the drug from the dosage form.

CONCLUSION
A novel self-dispersing nevirapine formulation was 

successfully developed by dual formulation approach. Formulated 
NV-SDLF exhibited enhanced in-vitro dissolution in simulated 
gastric and intestinal pH and showed good dispersibility properties 
with desired particle size, PDI, and ZP. NV-SDLF with semisolid 
consistency was adsorbed onto carrier neuciline US2 to overcome 
handling issues. Solid NV-SDLF was evaluated for its in-vivo 
performance in male Wistar rats and characterized by DSC and 
XRD for drug excipient interaction. A significant increase in AUC 
was observed for solid NV-SDLF in comparison with pure drug 
nevirapine, and also solid NV-SDLF showed increased Cmax value. 
The result proved that added excipient in the formulation of NV-
SDLF has the ability to enhance solubility, thereby enhancing 
bioavailability. At the same time, the added excipients may 
contribute to the lymphatic transport of the drug and inhibits the 
efflux pumps and cytochrome P450 3A. Further studies need to be 
conducted to verify the possibility of converting novel solid NV-
SDLF into a suitable dosage form for the effective management 
of AIDS. 
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ABSTRACT
Aim: The present work intends to formulate and evaluate film forming solution of 
diphenhydramine. Materials and Methods: Film forming solutions (FFS) for transdermal 
delivery of Diphenhydramine HCl were prepared using different polymers (hydroxypropyl 
cellulose, Eudragit L 100, polyvinylpyrollidone K30 and polyvinylpyrollidone K90), PEG 
400 as plasticizer and ethyl alcohol as solvent. Results: The film forming solutions were 
found to display an acceptable drying time ranging from 2  to 5  min. In-vitro release 
studies indicated percentage drug released by the end of 8 h from FFS of HPC-EF, 
Eudragit L 100 and PVP K 30 was found to be 41.31 ± 2.1%, 14.81 ± 1.2 % and 
25.7 ± 1.9 % respectively. FFS of HPC-EF that readily released drug were considered 
for further development by incorporating penetration enhancers like azone, isopropyl 
myristate and oleic acid. Steady state flux of drug across shed snake skin used as a 
barrier in vertical Franz diffusion cell was found to be 42.27 ±3.5 mg/cm2/hr, 51.18 
±4.9 mg/cm2/hr and 57.91 ± 7.2 mg/cm2/hr for FFS containing isopropyl myristate, 
oleic acid and azone as permeation enhancers respectively. Conclusion: Considering the 
plasma clearance of the drug and transdermal steady state flux, it can be inferred that  
FFS containing azone as enhancer needs to be spread across an application area of  
0.5 cm2 to elicit a therapeutic response.

Key words: Film forming solution, Diphenhydramine HCl, Antihistamine, Transdermal 
delivery, Shed snake skin.

DOI: 10.5530/ijper.56.1.6 
Correspondence:
Mr. Akhil Baby (M.Pharm),
Department of Pharmaceutics, 
KLE College of Pharmacy, 
Bangalore-560010, Karnataka, 
INDIA.
E-mail: akhilbaby2014@gmail.
com

Submission Date: 24-06-2020;
Revision Date: 14-08-2020;
Accepted Date: 08-10-2021.

INTRODUCTION
Diphenhydramine HCl is a first-generation 
H1 receptor antihistamine that is used 
extensively for the treatment of seasonal 
allergies, insect bites, stings and rashes. 
However, it also has antiemetic, antitussive, 
hypnotic and anti-Parkinson properties.1,2 
Due to its binding to muscarinic receptor 
along with H1 receptors, diphenhydramine 
hydrochloride is used as an adjuvant therapy 
in case of drug induced extrapyramidal 
symptoms associated with the use of anti-
Parkinson drugs and anti-psychotics.3 It 
is also used as an analgesic adjuvant in 
refractory cancer pain in those patients 
who have failed to obtain adequate 
analgesia with opioids and conventional 
adjuvants.4 However, diphenhydramine 

HCl with a short half-life (2-9 hr) displays a 
low oral bioavailability of 40-60% due to 
extensive first pass metabolism. As a result 
frequent administration of the drug (25 mg 
to 50 mg, 3 to 4 times a day) is necessary 
to maintain a required plasma level of the 
drug.1,2

Transdermal delivery of drug can evade the 
first pass effect, improve the bioavailability 
and at the same time, deliver the drug in a 
predetermined and controlled rate through 
the skin. However, conventional transdermal 
patches are likely to display poor adhesion 
and therefore, show poor permeation. 
They are prone to cause skin irritation, 
cause pain while peeling and display poor 
aesthetic appeal, which reduces the patient 
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compliance and desirability. Above all, the cost of the 
conventional transdermal patch would be high as the 
amount of drug that needs to be loaded into a patch 
is high to compensate the unavoidable drug wastage. 
These limitations of conventional transdermal patches 
can be overcome by film forming solution.5 A better 
substitute to conventional transdermal and topical 
dosage forms is the novel film forming solution. The 
major components of film forming solution are a 
polymer, plasticizer and a volatile solvent which aid 
in producing a drug loaded film in situ. Due to the 
loss of volatile solvent from the FFS, on application 
to skin, a residual drug loaded polymeric film along 
with other excipients is formed on the surface of the 
skin. As a result of this process, the drug concentration 
reaches saturation or possibly supersaturation level 
in the applied film. Supersaturation increases the 
thermodynamic activity of the drug which results in the 
enhanced drug flux through the skin, thereby improves 
the drug permeation through skin compared to other 
transdermal dosage forms.6 The film formed provides 
a controlled delivery of the drug into the systemic 
circulation by penetrating through different layers of 
the skin to elicit a therapeutic response. This continuous 
delivery of the drug prevents pulsed entry of drug into 
the systemic circulation thereby reduces the systemic 
toxicity.5,7 As this formulation is intended for a prolonged 
delivery of drug, to adapt to the movements of  skin it 
should have high flexibility and also need to have strong 
skin adhesion for consistent drug delivery. Additionally, 
FFS may have superior cosmetic attributes to semi-solid 
formulations, as they are fast-drying, less greasy, well 
retained and are almost invisible once applied on the 
skin. Considering this, the present investigation aimed 
to prepare and evaluate FFS of diphenhydramine for 
transdermal delivery. 

MATERIALS AND METHOS
Materials

Diphenhydramine HCl, azone, isopropyl myristate and 
oleic acid were purchased from Yarrow Chem Pvt. Ltd.,  
Mumbai. PVP K 30, PVP K90, HPC – EF and ethanol  
were purchased from Central Drug house Pvt. Ltd., 
New Delhi. Eudragit L 100 was a generous gift sample 
from Degussa Pvt. Ltd., Mumbai.

Methods
Preparation of film forming solution (FFS) of 
Diphenhydramine HCl5,7

The polymeric solutions were prepared by dissolving 
the polymer in the solvent and mixed using a magnetic 

stirrer until a clear solution was obtained. To the clear 
polymeric solution obtained, the plasticizer (20% w/w 
of dry weight of polymer) was added and stirred. Into 
the resulting clear solution, the drug (20% w/v) was 
added and dissolved by continuously stirring until a 
clear solution of drug in the polymeric solution was 
obtained. A suitable permeation enhancer was selected 
and added based on the permeation of the drug. About  
12 different formulations were prepared using four  
different polymers by varying the polymer concentration  
in three levels as per the Table 1.

Physicochemical evaluation8

Formulations were evaluated based on physicochemical 
properties of film formed upon casting the FFSs on a 
plane glass slide. Formulations were evaluated based on  
5 parameters, appearance and viscosity of solution,  
drying time, outward stickiness and nature of formed  
film. Based on these physicochemical properties, suitable  
formulations were selected for further development.

Appearance and microscopy8

Both appearance and microscopy were evaluated based 
on visual examination. The drug loaded films, cast 
on plane slide were observed under electrical optical 
microscope (Labomed, Vision 2000) to detect possible 
crystallization of the drug, if any, on standing.

Viscosity8

Viscosities of the solutions were measured using 
Brookfield viscometer (Brookfield Ametek, BRK 
instruments) to determine the flow property of the 
solution. An ideal film forming solution should have 
low viscosity.

Film formation8

FFSs were cast on a plane slide to allow formation of 
film. Evaluation of film formed was rated as complete 
and uniform, incomplete or non-uniform. The film 
was also checked under electrical optical microscope 
(Labomed, Vision 2000) for possible precipitation, if 
any.  The cosmetic facet of the films was evaluated 
based on transparency or opaque.

Drying time8

Formulations were cast onto a plane slide to determine 
drying time. After a set time span, another glass slide 
was mounted onto the film without pressure. Film is  
considered dry, if after removal there was no liquid  
visible on glass slide. Experiment was repeated with a 
rise in drying time if remains of liquid were visible on 
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Table 1: Composition of film forming solution of diphenhydramine hydrochloride.
Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15

DPH HCl (w/v) 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%

Eudragit L 100 (w/v) 5% 10% 20% - - - - - - - - - - - -

PVP K30 (w/v) - - - 5% 10% 20% - - - - - - - - -

PVP K90 (w/v) - - - - - - 5% 10% 20% - - - - - -

HPC (w/v) - - - - - - - - - 5% 10% 20% 5% 5% 5%

PEG 400 (w/w) 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20% 20%

IPM (v/v) - - - - - - - - - - - - 5% - -

Oleic acid (v/v) - - - - - - - - - - - - - 5% -

Azone (v/v) - - - - - - - - - - - - - - 5%

Ethanol qs qs qs qs qs qs qs qs qs qs qs qs qs qs qs

glass slide. A good FFS should have a minimum drying 
time to prevent long waiting for patients.

Outward Stickiness8

The outward film stickiness was measured by pressing  
a fixed weight of cotton wool onto dry film with low 
pressure. Stickiness was graded ‘high’ when dense fibre 
accumulation was seen on film, ‘medium’ when thin 
fiber layer was noted on film and ‘low’ when fibre 
adherence was seen occasionally or not seen, depending 
on the amount of cotton fibres retained by film.  The 
details of all the physicochemical properties evaluated 
are captured in Table 3.

In vitro release studies9

The in vitro diffusion studies were carried out in vertical 
Franz diffusion cells using dialysis membrane (12,000 
MWCO) as a barrier. The membrane was sandwiched 
between donor and receiver chamber and firmly secured 
between the two chambers using a stainless steel clamp. 
A tiny magnetic bead is used in the receiver chamber to  
stir the PBS (pH 7.4) during the course of the experiment.  
About 0.5 mL of FFS solution was dispensed into the 
donor compartment and allowed to form a film. The 
receiver chamber was filled with buffer and the receiver 
was kept at 37.0 ± 0.5°C. About 1 mL of samples were 
withdrawn at predetermined time points from the 
receptor compartment and were replaced with fresh 
buffer equivalent to the volume withdrawn, before the  
samples were analyzed using UV spectrophotometer.  To  
inspect the repeatability, studies were run in triplicate (n=3).

Ex vivo permeation studies9

Ex-vivo permeation studies were carried out using shed 
snake skin as a barrier membrane for permeation of 
drug. A film was allowed to form on the barrier by 
adding 0.5 mL of FFS solution into donor chamber. 

About 1 mL solution was drawn out from the receptor 
at 0, 1, 3, 5, 8, 12, 24 hr and quantitatively analyzed for 
Diphenhydramine HCl using UV spectrophotometer. 
At every sampling time point, 1 mL PBS was replaced 
into the receptor port to maintain the volume. To 
examine reproducibility, trials were run thrice (n=3).

RESULTS AND DISCUSSION
Saturation solubility of drug in the polymeric 
solution

Saturation solubility of drug in polymer solution was 
performed to check the crystallization point of drug in  
formulation, to determine stability of drug in formulation. 
The preformulation study was undertaken to fix the 
concentration of drug in the formulation. From the  
study, it was found that 40% of drug went into solution 
without crystallization, but solution formed by the 
addition of 40% and 30% of drug was highly viscous,  
displayed prolonged drying time and high outward 
stickiness, which was found to be undesirable to be 
formulate as FFS. Therefore, 20% of drug was selected  
as optimal concentration as FFS displayed good 
physicochemical properties. At the same time, this 
concentration of drug did not induce any skin irritation.  
Formulations containing 20% drug were reported to 
be suitable for topical preparation that were irritation 
free.10

Preformulation studies

The UV spectra of diphenhydramine HCl displayed a 
λmax of 258 nm in PBS (pH 7.4). UV spectrophotometry 
was used as a tool to quantify the drug in all the studies 
undertaken. The infrared spectra of diphenhydramine 
HCl was found to display characteristic peak at 3031 cm-1  
(due to aromatic CH stretching), 1381.75 cm-1 (due to 
CH3 bending), 1185.11 cm-1 (due to COC stretching) 
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and 1455.03 cm-1 (due to CH2 bending) displayed in 
Figure 1[A] and Table 2. The characteristic peaks of 
DPH HCl were also seen in the spectra of formulations 
at 3174 cm-1 (due to CH stretching), 1399 cm-1 (due to 
CH3 bending), 1133 cm-1 (due to COC stretching) and  
1488 cm-1 (due to CH2 bending) as displayed in Figure 1[B]  
and Table 2. These studies prove chemical integrity of 
drug in formulations and also rule out possible drug 
excipients interactions used in formulation of FFS. 
In conclusion, IR spectral observations demonstrated 
compatibility of DPH HCl and other excipients used.11

Formulation aspects and evaluation

As an initial step for the formulation it was important  
to identify a volatile solvent in which the drug has  
maximum solubility. From the literature survey it 
was found that the drug has maximum solubility in 

ethanol (408 mg/mL) when compared to other volatile 
solvents.11 Moreover, on formation of the drug loaded 
film, ethanol was found to evaporate quickly leaving 
behind a drug loaded film without any precipitation. 
PEG 400 was selected as plasticizer as it imparts good  
flexibility, smooth texture to the film.12 About 12  
different formulations were prepared using four  
different polymers in varying concentration along with 
other excipients like plasticizer and a volatile solvent. 
Both hydrophilic and hydrophobic polymers were used 
to determine the effect of hydrophilicity of polymer 
and its concentration in the release of the drug from 
the formulation. Physicochemical evaluations of the  
formulations were performed to identify the best  
formulations that had desirable properties for both  
film forming solution and the formed film. The 
physicochemical properties of the films are depicted in  
Table 3. Viscosity of the solution and drying time of  
the film were the major parameters on which the  
formulations were categorized as pass or fail. An ideal 
formulation is required to have a quick drying time 
and low viscosity and low outward stickiness.5 It is 
desirable that, to avert clinging to the patients’ clothes 
the films formed are non-tenacious. The films formed 
are expected to have low viscosity and short drying time  
to enable the film to quickly form.5 From the evaluation  
studies, it was found that, generally increasing the  
concentration of the polymer and plasticizer lead to 
an increase in viscosity of the solution and drying time 
of the formed film for hydrophilic polymers. On the 
other hand, hydrophobic polymer like Eudragit L 100 
displayed no much difference in viscosity and drying 
time. So based on the physicochemical evaluations, the  
formulations which had good physicochemical properties  
were taken further for in-vitro release study followed by 
ex-vivo permeation study.

In vitro release test

The release of the drug from film forming solutions 
is depicted in Figure 2. From the release study, it was 
evident that the polymer type and its concentration 
significantly affected the release of the drug from the  
formulation. It was found that the hydrophilic polymer  
like PVP and HPC displayed better release property  
when compared to a hydrophobic polymer like Eudragit  
L 100. The release of drug from FFS composed of 
Eudragit L 100 as a film former was found to display 
poor release compared to polymers such as PVP K30, 
PVP K90 and HPC-EF. In addition, an increase in the 
concentration of polymer in FFS resulted in lower 
release values. Out of all four polymers used, HPC-EF 
at concentration of 5% displayed the maximum release 

Table 2: Interpretation of FTIR studies of  
diphenhydramine hydrochloride.

DPH HCl 
Wavenumber 

(cm-1)
Interpretation

Formulation 
Wavenumber 

(cm-1) 
Interpretation

3031 aromatic CH 
stretching 3174 CH stretching

1381.75 CH3 bending 1399 CH3 bending

1185.11 C-O-C 
stretching 1133 C-O-C 

stretching

1455.03 CH2 bending 1488 CH2 bending

Figure 1: FTIR of diphenhydramine hydrochloride [A] and the 
optimized formulation [B].
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Figure 2: In vitro drug release profile of Film forming  
solutions.

Table 3: Physicochemical evaluation of film forming solution of diphenhydramine hydrochloride.
Film forming solution Formed film

Formulation Appearance Viscosity Drying time Outward 
stickiness

Film formation Inference

F1 Clear Low, Runny < 5 min Low Uniform Pass

F2 Clear Low, Runny < 5 min Low Uniform Pass

F3 Clear Low, Slightly viscous ≤ 5 min Low Uniform Pass

F4 Clear Low, runny < 5 min Low Uniform Pass

F5 Clear Low, Slightly viscous ≤ 5 min Medium Uniform Pass

F6 Clear High >7 min High Uniform Fail

F7 Clear High >7 min High Uniform Fail

F8 Clear Highly viscous >7 min High Uniform Fail

F9 Clear Gel like consistency >7 min High Uniform Fail

F10 Clear Low, Runny < 5 min Low Uniform Pass

F11 Clear Highly viscous 5-7 min High Uniform Fail

F12 Clear Very highly viscous >7 min High Uniform Fail

F13 Clear Low, Runny < 5 min Low Uniform Pass

F14 Clear Low, Runny < 5 min Low Uniform Pass

F15 Clear Low, Runny < 5 min Low Uniform Pass

of the drug. Nearly 40% of the drug got released from 
the formulation containing HPC, after a period of 8 hr  
as indicated in Figure 2. Taking this into account,  
formulations composed of HPC were considered for 
further development considering the low viscosity, 
quick drying time and relatively better release of the 
drug. Moreover, the film made of HPC was found to 
be non-tacky and well retained for prolonged period of 
time on the skin without getting dissipated from the 
site of application.

Ex vivo permeation studies

After the release studies, the ex-vivo permeation of drug 
was performed using shed snake skin as a barrier in 
vertical Franz diffusion cells. Using shed snake skin as 

a barrier for permeation had advantages, there were no 
leaching of chemical substances from the skin into the  
diffusion medium, the skin required no pre-treatment 
prior to start of the experiment and required no specific 
storage condition as it was stable at room temperature. 
Shed snake skin is considered a barrier that simulates 
the human stratum corneum.13,14 Formulation of HPC  
(F10) without permeation enhancer was found to  
display a permeation of 685.41 µg/cm2 in 24 hr.  
However, to further improve the drug permeation  
though the skin, penetration enhancers were incorporated 
to the FFS. Isopropyl myristate, oleic acid and azone 
were incorporated as penetration enhancers with the 
aim to increase the ex vivo permeation of DPH HCl.14 
The concentration of the permeation enhancers were 
fixed as 5% so that the viscosity and the drying time of 
the FFS are unaffected. However, higher concentrations  
of permeation enhancer in the FFS increased the viscosity  
and the drying time which was not desirable. Oleic acid, 
IPM and azone have been used as penetration enhancer 
at a concentration of 5% to enhance the permeation of  
water soluble drug through the skin.15 The ex vivo  
permeation of drug from different formulations of 
HPC is depicted in Figure 3. The steady state flux values 
from formulations F13, F14 and F15 were found to be 
42.27 µg/cm2/hr, 51.18 µg/cm2/hr and 57.91µg/cm2/hr 
respectively. The transdermal steady state flux value for 
Diphenhydramine HCl from formulation F15 which 
contained azone as permeation enhancer was found to 
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be display the highest flux. Taking into account the PK 
parameters such as plasma clearance of DPH HCl, it is 
possible to calculate the area across which the FFS has  
to be spread to elicit a therapeutic response. Considering  
the PK parameter and the transdermal SS flux, it can be 
inferred that the FFS need to be spread across an area 
of 0.5 cm2 to elicit a therapeutic response.

CONCLUSION
FFS of DPH were successfully prepared using 
hydroxypropyl cellulose, Eudragit L 100, PVP K30 and PVP  
K90 as polymers, PEG 400 as plasticizer and ethyl  
alcohol as solvent. The films formed were found to 
display low viscosity, low outward stickiness and short 
drying time. The films formed of HPC-EF were found 
to display relatively better release compared to other  
polymer investigated. Ex vivo permeation studies  
performed indicated that DPH HPC-EF films were 
able to successfully deliver therapeutic amount of drug 
across shed snake skin.
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SUMMARY

Film forming solution of Diphenhydramine HCl was 
formulated using four different polymers like Eudragit 
L 100, HPC, PVP K30 and PVP K90. All the formulations  
were screened by physicochemical evaluations like  
viscosity, drying time, outward stickiness, appearance 
and film formation. The best formulations were 
chosen for in-vitro release and ex-vivo permeation 
studies. The formulation with 5% HPC was 
found to show good release and permeation. 
It was also proved that Film forming solution 
of Diphenhydramine HCl was found to give 
good adhesion property and a controlled release  
of drug for over a period of 24 hr. Hence 
Diphenhydramine HCl as a transdermal candidate 
lay down proof for non-invasive drug delivery system.
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Abstract: Rheumatoid arthritis (RA) is a major global public health challenge, and novel therapies
are required to combat it. Silver nanoparticles (AgNPs) have been employed as delivery vehicles
of anti-inflammatory drugs for RA therapy, and it has been recently realized that AgNPs have anti-
inflammatory action on their own. However, their conventional synthesis processes might result
in cytotoxicity and environmental hazards. Instead, the use of natural products as a reducing and
stabilizing agent in the biosynthesis of silver nanoparticles has arisen as an option to decrease the
cytotoxic and environmental concerns associated with chemical synthesis of AgNPs. In this study,
we challenged the efficacy of Commiphora mukul (guggul) aqueous extract as a reducing and/or
capping agent for the biosynthesis of AgNPs. Guggul-mediated biosynthesized silver nanoparticles
(G-AgNPs) were characterized via UV-vis spectroscopy, dynamic light scattering, and scanning
electron microscopy. In addition, their anti-arthritic potential was evaluated in an adjuvant-induced
arthritis (AIA) model. The fabricated NPs showed an absorption peak at 412 nm, corresponding
to the typical surface plasmon resonance band of AgNPs. The synthesized G-AgNPs were nearly
spherical, with a particle size of 337.6 ± 12.1 nm and a negative surface charge (−18.9 ± 1.8 mV).
In AIA rat model, synthesized G-AgNPs exerted a potent anti-inflammatory action, as manifested
by a remarkable reduction in paw volume (>40%) along with elicitation of a minimal arthritic score,
compared to control rats. In addition, when compared to arthritic rats, treatment with G-AgNPs
efficiently restored the activity of antioxidant enzyme, superoxide dismutase, and catalase, indicating
the efficiency of synthesized G-AgNPs in alleviating the oxidative stress associated with RA. Finally,
histological examination revealed comparatively lower inflammatory cells infiltration in ankle joint
tissue upon treatment with G-AgNPs. Collectively, biosynthesized G-AgNPs might represent a
plausible therapeutic option for the management of RA.

Keywords: anti-inflammatory; arthritic score; guggul; rheumatoid arthritis; silver nanoparticles

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease with a global prevalence of
1% [1]. It is defined by chronic joint inflammation, large infiltration of activated immune
cells, and bone or cartilage damage [2]. The pathophysiology of RA is still unclear, but
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multiple mechanistic investigations have shown that an influx of activated inflammatory
B cells, T cells, and macrophages produce a variety of pro-inflammatory cytokines that
lead to severe tissue damage and joint destruction [1,3]. Currently, there are three classes of
pharmaceuticals that are routinely used in clinic for the management of RA, including glu-
cocorticoids, nonsteroidal anti-inflammatory drugs, and disease-modifying anti-rheumatic
drugs. Nevertheless, despite the fact that these treatment modalities can alleviate symp-
toms and halt the course of arthritis, high doses and frequent administration are frequently
necessary to achieve sufficient effectiveness, which ultimately results in unfavorable side
effects [4,5]. Consequently, innovative therapeutic approaches for RA therapy are still
desperately needed.

In recent years, there has been a surge in the development of nanomedicine for
treating challenging inflammatory diseases, including RA, with the goal of avoiding the
shortcomings associated with conventional therapies. The unique pathophysiology of
RA, including the leaky blood vessels and inflammatory cell infiltration, efficiently aug-
mented the passive and preferential accumulation of nanocarriers via what is known as
the ELVIS effect (extravasation through leaky vasculature and inflammatory cell-mediated
sequestration) at the disease site [6]. Furthermore, the overexpression of particular recep-
tors on the cell membrane of inflammation-associated cells triggered the development of
many actively targeted drug delivery systems, via modifying their surface with certain
recognition ligands [7–12]. Several nanoparticulate systems have been recently studied
in anti-inflammatory treatment [13–15]. For instance, Kuskov et al. [16] emphasized the
utility of amphiphilic poly-N-vinylpyrrolidone (PVP) nanoparticles as carriers for nons-
teroidal anti-inflammatory drug, indomethacin. They reported that orally administered
indomethacin-loaded PVP nanoparticles displayed superior in vivo anti-inflammatory
efficacy with less ulcerogenic potential, in carrageenan-induced paw edema animal model,
compared to free indomethacin. Alaaeldin et al. [15] have demonstrated the efficacy of
spanlastic nanovesiclular system for ameliorating the anti-inflammatory effect of the se-
lective COX-2 inhibitor, celecoxib, in an adjuvant-induced arthritis (AIA) rat model, via
suppression of the proinflammatory markers, tumor necrosis factor alpha (TNF-α), and
nuclear factor kappa-B (NFкB). In the same context, Singh et al. [1] have recently under-
scored the potential of intra-articularly administered poly ε-carpolactone nanoparticles
loaded with the immunosuppressive disease-modifying antirheumatic drug, leflunomide,
for alleviating serum levels of proinflammatory markers and inflammatory cytokines, with
subsequent reduction in paw volume and knee diameter in a AIA rodent model.

Metal nanoparticles have recently sparked increased interest for medicinal and di-
agnostic applications. Their unique biological and/or physicochemical properties verify
their drug delivery efficiency [17–19]. Among them, silver nanoparticles (AgNPs) are
favored for constructing drug nano-delivery vehicles, owing to their ease of synthesis and
modification and diverse biological activities [20,21]. Furthermore, because of their efficient
cross-membrane transport, they can readily deliver their payload into the cells. Recently,
silver nanoparticles have been employed as carriers to deliver anti-inflammatory medicines
for the treatment of RA [22,23].

Silver nanoparticles (AgNPs) are commonly produced and utilized chemical-reducing
agents that might exert negative consequences on human health and the biological appli-
cation of nanoparticles. Instead, green chemistry has recently gained popularity in the
synthesis of metal nanoparticles. It synthesizes metal nanoparticles in a more eco-friendly,
non-toxic, cost-effective, and rapid process [24,25]. Such a biological approach involves
using either micro-organisms or plants for their synthesis [26]. The use of plant extracts
as reducing and stabilizing agents to synthesize AgNPs offers the merits of low cost, eco-
friendliness, and ease of operation. Aside from this, the phytoconstituents themselves used
for the synthesis of nanoparticles might synergistically augment the therapeutic effect of
the synthesized AgNPs [21].

Guggul (Commiphora mukul) is a resin extract that has been used in Ayurvedic medicine
for centuries for the treatment of various conditions, including obesity, skin diseases, and
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arthritis [27]. The oleo gum resin of Commiphora mukul (Guggul) is rich in phytoconstituents,
such as terpenoids, steroids, and lignans [28], which can act as powerful reducing agents;
they have been reported to exert potent anti-inflammatory activity in various animal mod-
els [29]. Interestingly, the anti-inflammatory effect of guggul was found to be comparable
to that of ibuprofen, phenylbutazone, and hydrocortisone [27]. The aim of this study,
therefore, was to green-synthesize AgNPs using guggul as a reducing agent. In addition,
the therapeutic efficacy of Guggul-mediated synthesized silver nanoparticles (G-AgNPs) in
controlling the inflammation was assessed in an adjuvant-induced arthritis rat model.

2. Materials and Methods
2.1. Materials

Silver nitrate, Complete Freund’s adjuvant, and methotrexate was purchased from
Sigma Aldrich-Merck Ltd. (Mumbai, India). Commiphora mukul (oleo gum resin) was
provided from Research Lab Fine Chem Industry (Mumbai, India). All other chemicals and
reagents used in the research were of analytical grade.

2.2. Preparation of Commiphora mukul Plant (Guggul) Extract

The oleo gum resin was converted into a fine powder using mortar and pestle. Briefly,
10% (w/v) oleo gum resin extract was prepared in double distilled water following the
decoction process, to obtain the bioactive compound [30]. The extract was then filtered
using Whatman filter paper and centrifuged at 3000 rpm for 30 min to remove very fine
particles and to obtain a clear extract. The phytoconstituents of the extract were determined
using different phytochemical tests (Table S1). The final extract was stored in the refrigerator
at 2–8 ◦C for further use.

2.3. Synthesis of Silver Nanoparticles (AgNPs)

The green synthesis of AgNPs was conducted, using guggul extract as a reducing and
stabilizing agent. Initially, various concentrations of guggul extract (20–100 mg/mL) were
mixed with silver nitrate solution (1–5 mM) in 1:9 v/v ratio under continuous stirring at the
temperature of 80 ± 5 ◦C. The reaction media was maintained at alkaline pH to favor the
reaction and stability of the nanoparticles. The color change of reaction mixture from light
yellow to dark brown indicated the synthesis of G-AgNPs. The synthesized nanoparticles
were then centrifuged (Cooling Centrifuge, REMI, Mumbai, India) at 5000 rpm for 30 min
at 25 ◦C. Afterwards, the sedimented pellets obtained were re-dispersed in deionized water,
washed thrice, and re-centrifuged. Finally, the obtained pellets were lyophilized (Labconco,
MO, USA) at −80 ◦C overnight and stored for future studies [31].

2.4. Characterization of Silver Nanoparticles
2.4.1. UV Spectroscopy Analysis

Silver nanoparticles synthesized using guggul extract were analyzed for their purity
using UV-Vis Spectroscopy. Briefly, a small aliquot of the reaction mixtures was taken off
and diluted with sterile distilled water (1:10). The UV-Vis. spectrum was then recorded at
a wavelength from 300 to 800 nm using UV Spectrophotometer (Agilent Cary 60 UV-Vis,
Santa Clara, CA, USA).

2.4.2. Particle Size Measurement

The mean particle size of the formed nanoparticles was determined using a zeta sizer
(SZ-100, Horiba Scientific, Kyoto, Japan). Briefly, 1 mL of the sample was diluted 10 times
and placed in a cuvette for the analysis of particle size and size distribution [32].

2.4.3. Surface Charge Determination

Zeta potential was measured for the surface charge. The nanoparticles were diluted
10 times with deionized water and taken in an electrode cuvette for the measurement of
zeta potential using a zeta sizer instrument (SZ-100, Horiba Scientific, Kyoto, Japan) [18].
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2.4.4. Surface Morphology

Scanning electron microscopy (SEM) is employed to understand the surface topo-
graphical properties, such as size, shape, texture, and porosity, of the silver nanoparticles.
The SEM of the particles was captured using ZEISS Scanning Electron Microscopy (CAREL
ZEISS, EVO 18, Jena, Germany). The SEM images of silver nanoparticles were taken at a
magnification of 50,000×.

2.4.5. Fourier Transform Infrared (FT-IR)

The stability of nanoparticles is an important criterion. To recognize the bioactive
molecules capping over the synthesized nanoparticles, FT-IR analysis was conducted for
both guggul-capped silver nanoparticles and guggul extract using Bruker FT-IR instrument
(Billerica, MA, USA). The FT-IR spectra were recorded within the wave number range
4000 cm−1–400 cm−1 [33].

2.5. In-Vivo Anti-Arthritic Activity
2.5.1. Animal Study

Female Wistar albino rats (6–5 weeks old, 180–200 g) were used in this study. The
animals were provided with free access to water and food and were housed in cages with a
12-h dark/light cycle under standardized temperature (21–25 ◦C) and relative humidity
(50–70%) conditions. All experimental protocols were reviewed and approved by the
Institutional Animal Ethics Committee of Acharya and BM Reddy College of Pharmacy,
Bengaluru, India (Approval number: IAEC/ABMRCP/2020-21/03). General and environ-
mental conditions were monitored as per Organization for Economic Co-operation and
Development (OECD) guidelines.

2.5.2. Acute Toxicity Study

The acute oral toxicity for the silver nanoparticles was carried out as per the OECD
Test Guidelines 425 [34]. Briefly, animals were fasted for 3–4 h before treatment, but given
free access to water. The limit test was carried out at a dose of 2000 mg/kg p.o. as a single
dose, given to a single rat; the animal was closely monitored over a period of 14 days for
mortality and physical/behavior changes. Afterwards, a group of rats was fed orally with
silver nanoparticles at a minimum dose of 1.75 mg/kg and were observed for 14 days.
Finally, based on mortality results, the rats were treated with much lower doses of silver
nanoparticles (100, 200 and 300 µg/kg) and observed for 7 days.

2.5.3. Adjuvant-Induced Arthritis Rodent Model

The adjuvant-induced arthritis (AIA) model is one of the most frequently adopted
standard arthritis models [35]. To induce arthritis, rats were injected into the sub-plantar
surface of the right hind paw with 0.1 mL of Freund’s Complete Adjuvant Emulsion (CFA).
After 1 week of administration of CFA (incubation period), the rats were divided into four
groups, with six rats in each group. The first group (non-arthritic rats) received normal
saline (1 mL/kg, p.o) and served as a negative control. The second group (arthritic control)
received normal saline (1 mL/kg/day, p.o) and served as a positive control. The third
group comprised arthritic rats treated with the test dose of silver nanoparticles (determined
after toxicity study, i.e., 200 µg/kg, p.o.) on a daily basis for a period of 14 days. The last
group involved arthritic rats treated intraperitoneally with methotrexate (0.4 mg/kg/day)
and served as a standard group. The antiarthritic efficiency was evaluated in terms of
change of body weight, paw volume and arthritic score. Body weight was measured
on weekly basis, whereas paw volume was measured at regular short intervals using
a digital plethysmometer. The arthritic score, which reflects the severity and degree of
inflammation in each limb of the rat, was graded by the visual criteria method using a digital
plethysmometer. The score was set at a scale of 0–4, where 0 equals “no inflammation”,
1 equals “mild inflammation of 1 joint”, 2 equals “moderate inflammation of 1 joint”, 3
equals “severe inflammation of 1 joint”, and 4 equals “maximum inflammation of more
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than one joint in the limb”. The arthritic index was recorded as a total score of 16 per animal
(score of 4 for each limb) [36].

2.5.4. Radiological Assay

For radiological assay, rats were anesthetized by sodium thiopental (40 mg/kg, i.p.).
The rats were then placed on an X-ray plate and imaged at a 25 cm focus to film distance
to assess soft tissue swelling, joint space narrowing (cartilage loss), bone degeneration
(erosions), and articular surface regularity [37].

2.5.5. Estimation of Antioxidant Activity
Estimation of Superoxide Dismutase

Paw tissue was homogenized in an ice-cold tris-buffer with a homogenizer. The
homogenate was centrifuged, and the supernatant was subjected to superoxide dismutase
(SOD) estimation. Briefly, 0.1 mL aliquot of the supernatant was mixed with 1.2 mL 0.052 M
sodium pyrophosphate buffer, followed by 0.1 mL of 186 µM phenazine emethosulphate,
0.3 mL of 300 µM Nitro blue tetrazolium, and 0.2 mL of 780 µM nicotinamide adenine
dinucleotide hydrogen (NADH). The reaction was halted by adding 1 mL of glacial acetic
acid to the reaction mixture and incubating it at 30 ◦C for 90 min. The reaction mixture was
agitated, mixed with 4 mL of n-butanol, and then centrifuged for 10 min at 4000 rpm. The
absorbance of the organic layer was then measured at 550 nm using a spectrophotometer.
As a blank, 0.1 mL of distilled water was used instead of paw homogenate. The enzymatic
activity is defined as the enzyme concentration (U/mg) required to reduce the absorbance
of chromogen by 50% in the control sample under test conditions. The enzymatic activity
was estimated using the following formula [38]:

SOD activity =
(Absorbancecontrol − AbsorbanceSample) (Vreaction total)

0.5 (Absorbancecontrol)
(

Vsample

) × dilution factor

Estimation of Catalase (CAT)

Paw tissue was homogenized in an ice-cold phosphate buffer with a homogenizer.
The homogenate was centrifuged, and the supernatant was subjected to catalase (CAT)
estimation. Briefly, in a cuvette, 1.9 mL of 50 mM phosphate buffer was added to 0.1 mL of
supernatant of paw tissue homogenate. To this mixture, 1.0 mL of freshly made 30 mM
H2O2 was added, and UV absorbance was measured at 240 nm using spectrophotometer
for 3 min at intervals of 30 s. A control sample was prepared using 0.1 mL distilled water
instead of tissue homogenate. Catalase activity is expressed as the amount of enzyme
(U/mg) required to prevent a 50% change in absorbance in one minute in the control
sample [39]. The enzymatic activity was estimated using the following formula:

CAT activity =
Absorbance × Volume of reaction mixture

43.6 × Volume of sample
× 1

mg of protein

2.5.6. Histopathology Assessment

At the end of in vivo experiments, rats were euthanized, and the right hind paw was
excised, fixed in 10% formalin, and processed to make a paraffin block. Finally, 5 µm sec-
tions were stained with haematoxylin and eosin (H&E) staining for histological assessment.
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2.6. Statistical Analysis

The results were expressed as Mean ± SEM (n = 6). Paw volume, arthritic score, body
weight, and antioxidant parameters were analyzed using one-way ANOVA. Individual
groups were compared against the control group using post-hoc Dunnet’s test. A p < 0.05
was considered to be statistically significant.

3. Results
3.1. Phytochemical Analysis of Commiphora mukul

Previous reports have emphasized that the oleo gum resin of Commiphora mukul
(Guggul) is rich in phytoconstituents, such as terpenoids, steroids, and lignans [28]. In
this study, qualitative analysis of the guggul extract (Table S1) confirmed the presence of
terpenoids and steroidal phytoconstituents in the aqueous extract of Commiphora mukul.

3.2. Synthesis of Silver Nanoparticles

The green synthesis of silver nanoparticles was conducted using an aqueous extract
of dried oleo gum resin of Commiphora mukul (Guggul). In this approach, guggul was
exploited as a reducing and stabilizing agent as well. The formation of nanoparticles was
confirmed by visual observation of the transformation of yellowish silver nitrate solution to
dark brown (silver nanoparticles) within 20 min of the reaction. The presence of terpenoids,
confirmed by Salkowski’s test, emphasized the potential of guggul to act as an efficient
reducing agent for the synthesis of stable silver nanoparticles [40]. It was proposed that the
phytoconstituents in guggul (in particular, terpenoids) interacted with the silver nitrate
molecules and reduce them from the bulk. After the reduction, the atomic silver coalesces
from atomic size to nanoparticle size via a process known as nucleation. Eventually, the
bioactive molecules interact with the aggregated metal atoms and get adsorbed onto the
surface, improving the thermodynamic stability of nanoparticles and making them an ideal
therapeutic moiety.

3.3. Study of Process Parameters on Nanoparticle Formation

Nanoparticle formulations are greatly affected by different processing parameters,
such as pH, the concentration of silver ions, and the concentration of reducing agents [23].
Accordingly, preliminary experiments were conducted to study the impact of various
process parameters, including pH, concentration of silver nitrate, and concentration of
guggul extract on nanoparticle formation. The formation of AgNPs was confirmed by
the appearance of a distinct peak in the UV spectrum at the region of 400–800 nm, result-
ing from surface plasmon resonance (SPR), a characteristic phenomenon to noble metal
nanoparticles [24].

3.3.1. Influence of pH on the Nanoparticle Formation

Three trials were conducted at three different pH values (pH 3, pH 7 and pH 9). As
shown in Figure 1A, no nanoparticles were formed at both acidic (pH 3) and neutral (pH 7)
conditions, as manifested by the lack of color change of the medium and the absence
of SPR peak. On the other hand, alkaline pH (pH 9) was found to favor the formation
of silver nanoparticles, as indicated by an obvious color change to dark brown/black
and the appearance of a SPR peak at around 420 nm (Figure 1A). These results suggest
that the synthesis of AgNPs was supported in an alkaline pH, rather than an acidic or
neutral pH. Both an acidic and neutral pH might hinder the protonation and deprotonation
mechanism [41]; thereby, no reduction of metal into metal nanoparticles would be favored.
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Figure 1. UV–visible spectra showing effect of (A) pH; (B) silver nitrate concentration; and (C) guggul
concentration on the synthesis of AgNPs.

3.3.2. Influence of Silver Salt Concentration on the Nanoparticle Formation

In order to investigate the effect of silver salt concentration on nanoparticle formation,
different silver salt concentrations, ranging from 1 mM to 5 mM, were used for the synthesis
of AgNPs. As depicted in Figure 1B, low silver salt concentration (1 mM) failed to trigger
the formation of silver nanoparticles by guggul. By contrary, sequential increases in the
silver concentration, from 2 mM to 5 mM, resulted in a remarkable concentration-dependent
increase in the absorption behavior of synthesized AgNPs (Figure 1B).

3.3.3. Influence of Guggul Extract on the Nanoparticle Formation

The concentration of guggul is considered crucial for the synthesis of silver nanopar-
ticles. Variation in guggul extract concentration from 20 mg/mL to 100 mg/mL in the
reaction mixture of 5 mM silver was tested. As shown in Figure 1C, at lower extract concen-
trations (20 mg/mL to 80 mg/mL), guggul was not capable of bio-reducing silver salt into
silver nanoparticles, as indicated by the absence of characteristic peaks in the SPR spectrum.
On the other hand, a higher concentration of guggul (100 mg/mL) efficiently achieved the
formation of AgNPs, as manifested by the existence of a characteristic SPR peak (Figure 1C).
These results might be ascribed to the fact that at, higher guggul concentrations, the number
of reducing groups increases in the reaction mixture to the optimal level, which is required
to trigger the conversion of silver nitrate salt to AgNPs.
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3.3.4. Optimized Process for Nanoparticle Preparation

Based on our preliminary experiments, the optimal process conditions for guggul-
mediated synthesis of silver nanoparticles include mixing silver salt (5 mM) with guggul
extract (100 mg/mL) at an alkaline condition (pH 9).

3.4. Characterization of Silver Nanoparticles
3.4.1. UV Spectroscopy Analysis

The optical property of metal nanoparticles is a unique feature in their characterization.
Surface Plasmons resonance (SPR) is the most spectacular optical property of metallic nanos-
tructures. It indicates the appearance of a resonance effect caused by the interaction of metal
nanoparticle conduction electrons with light photons [42]. This interaction is influenced by
the shape and size of the metal nanoparticles, as well as the composition and nature of the
dispersion medium [43]. It has been reported that tiny spherical silver nanoparticles have
an SPR band that extends from 350 to 500 nm, with a peak position around 410 nm [44,45].
Similarly, in this study, the silver nanoparticles showed a characteristic absorbance peak at
412 nm (Figure 2), indicating the successful synthesis of G-AgNPs. Of note, such a peak
was absent in the individual spectra of plant extract and silver nitrate salt, suggesting that,
when silver ions are reduced into the nanoparticle range, a characteristic absorbance peak
will appear, due to the optical SPR properties of the formed nanoparticles.
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Figure 2. Surface Plasmon Resonance (SPR) depicted by UV Spectroscopy of silver nanoparticles.

3.4.2. Surface Morphology

SEM images (Figure 3) were recorded and analyzed for topographical properties of the
synthesized G-AgNPs. The size of the particles was in the range of 50–70 nm. The majority
of the particles were roughly spherical, with few particles showing an elongated or rod
shape. In addition, most of the particles were found to be discrete in nature, while few par-
ticles were seen as aggregated, suggesting the efficacy of guggul as a capping/stabilizing
agent. Furthermore, the particles showed a non-porous smooth texture without any at-
tached foreign matters.
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3.4.3. Particle Size Measurement

Particle size of nano-delivery systems is an essential parameter that dictates both
in vitro stability and in vivo biological efficacy. Generally, smaller particles (200–400 nm)
can readily extravasate from leaky vasculature, with subsequent preferential accumulation
in the sites of inflammation via ELVIS effect [6]. The particle size and polydispersity index
of the G-AgNPs, prepared under optimal synthesis conditions, were 337.6 ± 12.1 nm and
0.352, respectively (Figure 4A). These results suggest the propensity of the synthesized
nanoparticles to be accumulated at inflammation sites via ELVIS effect.
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Another essential characterization parameter of nanoparticles is the estimation of
particle surface charge: zeta potential [46]. The magnitude of the zeta potential signifies
the degree of electrostatic repulsion between similarly charged neighboring particles in
a dispersion, which, in turn, dictates the stability of colloidal dispersions. As shown in
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Figure 4B, the synthesized G-AgNPs had a zeta potential of −18.9 ± 1.8 mV, indicating
their stability.

3.4.4. Fourier Transform Infrared (FT-IR) Analysis

The FTIR spectra of guggul extract and synthesized G-AgNPs are shown in Figure 5.
FTIR spectra of guggul extract show its characteristic peaks at 3444 cm−1 and 3272 cm−1

for -O-H (stretching) and aromatic -C-H (stretching), respectively. The peaks observed at
1645 cm−1, 712 cm−1 and 654 cm−1 correspond to -C=O (stretching), -C=C (bending) and
-C-H (bending), respectively, as shown in Figure 5. FT-IR spectra of AgNPs exhibit peaks at
3350 cm−1 for -O-H (stretching) and 3265 cm−1 for aromatic -C-H (stretching), respectively.
The peaks observed at 2360 cm−1, 1639 cm−1, 694 cm−1 and 576 cm−1 correspond to -C=C
(stretching), -C=O (stretching), -C=C (bending) and -C-H (bending), respectively. The
alteration of peak at 1645 cm−1 to 1639 cm−1 suggests the involvement of guggul -C=O
groups in reduction/stabilization of the synthesized AgNPs.
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3.5. Acute Toxicity Study

Acute oral toxicity studies were conducted as per guidelines of OECD 425, and the
dose was standardized. The oral administration of the silver nanoparticles at a dose of
2000 mg/kg was found to be toxic, leading to the death of the rats. A much lower dose of
1.75 mg/kg was also found to be lethal to the animals. Therefore, the dose was reduced to
~1/10th and examined at three levels (100 µg/kg, 200 µg/kg, and 300 µg/kg). It was found
that these doses were non-toxic, and no mortality was observed upon oral administration
for up to 7 days. Furthermore, no signs of toxicity, in terms of a reduction in body weight
or physical behavior changes (depression, alterations in alertness, limb tone, grip strength,
or animal gait), were observed before and after treatment. Accordingly, a test dose of
200 µg/kg was selected as a therapeutic dose of nanoparticles for testing anti-arthritic
activity in rats.
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3.6. Adjuvant-Induced Arthritis Rodent Model

In this study, female Wistar albino rats were selected for evaluating the anti-arthritic
activity of synthesized AgNPs, since it is well-known that rheumatoid arthritis (RA) preva-
lence is more common in adult females in comparison to adult males [47]. In addition,
the adjuvant-induced arthritis (AIA) model was adopted for evaluating the therapeutic
efficacy of the synthesized G-AgNPs, since it resembles human RA clinical features [48].
The administration of CFA in the sub-plantar region of the right hind paw for a period
of 7 days develops arthritis in animals. The arthritic score, paw volume and inflamma-
tion, and change in body weight were used as markers of the anti-arthritic effect of the
silver nanoparticle throughout the term of the experiment. Furthermore, histological and
biochemical evaluations were carried out post-euthanization of the rats.

3.6.1. Evaluation of Anti-Arthritic Activity of AgNPs

The change in paw edema has traditionally been used to measure the efficacy of
an anti-inflammatory medication in RA [49]. Generally, the progression of RA in the
adjuvant-induced arthritis (AIA) model can be traced by paw swelling. The decrease in
paw circumference in the AIA model clearly signifies a decrease in swelling rate, which
reflects the effectiveness of treatment regimen. As shown in Figure 6A, the arthritic con-
trol group showed obvious paw swelling shortly (1 day) after CFA induction, which
reached high severity on day 7 and lasted for 14 days, indicating a clear sign of clinical
inflammation. On the other hand, both treatment groups (G-AgNPs and methotrexate-
treated groups) showed time-dependent decreases in paw volume induced by CFA. At
day 14, the paw edema was significantly (p < 0.01) reduced by >40% upon treatment
with G-AgNPs (200 µg/kg/day, p.o.), compared to the arthritic control (Figure 6A). Such
a decrease in swelling rate, which might be attributed to decreased edema, attenuated
inflammatory processes, and decreased synovial tissue hyperplasia [50,51]. Interestingly,
the anti-inflammatory effect of AgNPs in AIA was comparable to that of the reference
drug, methotrexate (0.4 mg/kg/day, i.p.). Collectively, these results suggest the potential
of synthesized AgNPs in alleviating RA-related inflammation.

Evaluation of arthritic score is another important consideration in physical observation
of inflammation and swelling. As shown in Figure 6B, the arthritic control rats showed
the maximum arthritic score, compared to the normal control. Treatment with G-AgNPs
(200 µg/kg/day, p.o.), on the other hand, significantly (p < 0.5) reduced the arthritic score
in a treatment duration-dependent manner, compared to the arthritic control. Of note, the
efficacy of G-AgNPs in reducing arthritic scores were comparable to that obtained with the
reference drug, methotrexate (Figure 6B).

Another key factor to consider is the reduced food intake and subsequent body weight
loss observed in experimental models. As shown in Figure 6C, arthritic control rats lost
a remarkable amount of body weight and became considerably different from the other
groups, presumably due to limited locomotion and/or discomfort. On the other hand, there
were no significant variations in body weight between the normal non-arthritic rats and
the animals receiving either G-AgNPs or the reference drug, methotrexate. These findings
indicate that therapy with G-AgNPs was well tolerated and has a favorable safety profile.
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3.6.2. Estimation of Antioxidant Activity

Besides inflammation, oxidative stress is another hallmark of RA. Many reports have
emphasized the elevation of oxidative stress along with increased inflammation in patients
suffering from RA [52]. Such elevation in oxidative stress has been linked to an imbalance
between pro-oxidant and antioxidant defense systems [53]. Herein, the activity of two
antioxidant enzymes, namely superoxide dismutase (SOD) and catalase (CAT) enzymes,
was evaluated in rat paw tissue homogenate. As shown in Figure 7, the activities of SOD
and catalase enzymes were reduced by 67% and 73%, respectively, in the arthritic control
group, compared to the non-arthritic normal rats. On the other hand, treatment with either
the synthesized G-AgNPs or reference drug (methotrexate) significantly increased (p < 0.05)
the activities of these antioxidant enzymes compared with arthritic rats. The enzymatic
activities of SOD and CAT enzymes were 1.85- and 2-folds higher in the G-AgNPs-treated
group, compared to the arthritic control group (Figure 7). These results suggest that
G-AgNPs could exert their anti-rheumatic activity via not only reducing RA-associated
inflammation, but via restoring the pro-oxidant and antioxidant balance as well.
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3.6.3. Radiological Assay

The radiographic examination of ankle joints of all groups of rats are depicted in
Figure 8. Compared to the normal control group (Figure 8A), adjuvant-treated rats (arthritic
control) showed remarkable soft tissue swelling, uneven joint spaces, and excessive bone
degeneration (Figure 8B). In contrast, rats treated with G-AgNPs displayed mild to mod-
erate tissue swelling and mild degenerative changes in the rat ankle joint (Figure 8C).
Similarly, rats treated with methotrexate showed little degenerative alterations in the ankle
joint, with mild edema in the surrounding tissues (Figure 8D). These results depict that
G-AgNPs can successfully reverse disease progression in arthritic rats.
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(C) silver nanoparticle-treated rats; and (D) methotrexate-treated rats.

3.6.4. Histopathology Assessment

Aside from biochemical evidence, joint histological staining was conducted to en-
sure the effectiveness of treatment with G-AgNPs (Figure 9). No gross anomalies were
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detected in the morphology of the joint tissues of the non-arthritic control rats, whereas
histopathological examinations disclosed that arthritic rats showed remarkable signs of
cellular infiltration, synovial hyperplasia, and bone destruction. Treatment with G-AgNPs,
on the other hand, considerably reduced joint damage and exerted only a mild degree of
cellular infiltration, hyperplasia, and bone destruction. Similarly, treatment with the refer-
ence drug, methotrexate, remarkably alleviated joint tissue inflammation, as manifested
by mild hyperplasia in synovial membrane and mild grade of infiltration of inflammatory
cells. Collectively, this study clearly emphasized the efficacy of the synthesized G-AgNPs
in suppressing inflammation inside tissues and preventing arthritis-related paw edema.
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Figure 9. Histopathology of the right paw tissues of (A) normal control rats; (B) arthritic rats;
(C) silver nanoparticle-treated rats; and (D) methotrexate-treated rats.

4. Conclusions

Guggul is a resin extract that has been used in Ayurvedic medicine for the treatment
of various conditions, including arthritis. In addition, the oleo-gum resin of Guggul is
rich in phytoconstituents, such as terpenoids, steroids, and lignans, which can act as
powerful reducing agents. In this study, we exploited the reducing potential, along with
the anti-inflammatory efficacy, of guggul for the synthesis of biostable G-AgNPs for the
management of rheumatoid arthritis. The synthesized nanoparticles showed good in vitro
colloidal stability and good in vivo safety profile upon oral administration. In addition, in
Complete Freund’s adjuvan-induced arthritis model, the biosynthesized G-AgNPs exerted
potent anti-arthritic potential, as depicted by a considerable reduction in paw thickness, as
well as a lower arthritic score. Interestingly, such anti-arthritic efficacy was comparable to
that of a reference standard, methotrexate. Collectively, this study is the first to report the
use of biosynthesized bio-active nanoparticles for rheumatoid arthritis treatment without
the addition of any medicines, and it underlines the potential use of G-AgNPs for targeting
rheumatoid arthritis.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/pharmaceutics14112318/s1, Table S1. Phytochemical analysis of
Commiphora mukul (Guggul) extract.
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1. Introduction
Human beings and plants share an age-old relationship1. 
The use of plants as medicine goes back to the period of 
early man. India has an ancient heritage of traditional 
medicine and a rich tradition of plant-based knowledge in 
healthcare. Plants have formed the basis of sophisticated 
traditional medicinal practices that have been used for 

thousands of years by people in China, India, and the rest 
of the other countries2–4. The earliest record of the use of 
plants for the treatment of various ailments can be found 
in the oldest Hindu scripture, the Rig Veda which dates 
back from 3500 B.C. to 1800 B.C5. Practices of traditional 
medicine vary greatly from country to country, and 
from region to region, as they are influenced by factors 
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Abstract

Currently, the paradigm shift of folklore medicine is obvious among the public and researchers. Study based on 
traditional medicine around the world has become prominent with the addition of pharmacological studies to 
scientifically prove the effectiveness of the concerned medicine. Tamarind (Tamarindus indica L. of family Fabaceae) 
alone or with a combination of other herbs has been proved to be effective for treating many ailments such as 
arthritis, dysuria, dental diseases, ulcer, sexual dysfunction, etc. It also exhibits pharmacological actions such as anti-
microbial, anti-dysentery, anti-coagulant, hepatoprotective, anti-asthmatic, and anti-diabetic. The pharmacological 
effect of the fruit or the pulp, leaves, flowers, kernel, and inner bark has been studied. Furthermore, different species 
of tamarind have also been studied. Numerous studies such as chemical, analytical and biological were conducted 
to confirm the same. The clinical studies of tamarind match with folklore practices with respect to pharmacological 
actions, still some are yet to be explored. This study focuses on reviewing the chemical composition, pharmacological 
effects, and nutritional effects of tamarind. Hence it can be concluded that the folklore practice and modern 
medicinal practice interact with each other. Thus, the folklore practices without being neglected can be extended 
for the support of scientific evidence through detailed researches. 
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like culture, history, personal attitudes, and philosophy. 
In many cases, their theories and applications are quite 
different from those of conventional medicine. Long 
historical use of many practices of traditional medicine, 
including experience passed on from generation to 
generation, has demonstrated the safety and efficacy of 
traditional medicine6. One such plant commonly used in 
folklore and traditional medicinal practice is tamarind7. 
Tamarindus indica L. of the family Fabaceae (Figure 1) is a 
medicinal plant that has been utilized in Indian medicine 
for centuries. In many regions of the world, tamarind 
has been utilized in a variety of remedies8. This review is 
an attempt to document certain significant folk healing 
practices that existed in India and the respective clinical 
trials conducted.
Binomial Name Tamarindus indica L.
Family  Fabaceae
Subfamily Detarioideae
Tribe  Amherstieae
Synonyms Cavaraea elegans Speg.
  Tamarindus erythraeus Mattei
  Tamarindus occidentalis Gaertn.
  Tamarindus officinalis Hook.
  Tamarindus somalensis Matteqi
  Tamarindus umbrosa Salisb.
Vernacular names: Ttali (Assamese), Tentul (Bengali), 
Ambla, Amli (Gujarati), Imli (Hindi), Hunashe, Hannu, 
Hunasemara (Kannada), Chinch (Konkani), Puli 
(Malayalam), Chicha, Chinch, Chincha (Marathi), Telul, 
Tentuli (Oriya), Imbli, Imlii (Punjabi), Puli (Tamil), 
Chintapandu (Telugu)9.

English name:  Indian date, Indian tamarind, Kily tree

2. Morphology/Botany
It grows up to a height of 25–30 meters. Tamarind tree 
is evergreen, dome-shaped, much branched and it looks 
similar to an Amla tree (Indian gooseberry) with respect 
to leaves, like small pinnate compound leaves. But the 
main difference between them is, Amla (Phyllanthus) 
bears longer leaves which are light green in color and 
the leaflets are a little narrower than tamarind. Whereas 
in tamarind, leaves are smaller leaflets, broader and dark 
green in color10. 

Flowers are small, 3 cm in length, aromatic, and 
yellow in color. Fruits are sub-cylindrical, straight or 
slightly curved. Pods are swollen, with rounded ends and 
are brown or greyish-brown in color. The sapwood of the 
tamarind tree is pale yellow in color and the heartwood 
is very hard, dark purplish-brown color, heavy, strong, 
durable and resistant to bugs and insects11.

2.1 Origin of Tamarind Tree/Distribution
Tamarind is native to Eastern Africa. In India, tamarind 
tree is grown in Madhya Pradesh (central part), Andhra 
Pradesh, Tamil Nadu and Karnataka (southern parts).

2.2 Propagation
Tamarind seeds remain in good condition for months and 
germinate a week after planting. Young trees are usually 
grown in nurseries. Vegetative propagation of the selected 

Figure 1.  Different morphological parts of Tamarindus indica L.
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varieties is also carried out due commercial prospective 
of tamarind products. Tamarind trees can also be grown 
from stem cuttings, grafting, or air-layering.

2.3 Edible Morphological Parts
Edible morphological parts of tamarind are the fruit pulp, 
leaves, flowers, and seeds. 
Fruit pulp: It is available in the market as a pod form or 
as a paste. The tamarind fruit pulp is eaten raw as a spice 
in various Indian food dishes like gravy dishes, cooked 
with vegetables or pulses with tamarind sauce. Tamarind 
is an important ingredient in chutneys (pickles) and is 
also added to some sea fish recipes called Tamarind Fish. 
Tamarind is a staple in the South Indian diet, where it is 
used to prepare Rasam, Sambar, Puliyogare (South Indian 
rice preparation with tamarind), Pulikuzhambu (sour 
soup of tamarind, with chili and salt) which are popular in 
Tamil Nadu. The tamarind fruit pulp is acidic in taste and 
has been used for centuries as a skin scrubbing material to 
promote smoother and lighter skin.
Leaves and flowers: The fresh sour leaves and flowers are 
mixed with vegetables, cooked, and eaten in India. In 
South India, flowers are used to prepare tangy pickles.
Seeds: Seeds are rich in essential minerals and proteins. 
Tamarind seeds are roasted, fried, boiled, and consumed 
as snacks. Seeds contain high starch content which is 
used in food, paper, and jute industries. Tamarind gum, 
obtained from the seed kernels forms a stiff gel and is 
used as a thickening, stabilizing, and gelling agent in the 
food industries. Seed kernel powder is used as a stabilizer 
during ice cream preparation. Seeds contain chemical 
constituent polyose which is used in the preservation of 
fruits. 

3. Chemical Composition of 
Tamarind

The chemical composition of tamarind varies with respect 
to different parts of tamarind (Table 1). The tamarind 
fruit (dried and riped) consists of pulp and seed. The pulp 
constitutes 30–50 % of the ripe fruit and 11-30% of shell 
and fiber and 25-40% of seed12. 
Leaves and flowers
Tamarind leaves consists of essential oils, free and 
conjugated fatty acids and flavonoids. The presence of 
significant levels of selenium and other micro-elements 
also were identified13. The leaf oil is rich in 25% of limonene 

and 41% benzyl benzoate14. They also contain triterpenes, 
lupanone, and lupeol. Leaves are also a rich source of 
protein, lipid, fiber, and vitamins such as thiamine, 
riboflavin, niacin, ascorbic acid, and β-carotene. Leaves 
are composed of 13 essential oils, of which limonene and 
benzyl benzoate are the most important compounds, 
followed by pentadecanol and hexadecanol15.
Stem bark 
The root bark was found to contain n-hexacosane, 
eicosanoic acid, b-sitosterol, octacosanyl ferulate, 
21-oxobehenic acid, and (+)-pinitol16. They also consist 
of flavonoids, cardiac glycosides, alkaloids, saponins, and 
tannins17.
Bark
Tamarind bark is rich in tannins and polyphenols such as 
N-hexacosane, eicosanoic acid, b-sitosterol, octacosanyl 
ferulate, 21-oxobehenic acid, (+) - pinitol and phenolic 
antioxidant proanthocyanidins (catechin, procyanidin 
B2, epicatechin, procyanidin trimer, procyanidin 
tetramer, procyanidin pentamer, procyanidin hexamer 
along with taxifolin, apigenin, eriodictyol, luteolin and 
naringenin)18-20.
Pulp
The dried pulp consists of 8–18 % tartaric acid and 25–45% 
reducing sugars (70 % is glucose and 30 % fructose)21,22. 
The tender fruits contain around 16% free form of tartaric 
acid. The sweetness of ripe tamarind fruit is balanced by 
tartaric acid which has an intense acid taste. The fruit 
contains tartaric acid, reducing sugars, pectin, tannin, 
fiber, and cellulose. Tamarind contains organic acids like 
oxalic acid, succinic acid, citric acid, quinic acid, and a 
low level of ascorbic acid23. Pulp was also identified 
with free amino acids namely proline, serine, β-alanine, 
phenylalanine, and leucine24. These are a rich source of 
minerals like potassium, phosphorus, calcium, and iron. 
They are high in magnesium, and sodium but low in 
copper and zinc. They excel in riboflavin, thiamine, and 
niacin whereas poor in vitamin A and C25. The volatile 
constituents were identified in pulp such as 2-phenyl 
acetaldehyde with a fruity and honey-like odor, 2-furfuryl 
with a caramel-like flavor, and hexadecanoic acid and 
limonene having a citrus flavour26. TI (Trypsin inhibitor) 
is higher in the pulp than any other parts of tamarind.
Seed
The seed contains 20–30% seed coat (testa) and 70-75% 
kernel (endosperm). (70–75 %). The seed contains 
13-20% protein and 5-16 % oil. Testa is also rich in 20 % 
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fibre and 20% tannins. Whole tamarind seed consists of 
crude protein, crude fibre, crude fat, tannins and TI. Seeds 
contain 63 % starch and 5–6% of semi-drying oil27. It also 
contains phytic acid and albuminoid tannins28.

4. Folklore Medical Practices32 

(Figure 2)

4.1  For Hand, Leg and Joint Pain 
Matured tamarind leaves and castor oil are used to 
relieve pain. Castor oil is slightly warmed and applied 
to the parts where pain exists. After applying the castor 
oil, tamarind leaves are patched. The leaves are left in the 
pain areas for about three hours, after which the area is 
washed with hot water. The same procedure is repeated 
both in the morning and in the evening for three days 
continuously. Pain is relieved, especially in the joints. On 

these three days of treatment, pepper, dried ginger, garlic, 
and asafoetida are finely ground and the same mixture is 
used for preparing curry. This curry has to be consumed 
with freshly boiled rice. 

4.2 For Inflammation
The tamarind leaves are separated and sauted (fried) in a 
mud pot with a spoonful of neem (Azadirachta indica) oil. 
These leaves are applied to the inflammated areas when it 
is hot.

4.3 For Bronchial Asthma
Two handfuls of tamarind leaves are mixed with the fresh 
decanted rice water (starch) from cooked rice. This mixture 
is mixed thoroughly so that the leaves are spread evenly 
throughout the rice water. The mixture is kept overnight. 
The next day, leaves are separated from the mixture and 

Morphological part Chemical constituent

Leaves and flowers

Essential oils, free and conjugated fatty acids, flavonoids, selenium with other 
micro-elements, limonene, benzyl benzoate, pentadecanol, hexadecanol14triter-
penes, lupanone, lupeol, protein, lipid, fibre, vitamins such as thiamine, ribofla-
vin, niacin, ascorbic acid, β-carotene

Stem bark n-hexacosane, eicosanoic acid, b-sitosterol, octacosanyl ferulate, 21-oxobehenic 
acid, and (+)-pinitol, flavonoids, cardiac glycosides, alkaloids, saponins, tannins

Bark 

Tannins, polyphenols like N-Hexacosane, eicosanoic acid, b-sitosterol, octacosa-
nyl ferulate, 21-oxobehenic acid, and (+) - pinitol and phenolic antioxidants, cat-
echin, procyanidin B2, epicatechin, procyanidin trimer, procyanidin tetramer, 
procyanidin pentamer, procyanidin hexamer, taxifolin, apigenin, eriodictyol, 
luteolin and naringenin.

Pulp

Tartaric acid, reducing sugars, pectin, tannin, fibre, cellulose, organic acids like 
oxalic acid, succinic acid, citric acid, quinic acid, ascorbic acid, free amino acids 
namely proline, serine, β-alanine, phenylalanine and leucine, minerals like po-
tassium, phosphorus, calcium, iron, magnesium, sodium, copper and zinc, vita-
mins like riboflavin, thiamine and niacin, volatile constituents such as 2-phenyl 
acetaldehyde and TI (trypsin inhibitor).

Seed Protein, fibre, tannins, crude protein, crude fibre, crude fat, tannins, TI, carbohy-
drate, starch, phytic acid and albuminoid tannins.

Table 1. Chemical constituents of various morphological parts of tamarind29–31
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the leaves are ground in a stone grinder with 3g of Alpinia 
officinarum. The grounded leaves are squeezed to get the 
extract (juice). To the above extract, a half tumbler lemon 
juice (without seeds) is mixed. Freshly prepared above 
mixture is given to the patients with bronchial asthma 
only in the morning for five continuous days. 

4.4 For Wounds
Tamarind leaves are boiled with three glasses of water. 
Water is decanted while hot. This water is used to wash 
the wounds before the application of any medicine. 

4.5 For Eye Diseases
The tender leaves of tamarind are cooked with pigeon pea 
(toor dal) and eaten with rice to get rid of eye diseases. 
The tamarind leaves are ground and applied around the 
eyes for the treatment of irritation and redness in the eyes 
and are also used in other eye diseases.

4.6 To Reduce pitham
Pickle (chutney) is prepared by grinding a mixture of a 
handful of tamarind flowers, stone salt (sendha namak), 
tamarind fruit pulp, ginger, and coriander leaves in a stone 
grinder. This chutney when consumed with fresh rice in 
the morning will gradually reduce pitham. The above 
procedure is also followed with tender fruits of tamarind 
instead of tamarind flowers. 

4.7 For Cold
A handful of tamarind leaves are boiled with water in 
a mud pot, cooled and filtered. Half a tumbler of this 
mixture with sugar is consumed early morning and 
evening to cure cold.

4.8 For Arthritis
Equal quantities of tamarind leaves and flowers sauted 
(fried) with castor oil. This mixture is applied to the areas 
of pain which gradually reduces all kinds of arthritis.

4.9 For Painful Urination (Dysuria)
A handful of cleaned tamarind flowers are boiled in one 
tumblerful of water in a mud pot, cooled, and filtered. To 
a half tumbler of the above filtrate, one spoonful of palm 
sugar is added and consumed both in the morning and in 
the evening. Gradually the painful urination gets cured. 
For painful urination due to an overheated body, the 

seeds of the tamarind fruit are taken two in numbers and 
chewed along with the outercoat of the seed. 

4.10 For Blood Clots
Curry is prepared with the thick ripe fruit pulp of 
tamarind. This curry is taken in an iron spoon and salt 
is added in a ratio of 1:4 and heated. This hot mixture is 
applied to the blood clot area as treatment. 

4.11 For Poisoning due to Scorpion Bite
Ripe pulp of tamarind fruit is mixed with an equal 
quantity of slaked lime in the palm. In this process, heat 
is generated. This mixture, while hot is applied to the 
scorpion biten area. The mixture gets patched up on the 
applied area which absorbs the poison.

4.12 For Dysentery
The outer covering is removed from the seeds of the 
tamarind fruit. The removed covers of seeds are sauted 
and ground in a stone grinder into a fine powder. The 
measured quantity of the above powder is mixed with a 
spoonful of honey and consumed both in the morning 
and evening which cures dysentery. 

4.13 For Nervous Weakness (Sexual 
Dysfunction)

The outer covering of the seeds of the tamarind fruit is 
removed and the white inner part (kernel) of the seed 
is fried to redness. This fried inner part of the seed is 
ground into powder and stored in a wide-mouthed glass 
bottle. One teaspoonful of this powder is mixed with a 
tumblerful of boiled cow’s milk and a spoonful of rock 
sugar is consumed before going to bed for continuous 
40 days. It is strictly advised that there should not be any 
sexual intercourse during this treatment period. 

4.14 For Hot Wounds
This treatment is for the boil wounds due to hot water, 
hot oil, or boils due to fire. The bark of tamarind is dried, 
ground in a stone grinder, and sieved. The above mixture 
is stored in a wide-mouthed container. Coconut oil is 
applied to the boil wound and the prepared powder is 
sprinkled on the coconut oil and again a layer of coconut 
oil is applied. This way of application for continuous 7 
days heals the boil wounds. 
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4.15 For Inflammation in Uvula (Tonsils)
An equal quantity of old fruit pulp of tamarind and salt 
is ground into a fine paste in a stone grinder. This paste is 
applied to the uvula to reduce inflammation.

4.16 For Dental Diseases
The outer covering of the seeds of the tamarind fruit is 
removed by grinding in the stone grinder with an iron 
rod. The outer covering of the seed is collected and the 
same quantity of bark of Prosopis juliflora (Karuvelam 
pattai) is ground in a stone grinder into fine powder. To 
this, salt is added in the ratio of 1:8 and mixed well. This 

mixture is stored in a wide-mouthed glass container and 
is used to brush the teeth in the morning. This practice 
will gradually prevent and cure all kinds of tooth diseases.

4.17 For Peptic Ulcer
The inner bark of the tamarind tree is dried in sun, ground 
into powder in a stone grinder, and sieved. This powder is 
stored in a container and consumed on daily basis to get 
rid of peptic ulcers and also other stomach disorders. 

5. Nutritional/Chemical, 
Analytical and Biological 
Studies

5.1 General
Researches have showed that tamarind pulp, seed, 
leaves and stem bark have pharmacological activities 
such as antimicrobial, antioxidant, antiinflammatory, 
molluscidal, hypoglycaemic, antihypercholesterolemic 
activity, antidiabetogenic, antivenom, and antiemetic, 
immunomodulatory, retarding fluorosis, antiplatelet, 
analgesic, UVB protection and corneal healing.

5.2 Antioxidant Activity 
Tamarind fruit was found to contain high levels of 
phenolics and showed high antioxidant activity. High 
antioxidant activity could provide protection against 
certain human degenerative conditions related with 
oxygen free radical damage. Tamarind fruit or foodstuffs 
from tamarind fruit pulp may act as functional foods, 
providing beneficial effects on human health33. T. indica 
seeds are important sources of antioxidant activity as 
it contains 2-hydroxy3’,4’-dihydroxyacetophenone, 
metdihydroxybenzoate, (-)-epicatechinand 3,4 
dihydroxyphenylacetate, in addition to oligomeric 
proanthocyanidins (OPC). OPCs are potent antioxidant, 
anti-inflammatory, antihistaminic agent and ultraviolet 
protection. OPCs also stabilize elastin, collagen and 
ground substances34. A detailed study on the composition 
of T. indica seeds were done to evaluate its antioxidant 
potential, fatty acid profile and content of tocopherols. 
The findings led to the interest in using the extract derived 
from the seeds of tamarind for cosmetics35.

Figure 2.  Folklore medicinal practices of tamarind 
in India.
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5.8 Spasmogenic and Spasmolytic Activity
The aqueous extract of T. indica was found to induce 
spasm47. Another study showed that, the methanolic 
extract of tamarind fruits have spasmolytic activity48.

5.9 Anti-aging Activity
Extracts of T. indica were found to exhibit antioxidant 
effect, and also showed antiglycation effect which could 
be further developed for use in anti-aging cosmetics49.

5.10 Sialagogue Activity
Tamarind has been reported to increase the flow of 
saliva50.

5.11 For Preventing Pregnancy
In Tamil Nadu, India, tribals of the Anaikkatty hills drink 
the ground root bark powder infusion for abortion and to 
prevent pregnancies51.

5.12 Other Uses 
In West Africa, tamarind bark is used to treat diarrhoea, 
also in East Africa, the leaves are used for similar 
purpose52. In the Philippines and Eastern Sudan, the 
bark is used as astringent and is also used as a tonic and 
in lotions or poultices to treat the sores, ulcers, boils and 
rashes53. In Kenya, bark decoction is used to treat cough 
and as a gargle to treat sore throat. In Uganda, decoction 
of the bark is used for treating uterine fibroids and root 
decoction is used to treat syphilis54. In the Philippines, 
tamarind flower extract is used as a remedy for eye 
diseases and conjunctivitis55.

6. Clinical Studies on Tamarindus 
indica

The various parts of tamarind either alone or as 
formulation were tested for their clinical efficacy. The 
clinical efficacy of tamarind evaluated are discussed below 
and also shown in Table 2.

Patients with premature ejaculation were given 
tamarind seed powder for four weeks in a randomised, 
double-blind, controlled clinical experiment. When 
tamarind seed powder was used instead of placebo, the 
intra-vaginal ejaculatory latency period was considerably 
longer56. Unani formulations containing tamarind 
were found to reduce low backache and lower stomach 

5.3 Hypoglycemic Activity
Aqueous extract of the tamarind seeds had potent anti-
diabetic activity that reduced blood sugar levels in 
streptozotocin (STZ) induced diabetic male rat36. The 
tamarind seeds are included in a lower percentage in diet 
(4% and 8%) and were found to reduce the blood glucose 
level and serum cholesterol in rats37. Administration of 
seed pectin also reduced blood glucose concentration by 
30% after 24 hours38. Another study was done on human 
volunteers for preventing and/or treating type 2 diabetes39.

5.4 Anti-Hypercholesterolemic/Anti-
Hyperlipidemic Activity

Treatment of obese rats with the T. indica pulp extract 
showed decrease in the levels of plasma total cholesterol, 
low-density lipoprotein cholesterol and triglyceride and 
increased high density lipoprotein cholesterol level17. 

5.5 Antimicrobial Activity
Phytochemical studies of the leaf extracts showed the 
presence of saponins, alkaloids and glycosides. The 
extracts were active against both gram positive and 
gram negative bacteria40

. Tamarind consisted of a 
broad-spectrum of antimicrobial action which could be 
considered as highly active against infectious disease and 
also for chemotherapy41. T. indica leaf extracts showed 
anti-Burkholderia pseudomallei (a life-threatening 
infection common among paddy cultivators) inhibitory 
potentials under invitro conditions42. Also, a study showed 
aqueous and fluid extracts of fresh and dried tamarind 
leaves were found to contain phenols and flavonoids. The 
phenols were found to be active against Bacillus subtilis 
cultures, but not against other microorganisms43. The 
antimicrobial activity of the ethanolic extract of the stem 
bark of T. indica was notable, however, the tamarind fruit 
extracts exhibited comparatively better action44.

5.6 Antivenom Activity
Tamarind seed extract showed to reduce and neutralize 
the effects of envenomation such as local tissue damage, 
inflammation and hypotension caused by the venom of 
Vipera russelli45.

5.7 Analgesic Activity 
Phytochemical test showed the presence of sterols and 
triterpenes in the extract, hence Tamarind plant parts 
might be responsible for the analgesic activity46.
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discomfort in women with abnormal vaginal discharge 
in a single blind randomised controlled trial57. The intra-
vaginal tamarind seed powder tampons used for 3 months 
was effective in restoring vaginal prolapsed in 1/3rd 
patients and remaining patients showed symptomatic 
relief58. 

In a double-blind randomised clinical trial, women 
aged 18–50 years with bacterial vaginosis were treated 
with a traditional unani polyherbal formulation using 
tamarind as one of the ingredients, along with fennel, 
gokshur, and myrtle. The odour, pH, and quantity of vaginal 
discharge, as well as pelvic pain and cervical irritation, 
were dramatically reduced after 14 days of treatment. 
In addition, the treatment reduced the presence of clue 
cells and Gram-positive bacteria in the vaginal area59. 
In a three-month interventional clinical investigation, 
30 women who had missed their menstruation for three 
months or more were given 6 gm of powdered tamarind. 
Menstrual bleeding and stomach pain improved 
significantly as a result of treatment; however menstrual 
cycle regularisation was unaffected60. 

Tamarind leaves powder administered for 8 weeks 
enhanced haemoglobin levels in anaemic individuals in 
a quasi-experimental research. Patients’ symptoms such 
as weariness, weakness, dyspnoea, palpitation, and pallor 
improved61. In a double-blind clinical investigation, a 
combination of tamarind and turmeric reduced physical 
activity-induced knee discomfort and restored joint 
activity in non-arthritic people62. A recent double-blind 
placebo-controlled clinical trial found that combining 
T. indicus seed extract with turmeric and garcinia 
enhanced knee joint function and reduced discomfort 
in osteoarthritic patients. The herbal formulations 
inhibited the pro-inflammatory markers IL-6, TNF-
α, C-reactive protein, matrix metalloproteinase 3, and 
cartilage degradation product in the blood, showing 
anti-inflammatory activity63. When compared to hot 
compress and topical NSAID application in myofascial 
pain syndrome patients, applying a hot herbal compress 
containing tamarind and other herbs once every three 
days for two weeks lowered pain intensity and enhanced 
pain pressure threshold64. When given with aspirin 
pills, tamarind increased their bioavailability in healthy 
individuals. Aspirin’s Cmax, AUC, and half-life increased 
considerably65. In another investigation, T. indica fruit 
extract increased the bioavailability of ibuprofen pills 
in 6 healthy volunteers. Ibuprofen and its metabolites 

were found in higher concentrations in the blood when 
administered along with tamarind extract66. 

Tamarind pulp, cumin, and corn silk added to cooked 
rice significantly lowered postprandial insulinemic 
responses in healthy young people in a randomised cross-
over trial. This research shows that a dietary matrix rich 
in polyphenol compounds found in tamarind, cumin, 
and corn silk affects postprandial glycemia and insulin 
levels67. Previous study demonstrated that T. indica fruit 
pulp consumption for 4 weeks twice a day reduced total 
cholesterol and low density lipoprotein (LDL) in healthy 
subjects68. In obese and overweight subjects, tamarind 
fruit eating for 6 weeks significantly lowered body mass 
index, blood pressure, LDL, and waist circumference 
when compared to their baseline levels69. 

Interestingly, a recent case study showed that 
anticancer drug-induced hepatotoxicity can be 
effectively treated using unani medicine, which includes 
tamarind and other herbals. The drug reduced the liver 
enzymes SGOT and SGPT as an adjunct treatment for 
15 days70. Patients with Amlapitta were given Chincha 
(tamarind) kshara three times a day for one month to 
alleviate indigestion, heartburn, acid eructation, nausea, 
vomiting, stomach discomfort, weariness, and anorexia. 
When compared to the placebo group, the symptoms 
of indigestion, heartburn, acid eructation, nausea, 
flatulence, weariness, and anorexia were reduced in the 
treatment group71. Postoperative bowel function recovery 
is disrupted following abdominal surgery, resulting 
in a longer hospital stay. Tamarind lozenges given to 
abdominal postoperative patients in conjunction with 
regular postoperative treatment had no effect on bowel 
function72. 

In a multicenter open label randomised clinical trial, 
xyloglucan, a polysaccharide derived from tamarind 
seeds, was found to be effective in treating acute diarrhoea. 
Treatment with xyloglucan reduced the amount of faeces, 
nausea, and abdominal pain without causing any side 
effects73,74. In addition, xyloglucan improved diarrhoeal 
symptoms, nausea, vomiting, and flatulence in children 
with acute gastroenteritis without creating any negative 
side effects75. The xyloglucan formulation APT036 
significantly reduced stomach distension and flatulence 
in patients with functional bloating in a randomised 
multicenter double-blind study76. 

In women volunteers, a cleansing lotion containing 
tamarind fruit extract (10 % w/w) applied twice daily for 
8 weeks resulted in lower melanin values after 4 weeks 
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Sl. No Medicinal use Plant part used Type of study Study finding References

1. Genitourinary 
system

Seed powder Randomised, double-
blind, controlled

Improved premature ejacula-
tion 56

Fruit pulp Single blind randomised 
controlled trial

Reduced low backache and 
lower stomach discomfort in 
women with abnormal vagi-
nal discharge

57

Seed powder tampons Single blind randomised 
controlled trial

Restored uterine prolapse and 
showed symptomatic relief 58

Seed powder Double-blind randomised 
clinical trial

Reduced vaginal discharge, 
pelvic pain and cervical ir-
ritation in bacterial vaginosis 

59

Pulp powder Interventional clinical 
study

Menstrual bleeding and 
stomach pain improved in 
women who missed their 
menstruation 

60

2. Cardiovascu-
lar system Leaves powder Quasi-experimental re-

search
Enhanced haemoglobin levels 
in anaemic subjects 61

3. Skeletal system

Seed extract Double blind clinical in-
vestigation 

Reduced physical activity-
induced knee discomfort and 
restored joint activity in non-
arthritic people

62

Seed extract Double-blind placebo-
controlled clinical trial

Enhanced knee joint function 
and reduced discomfort in 
osteoarthritic patients

63

Leaves Single-blind randomized 
controlled trial

Hot herbal compress con-
taining tamarind & other 
herbs lowered pain intensity 
and enhanced pain pressure 
threshold in myofascial pain 
syndrome patients

64

4. Anti-inflam-
matory system Seed extract Double-blind placebo-

controlled clinical trial

inhibited the pro-inflamma-
tory markers IL-6, TNF-α, 
C-reactive protein, matrix 
metalloproteinase 3, and car-
tilage degradation product 
in the blood in osteoarthritic 
patients

65

5. Drug facilita-
tion Fruit extract Pharmacokinetic study 

Increased bioavailability of 
aspirin & ibuprofen in healthy 
volunteers 

66, 67

6. Endocrine sys-
tem Pulp with other herbs Randomised cross-over 

study

Significantly lowered post-
prandial insulinemic respons-
es in healthy young people

68

Fruit pulp Randomized trial
Reduced total cholesterol 
and low-density lipoprotein 
(LDL) in healthy subjects

69

Table 2. Clinical studies on tamarind
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Fruit pulp

Significantly lowered body 
mass index, blood pressure, 
LDL, and waist circumfer-
ence in obese and overweight 
subjects

70

7. Metabolism Fruit pulp Case report

Reduced the liver enzymes 
SGOT and SGPT as an ad-
junct treatment in anticancer 
drug-induced hepatotoxicity

71

8. Digestive sys-
tem

Bark and leaves Comparative clinical trial 

Indigestion, heartburn, acid 
eructation, nausea, flatulence, 
weariness, and anorexia were 
reduced

72

Xyloglucan from seeds Multicenter open label 
randomised clinical trial

Treatment of acute diarrhoea, 
improved diarrhoeal symp-
toms, nausea, vomiting, and 
flatulence in children with 
acute gastroenteritis

73, 74, 75

Xyloglucan formulation Randomised multicenter 
double-blind study

Reduced stomach distension 
and flatulence in patients with 
functional bloating

76

9. Skin Fruit extract lotion
Double- blind, random-
ized side of face and pla-
cebo-controlled trial

Melanin value reduced in fa-
cial skin 77

Fruit extract lotion
Single-blinded, random-
ized side of arm, and con-
trolled study

Did not produce erythema or 
transdermal water loss indi-
cating safety profile

78

Polyherbal gel of tama-
rind

Placebo controlled clini-
cal trials

Reduced the stiffness, thick-
ness, pigmentation, and ir-
regularity of post-surgical 
scar development in patients 
who had bilaterally symmet-
ric procedures

79, 80

10. Eye

Tamarind seed polysac-
charide

Open-label, randomised, 
single-centre clinical 
study and randomized, 
double-masked study

Ocular surface disease index 
(OSDI) score improved when 
compared to baseline and 
control values. Decreased tear 
breakdown time, corneal and 
conjunctival damage

81, 82

Tamarind seed polysac-
charide eye drops

Prospective, multicenter 
study

Reduced hyperaemia in con-
junctiva, pain, burning and 
stinging sensation in glau-
coma patients. Corneal and 
conjunctival sensitivity im-
proved in glaucoma patients

83, 86

Tamarind seed polysac-
charide eye drops

Interventional, prospec-
tive, contralateral eye trial

Enhanced tear production 
and tear stability 84

Tamarind seed polysac-
charide eye drops

Prospective, randomized, 
controlled study

Keratoconjunctivitis patients 
benefited from dry eye with 
improved ocular surface pro-
tection

85
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when compared to the other side of the face. Also, there 
was no erythema or transdermal water loss, showing that 
the product was safe77,78. Previous research has shown that 
applying a polyherbal gel containing tamarind extract for 
12 weeks reduced the stiffness, thickness, pigmentation, 
and irregularity of post-surgical scar development in 
patients who had bilaterally symmetric procedures79,80. 

Tamarind has been shown to have ocular benefits in 
numerous trials. As dry eye disease patients were given 
tamarind polysaccharide with hyaluronic acid for three 
months (4 times a day), their ocular surface disease index 
(OSDI) score improved when compared to baseline and 
control values. Additionally, the combination decreased 
tear breakdown time as well as corneal and conjunctival 

11. Ant i ox i d ant 
activity

Dietary supplement of 
tamarind

Prospective, single arm 
design study

Increased antioxidant sta-
tus by lowering the oxidative 
stress marker 8-hydroxy-
2-deoxyguanosine and en-
hancing antioxidant capacity 
in glaucoma patients

87

12. Unspecified Fruit pulp Randomised diet-con-
trolled clinical trials

Increased fluoride excretion 
in urine in school children. 
Reduced zinc, magnesium, 
and creatinine elimination 
but had no effect on calcium 
or phosphorous elimination

88, 89

Table 3. The scientific confirmation of folklore practice through clinical studies

Folklore practice Clinical studies

Joint pain Joint pain

Anti-inflammatory Anti-inflammatory

Bronchial asthma NA

Wound healing NA

For hot wounds NA

Ocular diseases Ocular diseases

For pitham For pitham

For cold For cold

For arthritis For arthritis

For dysuria NA

For blood clot NA

Anti-venom NA

Diarrhea, dysentery Diarrhea, dysentery

For tonsils NA

Dental diseases Dental diseases

Peptic ulcer NA

NA-not available
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damage81,82. Tamarind seed polysaccharide containing 
eye drops application for 3 months reduced hyperaemia 
in conjunctiva, pain, burning and stinging sensation in 
glaucoma patients83. In an interventional, prospective, 
contralateral eye trial, Nozari and Ramin (2021) found 
that treating dry eyes with tamarind seed polysaccharide-
containing lubricating eye drops for two weeks 
significantly enhanced tear production and tear stability84. 
After 3 months of treatment, keratoconjunctivitis patients 
benefited from dry eye with improved ocular surface 
protection85. The corneal and conjunctival sensitivity 
of 20 glaucoma patients who received artificial tears 
derived from tamarind seed polysaccharide improved86. 
In glaucoma patients, a dietary supplement containing 
tamarind, hesperidin, and crocetin increased antioxidant 
status by lowering the oxidative stress marker 8-hydroxy-
2-deoxyguanosine and enhancing antioxidant capacity87. 

Fluoride level in natural waters is extremely high, 
and excessive ingestion causes fluorosis, a serious health 
problem. In a randomised diet-controlled clinical trial, 
school children who consumed tamarind pulp daily for 
18 days had considerably higher fluoride excretion in 
urine. Tamarind reduced zinc, magnesium, and creatinine 
elimination but had no effect on calcium or phosphorous 
elimination88,89. 
Based on the folklore practices and the clinical studies 
discussed above, the Table 3 summarizes and provides a 
comparison of both. From the Table 3, it is clear that there 
are still a number of therapeutic activities that are yet to 
be explored. 

7. Conclusion
Scientific research is widely accepted due to the 
confirmation of its claim. Though various parts of tamarind 
plants were claimed for their medicinal properties for 
centuries, still those are not being utilized to the fullest. 
Thus, the folklore practice of tamarind is challenged for 
its scientific evidence resulting in the neglect of valuable 
medicine. Hence, the folklore practices were compared 
with the claimed clinical efficacy to understand the 
significance of folklore medicinal practices. From this 
review, we can understand that most of the folklore 
practices are evaluated for their clinical efficacy a few 
decades later. And still, many more claimed medicinal 
uses are yet to be evaluated (Figure 3). 

We support the scientific evidence for the safety and 
efficacy of their therapeutic action, at the same time not to 
lose the valuable, economical and easily available source 
of medicines. This review will provide information to 
correlate the clinical efficacy of tamarind with folklore 
medicinal practices. 
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Neuronal plasticity is enhanced in an enriched environment (EE) with more sensory and social interaction. In an animal 
model of endogenous depression, we have previously shown that EE has positive effects on spatial memory and hippocampus 
synaptic plasticity. However, nothing is known about how EE influences dendritic remodelling in hippocampal neurons affected 
by endogenous depression. In depressed rats, the impact of EE on hippocampus neuronal morphology was examined. Neonatal 
clomipramine exposure from postnatal days (PND) 8-21 days induced endogenous depression. The depressed-like rats were 
exposed to an enriched environment for two weeks in adulthood. Brains were then collected, stained with a modified Golgi-cox 
technique and, the hippocampal CA1 dendritic arborisation was evaluated using the Neurolucida software. Depression resulted 
in the atrophy of CA1 hippocampal neurons. The number of branching points and the overall number of dendritic intersections 
were reduced in depressed rats,. Exposure to an enriched environment significantly increased dendritic branching and the total 
number of dendritic intersections in hippocampal CA1 pyramidal neurons. The hippocampal pyramidal neuronal morphology of 
depressed rats improved after exposure to environmental enrichment. Neuronal plasticity and the development of novel 
therapeutic strategy will be improved by a greater understanding of how the environment affects neuronal morphology in 
depressed states. 

Keywords: Environamental enrichment, Memory, Neuronal morphology, Psychiatric disorders 

Depression is a mental disorder that has been related to 
increased mortality, morbidity, and a low quality of 
life. Approximately, 9% of persons experience 
depression at least once in their lifetime1. Anomalies in 
corticolimbic brain regions' neuronal plasticity are the 
root cause of depression2. 

The hippocampus is an important part of learning and 
memory, and previous research has demonstrated that 
early environmental factors have a significant impact on 
field CA1 hippocampal pyramidal neurons3. 
Additionally, increasing data points to a critical 
connection between spatial memory and CA1 
hippocampal atroph4,5. Stress and depression have been 
linked to decreased hippocampal neurogenesis, dendritic 
spines, dendritic atrophy, and synaptic loss6,7. Previous 
neuroimaging research suggests that depressive patients 
may have a shrunken hippocampus8,9. Reduced spine 
number and dendritic complexity, significant 

hippocampus neuronal death, and atrophy in depressed 
people may be involved in the decreased hippocampal 
volume2,8. 
 

An enriched environment (EE) activates cellular and 
molecular pathways linked to neural plasticity, resulting 
in morphological alterations such neurogenesis, 
gliogenesis, dendritic arborization, and the development 
of new synapses6,7. Additionally, Schaffer collateral 
synapses in the hippocampus region exhibit improved 
LTP following exposure to EE4. Earlier, we 
demonstrated that exposure to an enriched environment 
ameliorated endogenous depression-induced spatial 
learning deficits and hippocampal LTP and volume10. 
Therefore, we investigated the impact of an enriched 
environment on morphological alterations linked to 
endogenous depression in the hippocampus CA1 
pyramidal neurons. 
 
Materials and Methods 

All experiments followed the National Institute of 
Health Guidelines for the Care and Use of Mammals 
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in Neuroscience and Behavioral Research (National 
Research Council (US) Committee on Guidelines for 
the Use of Animals in Neuroscience and Behavioral 
Research., 2003), and experimental protocols were 
approved by the institutional animal ethics committee 
(AEC/51/316/N.P.). The number of animals utilised 
was kept to a minimum, and the suffering of 
experimental animals was minimised.  
 

Experimental animals  
The Central Animal Research Facility (CARF) of 

the National Institute of Mental Health and Neuro 
Sciences (NIMHANS) provided pregnant Wistar rats, 
and male pups were divided into three groups: normal 
control (NC), depressive-like (DEP), and vehicle 
control (SA). From postnatal days (PND) 8-21, pups 
were administered with clomipramine subcutaneously 
(15 mg/kg body weight, Sigma-Aldrich, St. Louis, MO, 
USA) or saline (0.9% NaCl); twice daily as vehicle 
control [10-13]. Male pups were left with the mother 
until they were weaned (21st day). After that, three rats 
were housed in one polypropylene cage (29  22   
14 cm) under standard conditions. Food (standard 
laboratory chow, Hindustan Lever Ltd) and water  
were provided ad libitum, and animals were maintained 
in a well-ventilated room with 12 h light-dark cycle  

at room temperature (25 ± 2℃) and normal humidity 
(50-55%). 

On a postnatal day (PND) 76, a sub-set of 
clomipramine administered rats were subjected to 6h 
of environmental enrichment (DEP + EE) for 14 days 
(i.e., PND 76-89; Fig. 1A). In addition, we also 
subjected control animals to 6h of environmental 
enrichment (EE per se) for 14 days to test for the 
effects of EE on naïve animals. Subsequently, on 
PND 90, all groups of animals were sacrificed and 
subjected to morphological evaluation11-13. 
 

Exposure to an enriched environment 
Between PND 76 and 89, adult male Wistar rats were 

exposed to EE for 14 days. 8-12 rats were put in a large 
cage (108 cm  65 cm  65 cm) containing toys, plastic 
tunnels, and metal ladders of different shapes, sizes, and 
textures. Playthings were made of plastic, wood, and 
coconut shells. Tunnels and ladders were rearranged 
every day, and toys were changed every two days. Rats 
were exposed to EE every day for 6 h (between 10 am 
and 4 pm) and returned to their respective home cages. 
EE cages were designed to provide an opportunity for 
social interaction with a larger group of animals and also 
to provide scope for physical activity and somatosensory, 
motor, visual and cognitive stimulation4,10,14. 

 
 
Fig. 1  (A) Study design- duration of clomipramine administration and exposure to the enriched environment in male rats. PND: 
postnatal day; and (B) Schematic representation of CA1 hippocampal region and dendritic regions. Dendrites extending toward the corpus 
callosum were classified into basal, proximal dendrites (30-120 µM from the soma), and basal distal dendrites (120 µM from the soma) in 
pyramidal neurons in the dorsal half of CA1. Apical dendrites projecting into the dentate gyrus were divided into two groups: proximal to 
the soma (30-120 µM) and distal to the soma (120 µM) 
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Tissue preparation and Golgi-Cox staining 
On a postnatal day of 90, animals were anaesthetised 

with halothane and euthanised by decapitation. Brains 
were immediately removed and placed in Golgi-Cox 
solution (5% w/v potassium dichromate, 5% w/v 
mercuric chloride, 5% w/v potassium chromate 
solutions prepared in distilled water; final stain 
contains 5 volumes of both potassium dichromate and 
mercuric chloride, 4 volumes of potassium chromate 
and 10 volumes of distilled water) for 14 days, 
followed by 3 days in 30% sucrose solution. Coronal 
sections of the 150 µM thickness of the hippocampal 
region were obtained using a Vibratome™ (Leica, 
Wetzlar, Germany). Sections were arranged serially on 
gelatine coated slides and treated with freshly prepared 
75% ammonia solution for 10 minutes in the dark. 
Then, sections were washed thoroughly 4-5 times in 
distilled water. After that, sections were immersed in 
1% sodium thiosulphate solution prepared freshly. 
Following this, slides were washed with double 
distilled water and dehydrated in increasing grades of 
ethanol (70%, 90%, and 100%). Slides were blot dried, 
cleared with xylene, mounted with DPX, and finally, 
coverslipped. The slides were air-dried for a week in 
the dark and stored for analysis15. 
 
Morphological quantification analysis 

Golgi-impregnated pyramidal neurons of the CA1 
subfield of the hippocampus (Plates 27-36) were 
selected in this study. Three-dimensional dendritic 
trees of 6-8 neurons were randomly selected in 6 
animals per group from both hemispheres. Each neuron 
was reconstructed at a magnification of 40X with a 
digital camera (Olympus BX51, Olympus, Denmark) 
using Neurolucida software system (MBF Bioscience, 
Microbrightfield, Inc., USA). Pyramidal neurons were 
identified by triangular shape cell body with apical 
dendrites extending towards the pial surface. Therefore, 
the following criteria were used to select a neuron for 
analysis: (1) relatively isolated neurons from nearby 
neurons to evade indistinct dendritic arbours; (2) 
completely stained neurons; (3) fully impregnated 
neurons without any truncated branches15-16. 
 

Several aspects of dendritic morphology were 
examined. The cell body, apical and basal dendrites 
were traced in three dimensions using the Neurolucida 
program (Micro Bright Field Inc., Williston, VT, 
USA) interfaced with an Olympus BX51 microscope 
(Olympus Corp., Tokyo, Japan). Neurolucida Explorer 
software was used to analyse the reconstruction of the 
neuron with built-in Sholl's analysis (Fig. 1B)16. A grid 

with concentric circles spaced 50 µM apart was 
overlayed on the dendritic tracing, and the number of 
intersections was estimated. In addition, the total apical 
dendritic length was calculated by multiplying the total 
number of interactions of each ring per 50 µM. The 
total number of apical dendritic branches (branches 
indicating bifurcations) counted at each order away 
from the cell body was also estimated. The traced 
neurons were chosen before the commencement of the 
analysis by an independent investigator blind to the 
experimental conditions to minimise any bias. 
 
Statistical analysis 

Data are expressed as mean ± SEM. The number of 
dendritic branching points, intersections, total 
branching points, and dendritic length were statistically 
analysed using One-way ANOVA followed by Tukey's 
multiple comparisons test or repeated measures two-
way ANOVA followed by Bonferroni multiple 
comparisons test. A probability level of P <0.05 was 
considered to be statistically significant. 
 
Results 
 
Exposure to an enriched environment restores depression-
induced morphological deficits in apical dendrites 
 
Apical dendritic branching points 

Repeated measures two-way ANOVA showed a 
significant difference among groups studied (F(4,167) = 
136.1; P <0.0001). The number of apical branching 
points was significantly lower in all segments (0-300 
µM) in depressed rats compared to the normal control 
group. Interestingly, the number of branching points 
was restored to normal in DEP + EE group (F(4,167) = 
136.1; P <0.0001). In EE per se rats, a significant 
increment (F(4,167) = 136.1; P <0.0001) was observed 
in the number of apical branching points compared to 
the normal control group (P <0.001; Fig. 2A). 
 
Apical dendritic intersections 

Two-way ANOVA revealed significant difference 
among groups (F(4,167) = 261.5; P <0.0001). Detailed 
segmental analysis showed a drastic decrease in apical 
dendritic intersections in a depressed group compared 
to the control group. Exposure to an enriched 
environment resulted in highly significant restoration 
of dendritic intersections in depressed rats (F(4,167) = 
261.5; P <0.0001). Naïve animals subjected to 
enrichment also demonstrated a significant increase in 
the number of dendritic intersections compared to the 
control group (P <0.01) (Fig. 2B). 
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Effect of enriched environment on the total number of 
branching points and dendritic length of apical CA1 
pyramidal neurons 

Depression resulted in a decrement in the total 
number of branches and total dendritic length 
compared to control animals. When DEP rats were 
exposed to 6h of enriched environment for 14 days, 
persistent increment was observed in both number of 
branches (F(4,167) = 16.63, P <0.0001; Fig. 3A) and 

dendritic length (F(4,167) = 73.08, P <0.0001; Fig. 3B). 
EE per se group showed an enhanced number of 
branches (P <0.001) and total dendritic length in 
comparison with the control group (P <0.001). 
 
Effect of enriched environmental exposure on the morphology 
of hippocampal basal CA1 neuronal dendritic arborisation 

Depressed rats showed reduced basal dendrites in 
segments (0-200 µM) studied. This morphological 

  
 
Fig. 2  Effect of enriched environment on depression-induced hippocampal CA1 apical dendritic atrophy. Depressive-like rats exposed 
to 6 h EE for 14 days show complete recovery of dendritic atrophy in CA1 pyramidal neurons. Data expressed as Mean ± SEM. (A) The 
number of dendritic branching points at various segments and (B) intersections of CA1 pyramidal neurons of the hippocampus.
NC = Normal control (N=5 animals, n = 35 neurons), DEP = Depressive-like rats (N=5 animals, n = 35 neurons), SA = Saline 
administered (neonatal) (N=5 animals, n = 35 neurons), DEP + EE = Depressed rats exposed to 6h of EE for 
14 days (N=5 animals, n = 32 neurons), EE per se = Normal rats exposed to 6h of EE for 14 days (N=5 animals, n = 35 neurons). 
***P <0.001, **P < 0.01, vs NC; Two-way ANOVA Followed by Bonferroni's post hoc test 
 

 
 
Fig. 3  Effect of enrichment on depression-induced alterations in the total number of branching points and dendritic length of CA1 
apical dendrites. DEP + EE group showed complete restoration of the number of branching points and dendritic length. Data expressed as 
Mean ± SEM. (A) Total number of dendritic branching points and (B) Total dendritic length (µM) from NC = Normal control 
(N=5 animals, n = 35 neurons), DEP = Depressive-like rats (N=5 animals, n = 35 neurons), SA = Saline administered (neonatal) 
(N=5 animals, n = 35 neurons), DEP + EE = Depressed rats exposed to 6h of EE for 14 days (N=5 animals, n = 32 neurons), EE per 
se = Normal rats exposed to 6h of EE for 14 days (N=5 animals, n = 35 neurons). ***P <0.001, **P < 0.01 vs. NC; ###P <0.001 vs. 
DEP; One-way ANOVA followed by Tukey’s post hoc test 
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deficit in depressed (DEP) rats was restored when 
subjected to 6h of enriched environment for 14 days. 
In DEP + EE rats, a significant increment (F(4,167) = 
130.8; P <0.0001) was observed in the number of 
basal dendritic branching points (Fig. 4A). Similarly, 
depressed rats, when exposed to enrichment, showed 
an increased (F(4,167) = 254.5; P <0.0001) number of 
basal dendritic intersections (Fig. 4B). 

Exposure to enriched environment (DEP + EE) for 
14 days significantly increased the both number of 
basal dendritic branches (F(4,167) = 31.6, P <0.0001; 
Fig. 5A) and dendritic length (F(4,167) = 37.42,  
P <0.0001; Fig. 5B) relative to DEP group. The 
normal and saline groups did not differ significantly. 
The length of dendrites was significantly increased in 
the enrichment per se group compared to the control 
group (P <0.001).  
 

Discussion 
In the present study, we observed hippocampal 

dendritic atrophy in depressive-like rats. Interestingly, 
an enriched environment facilitated dendritic 
remodelling in depressed rats (Fig. 6). For the first 
time, we demonstrated that the endogenous depression 
model causes quantitative neuronal reorganisation in 
the hippocampus CA1 area. Previous research has 
shown that olfactory bulbectomy causes dendritic 
degeneration in the CA1 region of the hippocampus, 
which is consistent with these findings. The removal of 
the olfactory bulb resulted in CA1 and CA3 neuronal 
degeneration17. Different animal models of depression 
and corticosterone diminish the spine density of the 
CA1 pyramidal neurons or cause neuronal atrophy18-19. 
Previous studies reported that the hippocampal CA1 
neuronal degeneration in learned helplessness and 
maternal deprivation animal models of depression19-20. 
Growing evidence indicates a crucial connection 
between spatial memory and CA1 hippocampal 
shrinkage. Previous work in our group has shown that 
endogenous depression is associated with reduced 
spatial learning and memory10-13. Together, these 
investigations suggest that CA1 hippocampal neurons 
are vulnerable to a range of stresses or compromised 
mental states like depression. 

In our research, endogenous depression drastically 
decreased the dendritic complexity of CA1 pyramidal 
neurons. The manifestation of depressive-like 
symptoms has been connected to the hippocampus 
CA1 area, which is important in learning and 
memory19. In this study, CA1 spines are negatively 
correlated with escape latency in the learned 

helplessness model. Additionally, nighttime exposure 
to low light increased immobility during forced swim 
tests and lowered sucrose intake, which is linked to a 
reduction in spine density in the CA1 region21. 
Clinically, patients with significant depression 
displayed smaller somata in the CA1, CA2, and CA3 
regions22. In depressive patients, a structural MRI 
research revealed significant shrinkage in the 
hippocampus's subregions, including the subiculum 
and CA1 subfield spreading into CA2-3 subfields23-24.  

 

Fig. 4  Effect of enriched environment on depression-induced 
hippocampal CA1 basal dendritic atrophy. Depressive-like rats 
exposed to 6h EE for 14 days show complete recovery of 
dendritic atrophy in CA1 pyramidal neurons. Data expressed as 
Mean ± SEM. (A) The number of dendritic branching points at 
various segments and (B) intersections of CA1 pyramidal neurons 
of the hippocampus. NC = Normal control (N=5 animals, n = 35 
neurons), DEP = Depressive-like rats (N=5 animals, n = 35 
neurons), SA = Saline administered (neonatal) (N=5 animals,
n = 35 neurons), DEP + EE = Depressed rats exposed to 6h of EE 
for 14 days (N=5 animals, n = 32 neurons), EE per se = Normal 
rats exposed to 6h of EE for 14 days (N=5 animals, n = 35 
neurons). *P < 0.05, **P < 0.01, ***P <0.001, vs. NC; Two-way 
ANOVA followed by Bonferroni’s post hoc test 
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Neonatal antidepressant drug administration produces 
a reduction of monoaminergic neurotransmitters, 
cognitive deficits, and alterations in synaptic plasticity in 
adulthood12,13. Additionally, it has been reported that 
the hippocampus contains lower levels of brain-
derived neurotrophic factor (BDNF), cortical and 
medullary weight, total protein, and DNA. This shows 
that the decrease in serotonin during the neonatal 
period causes long-term changes to the brain's 
structure and cognitive capacities25. 

An enriched environment restored depression-
induced dendritic atrophy in hippocampal CA1 
pyramidal neurons. This is the first work to show CA1 
dendritic atrophy in an animal model of endogenous 
depression and its subsequent amelioration by exposure 
to an enriched environment. Previous studies have 
shown that EE causes progressive structural plasticity. 
EE increased the volume of the DG10 by inducing 
neuronal synaptic changes such as an increase in  
the hippocampal long-term potentiation4, dendritic 

 
 
Fig. 5  Effect of enrichment on depression-induced alterations in the total number of branching points and dendritic length of CA1 
basal dendrites. DEP + EE group showed complete restoration of the number of branching points and dendritic length. Data expressed as 
Mean ± SEM. (A) Total number of dendritic branching points and (B) Total dendritic length (µM) from NC = Normal control (N=5 
animals, n = 35 neurons), DEP = Depressive-like rats (N=5 animals, n = 35 neurons), SA = Saline administered (neonatal) (N=5 animals, 
n = 35 neurons), DEP + EE = Depressed rats exposed to 6h of EE for 14 days (N=5 animals, n = 32 neurons), EE per se = Normal rats 
exposed to 6h of EE for 14 days (N=5 animals, n = 35 neurons). ***P <0.001, **P < 0.01 vs. NC; ###P <0.001 vs. DEP; One-way 
ANOVA followed by Tukey’s post hoc test 
 

 
 
Fig. 6  Representative CA1 pyramidal Neurolucida traced neurons of the hippocampus from normal control (NC), Neonatal saline 
administered (SA), depressed (DEP), depressed rats exposed to enrichment (DEP + EE) and Naïve animals exposed to enriched 
environment (EE), Note a decrease in the number of branching points in DEP group compared to control. However, depressed rats 
exposed to enrichment restored dendritic atrophy. Scale bar in image = 100 µM and applies to all the frames 
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arborisation of hippocampal neurons, and a decrease in 
the number of microglial cells26-28. In CA1 pyramidal 
neurons of the hippocampus, EE has also been found to 
increase dendritic spine density29 and the number of 
newly born cells in the hilus and the subventricular zone 
of the DG6. Also, EE enhanced the thickness of 
postsynaptic densities30, increased BDNF, and increased 
expression of the NR2A, NR2B, and AMPA receptor 
subunits14,31-33. 
 
Conclusion 

Overall, our findings show that depressed rats 
exposed to an enriched environment exhibited 
neuroprotective benefits and increased dendritic 
arbours in CA1 pyramidal neurons of the hippocampus. 
Results of the current study offer the neuroanatomical 
basis of the beneficial effect of an enriched 
environment in improving cognitive functions in 
depressed rats. 
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ABSTRACT 

 Topical delivery can be defined as the application of a drug containing formulation to the skin to directly 
treat cutaneous disorders (e.g., acne) or the cutaneous manifestations of a general disease (e.g., 
psoriasis) with the intent of containing the pharmacological or other effect of the drug to the surface of 
the skin or within the skin. Semi-solid formulation in all their diversity dominate the system for topical 
delivery, but foams, spray, medicated powders, solutions, as well as medicated adhesive systems are 
also in use.The aim of the present investigation was to develop and study topical gel delivery of 
curcumin Curcuma longa (Turmeric) isa popular and widely used Indian rhizomatous medicinal plant 
from  the  family  Zingiberaceae.  Curcumin, Desmethoxycurcumin (DMC), and Bisdemethoxycurcumin 
(BDMC)  are  the constituents of the turmeric and are collectively known  as  curcuminoids for its anti-
inflammatory effects. Carbopol 934P and Carbapol 940p (CRB). All the prepared gel formulations were 
evaluated for various properties such as compatibility, drug content, viscosity, spredability, invitro 
diffusion studies and anti-inflammatory effect..Topical gel formulations were free of skin irritation 
Keywords :  curcumin, carbopol (934,) carbopol (940), anti-inflammatory 
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INTRODUCTION 

The goal of any drug delivery system is to 

provide a therapeutic amount of drug to the 

proper site in the body to promptly achieve and 

then maintain the desired drug concentrations. 

The route of administration has a significant 

impact on the therapeutic outcome of a drug. 

Skin is one of the most readily accessible organs 

on human body for topical administration and is 

main route of topical drug delivery system. 

Topical delivery can be defined as the 

application of a drug containing formulation to 

the skin to directly treat cutaneous disorders 

(e.g., acne) or the cutaneous manifestations of a 
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general disease (e.g., psoriasis) with the intent 

of containing the pharmacological or other 

effect of the drug to the surface of the skin or 

within the skin. Semi-solid formulation in all 

their diversitydominatethe system for topical 

delivery, but foams, spray, medicated powders, 

solutions, as well as medicated adhesive 

systems are also in use.  

Gel: 

 A gel is a solid or semisolid system of at least 

two constituents, consisting of a condensed 

mass enclosing and interpenetrated by a liquid. 

Gels and jellies are composed of small amount 

of solids dispersed in relatively large amount of 

liquid, yet they posses more solid-like than 

liquidlike character. The characteristic of gel 

and jelly is the presence of some form of 

cutaneous structure, which provides solid-like 

properties. 

 Gels have better potential as a vehicle to 

administer drug topically in comparison to the 

ointment because they are non-sticky, requires 

low energy during formulation. 

Gel consists of a natural or synthetic polymer 

forming a three-dimensional matrix throughout 

a dispersion medium or hydrophilic liquid. After 

application, the liquid evaporates leaving the 

drug entrapped in a thin film of the gel–forming 

matrix physically covering the skin. 

MATERIALS:  

PREPARATION OF EXTRACT: 

100 grams of turmeric powder was soaked in 

500ml of methanol in a conical flask covered 

with aluminium foil. This process was in 

duplicates. This mixture was allowed to 

macerate for 4-5 days with interval shaking. 

After maceration the mixture was subjected to 

filtration. The filtration was collected in china 

dishes upto 60%. This was allowed to evaporate 

for a week until extract was obtained. 

POLYMERS:Carbapol 934, Carbapol 940 

SOLVENTS:Triethanolamine, Methanol, Distilled Water. 

PRESERVATIVES: Sodium benzoate. 

PREPARATION OF BUFFER PHOSPHATE BUFFER, PH 7.2 

Ingredients         Gms / Litre 

Potassium dihydrogen phosphate                                       34.000 

 Distilled water                                                                   500.000  

The pH is adjusted to 7.2 with 1N NaOH and the volume made to 1000 ml with distilled water.  

PHYTOCHEMICAL SCREENING: 

 Phytochemicals are bioactive non-nutritive 

plant chemicals that have protective or disease 

preventive properties and they act as 

antioxidants, enzymes stimulant, anti-bacterial 

agents, anti-cancer agents as well as possessing 

hormonal action. Most plants that contain high 

proportion of these phytochemicals are often 

referred to as medicinal plants.  

Turmeric is the rootstalk of a tropical plant in 

ginger family and it is botanically known as 

Curcuma longa. The root has been in use for 

thousands of years in India and China as a spice, 

and medicine for conditions including 

heartburn, diarrhea, stomach bloating, colds, 

fibromyalgia and depression. It is sometimes 

applied on the skin for ringworm and infected 

wounds as it is said to have anti-bacterial 

properties. It is the spice responsible for the 

yellow color of curry. Main component of the 

spice is a substance called curcumin, which has 

potential healing properties as a result of its 

powerful anti-inflammatory and antioxidant 

properties. The presence of curcumin in 

turmeric has made it useful in preventing and 

curing some inflammatory conditions such as 
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tendonitis and arthritis, disinfecting cuts and 

burns, preventing prostrate and breast cancer 

and stop the growth of existing ones, reducing 

the risk of childhood leukemia. 

 QUALITATIVEPHYTOCHEMICALSCREENING 

OFTURMERIC EXTRACTS  

Phytochemical screening was carried out 

inMethanol extracts of turmeric extracts using 

standard procedures. 

Test for tannins: 0.5 g of plant extract was 

mixed with 2mL of water and heated on water 

bath. The mixture was filtered and 1mL of 10% 

FeCl3 solution was added to the filtrate. A blue-

black solution indicates the presence of tannin.  

Test for flavonoids:5 mL of distilled water and 

about 0.2 g of plant extract were mixed 

thoroughly. And 1 mL of 1% AlCl3 solution was 

added and shaken. A light-yellow precipitate 

indicates the presence of flavonoids.  

Test for phenols: About 0.5 g of plant extract 

was added to 1 mL of 10% FeCl3 solution. A 

deep bluish green coloration was an indication 

for the presence of phenols. 

Test for saponins:About 0.2 g of plant extract 

was shaken with 4 mL of distilled water and 

then heated to boil on a water bath. 

Appearance of creamy miss of small bubbles 

(Frothing) shows the presence of saponins.  

Test for reducing sugars:2 mL of distilled water 

and 0.2 g of plant extract were mixed together 

and thoroughly shaken in a test tube. 1 mL each 

of Fehling solution A and B were added to the 

mixture. A brick-red precipitate at the bottom 

of the test tube confirms the presence of 

reducing sugar 

 Test for resins: 0.2 g of plant extract and 2 mL 

of acetic anhydride were mixed together. A 

drop of concentrated sulphuric acid was added 

to the mixture. A purple or violet colour indicate 

the presence of resins. 

Test for chalcone: 0.2 g of plant extract and 2 

mLof 1% ammonium hydroxide were mixed 

together. The appearance of reddish colour 

shows the presence of chalcone. 

Test for glycoside: 0.2 g of plant extract and 2.5 

mL of dilute sulphuric acid were mixed together 

and boiled for 15 minutes, cooled and 

neutralized with 5 mL each of Fehling solution A 

and B. The formation of brick red precipitate 

confirmed glycoside.  

Test for volatileoil: 0.2 g of plant extract and 2 

mL of ethanol were mixed together and few 

drops of ferric chloride solution was added. A 

green colouration indicates volatile oil. 

Test for amino acid (protein): 0.2 g of plant 

extract and 5 mL of distilled water were mixed 

together and left for 3 h. The mixture was later 

filtered. To 2 mL of the filtrate, 0.1 mL Millon’s 

reagent was added. A yellow precipitate 

indicates the presence of protein (amino acid) 

Test for phlobatannins:0.2 g of plant extract 

and 2 mL of 10% aqueous hydrochloric acid 

solution were mixed together and boiled. A 

deposition of red precipitate indicates the 

presence of phlobatannins.  

Test for anthraquinones:0.2 g of plant extract 

and 5 mL of chloroform were mixed, shaken 

together for 5 minutes. The mixture was 

filtered. 2.5 mL of 10% ammonium hydroxide 

was added to the filtrate. A bright pink, red or 

violet colour at the upper layer indicates free 

anthraquinones. 

Test for steroids (Salkowski test): 0.2 g of plant 

extract and 2 mL of chloroform were added 

together, 2 mL of concentrated sulphuric acid 

was added to form a layer. The formation of a 

violet/blue/green/reddish-brown ring at the 

interface indicates the presence of steroidal 

ring. 

IN VITRO ANTI-INFLAMMATORY ACTIVITY (HRBC METHOD) 
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Blood was collected from healthy human volunteer and mixed with equal volume of Alsvers solution. 

This blood was centrifuged at 3000 rpm. Packed cells were washed with isosaline and 10% suspension 

was made. Various concentrates of   extracts were prepared using distilled water and to each 

concentration 1ml phosphate buffer, 2ml hypo saline, 0.5ml HRBC Suspension was added and subjected 

to incubation at 370C for 30 minutes. After incubation the mixture was centrifuged at 3000rpm for 

20minutes and the hemoglobin content of supernatant solution was estimated spectrophotometrically 

at 424nm9. 

% of hemolysis = (optical density of test /optical density of control) X 100 

% of protection = 100- (optical density of test / optical density of control) X 100 

FORMULATION: 

 

INGREDIENTS 

 

F1 

 

F2 

 

F3 

 

F4 

 

Turmeric extract 

 

1gram(2%) 

 

1 gram(2%) 

 

1gram(2%) 

 

1gram(2%) 

 

Carbopol (934) 

 

1.5grams(3%) 

 

-  

 

2grams(4%) 

 

- 

 

Carbopol (940) 

 

- 

 

1.5grams(3%) 

 

- 

 

2grams(4%) 

 

Methanol 

 

15ml 

 

15ml 

 

15ml 

 

15ml 

 

Triethanolamine 

 

q.s 

 

q.s 

 

q.s 

 

q.s 

 

Sodium benzoate 

 

q.s 

 

q.s 

 

q.s 

 

q.s 

 

Distilled water 

 

Upto 50ml 

 

Upto50ml 

 

Upto50ml 

 

Upto50ml 

 

Turmeric gel was prepared by using dispersion 

method 

The required amount of carbopol was taken and 

sprinkled in 3 mL of water in a beaker. The 

beaker was kept aside for 15 minutes for the 

carbopol to swell. Later, a weighted amount of 

methanol and the turmeric extract was added 

to the beaker and stirred Alternatively, the 

slurry of turmeric extract in methanol can also 

be prepared and can be incorporated in the 

beaker containing carbopol mixture The above 

mixture was sonicated for 10-15 minutes using 

a bath sonicator. Once the turmeric powder was 

evenly dispersed, Triethanolamine was added 

to adjust the pH till 7. Sodium benzoate was 

added to it and lastly, a sufficient quantity of 

distilled water was added to get a turmeric gel. 

 

EVALUATION  

Physical appearance- The physical appearance 

of the formulation was checked visually which 

comprised  

Color - The color of the formulations was 

checked out against white background. 

Consistency-The consistency was checked by 

applying on skin. 

Feel on the skin:  This was observed by applying 

on the skin.1 
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pH: 

pH of the formulated gel was determined by 

using pH meter. In this method, gel was 

dispersed in purified water. The electrode was 

washed with double distilled water, dried by 

tissue paper and calibrated before use with 

standard buffer solution at 4.0, 7.0,9.0. The pH 

measurements were done in triplicate and 

average values were calculated2. 

HOMOGENEITY: 

Formulations were tested for homogeneity by 

visual inspection after the formulations have 

been set in the container. They were tested for 

their appearance and presence of any 

aggregates3 

VISCOSITY: 

Viscosity of gel was determined by using 

Brookfield rotational viscometer at 5,10,20,30 

and50 rpm. Each reading was taken after 

equilibrium of the sample at the end of two 

minutes. The samples were repeated three 

times4 

SPREADABILITY: 

 The spreadability studies were carried out 

using 1gm of the gel on the butter paper. This 

was then placed between two parallel tiles with 

an upper plate bearing a weight of 1 kg. The 

spreading diameter of the gel was recorded as 

spreadability. The average diameter of the circle 

after the spreading of the gel was determined5 

DRUG CONTENT: 

Drug content of the gel formulations was 

determinedby dissolving an accurately weighed 

quantity of gel (about100 mg) in about 50 mL of 

pH 7.2 phosphate buffer containing 20% v/v 

ethanol. These solutions were quantitatively 

transferred to volumetric flasks and appropriate 

dilutions were made with the same buffer 

solution. The resulting solutions were then 

filtered through 0.45 membrane filters before 

subjecting the solutions to spectrophotometric 

analysis for CUR at λmax of 424 nm. 

Drugcontent was calculated from the linear 

regression equationobtained from the 

calibration data6. 

STANDARD GRAPH: 

Curcumin 10mg was accurately weighed and 

transferred in a 100ml volumetric flask. 

Methanol was added upto the mark to obtain a 

concentration of 100μg/ml of Stock solution. 

From Stock solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7 ml of solutions were withdrawn and diluted 

to 10ml with methanol to obtain concentrations 

of 1, 2, 3, 4, 5, 6, 7μg/ml, respectively7 

The standard calibration curve of curcumin was 

obtained by measuring the absorbance of 

curcumin solution in concentration range (1-

7μg/ml) prepared from stock solutions in 

methanol at 424 nm in triplicate. Calibration 

curve of curcumin was then plotted with 

absorbance on y-axis and curcumin 

concentration on x-axis. 

IN VITRO DIFFUSION STUDY: 

The diffusion studies of the prepared gels can 

be carried out by using cellophane membrane. 

Gel sample was taken in cellophane membrane 

and the diffusion studies were carried out at 37 

± 1° using 250 ml of phosphate buffer (pH 7.4) 

as the dissolution medium. Five milliliters of 

each sample was withdrawn periodically at 1, 2, 

3, 4, 5, 6, 7 and 8 h and each sample was 

replaced with equal volume of fresh dissolution 

medium. Then the samples were analyzed for 

the drug content by using phosphate buffer as 

blank8 

IN VITRO ANTI-INFLAMMATORY ACTIVITY 

(HRBC METHOD) 

Blood was collected from healthy human 

volunteer and mixed with equal volume of 

Alsvers solution. This blood was centrifuged at 

3000 rpm. Packed cells were washed with iso 
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saline and 10% suspension was made. Various 

concentrates of   extracts were prepared using 

distilled water and to each concentration 1ml 

phosphate buffer, 2ml hypo saline, 0.5ml HRBC 

Suspension was added and subjected to 

incubation at 370C For 30 minutes. After 

incubation the mixture was centrifuged at 

3000rpm for 20minutes and the hemoglobin 

content of supernatant solution was estimated 

spectrophotometrically at 424nm9. 

% of hemolysis = (optical density of test /optical density of control) X 100 

% of protection = 100- (optical density of test / optical density of control) X 100 

COMPOSITION: 

Blank: 

Phosphate buffer -  1ml,Hypo saline -2ml ,Normal saline -0.5ml . 

Control: 

Phosphate buffer -1 ml, Hypo saline -2ml, HRBC Suspension-0.5ml. 

Standard drug: 

Phosphate buffer - 1ml, Hyposaline - 2ml  Standard drug - 1ml(50- 250mg/ml) , HRBC Suspension - 

0.5ml. 

Test: 

Phosphate buffer – 1ml, Hyposaline -  2ml, Plant extract – 1ml, HRBC Suspension – 0.5ml. 

RESULT AND DISCUSSION: 

PHYTOCHEMICAL SCREENING: 

CONSTITUENTS SOLVENT-EXTRACTS OF TURMERIC 

               METHANOL 

Flavonoids                          + 

Phenol                          + 

Tannin                           _ 

Saponin                           _ 

Antraquinone                           + 

Volatile oil                           + 

Steroid                           _ 

Glycoside                           _ 

Reducing sugar                           + 

Phlobatannins                           + 

Amino acid                            + 

Resin                            _ 

Acid test                            _ 

Chalcone                             + 

 

INVITRO ANTIINFLAMMATORY STUDY( HRBC METHOD): 

 % of hemolysis = (optical density of test /optical density of control) X 100 

=(0.011/0.04)X 100 =27.5 

 % of protection = 100- (optical density of test / optical density of control) X 100 

                                       = 100-(0.011/0.04)X 100  

                                        = 72.5% 
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PHYSICAL APPERANCE:  

PARAMETERS      F1     F2     F3    F4 

COLOUR brown brown brown brown 

CONSISTENCY smooth smooth smooth Smooth 

HOMOGENICITY homogenous homogenous homogenous homogenous 

FEEL ON THE SKIN No irritation No irritation No irritation No irritation 

 

STANDARD GRAPH: 

CONCENTRATION ABSORBANCE 424nm) 

0.1 0.148 

0.2 0.212 

0.3 0.280 

0,4 0.382 

0.5 0.471 

0.6 0.550 

0.7 0.636 

 

 
pH: 

F1 F2 F3 F4 

4.63 4.11 5.04 4.61 

4.51 4.20 5.02 4.57 

4.60 4.17 5.01 4.58 

AVERAGE=4.58 4.16 5.02 4.58 

 

VISCOSITY: 

F1 F2 F3 F4 

4500 4300 4800 4600 

4500 4300 4800 4700 

R² = 0.996

0

0.1

0.2
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4500 4400 4700 4600 

AVERAGE=4500 4333 4766 4633 

 

SPREDABILITY: 

F1 F2 F3 F4 

0.58 0.58 0.6 0.4 

0.57 0.59 0.62 0.42 

0.6 0.6 0.64 0.44 

AVERAGE=0.58 0.59 0.62 0.42 

 

CONCLUSION:  

On the basis of the study, the data showed that 

the curcumin gel prepared from the dried 

methanolic extracts curcumin the significant 

anti-inflammatory activity when compared with 

standard Diclofenac gel. As phytochemical tests 

showed the presence of flavonoids, phenol, 

anthraquinones, volatileoil, reducingsugar, 

phlobatannins,amino acids,chalcone in the 

methanolic extracts they might suppress the 

formation of prostaglandins and bradykinins or 

antagonize their action and exert its activity. 

The curcumin gel showed effect and which can 

be useful for the treatment of local 

inflammation.We concluded that from the 

values of PH, Spreadability, Viscosity, Drug 

content Turmeric gel made with carbopol 934 

(4%) has optimum drug release. 
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ABSTRACT 

Background: Alcoholic liver disease (ALD), a severe, potentially lethal effect of alcoholism. Alcoholic steatosis/ Fatty liver, 

Alcoholic hepatitis, Alcoholic cirrhosis are the stages. 

Prescription pattern monitoring studies (PPMS) is used as a method for analysis of prescription, dispensing and distribution practices 

of medication. Ensuring rational use of medicines (RUM) is the important aim of PPMS.  

Methods: A cross sectional observational study was carried out in 90 alcoholic liver disease patients in a secondary care teaching 

hospital. The analysis was done on the basis of sociodemographic criteria, stages of the disease along with comorbities and 

comparison of prescribing patterns. Child pugh score was used for the categorization of stages of ALD. 

Results: The study implied that male patients were more than female patients and  the mean age group of 36-45. Most of the patients 

were diagnosed with alcoholic cirrhosis with all the patients were evidently found alcoholics. Diabetes Mellitus is the most seen 

co-morbidity among the participants.By carrying out PPMS, it was found that vitamin tablets were prescribed more often for ALD 

patients. Around 65% of the drugs were injectable and around 60% were prescribed in their generic name itself. Average number 

of drugs per prescription was 5 and average number of ALD related drugs prescribed was found to be 3. 

Conclusion:  

Our Study analyzed for prescribing pattern of drugs used in ALD patients and found that vitamin supplements are the most 

prescribed drugs followed by hepatoprotections and antibiotics and least used drugs are antihyperlipidemic followed by steroidal 

drugs.  

 

Keywords: alcoholic liver disease, prescription pattern analysis, stages of alcoholic liver disease. 

 

INTRODUCTION:  

Alcoholic liver disease (ALD) is a severe, possibly lethal effect of alcoholism. The degree of liver damage caused by alcohol 

consumption can be different. Most of the patients were consuming country made liquor (80%), there was a significant difference 

found between disease severity and branded wine consumers which correlated significantly with the three disease prognosis 

markers. When correlated with complications, ascites was the most common complication in the country made spirit followed by 

encephalopathy, GI bleed didn’t correlate significantly with the type of alcohol consumed. South Asian population is more prone 

to develop ALD due to genetic polymorphism of the genes responsible for alcohol metabolism like CYP2E1, ADH, and ALDH. It 

is to be considered that toddy drinking in the region of Telangana is considered culturally and socially acceptable especially among 

women.1  

 

Since this is the current statistics, proper utilization of drugs and to up bring a better health in the society, Prescription pattern 

monitoring studies (PPMS) must be followed to the core and this is the responsibility of every health care professional. ALD 

develops due to years of heavy alcoholism. ALD may not develop in every heavy alcoholic. Probability of ALD depends period 

and amount of alcohol consumption. Most patients are of 40 to 50 years of age. Even though males are likely to develop ALD, 

females would be affected even with lower amount of alcohol than males. Hereditary can be the risk factor too.2 

 

The relation between the development of cirrhosis and the type of alcoholic beverage consumption is hypothetical. Various studies 

have shown variable results with the type of alcohol consumed. Researches hugely show that there is a direct proportion with the 

quantity and period of alcohol consumption to the incidence of ALD.  

 

The advantage of prescribing indicators for the mean number of drugs per precription, generic medication, injections, and medicines 

from NLEM shows, depicts variation from the conventional guidelines recommended by WHO. Hence further multi-centered 
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researches are needed to avail better outcomes on the prescribing pattern of alcoholic liver disease in India. Hence, the factors have 

to be tracked extremely and strictly to ensure systematic prescribing practice in hospitals of India.3 

  

MATERIALS AND METHODS 

A cross sectional observational study was carried out in 90 alcoholic liver disease patients in a secondary care teaching hospital. 

Patients above 15 years of age (either sex) diagnosed with alcoholic liver disease with or without co morbidities who were willing 

to participate in the study was included and  pregnancy, immune compromised patients, patients with complicated antibiotic therapy 

were excluded from the study. The ALD patients were analysed based on their socio demographic details, disease stage based on 

Child Pugh Score along with the co morbidities associated. The prescribing pattern in alcoholic liver disease patients based on the 

stage of diagnosis, drug category, number of drugs per prescripton, dosage forms were analysed. Child pugh score was used as a 

tool to assess survival rate of ALD patients. 

Child pugh score 

This tool helps in assessing the prognosis of chronic liver disease especially cirrhosis which helps in understanding the survival rate 

of ALD patients and the need for liver transplantation as well as treatment strategies. The tool is having five clinical measures 

including total bilirubin, Serum albumin, prothrombin time, Ascites and encephalopathy. Based on these clinical measures patients 

were classified into different stages of liver diseases. 

Patient profile format 

A custom made patient profile format was prepared which included all details necessary for the study such as, patient’s age, gender, 

social habits, past medical history, past medication history, lab investigations, diagnosis with the stage of the disease, medications. 

 

RESULTS:  

 

Demographics of ALD patients: 

A total of 90 ALD patients were enrolled in the study, were most of the patients were Male (92.2%) and mean age were found to 

be 36-45 age (37.77) followed by 46-55 age (22.2) respectively (Table1) 

 

Social habits of ALD patients:  

Among 90 patients enrolled, 30% ALD patients were both alcoholics and smokers where remaining 70% of them were exclusively 

alcoholics. 

 

Duration of alcohol consumption of ALD patients:  

Patients who were consuming alcohol for less than 10 years were found to be  24.4% and percentage of patients who consumed 

alcohol from 10-15 years and more than 15 years were found to be the same which is 37.7% which shows that majority of the 

patients have started the drinking habit since 10 years that is  75.55% of the total sample size. 

 

Stages of ALD of ALD patients:  

Majority of the patients were cirrhotic which constituted 42.2% of the sample size followed by hepatitis patients and then followed 

by steatosis patients which is 32.22% and 25.5%. 

 

Complication of ALD:  

Most common complication associated with the selected patients was ascites which is about 37.77% and followed by other 

complications like portal hypertension (23.33%) and hepatic encephalopathy (14.44%). This showed that 75.55% of the participants 

experienced complications of ALD 

 

Comorbidity of ALD patients: 

Among Participants 55.55% of the ALD patients had comorbidities like diabetes mellitus (25.55%), hypertension (28.88%) and 

hyperlipidemia(1.11%). Depicted in Table 2. 

 

Prescription pattern 

By analysing the prescription, it is found that patients were prescribed with various categories of drug includes antibiotics, vitamin 

supplements, hepatoprotectants, analgesics, proton pump inhibitors Among which vitamins were prescribed most commonly to all 

the ALD patients followed by hepatoprotectants and then antibiotics. The least prescribed category were hyperlipidemics and 

steroids (Figure 1). 

 

Drug use indicators:  

The drug use indicators were used to assess prescription were average number of drugs per prescription was found to be 5 and 

average number of ALD related drugs per prescription were found to be  3. The percentage of drug prescribed by generic name 

were 60.16% and percentage of injectable drugs were 65.45%. This result showed that most of the medications were prescribed in 

their generic names and also injectables were prescribed widely than any other dosage forms available. (Table 3) 

 

 

 

 

http://www.ijsdr.org/


ISSN: 2455-2631                                              February 2022 IJSDR | Volume 7 Issue 2 

IJSDR2202043 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  257 

 

DISCUSSION:  

Through our study, we could derive that male patients were more than female patients and under the age group of 36-45. Most of 

the patients are diagnosed with alcoholic cirrhosis with all the patients were evidently found alcoholics. Diabetis Mellitus is the co-

morbidity seen in a greater percentage among alcoholic liver disease patients than Hypertension or Hyperlipidemia.  

Evaluation of prescription pattern was done and we could understand that vitamin tablets were prescribed the most for alcoholic 

liver disease patients. Also percentage of drugs prescribed in their generic name, percentage of drugs ALD drugs prescribed, 

percentage of injectable drugs prescribed and average number of drugs per prescription for ALD patients were derived. 

In our study most common complication found was ascites, followed by portal hypertension. Also males are more prone to ALD 

which may be due to increased consumption of alcohol. It is found that duration of alcohol consumption greatly contribute to 

development of complication, that is Most of the patients have been consuming alcohol since more than 10 years that caused severe 

complications which is similar to study conducted by Christeena. J et al4 

In our study, majority of the patients are males which has resemblance with the study conducted by Vadla et al5 

 

CONCLUSION 
According to our study results, we could conclude that male patients are more than female patients due to high chances of alcohol 

abuse in male patients and alcoholic cirrhosis was the major diagnosis observed. Majority of them were experiencing complications 

from the disease like ascites, portal hypertension, hepatic encephalopathy. Also; around 55% of the people had co-morbidity as 

well. 

 

We could also come to a conclusion that a good percentage of people are alcoholics in the present scenario of which a good 

percentage are dependent to it or are prone to alcohol induced diseases due to the evident period and amount of ethanol consumption. 

By carrying out PPMS, it was found that vitamin tablets are prescribed more often for ALD patients. Around 65% of the drugs were 

injectable and around 60% are prescribed in their generic name itself. Average number of drugs per prescription was 5 and average 

number of ALD related drugs prescribed was 3. 

 

Hence considering the nature of alcohol consumption, diagnosis, complications and co-morbidities experienced, better and 

systematic PPMS has to be done for the better patient care, health, quality of life as well as for a better society, since social or ethical 

nuisance and individual destruction have been more due to alcoholism. So this is not a health care need but also a community need. 

 

Acknowledgement:  

We would like to acknowledge our indebtedness and render our warmest thanks to Dr.Purnima Ashok, Vijeesh,  Dr. Mahesh. N. 

M, Dr. Raman Dang who made this work possible. Their friendly guidance and expert advice have been invaluable throughout all 

stages of work. 

Conflict of interest:  

The authors declare no conflict of interest, financial or otherwise. 

Funding:  

This research received no grant from any funding agency. 

 

REFERENCES: 

[1] R.Nagamani, P.Shakuntala, Madhuri, Swapna, Sharath et al Clinical profile of Alcoholic Liver Disease Patients in 

tertiary care teaching hospital and its correlation with type of alcoholic beverage consumption IJMHR 2016;2(6):12-14 

[2] U.S. National Library of Medicine. Alcoholic Liver Disease. 2019; available on 

https://medlineplus.gpv/ency/article/000281.html. 

[3] BSM, G. Dhanavati, MMV, M.P, B.M et al Assessment of clinical profile and treatment chart review for alcoholic liver 

disease patients: A prospective and observational study Journal of drug delivery and therapeutics 2018;8(5):437-441 

[4] JC et al. Assessment of clinical profile and prescription pattern of drugs in alcoholic liver disease  and hepatitis in tertiary 

care hospital. Int.J.Pharm.Sci.Rev.Res. 2017;46(1):37-41. 

[5] Vadla  S, Ebusi A, Chinthalapudi N and Kodati DD. Morbidity and mortality of alcoholic liver disease and its correlation 

with type, amount and duration of alcohol consumption wjpr 2019;8(7): 2175-85. 

 

 

 

 

 

 

http://www.ijsdr.org/


ISSN: 2455-2631                                              February 2022 IJSDR | Volume 7 Issue 2 

IJSDR2202043 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  258 

 

 

 

 

 

 

 

 

 

 

 

Tables: 

 

Table 1. Socio demographic details of ALD Patients 

 

Table 2. Analysis of ALD Patients 

CRITERIA n(%) 

DURATION OF ALCOHOL CONSUMPTION 

Less than 10 years 22(24.44%) 

10-15 years 34(37.77%) 

More than 15 years 34(37.77%) 

STAGES OF ALD 

Alcoholic steatosis 23(25.55%) 

Alcoholic hepatitis 29(32.22%) 

Alcoholic cirrhosis 38(42.2%) 

COMPLICATION OF ALD 

Ascites 34(37.77%) 

Portal hypertension 21(23.33%) 

Hepatic encephalopathy 13(14.44%) 

COMORBIDITIES 

Diabetes mellitus 23(25.55%) 

Hypertension 26(28.88%) 

Hyperlipidemia 1(1.11%) 

 

Table 3. Analysis of prescription using Drug use indicators 

Drug use indicators Observed Value 

Average number of the drugs per prescription 5 

Average number of the ALD related drugs per 

prescription 

3 

Percentage of drugs prescribed by generic name 60.16% 

Percentage of injectable drugs 65.45% 

 

 

 

 

 

 

 

 

 

 

CRITERIA n(%) 

GENDER 

MALE 83(92.22%) 

FEMALE 7(7.77%) 

AGE GROUP 

15-25 0(0%) 

26-35 15(16.66%) 

36-45 34(37.77%) 

46-55 20(22.22%) 

56-65 16(17.77%) 

66 AND ABOVE 5(5.55%) 

SOCIAL HABIT 

ALCOHOLIC 90(100%) 

SMOKER 27(30%) 

BOTH 27(30%) 
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Figures: 

 

 
 

Figure 1. Analysis of Prescription in ALD Patients 
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ABSTARCT 

Background: Chronic kidney disease is defined as a global health 

burden with higher cost of treatment with increased prevalence and 

incidence. Haemodialysis is the most commonly preferred renal 

replacement therapy for patients who are diagnosed with End Stage 

Renal Disease. Pain, one of the major consequences of haemodialysis 

and was often left under diagnosed and under treated. Methods: A 

non-randomised prospective observational study was carried out on 46 

haemodialysis patients from a secondary care teaching hospital. The 

patients were analysed based on their socio demographic 

characteristics and disease characteristics along with measurement of 

pain, location and cause of pain during haemodialysis and Pain 

Management Index. The pain was measured using Wong Baker Scale and McGill 

Questionnaire. The adequacy of treatment was evaluated using Pain Management Index. 

Results: The study showed that pain was experienced in 58.6 % of male and 41.3% of female 

patients, in which majority of patients belonged to the age group of 60-69 yrs (34.7). Study 

analysed a total of 3 common analgesic drugs and found that the most commonly used drugs 

among haemodialysis patients were tramadol (41.3%), followed by ibuprofen (34.7%) 

respectively. The pain experienced among patients were mild (58.6%), moderate (23.9%) and 

severe (17.3%). The analysis of Pain management index showed 69.5% patients with positive 
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values and 30.4% with neutral values. Conclusion: This study showed that pain during HD is 

common. Tramadol was mostly prescribed to manage the pain and it is effective for the 

majority of the patients. 

 

KEYWORDS: Chronic Kidney Disease, Haemodialysis, Pain Management Index, Pain 

Analysis, Pain Management. 

 

INTRODUCTION 

Chronic kidney disease (CKD) or chronic renal failure is defined as a reduction in kidney 

function lasting from months to years.
[1]

 

 

Chronic kidney disease is classified into 5 stages according to kidney function and 

glomerular filtration rate (GFR). CKD has many consequences and usually have no 

symptoms but people may experience malaise, anorexia, high blood pressure, arrhythmia and 

thirst. The stage 5 of CKD also called as End Stage Renal Disease (ESRD) requires treatment 

options like haemodialysis (HD) or kidney transplantation.
[2]

 

 

Diagnosis and management of underlying causes is the primary treatment for kidney failure. 

The widely preferred renal replacement therapy, haemodialysis is preferred for patients who 

are diagnosed with ESRD. Haemodialysis is the process of purifying blood by removing 

toxins through a dialyzer via convection or passive diffusion. Dialysis helps in eliminating 

waste products along with water and thus maintains body buffers. Haemodialysis is usually 

done 3 times in a week and can last for 3 to 5 hours.
[2]

 

 

For effective therapy, identification of complications associated with haemodialysis is 

significant .Pain is one of the most common complications of haemodialysis that ranges from 

moderate to severe and its occurrence is nearly 50%. The consequences of pain during and 

after haemodialysis are often left underestimated and undertreated. Patients with CKD are 

suffering unsubstantiated due to deficient and poor pain management. Patients also worry 

about the side effects of drugs, their disease condition and possible chance of addiction of 

opioid medications. Pain is categorised into acute, moderate and chronic according to the 

duration of it being felt.
[2]

 

 

The commonly prescribed medicines for pain are non-opioids like acetaminophen and non-

steroidal anti-inflammatory drugs (NSAIDS) like ibuprofen. The safest opioids for renal 
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patients are fentanyl, hydrocodone and hydromorphone. Therapeutic doses of tramadol are 

also encouraged in dialysis patients.
[3]

 

 

MATERIALS AND METHODS 

A non-randomised prospective observational study was conducted after obtaining ethical 

permission from Human ethical committee. A total of 46 patients who have undergone 

haemodialysis were enrolled for the study after obtaining informed consent from the 

participants. Patients experiencing pain associated with haemodialysis and are older than 18 

years of either gender are included in the study. Comatose and patients who were disoriented 

were also excluded from the study considering their inability to participate in the study. 

Along with this, patients who voluntarily decided not to take part in the study and patients 

whose full assessment records unavailable due to death transfer to another region or those 

who underwent renal transplant during the study were excluded. The Patients enrolled were 

studied regarding to their age group, gender, drug distribution, measurement of pain (pain 

scale), location of pain, cause of pain and Pain Management Index. Wong Baker Face pain 

scale was used for measuring pain before and after the haemodialysis session and McGill 

questionnaire was used to identify the dimension, type and location of pain. The adequacy of 

treatment was evaluated using Pain Management Index. 

 

WONG BAKERS FACE SCALE 

The Wong Baker face scale is a one-dimensional tool which allows patients to self-assess 

their pain. It has a series of six faces each depict different expressions, ranging from happy to 

extremely upset. Patients with pain can point to the picture that best represent their degree 

and intensity of pain. This benefits bests for patients facing language difficulty. 

 

McGill PAIN QUESTIONNAIRE 

The McGill questionnaire is a tool which was designed to provide quantitative measures of 

clinical pain. The patients are presented with a list of 78 words in 20 sections and it helps to 

identify and assess both quality and intensity of subjective pain. This multi-dimensional tool 

is self-reported and helps in monitoring the pain over time. The evaluation of pain is divided 

into three categories: sensory, affective and evaluative. 

 

PAIN MANAGEMENT INDEX (PMI) 

Pain management adequacy can be assessed by the patient’s satisfaction, pain intensity, the 

extent of pain relief, and pain interference with life. Pain management index (PMI) is a well-
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validated mean for assessing the adequacy of pain treatment in a large variety of chronic pain 

conditions. The PMI compares the patient’s reported level of pain intensity with the potency 

of prescribed analgesics.
[4]

 

 

SELECTION AND DESCRIPTION OF PARTICIPANTS 

This non-randomised study was conducted over a period of 6 months among haemodialysis 

patients who were experiencing pain. Both female and male patients over 18 years of age 

were included in the study. Patients who voluntarily decided not to take part in the study, 

patients whose full assessment records were unavailable due to death or transfer to another 

region and those who underwent renal transplant during the study were excluded. 

 

Patients who were disoriented and comatose were not included considering their inability to 

participate in the study. 46 patients were enrolled according to the inclusion and exclusion 

criteria. The patients were interviewed about severity of pain using Wong Baker Scale, 

location and type of pain using McGill questionnaire and the analgesic intended. The data 

regarding weight loss during haemodialysis and cause of pain were also taken. 

 

RESULTS 

Demographics characters of HD patients 

This study included 46 patients undergoing haemodialysis weekly thrice. Age and gender 

were used to interpret demographic characters. Analysis of age group revealed that the 

highest patients presenting for haemodialysis were elderly of age group 60 -69 yrs which 

constitute 34.7% of haemodialysis patients included in the study. The study data also showed 

that among 46 patients, males constituted 27(58.6%) and females 19 (41.3%) respectively. 

 

Drug distribution among HD patients 

By Analysing the drugs prescribed among HD patients, the most commonly prescribed drug 

is found to be Tramadol which is prescribed to 19 patients (41.3%) followed by ibuprofen 

(34.7%) and acetaminophen (23.9%).  

 

Analysis of HD patients based on weight loss 

The weight loss among HD patients were categorised into 5 groups. The interpretation of data 

reveals that most patients lost weight in the range of 2-2.9kg and only few patients lost 

weight in the range of 5-5.9 kg. 
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Intensity of pain among HD patients 

The study used also used Face scale to determine pain intensity among 46 patients. the 

present data identified that most patients experienced mild pain (58.6%) followed by severe 

(23.9%) and moderate pain (17.3%) respectively, in table 1. 

 

Table No 1: Analysis of intensity of pain in patients during haemodialysis using Wong 

Bakers face scale. 

Severity 

Pain Before Administering 

Analgesic 

Pain After Administering 

Analgesic 

No. of Patients 

(n=46) 

Percentage 

(%) 

No. of Patients 

(n=46) 

Percentage 

(%) 

NO PAIN 0 0 26 56.5 

MILD 27 58.6 15 32.6 

MODERATE 8 17.3 5 10.8 

SEVERE 11 23.9 0 0 

 

Pain characteristics in HD patients 

The characteristics of pain were analysed using McGill pain questionnaire. Analysis of pain 

among all the 46 patients identified that most patients experienced musculoskeletal pain 

(36.5%), followed by ischaemic pain (28.2%), pain associated with procedure (17.3%) and 

neuropathic pain (8.6%).  

 

Analysis of HD patients based on PMI 

Pain management index was used to evaluate the effectiveness of treatment with analgesics. 

Present data demonstrated that 69.5% patients showed positive values indicating to the effect 

of analgesics and only 30.4% patients showed neutral values which are depicted in table no 2. 

 

Table No 2: Analysis of HD patients based on PMI. 

MEAN VALUES 
NO: OF PATIENT 

(n=46) 

PERCENTAGE 

% 

POSITIVE VALUES 32 69.5 

NEUTRAL VALUES 14 30.4 

NEGATIVE VALUES 0 0 

 

DISCUSSION 

Pain, the most recurrent symptom experienced by CKD patients is often underestimated and 

underrated and usually varies with psychological aspects and shows multidimensional 

symptoms. The prevalence of pain experienced by the patients undergoing hemodialysis in 

our study was high. McGill questionnaire and Wong Baker face pain scale was used 
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throughout the study to determine the intensity of pain which was found out to be mild 

followed by severe and then moderate. The pain was managed either with painkillers ranging 

from NSAIDs to weak and strong opioids. However, many patients continued to receive 

inadequate analgesia. 

 

Among the patients included in the study, majority were found to be under the age group of 

60-69 years. This result was similar with the findings of Kafkia. T et al.
[5]

 The pain related 

discomfort was more in females when compared to males, which was widespread impact the 

overall quality of life. The data shows that musculoskeletal pain was the highly experienced 

type of pain which was more common in older, obese women with comorbidities such as 

DM, HTN and COPD. Pain experienced in leg is commonly due to large body weights and 

can be minimized by maintaining a healthy body weight. Headache was found to be the 

second highest. Hemodialysis Related Headache (HRH) is associated with variation in 

electrolyte and serum BUN levels which occurs in systemic circulation during HD. Ischemic 

pain associated with procedures, neuropathic pain and Carpel tunnel syndrome are the other 

types of pain found out in our study. These results were in proportionate to those obtained in 

J. calls et al.
[6]

 

 

As per our study, tramadol, ibuprofen and acetaminophen were the widely prescribed drugs 

to patients experiencing pain and among them tramadol was used in majority of patients 

followed by ibuprofen and acetaminophen. 

 

The results obtained from PMI showed patients receiving tramadol have high intensity of 

positive value than neutral values and patients receiving ibuprofen also showed positive 

values. Patients receiving acetaminophen showed both positive and neutral values. 

 

The overall efficacy of pain management was positive followed by neutral values. Patients 

experiencing severe pain were under prescribed. A smaller population received tramadol for 

severe pain management. WHO ladder suggests that, pain should be treated with strong 

opioids with or without adjuvants or opioid analgesics. Selection of analgesics should 

consider the type and severity of pain. Neuropathic pain is less responsive to opioids and 

more responsive to anticonvulsants and anti-depressants. According to the study of Barakzoy 

A S et al 19, the WHO three step ladder has resulted in adequate analgesia between 69-100% 

and is now recognized as global health policy and one of the major method for treating 

parameters experiencing pain. 
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Due to altered pharmacokinetics and renal impaired patients, therapeutic efficacy of the drug 

will be less compared to non-renal failure patients and appropriate dosing adjustments are 

often not made for the former patients. Undesirable side effects and DIs are caused when 

reduced GFR alters the pharmacokinetic profile of drugs. On an average, patients with renal 

insuffiency are receiving at least 7 medication for treating their comorbidities such as DM< 

HTN along with renal impairment symptoms. Usage of proper analgesic is the feasible way 

of managing pain in ESRD and HD although appropriate analgesic selection is tiresome.  

 

CONCLUSION 

This study aimed to assess the severity of pain among the hemodialysis patients and to 

highlight the effectiveness of pain management. This study showed pain during HD is 

common. Tramadol was mostly prescribed to manage the pain and it is effective for the 

majority of the patients. 
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ABSTRACT 

Background: DDI can be defined as interaction between two or more 

drugs, resulting in either synergistic or antagonistic or idiosynergestic 

effect of the drugs. A DDIs is a major concern in patients with CVD 

due to multiple co-existing conditions and because of the wide class of 

drugs they receive. Other risk factors such as age, polypharmacy, 

pharmacokinetics and pharmacodynamics profile of drugs also alters 

the overall therapeutic response which results in increased hospital stay 

and health care cost. Objective: (1) To identify the PDDIs in the 

Department of Cardiology in a Tertiary care hospital. (2) To assess the 

data collected and describe the drugs, drug combinations and severity 

associated with these interactions. Method: The proposed prospective 

study was conducted over 150 patients of Cardiology department in 

Aster CMI hospital, Bangalore using the Lexicomp Interct ® app for duration of 6 months. 

Result: A total of 150 patients were included in the study. 503 interactions were identified 

among 142 patients. The incidence of pDDIs was 94.6%.The most common pDDIs were 

between Heparin & Ticagrelor (10.33%), Aspirin& Heparin (9.14%) and Atorvastatin & 

Ticagrelor (7.95%). Majority of interactions were of moderate severity and of risk 

classification C which required therapy monitoring. Conclusion: The data was collected to 

identify the pDDIs. The present study identifies the need for screening prescriptions of 
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cardiovascular patients for pDDIs, monitoring of these patients and usage of Online DDI 

database to prevent these interactions. 

 

KEYWORDS: ADR-Adverse drug reactions, PDDI-Potential drug drug interactions, CVD-

Cardiovascular disease. 

 

INTRODUCTION 

Drug interaction can be defined as interaction between two or more drugs that results in 

either synergistic or antagonistic or idiosynergestic effect of the drugs. The topic of Drug-

Drug interaction (DDIs) has received a great deal of recent attention from the regulatory, 

scientific and health care communities’ world-wide.
[1] 

 

DDI are classified into pharmacokinetic and pharmacodynamics interactions. 

 

Pharmacokinetic interaction occurs when the concurrently administered drugs have the 

potential to alter the mechanism of other drugs. This interaction affects the absorption, 

distribution; metabolism and excretion of drugs (ADME interactions). Majority of drug 

absorption interactions include reduction in drug absorption rate rather than increase in 

absorption rate. For drugs given in multiple doses the rate of absorption is unimportant 

provided the total amount of drug absorbed is not markedly altered. On the other hand for 

drugs that are given as single doses, intended to be absorbed rapidly, where a rapidly 

achieved high concentration is needed, a reduction in the rate of absorption may result in 

failure of therapeutic effect. Drug absorption interaction occurs due to: 

 Effects of changes in GI pH  

 Adsorption, chelation and other complexion mechanisms 

 Changes in GI motility  

 Induction or inhibition of drug transporter proteins  

 Malabsorption caused by drugs. 

 

Drug distribution interaction occurs when drugs are extensively protein bound and co-

administration of a second drug can displace it. Drug metabolism interactions occurs when 

interacting drugs have the potential to increase the rate of metabolism by inducing the 

formation of more CYP isoenzyme or decrease the metabolism by inhibiting isoenzyme 

activity. Drug excretion interactions primarily involve changes in renal excretion.  
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Pharmacodynamics interactions are an alternation in the pharmacological response of a drug. 

This is further classified into  

 Additive or synergistic interactions  

 Antagonistic or opposing interactions.  

 

When two drugs with the same pharmacological effect is given, concomitantly it results in 

additive effect. In contrast to this, there are some drugs with activities that are opposed to one 

another, referred as antagonistic interactions. 

 

The various drug related factors affecting drug interactions include narrow therapeutic range, 

low bioavailability, drug formulation, drug stereo chemical and physiochemical properties, 

drug potency, steep dose-response curve, duration of therapy, drug dosage, drug 

concentration in blood and tissue, timing and sequence of administration drugs, route of 

administration, baseline blood concentration of interacting drugs, extent of drug metabolism, 

rate of drug metabolism, degree of protein binding of interacting drugs, volume of 

distribution of affected drug. 

 

The PDDIs are classified on the basis of severity and scientific evidence as follows: 

Severity: 

 Contraindicated: the concurrent use of drug combinations is contraindicated. 

 Major: where a case of death may occur or a medical intervention is required to prevent 

or minimize a serious negative outcome. 

 Moderate: the effect may worsen the patient’s condition and requires alternation of 

therapy. 

 Minor: the effect will not alter the therapeutic outcome and no alternative therapy is 

required. 

 

Scientific evidence (Documentation) 

Excellent: Well controlled studies have significantly shown these interactions. 

Good: There is no proof of well controlled studies for these interactions, but the study 

suggests that the interaction exist.  

Fair: Clinicians suspect this interaction on the basis of pharmacologic considerations, but the 

available evidence is poor.  

Poor: These interactions are said to occur theoretically but the documentation of these cases 

are less.  
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Unlikely: Neither data is available. 

 

A Drug-Drug interaction does have a major concern in patients with cardiovascular diseases 

due to multiple co-existing conditions and because of the wide class of drugs they receive. 

Studies suggest that cardiovascular disease patients more repeatedly encounter DDIs than 

patients with other diseases, probably due to associated risk factors such as age, 

polypharmacy, and pharmacokinetics and pharmacodynamics profile of drugs.
[2] 

It also alters 

the overall therapeutic response which may result in increased hospital stay and health care 

cost. In a recent review it has been reported that approximately 0.05% of the emergency 

department visits, 0.6% of the hospital admissions and 0.1%of the rehospitalisations are 

caused by ADRs due to DDIs.
[3] 

 

DDI’s are often unpredictable and undesirable in pharmacotherapy. A known interaction may 

not occur in every individual. This may be due to several factors that affect the interaction. 

These factors include differences among individual in their,
[4,5]

 genes, physiology, age, 

lifestyle, underlying disease, drug doses, the duration of combined therapy, time of 

administration of two drugs. The patients with cardiovascular diseases require more attention 

regarding drug-drug interactions due to the intricacy of their disease and therapeutic regimen. 

Cardiovascular diseases are the major cause of mortality and morbidity rates. According to 

WHO the number of cases of cardiovascular cases will increase from 29 million in the year 

2000 to about 69 million cases in the year 2015.
[6]

 A study reported by Crucial-Souza showed 

that overall frequency of PDDIs was 49.7% in cardiology.
[7]

 Many of the adverse events can 

be prevented by identifying the PDDIs. It was reported in 2011 that 164(75.9%) patients with 

a hospital stay of 7 or more were at a risk of DDI. According to different studies hospitalized 

patients, elderly patients are at a higher risk of PDDIs. 

 

Risk factors for cardiovascular diseases include diseases like hypertension, hyperlipidemia, 

diabetes or other diseases which require multiple drug therapy.
[8,9]

 Moreover the patients 

admitted in CCU undergoes various invasive cardiovascular procedure and are subjected to a 

variety of medications such as antithrombotic, anticoagulant, sedative and analgesic 

medication and are after interventional procedure, new medications are added for primary and 

secondary prevention of ischemic events leading to higher risk for DDI’s that affects the 

balance of thrombotic and bleeding events during the procedure and long-term treatment. The 

PDDI for a particular cardiovascular drug varies with individual the disease being treated and 

the extent of exposure to other drugs.
[Error! Reference source not found.,11] 
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One of the reason it is difficult to detect an interaction is because of the patient variability. 

Though the knowledge persists of the predisposing and protective factors that determine 

whether or not an interaction occurs, practically it is very difficult to predict what will happen 

when an individual patient is administered two potentially interacting drugs. Solution to this 

problem includes choosing a non-interacting alternative, but if none is available it is 

frequently possible to administer interacting drugs together by taking the appropriate 

precaution. If the effects of interaction is well monitored, may be a simple dose adjustment is 

only required. Most of the PDDI’s are dose related so that if the dosage of causative drug is 

reduced, the effects on other drug is reduced accordingly. 

 

Clinical pharmacologist plays a major role in preventing DDIs by carefully evaluating with 

prescriptions for possible DDIs. An integrated approach is necessary between the clinical 

pharmacologist and other health care professionals in reducing the rate of PDDIs optimizing 

drug safety and improving the therapeutic outcome. 

 

METHODOLOGY 

Study site 

The proposed study was conducted at the Inpatient Department of Cardiology, Aster CMI 

Hospital Hebbal, Bengaluru. 

 

Study design 

It is a prospective observational study. 

 

Study duration 

Duration of the study was six months. 

 

Sample size 

As per the department of Cardiology, Aster CMI Hospital Hebbal, Bengaluru, sample size is 

150 patients. 

 

Study criteria 

Inclusion criteria 

 All the inpatients under the Department of Cardiology 

 Patients prescribed with more than one drug. 

 Willingness to participate in the study. 
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Exclusion criteria 

 Outpatients. 

 Inpatients below 18 years, pregnant and lactating women. 

 Patient’s unwillingness to adhere to the study procedures. 

 Prescription with less than 2 drugs prescribed. 

 

Study procedure 

The study was approved by the IEC KLE COP, Bengaluru. Patients falling under the 

inclusion requirements were enrolled in the study. In the explicitly prepared data collection 

forms, patient medical data containing information such as demographics, present medication 

and medical condition, social and family history, laboratory data, etc., are documented. Drug 

interactions were identified using Lexicomp Interact ®. 

  

RESULTS 

This was a prospective observational study carried out for a period of six months in a tertiary 

care hospital. During the study a total of 150 patient’s data were collected and analyzed, 

patients who were prescribed with more than one drug in department of cardiology were 

taken into the study. 

 

Table 1: Distribution of drug –drug interactions in cardiology department. 

Total no cases collected 
Total number of cases with 

drug –drug interactions 

Total number of drug-

drug interactions 

150 142 503 

 

 
Figure 1: Distribution of drug –drug interactions in cardiology department. 
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Table 2: Gender distribution of drug-drug interactions. 

Sl. No. Gender Frequency(n=150) Percentage (%) 

1 Male 122 81.3% 

2 Female 28 18.6% 

 

 
Figure 2: Gender wise distribution of potential drug-drug interactions. 

  

Table 3: Age distribution. 

Age group Frequency Percentage (%) 

Early adulthood(19-35) 5 3.3 

Adulthood(36-50) 33 22 

Late adulthood(51-65) 69 46 

Young old(66-74) 23 15.3 

Old(75-84) 20 13.3 

 

Out of 150 collected the prevalence of cardiac diseases were high in age group of 51-65Cases  

33(22%) were seen in the age group 36-50 followed by 23(15.3%) in 66-74 age group. 

 

 
Figure 3: Age distribution. 

 

Table 4: Severity of interactions. 

Severity Frequency Percentage (%) 

Major 113 22.46% 

Moderate 361 71.76% 

Minor 21 4.17% 
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Out of 150 cases collected, a total of 503 interactions were found in 142 cases. Out of this 

361 (71.76%) were Moderate followed by Major 113 (22.46%) and Minor 21(4.17%). 

  

 
Figure 4: Severity of interactions. 

 

Major  

Out of 113 Major cases, interactions were frequent with combinations of Heparin+Aspirin 

(71.76%) were Moderate followed by Major 113 (22.46%) and Minor 21(4.17%) 

 

Table 5 

Pddi combination Frequency 
Mechanism of 

action 

Clinical 

management 

Aspirin+heparin 

 

Ticagrelor+aspirin 

 

 

Clopidogrel+ 

Pantoprazole 

46 

 

30 

 

 

26 

Increased risk of 

bleeding. 

Increased risk of 

bleeding 

 

Increased risk of 

bleeding. 

Monitor inr, ptt. 

 

Avoid aspirin doses 

greater than 

100mg/day. 

Other acid lowering 

therapies. 

 

 
Figure 5: Major interactions. 
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Moderate 

Out of 361 Moderate cases mostly combinations involved were Heparin + Ticagrelor 

(14.4%), Atorvastatin + Ticagrelor (11%), Rosuvastatin + Ticagrelor (8.86%), Furosemide + 

Aspirin (6.37%), Heparin + Clopidogrel (6.09%) and others. 

 

Table 6 

Pddi combination Frequency 
Mechanism of 

action 

Clinical 

management 

Heparin + ticagrelor 

 

Atorvastatin + ticagrelor 

 

 

 

 

 

Rosuvastatin + ticagrelor 

 

 

Furosemide + aspirin 

 

 

Heparin + clopidogrel 

 

52 

 

40 

 

 

 

 

 

32 

 

 

23 

 

 

22 

 

Increased risk of 

bleeding. 

Increased 

effectiveness of 

atorvastatin. 

 

 

 

Increased 

effectiveness of 

rosuvastatin. 

Increased risk of 

bleeding. 

 

Increased risk of 

bleeding. 

Decrease the dose 

of heparin. 

Discontinue the 

statins and 

substitute a statin 

that is not 

metabolized by 

cyp3a4. 

No action required 

 

 

Monitor salicylate 

toxicity and 

diuretic response. 

Decrease the dose 

of heparin 

 

 
Figure 6: Moderate interactions. 

 

Minor 

Out of 21 Minor interactions combinations included Telmisartan + Rosuvastatin, 

Pantoprazole + Prasugrel, Pantoprazole + Levothyroxine, Heparin + Doxycycline.  
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Table 7 

Pddi combination Frequency 
Mechanism of 

action 

Clinical 

management 

Telmisartan + rosuvastatin 

Pantoprazole + prasugrel 

 

Pantoprazole + levothyroxine 

 

 

Heparin + doxycycline 

2 

2 

 

2 

 

 

2 

Hypotension 

Increased risk 

of bleeding. 

Decreased 

effect of 

thyroid product. 

Increased risk 

of bleeding. 

Monitor bp 

No action 

required. 

No action 

required. 

 

Monitor ptt. 

 

Table 8: Documentation of interactions. 

Documentation Frequency Percentage (%) 

Excellent 5 0.99 

Good 301 59.8 

Fair 156 31.01 

Poor 24 4.77 

 

 
Figure 7: Documentation of interactions. 

 

Table 9: Risk classification.  

Classification Frequency Percentage (%) 

B 56 11.3 

C 309 62.5 

D 122 24.69 

X 7 1.41 
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Figure 8: Risk classification. 

 

DISCUSSION 

Cardiovascular diseases are a major cause of death worldwide. It is the first among top five 

reasons of death in Indian population
[12,13] 

WHO statistics estimates that 24 % of death in our 

country from the category of non communicable diseases includes CVD.
[13] 

DDIs are major 

concern among patients with cardiovascular diseases because of the wide class of drugs they 

receive. Other factors like age, polypharmacy, co morbidities, pharmacokinetics and 

pharmacodynamics profile of dugs makes it more complex affecting the total therapeutic 

response. DDIs can bring about anything from minor morbidities up to deadly 

consequences.
[14]

 A PDDIs occurs when two drugs are concomitantly administered 

irrespective of whether a clinically meaningful consequence occurs or not and they 

essentially occur prior to actual DDIs.
[15] 

Theoretically the possibility for drug interaction to 

occur is 50%when a patient is receiving five medications, and the probability increases to 

12% on the addition of new medicine.
[16]

 The use of NTI drugs like Warfarin, Heparin, 

Clonidine, Tolvaptan and Digoxin in a cardiovascular setting increases the probability for 

PDDIs. 

 

An aggregate of 150 patients were selected in the investigation. The prevalence of DDIs in 

these cases were 94.6%. Studies by Faizal Shakeel et.al., in the dept of Cardiology presented 

similar results with an incidence of 96.5% of PDDIs.
[17]

 Another study by Ismail et al
[18] 

presented an incidence of 77.7% of pDDIs in randomly selected cardiac patients. From the 

above 142 cases collected 503 PDDIs were identified. 

 

In our study male patients were predominant with a frequency of 122(81.3%). This was 

similar to the findings of P Sudha where the incidences of PDDIs were 70% in male 

patients.
[19]

 Other studies conducted by Murtaz et.al.,
[20]

 and Sharma et al
[21] 

showed similar 
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findings. This correlates to the fact that male are more prone to CVD than females
[22]

 which 

presents them to the more risk of PDDIs. This brings a parallel association between the 

difference in physiological and anatomical characteristics that reduces the rate of CVD in 

women. 

 

Demographic details concede that late adulthood (51-65) patients were more prone to CVD 

increasing their risk for PDDIs with an incidence of 46%. Studies conducted by Chelkeba 

et.al.,
[23]

 and Fita et.al,
[24]

 introduced comparable outcomes. Further data assessed revealed 

that adulthood (36-50) 22%, young old (66-74) 15.3% patients were more inclined to CVD 

and the respective PDDIs. 

 

The PDDIs were classified on the basis of risk and severity using Lexicomp Interact. The 

data represented higher number of moderate DDIs with a frequency of 361(71.76%). Studies 

by Murtaz et al showed similar results of higher moderate interactions of 55%. The drug 

combinations included Heparin + Ticagrelor (14.4%), with fair documentation, risk 

classification D which required therapy modification of a decreased dose of Heparin. 

Atorvastatin +Ticagrelor (11%), PDDI with a good documentation, risk classification C 

which required monitoring of therapy. Rosuvastatin+ Ticagrelor (8.86%), poorly documented 

pDDIs, with risk classification B, where no action was required. Furosemide +Aspirin 

(6.37%), fairly documented PDDIs, risk classification C, that required therapy monitoring for 

Salicylate toxicity. Heparin+Clopidogrel (6.09%), fair documented pDDIs, risk classification 

D, which required therapy modification of decreased dose of Heparin. 

 

The frequency of major DDIs included 113(22.46%). Similar to studies Murtaz et al studies 

that represented major interactions as the second highest. The PDDIs included 

Aspirin+Heparin (40.7%), good documentation, risk classification C, which required 

monitoring of PTT, INR levels for the risk of bleeding. Ticagrelor+Aspirin (26.54%), fair 

documentation, risk classification B that required therapy modification of a low dose Aspirin. 

.Clopidogrel+Pantoprazole(23%), Fairly documented, risk classification C that required 

monitoring of therapy. If low response to Clopidogrel, other acid lowering therapy eg: H2 

receptor antagonists, antacids are recommended. 

 

Minor DDIs included a very less frequency of 21(4.17%). The interactions included 

Telmisartan+Rosuvastatin, Pantoprazole + Prasugrel, Pantoprazole+Levothroxin and Heparin 

+ Doxycycline all with an incidence (9.5%). 



Reji et al.                                                                             World Journal of Pharmaceutical Research 

www.wjpr.net    │    Vol 11, Issue 11, 2022.     │     ISO 9001:2015 Certified Journal    │ 1286 

The pDDIs data from Lexicomp classified the documentation details into excellent, good, fair 

and poor. Out of 503 PDDIs, good documented PDDIs were 301followed by fair documented 

PDDIs (156). 

 

The PDDIs are classified into class A (no known interaction), B (no action required), C 

(monitor therapy in order: it is documented that the benefits of interaction outweigh the risk, 

appropriately monitor therapy in order to avoid potential adverse outcomes), D(consider 

therapy modification: it is documented that proper actions must be taken to reduce the 

toxicity resulting from an interaction., X(avoid combination: the risk of an interaction 

outweighs the benefit and are usually contraindicated).Our data assessment showed class B 

with a frequency of 56(11.3%), C 309(62.5%), D 122(24.69%). Zarkar et,al.,
[25] 

classified the 

interactions on a similar basis. 

 

It is difficult to detect an interaction because of patient variability and various predisposing 

factors but practically it is very difficult to predict what will happen the two potentially 

interacting drugs were given to a patient. Solutions to resolve this problem includes choosing 

an alternative non interacting drug, but if there is no alternative available, change in 

frequency, dosage and monitoring the therapeutic response would help in better treatment. 

 

The limitation of our study was the small sample size and the pandemic that limited the 

ability to make broader generalizations from the results. However our study revealed the 

intensity of PDDIs among the cardiac patients and the need for monitoring of the therapy, the 

need to take proactive measures to reduce the rate of incidence of hospitalization other health 

issues and further complications. Clinical pharmacologist plays a major role in preventing 

PDDIs. Along with other health care professionals clinical pharmacologist should conduct 

educational programs, prescription auditing and patient counseling to avoid improper use of 

medications and thereby improve the therapeutic outcome. 

 

CONCLUSION 

The study concluded that PDDIs are major concern in patients with multiple drug therapy, 

polypharmacy, age, gender and co morbidities. The study showed that the overall incidence 

of PDDIs was very high in the department of Cardiology. Overall 142 cases showed 

interactions from a total of 150 cases collected. A total of 503 interactions were identified 

from this. The intensity of PDDIs was found to be more in males compared to females. The 

age groups between 51-65 were identified being admitted with CVD. Most of the interactions 
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were moderate in nature with a frequency of 361. The drug combinations involved were 

Heparin+Ticagrelor (52) Aspirin+Heparin (46) and Atorvastatin+Ticagrelor (40).  

 

PDDIs screening tools like Lexicomp, Micromedex and implementation of precautionary 

guidelines with a help of Clinical Pharmacologist would reduce the rate of PDDIs. The 

baseline data obtained from this study can be used in future for detecting PPDIs, therapeutic 

monitoring and providing better health outcomes. 
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COVID-19 emerged as a cluster of respiratory infections in Wuhan, China, and soon spread worldwide, prompting the 
United States (U.S.) to declare a state of emergency on March 13, 2020. By April 4, 2020, the World Health Organization 
reported more than one million cases of the virus worldwide (Hall et al., 2021). To restrict the spread of the virus, governments 
and authorities in affected nations implemented preventive measures such as enforced lockdowns, social distancing, self-
isolation, and quarantine (Shah et al., 2020). 

As the global pandemic progressed, the U.S. Centers for Disease Control and Prevention urged that health care 
practitioners use procedures such as telehealth to decrease contact and the danger of virus spread (Hall et al., 2021). 
Similarly, the board of directors of the American Physical Therapy Association (APTA), urged physiotherapists to “use their 
professional judgement to select when, where, and how to administer care, for anyone involved” (Hall et al., 2021, p. 237). 
Many physiotherapists chose telerehabilitation (TR) to continue giving care while reducing in-person interactions to keep the 
virus from spreading (Hall et al., 2021). Hence, the rapid adoption of TR was vital for pediatric developmental therapy to 
continue to provide safe and high-quality treatment services to vulnerable populations (Hall et al., 2021) 

Although physiotherapy has been suggested for patients with COVID-19 in both acute and long-term settings, there have 
been challenges to recommendations to implement TR in other areas where physiotherapists work. Pediatric physiotherapy is 
one such service that has been severely impacted. Children were confined to their homes as playgrounds were closed and 
schools became virtual. Changes in their lifestyle, combined with the psychological stress of being confined at home, may 
negatively impact children with impairments. As a result, there was a need to provide other delivery options for physiotherapy 
treatments to children with disabilities during this time of limited access to rehabilitation services (Rao, 2021). 

Rehabilitation is required to enhance people’s functioning and quality of life by improving their abilities to live, work, and 
learn. The consequences of disability can negatively affect a neighborhood, society, and the economy. When movement and 

ABSTRACT 
As the worldwide COVID-19 pandemic spread, many physiotherapists chose telerehabilitation (TR) to continue delivering 
therapy. This study was conducted to document the perceived benefits and challenges of TR faced by pediatric 
physiotherapists in western and southern India.  Using the snowball method, electronic survey forms were distributed to 275 
pediatric physiotherapists in Western and Southern India; 110 responses were available for analysis. A majority of 
respondents had experience with TR (n=83, 75.5%), while others had never used TR (n=27, 24.5%). TR was reported to be 
less effective than in-person therapy for treating children and adolescents during the COVID-19 pandemic. Therapists 
reported significant difficulties during TR sessions; these included assessing and modifying exercises for children. As the 
popularity of TR grows, pediatric physiotherapists will need to be aware of the benefits and challenges they will face during 
TR sessions. Most pediatric physiotherapists believed the interaction between parents and therapists is a requisite for 
optimal service delivery. 
 
Keywords: COVID-19, Pediatric, Physiotherapists, Telehealth, Telerehabilitation 
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function are endangered, physiotherapy interventions are needed to build, preserve, and re-establish movement and functional 
capacity, with the understanding that functional movement is vital to health and an optimal quality of life (Seron et al., 2021).  

Because of a paradigm shift in illness load during COVID-19, India experienced enormous problems in the health care 
sector (Khanna et al., 2018). The release of Telemedicine Guidelines by The Medical Council of India (MCI) on March 25, 
2020, and the ongoing COVID-19 pandemic, resulted in growth in telemedicine services across the country, with doctors 
becoming more confident in delivering such services. To keep the virus from spreading, it was best to use telemedicine 
whenever possible (Kumari et al., 2021).  

The research on telehealth was slowly growing as technology advanced prior to the COVID-19 pandemic. It has now 
become a critical approach for providing healthcare while minimizing the spread of the virus (Hall et al., 2021). Specialized 
fields of telehealth include e-health, telemedicine, telematics, and TR (Movahedazarhouligh et al., 2015).  TR, a branch of 
telehealth, is defined as using information and communication technologies (ICT) to provide rehabilitation services to people 
remotely in their homes or other environments (Brennan et al., 2015). TR can be delivered by a number of methods, including 
two-way real-time audio visits, video visits, or both; asynchronous e-visits, virtual check-ins, remote assessments of recorded 
films or photos, and telephone assessment and management services (Bettger et al., 2020). TR therapies are less expensive, 
take less time, and are often more convenient (Egmond et al., 2018).   

TR services have been used to treat conditions such as stroke, traumatic brain injury, multiple sclerosis, chronic pain, hip 
and knee total arthroplasty, and medical conditions such as congestive heart failure and rheumatologic disease, both by itself 
and in conjunction with conventional care (Dietzen et al., 2020).   

TR visits relieve the strain of taking the child’s medical equipment to a routine check-up, arranging for other children to be 
cared for at home, and taking time off work for families of disabled children. Virtual visits offer a unique opportunity to 
understand the obstacles and constraints that patients face at home, and the potential for more targeted solutions (Rabatin et 
al., 2020). Given the possibility of TR to enhance rehabilitation potential and the paucity of studies on TR in the pediatric 
population in the literature, more information on this topic is needed (Krasovsky et al., 2021).  

Virtual visits may become part of our ongoing paradigm of care and may impact the frequency of in-person visits if the 
constraints in delivering TR and telemedicine are permanently removed (Rabatin et al., 2020).  As of this date, there has been 
a lack of research on the deployment and distribution of TR services among children with physical and cognitive impairments 
(Krasovsky et al., 2021). Because of the increased use of TR, it is critical to understand the benefits and problems that 
pediatric physiotherapists encounter during online treatment sessions. 

This study aimed to determine the benefits and challenges faced by pediatric physiotherapists, to learn of the perceived 
effectiveness of their TR sessions and enhance future sessions. 

SUBJECTS AND METHODS 
Ethical clearance was obtained from the institutional ethical committee prior to the commencement of the study. Pediatric 

physiotherapists in Western and Southern India participated in the study. Various pediatric physiotherapy institutes, clinics, 
and hospital units throughout Western and Southern India were contacted through emails and social media. A list was made 
based on the inclusion and exclusion criteria, and by using the snowball method, more pediatric physiotherapists were 
contacted. The snowball method involves a participant identifying other potential participants who have knowledge of the topic 
under study. An electronic survey form was sent to practicing pediatric physiotherapists in Western and Southern India. A set 
of questions was displayed when a pediatric physiotherapist chose “YES” to indicate prior TR experience. In contrast, those 
without prior TR experience who chose the response “NO”, indicating no experience with TR, had one multiple choice question 
to answer on the survey. The form consisted of four sections. Section A contained a consent form to participate in the study. 
Section B contained seven basic questions pertaining to demographic variables (i.e., name, email address, identification 
number, state, years of practicing pediatric physiotherapy, specialization, and TR experience). Section C consisted of 15 
questions for those who had experienced TR. Section 4 consisted of one multiple choice question for those with no TR 
experience. Out of 275 forms sent, 110 responses were received. The survey was conducted over a 3-month period between 
December 2021 – February 2022. 
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RESULTS 
Table 1 outlines demographic data based on number of responses received from different states. 

Table 1  

Number of Responses Received from Different States 

States Responses Percentage 

MAHARASHTRA 47 42.72% 

KARNATAKA 21 19.09% 

GUJARAT 18 16.66% 

GOA 5 4.62% 

TAMIL NADU 5 4.62% 

ANDHRA PRADESH 4 3.70% 

RAJASTHAN 4 3.70% 

TELANGANA 3 2.77% 

KERALA 3 2.77% 

TOTAL 110 100% 

 

Table 2 outlines the responses received for participants with TR experience for each survey question and includes 
response frequency and percentage. 

 

Table 2 

Descriptive Data of Survey Question Responses for Participants with TR Experience 

SR. 
NO 

Statement Responses Frequency 
(N) 

Percentage 
(%) 

1 Parent-therapist interaction is critical 
for optimal service delivery in pediatric 
rehabilitation. 

 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

59 
12 
3 
2 
1 

76.6 
15.6 
3.9 
2.6 
1.3 

2 Hands-on approach is required for 
efficient service delivery 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

52 
19 
3 
3 
- 

67.5 
24.7 
3.9 
3.9 
- 

3 The use of therapeutic equipment is 
essential in the treatment of children 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

19 
31 
19 
6 
2 

24.7 
40.3 
24.7 
7.8 
2.6 

4 Home setting is appropriate for 
pediatric treatment sessions 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

7 
19 
36 
15 
- 

9.1 
24.7 
46.8 
19.5 
- 
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5 Telerehabilitation is a convenient 
mode to deliver therapy sessions 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

1 
14 
31 
28 
3 

1.3 
18.2 
40.3 
36.4 
3.9 

6 Telerehabilitation saves travel time for 
both patient as well as therapist 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

10 
38 
24 
4 
1 

13 
49.4 
31.2 
5.2 
1.3 

7 Technical difficulties faced during 
therapy sessions has hampered 
delivery of services 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

25 
36 
11 
5 
- 

 
32.5 
46.8 
14.3 
6.5 
- 

8 Telerehabilitation sessions require a 
stable internet connection and access 
to necessary gadgets. 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

49 
27 
- 
1 
- 

63.6 
35.1 
- 
1.3 
- 

9 It is necessary to provide parents with 
prior training to telerehabilitation 
sessions 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

38 
32 
4 
3 
- 

49.4 
41.6 
5.2 
3.9 
- 

10 Therapy sessions via telerehabilitation 
lower the quality of treatment and care  

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

19 
30 
20 
7 
1 

24.7 
39 
26 
9.1 
1.3 

11 It is mentally exhausting for therapists 
to conduct telerehabilitation sessions 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

16 
27 
18 
16 
- 

20.8 
35.1 
23.4 
20.8 
- 

12 It is challenging to give instructions to 
children via telerehabilitation sessions. 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

29 
37 
10 
1 
- 

37.7 
48.1 
13 
1.3 
- 

13 It is important to conduct therapy 
sessions in a distraction- free 
atmosphere via telerehabilitation 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

33 
38 
5 
- 
1 

42.9 
49.4 
6.5 
- 
1.3 

14 Telerehabilitation makes it difficult to 
access and modify exercise for 
children  

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

21 
35 
9 
12 
- 

27.3 
45.5 
11.7 
15.6 
- 
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15 Telerehabilitation is a successful 
method for providing therapy to 
children. 

Strongly agree 
Agree 
Neutral 
Disagree 
Strongly disagree 

1 
19 
30 
21 
6 

1.3 
24.7 
39 
27.3 
7.8 

 

Of the physiotherapists that participated in this survey across Western and Southern India, Maharashtra garnered the 
most responses, with 47 (42.72%), followed by Karnataka with 21 (19.09%), Gujarat with 18 (16.66%), Goa and Tamil Nadu 
each with 5 (4.62%), Andhra Pradesh and Rajasthan each with 4 (3.70%), and Telangana and Kerala each with 3 (2.77%) 
responses. 

Among the 110 respondents, 83 (75.5%) had prior experience with TR, whereas 27 (24.5%) had never used TR. 

A majority of pediatric physiotherapists, 71 (85.5%), agreed with the statement that a good connection between parents 
and therapists is crucial for optimal service delivery in pediatric physiotherapy, 71 (85.5%) agreed that hands-on approach is 
required for efficient service delivery and 50 (%) agreed to the statement that the use of therapeutic equipment (e.g., elastic 
bands, medical balls, weights) is essential in the treatment of children. A total of 48 (57.8 %) people agreed that TR saves 
travel time for patients as well as the therapist and 76 (91.5%) participants agreed that TR requires a stable internet 
connection and necessary gadgets such as a computer with camera and microphone, laptop, mobiles etc. 

Table 3 outlines the responses received for participants without TR experience for each survey question and includes 
response frequency and percentage. 

Table 3 

Descriptive Data of Survey Question Responses for Participants without TR Experience 

SR. 

NO 

Question Responses Frequency 

(N) 

Percentage 

(%) 

1 Why have you not considered 
telerehabilitation as a mode of 
practice? 

1. Technical difficulties faced during TR 
will hamper delivery of therapy. 

8 

 

24.2 

2. Therapy via TR reduces quality of 
treatment and care. 

19 

 

57.6 

 

3. It is difficult to assess and modify 
exercises for children during TR 
sessions. 

21 

 

63.6 

 

4. It is challenging to give instructions to 
children during TR. 

16 

 

48.5 

 

5. TR will make it difficult for therapists 
and parents to communicate.  

6 

 

18.2 

 

6. It causes difficulty in effective delivery 
of consultation and therapy. 

10 

 

30.3 

 

7. Poor internet connectivity is the 
biggest issue in rural part of India 
which hampers sessions. 

1 3 

 

The following challenges were indicated for therapy using TR: difficulty assessing and modifying exercises for children 
during sessions (63.6%) and the perception of reduced quality of treatment and care (57.6%). 
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DISCUSSION  
This study was carried out to discover the benefits and drawbacks of TR among pediatric physiotherapists in Western and 

Southern parts of India during the pandemic. The majority of the 110 participants indicated having experience with TR. Parent-
therapist interaction was found to be critical for optimal service delivery. 

 Reported challenges of TR included technological difficulties, unstable internet connections, and difficulty in delivering 
instructions to children via TR.  

TR use can bring significant benefits, such as greater access to services, improved access to specialized clinicians or 
experts, and the avoidance of needless delays in getting therapy. During the initial weeks and months of the COVID-19 
pandemic, TR provided a safe, accessible style of therapy that reduced travel to hospital settings while encouraging social 
distancing among outpatients and staff. Rapid TR adoption enabled therapists to continue providing therapy while retaining 
patient satisfaction (Tanner et al., 2020) 

A substantial amount of research is available that discusses the use of TR in various sectors of physiotherapy. One such 
research study of 176 respondents conducted by D’Souza et al. (2021) concluded that TR is a practical strategy because it 
saves time and money while also easing the pressure on physiotherapists. Most of their respondents said that they were 
satisfied and confident using information and communication technology (ICT). They also faced a number of challenges, 
including lack of training, lack of connections between ICT experts and practitioners, worries about the cost of data protection 
and equipment, and a lack of user-friendly software (D'Souza et al., 2021). A similar study conducted in Kuwait found that the 
absence of suitable technology, poor network coverage, and lack of hospital and IT assistance were the main impediments to 
the successful use of TR. Most respondents felt that they could generally trust technology to work and were content to use 
ICT. Most respondents stated that they are willing to use TR to deliver physiotherapy (Albahrouh et al., 2021).  

The findings of our research are consistent with the aforementioned studies in that TR saved travel time for both the 
therapist and patient. Similar challenges were also seen in our study, such as lack of training for the parents prior to treatment 
sessions and unstable internet connection.  We cannot remark on the viability of TR because a large proportion of 
respondents in our study were neutral about its convenience and success. Hence, a larger sample size would be required to 
comment on that. One of the primary reasons some of the physiotherapists in our study did not use TR was because they 
thought it harmed the quality of therapy and care they provided. This could be due to the difficulty in giving instructions to 
children via TR, technical difficulties, and unreliable internet connections.  

In contrast, a prior study conducted in Saudi Arabia stated that the implementation of TR in the physiotherapy setting 
would improve the quality of healthcare. However, technical challenges, staff skill issues, high cost, shortage of experienced 
personnel, and patient compliance were the main impediments to TR deployment in that study (Aloyuni et al., 2020).  

A study by Turolla et al. (2020) of musculoskeletal physiotherapists observed that TR benefits included maintaining 
continuity of care, educating patients via virtual consultation, monitoring patients’ improvement, and increasing care efficiency 
while controlling costs and minimizing waiting lists, all of which helped to ensure that services were sustainable. At the same 
time, a difficulty they encountered was the inability to use palpation or other specialized tests as diagnostic tools; this 
jeopardized the screening procedure. As a result, an in-person first-contact visit should be carefully considered for patients 
who require a higher level of care. Another challenge they faced was the lack of rehabilitation equipment (e.g., elastic bands, 
medical balls, weights) to deliver musculoskeletal care. Hence, they concluded that physiotherapists should determine which 
tools are required for therapeutic activity at the initial planning stages of the rehabilitation program and then rent and transport 
them to the patient's home (Turolla et al., 2020).  In our research, we noticed a similar emphasis on hands-on approach and 
therapeutic tools for providing care efficiently.  

TR increased intervention time for patients with neurological problems, according to Suso-Martí et al. (2021) because 
travel time was minimized. TR also allowed patients to train functional tasks in their environment rather than in a clinical 
setting, therefore facilitating the transfer of skills to regular life; this is critical for patients with neurological disorders. Our 
current study determined that home treatment sessions were appropriate for pediatric treatment sessions since the child was 
in a familiar environment. Furthermore, TR was found to reduce both patient and therapist travel time. 

Pediatric physiotherapists throughout the U.S. stressed the need for caregiver involvement in a successful telehealth 
session (Hall et al., 2021). This requires the caregiver to be an active participant in all facets of the therapy sessions, and not 
just have a presence in the room. The level of parental engagement was influenced by the personalities of the caregiver and 
the clinician, their communication styles, and the quality of their interactions. This engagement was enhanced by a parent 
coaching model, which some indicated as an essential factor in encouraging caregiver success during TR sessions. “Parent 
coaching” is defined as a collaborative effort in which a physiotherapist assists a caregiver in making decisions to strengthen 



 
 
 
 
  International Journal of Telerehabilitation • telerehab.pitt.edu 

 

 
International Journal of Telerehabilitation •   Vol. 14, No. 1  Spring 2022   •   (10.5195/ijt.2022.6466) 7 

 

their method of engagement. Parent coaching was found to be successful for pediatric physiotherapy, especially for early 
intervention.  Yet, challenges persisted. Parents complained of “Zoom fatigue” when several children in the family were 
engaged in online schooling. The stress of caregivers ill with COVID-19 was also mentioned by respondents (Hall et al., 2021). 
The physiotherapists' TR sessions for the pediatric population were found to be mentally tiring in our study. Perhaps the 
difficulty of giving instructions to children at a distance could be one of the causes. 

The benefits and limits of existing physiotherapy digital practice were outlined by Hall et al. (2021). Benefits included more 
service accessibility, no travel time, increased schedule flexibility, end-user control over healthcare service, and lower cost. 
Challenges cited related to internet and device access, environmental setup, cultural issues, communication obstacles, 
training, finance, and regulatory factors.  

According to Hall et al. (2021) the majority of the responders said that offering telehealth in the midst of the pandemic had 
been a beneficial experience for them. The essential factors for telehealth efficacy were high caregiver participation and 
access to dependable technology. The respondents recommended that pediatric physiotherapists be trained in the use of 
family-centered coaching, as well as how to achieve universal internet and device access. They recommended that health 
care and government agencies collaborate with insurance companies to facilitate telehealth use (Hall et al., 2021). If these 
same facilitators were to be employed in India, TR may become an even greater viable alternative to in-person therapy. 

Hall et al. (2021) found that TR effectiveness and willingness of therapists to use TR were lower for school-based 
physiotherapists than for physiotherapists in outpatient and early intervention settings. Telehealth may be easily deployed in all 
of these situations, and may bring benefits like increased flexibility, physician access, and caregiver engagement (Hall et al., 
2021). In the current study for pediatric physiotherapists, only a small percentage believed TR is a practical and effective 
service delivery model, with the majority remaining undecided.  Overall, our research found that a minority (39.7%) of pediatric 
physiotherapists agreed that TR is a convenient and successful technique for delivering physical therapy to children. A study 
spanning all Indian states is needed.  
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INTRODUCTION
Adhesive capsulitis or frozen shoulder (FS), can be de-
fined as a “condition of uncertain etiology, characterized 
by a significant restriction of active and passive shoulder 
motions which occurs in the absence of known intrinsic 
shoulder disorder” [1]. It is a common shoulder pathology 
which is characterized by limited and painful shoulder 

range of motion (ROM) [1–3]. It commonly affects individu-
als between 40 and 65 years of age. The literature suggests 
around 2% to 5% of general population is affected by FS 
[4]. Although it is more common in females (approx. 70%), 
males exhibit higher risk of slower recovery and more dis-
ability [5]. In patients with diabetes mellitus or thyroid 
diseases the occurrence increases to 18% to 38%. Adhesive 
capsulitis or FS is believed to be a self-controlling condi-
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Background: Subjects with frozen shoulder (FS) might not be comfortable with vig-
orous physical therapy. Clinical trials assessing the effect of graded motor imagery 
(GMI) in FS are lacking. The aim of this study was to determine the effect of GMI as 
an adjunct to conventional physiotherapy in individuals with painful FS.
Methods: Twenty subjects aged 40–65 years having stage I and II of FS were ran-
domly divided into two study groups. The conventional physiotherapy group (n = 10) 
received electrotherapy and exercises while the GMI group (n = 10) received GMI 
along with the conventional physiotherapy thrice a week for 3 weeks. Pre- (Session 1) 
and post- (Session 9) intervention analysis for flexion, abduction, and external rota-
tion range of motion (ROM) using a universal goniometer, fear of movement using 
the fear avoidance belief questionnaire (FABQ), pain with the visual analogue scale, 
and functional disability using the shoulder pain and disability index (SPADI) was 
done by a blinded assessor.
Results: Statistically significant difference was seen within both the groups for all 
the outcomes. In terms of increasing abduction ROM as well as reducing fear of 
movement, pain, and functional disability, the GMI group was significantly better 
than control group. However, both groups were equally effective for improving flex-
ion and external rotation ROM.
Conclusions: Addition of GMI to the conventional physiotherapy proved to be supe-
rior to conventional physiotherapy alone in terms of reducing pain, kinesiophobia, 
and improving shoulder function for stage I and II of FS. 

Key Words: Bursitis; Central Nervous System Sensitization; Complementary Thera-
pies; Graded Motor Imagery; Musculoskeletal Manipulations; Pain; Physical Therapy 
Modalities; Range of Motion, Articular; Shoulder Pain.
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tion, lasting 18–30 months [4–6]. A primary or idiopathic FS 
occurs when there is no cause that may be associated with 
another systemic illness which most commonly includes 
diabetes mellitus [3,7]. Secondary FS can be traumatic or 
nontraumatic. Dislocation, fractures or soft tissue injuries 
around the shoulder joint incorporate traumatic causes. 
Nontraumatic pathologies include osteoarthritis (OA), ro-
tator cuff tendinopathy, and calcific tendinitis etc. [3].

FS can be divided into four stages: the pre-adhesive, 
freezing, frozen, and thawing stage. The pre-adhesive 
stage may last up to three months. Subjects might experi-
ence aching pain at rest as well as severe pain at the end of 
the ROM. The freezing phase persists from 3 to 9 months. 
Subjects experience slow but progressive loss of ROM in all 
directions. The frozen stage persists from 9 to 14 months, 
whereas the thawing stage lasts from 15 to 24 months 
[8–10]. 

Physiotherapy management of FS includes therapeutic 
modalities such as heat and cold, interferential therapy, 
transcutaneous electrical nerve stimulation, etc. and ex-
ercises such as active/passive ROM, capsular stretching, 
proprioceptive neuromuscular facilitation stretching, and 
strengthening also can be prescribed [2,9]. Manual thera-
py treatment for FS includes various joint mobilization and 
manipulation techniques. But, in some chronic musculo-
skeletal impairments, the central nervous system can be-
come hypersensitive, which is referred to as central sensi-
tization (CS) [11]. Evidence suggests that CS may be present 
in acute FS. Hence, subjects having FS might experience 
loss of pain inhibition along with non-noxious stimuli like 
simple movements being interpreted as threatening and 
painful. This results in developing fear of movement and 
kinesiophobia in subjects with FS. Hence, subjects might 
not be comfortable with vigorous physical therapy [12]. 

Graded motor imagery (GMI) is a therapeutic approach 
to treat a hypersensitive nervous system which targets ac-
tivation of different neural webs in a graded way. The brain 
is the target organ for GMI, which includes three sequen-
tial stages [11–14]. GMI has been found to reduce pain and 
hypersensitivity along with improved functions and mo-
bility in conditions with suspected CS, such as phantom 
limb pain, complex regional pain syndrome, and chronic 
low back pain [14–17]. Mirror therapy alone has also been 
proven to be effective in subjects with shoulder pain [11]. 
But data showing the effectiveness of all the 3 components 
of GMI on various measures in cases of FS is scarce. Also, 
clinical trials are lacking comparing the effects of GMI 
with conventional physiotherapy. 

Therefore, the need arises to conduct a preliminary 
study to find out if sequential 3 stage GMI will prove to 
be an effective alternative therapy in the treatment of FS. 
Hence, the aim of this study was to study and compare the 

effects of GMI as an adjunct to conventional physiotherapy 
in subjects with FS.

MATERIALS AND METHODS
1. Study design

This was a pilot randomized controlled trial in which sub-
jects diagnosed with FS were included. Ethical clearance 
was obtained from the Institutional and research ethics 
committee, KAHER Institute of Physiotherapy, Belagavi (SL 
No. 445). Also, the study was registered in the Clinical Tri-
als Registry – India (CTRI/2020/05/025201). The study was 
designed as an assessor-blinded study, as the outcome as-
sessor was blinded to the subjects’ randomization into the 
groups. After obtaining ethical clearance, subjects who 
were willing to participate signed the written informed 
consent to publish the photographs of participants with 
concealed identity.

As the study design was a pilot study, the sample size 
was kept open-ended as suggested by the statistician. 
Thirty-four subjects visiting a tertiary care hospital from 
May 2020 to November 2020 with primary diagnosis of FS 
were screened for inclusion and exclusion criteria. Four-
teen subjects who didn’t fulfill the criteria were excluded. 
A total of 20 subjects (10 in each group) were randomly 
allocated into two groups by random allocation using a 
lottery method by primary the investigator. There were no 
dropouts, and all the included participants completed the 
study protocol (Fig. 1).

2. Participants 

The inclusion criteria were: 1) subjects fulfilling the clini-
cal practice guideline criteria [8] for analysis of FS which 
includes (1) age between 40–65 years, (2) limited and pain-
ful shoulder passive ROM (mostly external rotation), and (3) 
gradual onset and progressive worsening of pain and stiff-
ness; 2) stage I and II of FS; 3) subjects with or without dia-
betes mellitus; and 4) both male and female subjects being 
willing to participate. The exclusion criteria were visually 
impaired subjects, subjects having pain and incomplete 
ROM in both shoulders, previous neck or shoulder surgery, 
subjects having subacromial pain syndrome or painful 
arc syndrome, a positive apprehension test, subjects hav-
ing any history of shoulder fracture or dislocation, and/
or having signs of neurological involvement. Subjects who 
were on oral analgesics or any pain-relieving medications 
were excluded.
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3. Outcome measures

After collecting a small amount of demographic data from 
the subjects, pre-treatment ROM, fear of movement, pain, 
and functional disability outcomes were assessed by a 
blinded outcome assessor. Primary outcome measures 
were shoulder flexion, abduction, and external rotation 
ROM using a universal goniometer and fear avoidance be-
lief questionnaire (FABQ) score, whereas secondary out-
comes were visual analogue scale (VAS) and shoulder pain 
and disability index (SPADI) scores.

1) Shoulder ROM using universal goniometer 

Fair to good reliability was noted for assessment of shoul-
der flexion, abduction, and external rotation ROM using a 
goniometer (Inter-rater = 0.64–0.69; intra-rater = 0.53–0.65) 
[18].

ROM was assessed in a supine position with hips flexed, 
knees flexed, and arms kept in the anatomical position. 
To assess shoulder flexion ROM, the goniometer axis was 
placed at the lateral side of the head of the humerus. The 
stationary arm was kept parallel to the trunk whereas the 
movable arm was placed laterally pointing the lateral epi-
condyle and the patient was told to flex the shoulder in the 
sagittal plane. To assess abduction ROM, the goniometer 
axis was placed at the front part of the shoulder inferior to 
the coracoid process. The stationary arm was kept parallel 
to the mid-axillary line and the movable arm was placed 
in line with the humerus. Patient was then asked to ab-

duct the shoulder in frontal plane. To measure shoulder 
external rotation ROM, the arm was positioned as the 
shoulder was abducted to 90° and the elbow flexed to 90°. 
The forearm was placed halfway between pronation and 
supination. The goniometer axis was kept at the olecranon 
process and the arm was placed perpendicular to the floor. 
The movable arm was pointed towards the ulna styloid 
process and kept parallel to the longitudinal axis of the 
ulnar side of forearm. Subjects were then asked to perform 
an external rotation movement [19].

2) Revised version of the FABQ 

The FABQ is used to check fear related to movement. The 
FABQ has a total of 16 questions about physical activity 
(FABQ-PA) and work (FABQ-W). Each item is scored from 0 
to 6. Lower scores indicate less fear of movement. Since we 
were studying FS, the term back from the questionnaire 
was replaced with shoulder. As the questionnaire is origi-
nally in English language, it was translated in the most 
understandable language for each subject. This question-
naire has fair reliability in patients having shoulder pain 
(intraclass correlation coefficient [ICC] = 0.88) [12].

3) VAS 

The VAS permits a person to visually score pain along a 10 
cm line where 0 represents no pain and 10 represents max-
imum pain. The procedure was explained to each subject 
in simple language and then they were asked to put a mark 

Fig. 1. CONSORT (Consolidated Stan-
dards of Reporting Trials) flow diagram. 
ROM: range of motion.

Excluded (n = 14)
Stage 3 frozen shoulder (n = 6)
Not fulfilling diagnostic criteria (n = 5)
Previous shoulder fracture (n = 1)
Bilateral shoulder pain (n = 2)

Assessed for eligibility
(n = 34)

Randomized (n = 20)

Group A - control group
Pre-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

Group B - graded motor imagery
Post-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Group A - control group
Post-analysis (n = 10)

for shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

Analysis

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Group B - graded motor imagery
Pre-analysis (n = 10)

For shoulder flexion, abduction,
external rotation ROM,
kinesiophobia, pain and

functional disability

Allocation

Follow-up

Enrolment
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on the VAS line at the point that represented their pain in-
tensity. Using a ruler, the score is calculated by determin-
ing the distance. It has fair reliability in both literate (r = 
–0.94, P = 0.001) and illiterate (r = –0.71, P = 0.001) subjects 
[20,21].

4) SPADI 

SPADI contains 13 items, with 5 items measuring pain and 
8 items measuring disability. Each item of the scale was ex-
plained to the subjects in a language they understand, and 
they were then asked to score each item from 0 to 10 where 
0 represents no pain and 10 represents the worst imagin-
able pain. The total score out of 100 was calculated. SPADI 
has good test-retest reliability (ICC = 0.89) in subjects with 
FS [22,23].

4. Intervention

1) Control group (Group A, n = 10) 

Subjects in this group received conventional physiother-
apy treatment which is strongly recommended by vari-
ous authors for improving ROM and decreasing pain in 
subjects with FS [10]. It included a hot moist pack applied 
in supine or sitting position for 15 minutes, interferential 
therapy (vectristim-100; Technomed Electronics, Chennai, 
India) for 20 minutes at 4,000 Hz carrier frequency with an 
amplitude modulated frequency of 0 to 250 Hz [24]. Along 
with the physical agents, exercise like Codman’s pendu-
lum exercises in flexion-extension, abduction-adduction, 
and circular motion, active assisted ROM exercises with 
a wand, capsular stretching, wall ladder, and shoulder 
wheel exercises were also prescribed [2,4,10,25].

The treatment was provided 3 times a week for 3 weeks 
by a qualified orthopedic physiotherapist in an outpatient 
department of physiotherapy. Subjects were also asked to 
perform same exercises at home along with application of 
a hot moist pack twice a day for 3 weeks. Hence, a total of 
9 sessions of conventional physiotherapy were given face 
to face along with the home exercise program. A diary was 
provided to each subject to maintain their record of daily 

exercises. The intensity and repetitions of the exercises 
were increased from week 1 to week 3 according to the 
subject’s tolerance and response to the treatment.

2) Experimental group (Group B, n = 10)

Subjects received GMI along with the conventional phys-
iotherapy. Each stage of GMI was prescribed for 1 week. 
In the 1st week, laterality recognition was taught to the 
subjects. It includes left/right judgments of photographs 
that depict the affected area. For the shoulder this involves 
viewing an image of a shoulder and judging whether that 
image is a left or a right shoulder. Numerous flash cards 
showing images of left and right shoulder were provided to 
the patient and they were asked to recognize the left and 
right shoulders (Fig. 2). Also, they were asked to see peo-
ples’ shoulders and judge whether they were left or right. 
In the 2nd week movement visualizations were performed. 
These included visualizing the affected area without actu-
ally moving the area. Images of both the shoulders were 
randomly given and subjects were advised to imagine the 

Fig. 2. The figure describes stage 1 of 
graded motor imagery (week 1). It in-
cludes laterality recognition of shoulder 
joint. Various flash cards are presented in 
front of the subject and he/she is asked 
to recognize if the shoulder is right or left.

Fig. 3. The figure describes stage 2 of graded motor imagery (week 2). 
It includes imagining shoulder movements without actually moving the 
joint. Flash cards of shoulder joint are shown to the patients to imagine 
the movement.
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movements shown in the picture. The subjects were asked 
to imagine pain free, smooth and full range movements 
(Fig. 3). The final step of GMI was mirror therapy, which 
included observation of the movements of unaffected 
body part in the mirror. This gives an illusion of a moving, 
but pain free, affected limb, thus providing positive feed-
back that the movement can be pain free (Fig. 4). 

Subjects preformed each stage of GMI three times a 
week in the presence of a qualified physiotherapist in the 
outpatient Physiotherapy department, along with the con-
ventional treatment as mentioned above. Hence, a total of 
9 sessions of GMI (3 sessions of each stage) were provided 
face to face. Subjects were also asked to perform the same 
interventions at home for 10 minutes every 2 hourly ev-
ery day. A diary was provided to maintain records of this 
[12,13,15].

SPSS (ver. 20.0; IBM Co., Armonk, NY) software and Ex-
cel 2013 (Microsoft, Redmond, WA) were used during data 
analysis. The Kolmogorov–Smirnov test was used to deter-
mine the normal distribution. For within-group compari-
sons, the paired t-test or Wilcoxon singed rank test were 
used. For between-group comparisons, the Mann–Whit-
ney test, independent t-test, or Welch’s t-test were used. A 
P value of < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics were compared and no statistical 
difference was found between the two groups (Table 1). 
The results showed there were statistically significant dif-
ferences within both the control group as well as the GMI 
group in terms of primary outcomes, i.e., flexion, abduc-
tion, and external rotation ROM using a universal goni-
ometer and fear of movement with the FABQ as well as in 
terms of secondary outcomes, i.e., pain using VAS scores 
and functional disability with SPADI scores (Table 2).

There was significant difference between the groups 
in terms of improving abduction ROM as well as reduc-
ing fear of movement, pain, and functional disability. 
When the pre- and post-intervention mean differences 

were compared for both the groups, it was observed that 
the GMI group showed significantly better improvement 
in abduction ROM and reduction in fear of movement, 
pain, and functional disability. However, when compared 
between the groups, both groups showed equal improve-
ment and there was no statistically significant difference 
found between the control and GMI groups in terms of 
flexion and external rotation ROM (Table 3).

DISCUSSION
The present randomized controlled trial was aimed at as-
sessing and comparing the effects of GMI and convention-
al physiotherapy in people with FS. The comparison was 
done in terms of three objective measures (flexion, abduc-
tion, and external rotation ROM using a universal goniom-
eter) and subjective measures (fear of movement using the 
FABQ, pain using the VAS, and functional disability using 
the SPADI).

The present study showed a significant reduction in fear 

Fig. 4. This figure shows stage 3 of grad-
ed motor imagery (week 3). It includes 
mirror therapy in which subjects were 
asked to move their unaffected shoulder 
in front of mirror imagining a pain free, 
full range of motion of affected shoulder 
which is showing in the mirror.

Table 1. Subjects’ demographic data and clinical characteristic by 
groups

Baseline  
characteristic

Group A  
(Control group,  

n = 10)

Group B  
(GMI group,  

n = 10)
P value

Age (yr) 58 ± 7.25 57 ± 7.24 0.760
Sex (M:F) 3:7 3:7
BMI (kg/m2) 26.62 ± 3.05 27.29 ± 4.29 0.690
Primary outcome
      ROM (°)
            Flexion 127 ± 17.66 118 ± 20 0.320
            Abduction 100.5 ± 18.62 102 ± 17.82 0.850
            External rotation 24.5 ± 12.57 24 ± 14.68 0.930
      FABQ score 35.1 ± 9.01 38.7 ± 8.23 0.360
Secondary outcome
      VAS score 7.7 ± 1.15 8.5 ± 1.43 0.180
      SPADI score 49.75 ± 10.32 53.40 ± 12.39 0.480

Values are presented as mean ± standard deviation or number only.
GMI: graded motor imagery, BMI: body mass index, ROM: range of mo-
tion, FABQ: fear avoidance belief questionnaire, VAS: visual analogue 
scale, SPADI: shoulder pain and disability index.
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of movement after 3 weeks of GMI intervention. Similar 
studies have been done before to assess the effect of GMI 
on fear avoidance behavior. Evidence supports that in 
chronic pain there is different primary sensorimotor cor-
tex representation. This rearrangement of cortical struc-
tures causes alterations in the body map representation of 
a subject. These affected representations are responsible 
for CS. GMI comprises cortical remapping techniques 
such as left-right judgments, visualization of a body part, 
and mirror therapy. GMI desensitizes the hypersensitive 
nervous system and thus helps in reducing fear of move-
ment [11]. 

In a study, the effect of GMI on kinesiophobia in subjects 
with knee OA was assessed and in conclusion, the authors 
suggested the use of GMI to reduce kinesiophobia in sub-
jects with knee OA [26]. Sawyer et al. [12] did a case study 
on the effect of GMI on a subject with FS and found similar 

results. The authors proved that for a patient with fear of 
movement, using a ‘top down’ approach was found to be 
very effective.

In the present study, the shoulder pain was also sig-
nificantly reduced post intervention in the GMI group. 
Moseley [14] assessed the effect of GMI on pathologic 
pain. This study had included 51 subjects with phantom 
limb pain and chronic regional pain syndrome. The au-
thor concluded that GMI is effective in reducing pain in 
these conditions. In a systemic review it was observed 
that the individual stages of GMI as a treatment to reduce 
pain doesn’t produce a significant effect, but using the 3 
sequential components of GMI intervention has shown 
better alleviation of pain [15]. The reason behind shoulder 
pain reduction might be the presence of CS in FS. Evidence 
has shown that pain is associated with CNS. Advanced im-
aging and cortical mapping techniques have shown that 
there is positive correlation between sensorimotor cortex 
disorganization and pain intensity. GMI is a phenomenon 
which helps in cortical remapping which reduced fear 
avoidance behavior, thus reducing the pain [27]. 

Studies have proved that there is positive correlation 
between fear of movement and shoulder dysfunction. 
Hence, as the fear of movement increases, the SPADI score 
increases [28]. In our study it was found that fear of move-
ment was better reduced using GMI intervention. Also, de-
crease in pain helps in improving shoulder joint function. 
This is why, in the present study, a significant reduction in 
the functional disability of the shoulder was seen after 3 
weeks of GMI intervention.

In this study, GMI along with conventional physiothera-
py showed slightly better outcomes in terms of improving 
abduction ROM. Evidence has shown that GMI is a “hands 
off, top down” approach which helps in reducing fear of 
movement and improves joint ROM. In a pilot study, sub-
jects with knee OA were assessed to compare the effects of 

Table 2. Within group comparison of outcome measures pre and post treatment

Outcome measure
Group A (Control group, n = 10) Group B (GMI group, n = 10)

(pre)
Session 1

(post)
Session 9

Mean  
difference

P value
(pre)

Session 1
(post)

Session 9
Mean  

difference
P value

Primary outcome measure
      ROM
            Flexion 127 ± 17.66 154 ± 13.83 27.5 < 0.001 118 ± 20.60 157 ± 14.18 38.5 < 0.001
            Abduction 100.5 ± 18.6 124 ± 17.76 23.5 < 0.001 102 ± 17.82 147 ± 19.48 45 < 0.001
            External rotation 24 ± 12.5 34 ± 15.17 10 < 0.001 24 ± 14.68 48 ± 15.84 24 < 0.001
      FABQ score 35.5 ± 9.01 28.2 ± 9.3 7.3 < 0.001 38.7 ± 8.23 14.4 ± 3.43 24.3 < 0.001
Secondary outcome measure
      VAS score 7.7 ± 1.15 6.3 ± 1.63 1.4 < 0.001 8.5 ± 1.43 3.9 ± 0.73 4.6 < 0.001
      SPADI score 49.75 ± 10.3 35.56 ± 5.45 14.19 < 0.001 53.40 ± 12.4 25.09 ± 6.34 28.31 < 0.001

Values are presented as mean ± standard deviation or number only.
GMI: graded motor imagery, ROM: range of motion, FABQ: fear avoidance belief questionnaire, VAS: visual analogue scale, SPADI: shoulder pain and dis-
ability index.

Table 3. Between group comparison of outcome measures pre and post 
treatment

Outcome measure

Mean difference  
from baseline

Between  
group analysis

Group A  
(Control group)

Group B  
(GMI group)

P value

Primary outcome measure
      ROM
            Flexion 27.5 38.5 0.690
            Abduction 23.5 45 0.014*
            External rotation 10 24 0.060
      FABQ score 7.3 24.3 0.004*
Secondary outcome measure
      VAS score 1.4 4.6 0.001*
      SPADI score  14.19 28.31 0.009*

GMI: graded motor imagery, ROM: range of motion, FABQ: fear avoidance 
belief questionnaire, VAS: visual analogue scale, SPADI: shoulder pain 
and disability index.
*P < 0.05, hence statistically significant difference.
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GMI and progressive muscle relaxation. It was concluded 
that both the interventions were effective, but GMI was 
more effective in subjects with knee OA [26]. Sawyer et al. 
[12] stated that GMI is believed to be useful in re-arranging 
the brain maps (homunculus), thus reducing pain and 
improving ROM [11,12]. But, in a systemic review, it was 
observed that in acute musculoskeletal conditions, GMI 
was not useful in improving ROM [29]. As we had included 
subjects with only stage 1 and stage 2 (acute stages) of FS, 
there was equal improvement in ROM in both the groups 
except in regard to abduction.

The present study had certain limitations. Carryover 
effects of GMI were not assessed, as the follow up was not 
performed after 3 weeks of intervention. The duration of 
the GMI intervention was short compared to most of the 
studies, as there was less subject compliance because of 
COVID-19. Also, manual therapy was not given to any of 
the groups. In future studies, a comparison of the effect of 
GMI versus manual therapy can be made, assessing the 
long-term effects.

In conclusion, it can be stated that GMI as an adjunct 
to conventional physiotherapy can be a better approach 
of treatment in terms of reducing pain, fear of movement, 
and in improving shoulder function in subjects with acute 
FS. 
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Abstract

Background and Purpose: Breast cancer survivors are known to develop upper

torso pain and stiffness including shoulder elevation and ipsilateral inclination of the

trunk within a short period of time as a result of cancer adjuvant therapies corre-

lating with the type and side of surgery. Hence, the study.

Methods: Twenty‐two breast cancer survivors at a tertiary care hospital, Belgaum,

Karnataka, have participated in this pre‐post experimental study which included

myofascial release (MFR), stretching, and strengthening for four sessions per week

for 3 weeks that is, a total of 12 sessions. The participants were assessed at baseline

and post‐intervention using photogrammetry for Posture and shoulder range of

motion (ROM), flexicurve for spinal curvatures, digital inclinometer for cervical

ROM, manual muscle testing and hand dynamometer for strength of the upper back,

shoulder muscles and hand grip, Shoulder Pain and Disability Index (SPADI) for

shoulder impairment and Functional Assessment of Cancer Therapy‐Breast (FACT‐
B) for quality of life.

Results: The outcomes were analyzed with a p‐value set at ≤0.05. The results of the

study demonstrated a substantial improvement in the posture alignment

(p = 0.001), shoulder and cervical ROM (p = 0.001), upper back and shoulder muscle

and hand grip strength (p = 0.001), SPADI (p = 0.001), and FACT‐B (p = 0.001)

values.

Discussion: The upper torso malalignment and muscular imbalance is seen in pa-

tients who has undergone surgeries involving the chest wall and early physiotherapy

intervention can benefit the patients overall physical performance and quality of

life. Hence, MFR, stretching and strengthening has shown to be beneficial in

improving upper torso malalignment in breast cancer survivors.

Implications of Physiotherapy Practice: The suggested techniques can be applied at

a larger scale which can involve patients with head and neck cancer since the areas

of intervention are identical.

CTRI (Clinical Trial Registry‐ India) Registration No.: CTRI/2021/01/030453.
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1 | INTRODUCTION

Breast cancer is considered to be a prevalent form of cancer with

210,801 cases in 2020. Shockingly, in India, every 29th woman is

diagnosed with breast cancer (Mathur et al., 2020). The number of

survivors has risen recently, thanks to improved medical treatment of

untreated breast cancer patients, improving the 5‐year survival rate.
These interventions, however, are associated with side effects that

can negatively affect a patient's quality of life (QOL; Miller

et al., 2018).

Common breast cancer treatments include surgeries, radiation

therapy, chemotherapy, anti‐human epidermal growth factor receptor

2 (HER2) treatment and hormonal therapy. The surgical procedures

like sentinel lymph node biopsy (SLNB), lumpectomy, quadrantectomy,

and modified radical mastectomy (MRM) with or without axillary

lymph node dissection (ALND) are opted in treating breast cancer

which can cause a considerable amount of morbidity in the patients

(Bendz & Olsén, 2002). Post‐cancer treatment impairments are com-

mon in upper limb anatomy as well as upper body biomechanical

functions like breast cancer related lymphedema, shoulder mobility

limitations including scapula, scapulohumeral rhythm. Impairment in

the neuro‐endocrine system like sensory and motor dysfunction

caused by neural tissue injury (Siqueira et al., 2021), pain, loss of bone

mineral density, cognitive impairment, cardiac dysfunction, and hy-

pothyroidism (Pillai et al., 2019) can also be seen. These impairments

cause subtle variations which may interfere with everyday tasks such

as overhead reaching and holding items, aswell as caring for family and

working (Ernst et al., 2002; Lee et al., 2010; Magarey & Jones, 2003;

Michener et al., 2003; Shamley et al., 2014; Stubblefield &

Keole, 2014).

Fascia system functions as an arrangement of propulsion and

active adaptability, determining muscle, as well as acts as a support,

stabilization, and cushioning effect to the musculoskeletal system. As

a defensive reaction to trauma including surgeries, the fascial system

tightens, losing its pliability and being restricted, creating pain in the

body.

Myofascial release (MFR) is facilitation of mechanical, neuro-

logical, and psychological adaptive capacity as integrated through the

myofascial system. The technique allows a stretch into a restricted

tissue barrier, resulting in a difference in length histologically

(Galiano‐Castillo et al., 2011). Stretching has a biomechanical effect

on the skeletal muscles having acute or chronic effects on the

biomechanical parameters of muscle function improving stretch

tolerance, muscular performance and range of motion (ROM). The

stretching of upper torso musculature can result in decrease chest

and shoulder tightness, improvement in posture, shoulder ROM, and

improve overall physical mobility (Lee et al., 2007).

Mobility exercise helps to increase shoulder function and

decrease complications after surgery. Shoulder stretches and range

of motion exercises, and general arm rehabilitation are most effective

physiotherapeutic strategies used to treat scapular kinematic

changes associated with shoulder and neck pain (Richmond

et al., 2018). Altered scapular muscle recruitment patterns in these

patients, in terms of strength, endurance, motor coordination, and

synchronization of the surrounding muscles, in association with

muscle weakness of the serratus anterior and lower trapezius, could

form the therapeutic foundation for a treatment programme offered

to these patients. Cervical muscle activity during upper limb tasks

differs between stable women and breast cancer survivors, with

breast cancer survivors activating more upper trapezius and ster-

nocleidomastoid muscles, that may contribute to neck and shoulder

impairments in this patient group (Galantino & Stout, 2013).

Less is known about the physiotherapeutic measures on specific

musculoskeletal and functional impairments. The objective of the

current research was to determine the effect of MFR, stretching, and

strengthening on upper torso posture, spinal curvatures, range of

motion, strength, shoulder pain and disability, and QOL in breast

cancer survivorswho underwent surgery, and/or chemo‐radiotherapy.

2 | METHODS

The Institutional Ethical Review Committee provided ethical

approval letter dated 08 August 2020 (Ethical Approval No. 746).

The trial was registered under the Clinical Trial Registry India (CTRI/

2021/01/030453). The pre‐post experimental study was conducted

at the KLE Hospital and Medical Research Centre, and KLE's Belgaum

Cancer Hospital, Belagavi, Karnataka over a period of 1 year. 3.

Sample size was determined on the basis of the patient population

admitted in the In Patient Department wards and Out Patient

Department in the last 6 months for breast cancer treatment.

n = SD2 (Zα + Zβ)2d2; Where, SD = 13.40; Zα = 1.96 (5% significant

level); Zβ value = 0.84 (80% power); d = 8. The study intent was

outlined to the participants in their own language, and consented on

a written informed consent form.

Twenty‐two (22) participants were recruited for the study. All

the participants in the age of 18–70 years newly diagnosed (less than

6 months) with breast cancer including those who have been treated

with surgery or radiation therapy or chemotherapy or combination

therapy, who were referred for physiotherapy by consultants, and

willing to participant in the study were enrolled in the study. Those

with active infection or wounds, any comorbid physical or mental

disease that may impede or conflict with the treatment regimen,

those who have undergone previous shoulder or neck complex sur-

gery or conditions, and any musculoskeletal complications not related

to cancer therapies were all excluded from the study.

The outcome measures were recorded at baseline and post 12

sessions (Figure 1). The outcomes included posture, and shoulder

ROM which was assessed using Photogrammetry with MB‐Ruler
version 5.1 software, developed by Markus Bader an onscreen

application with a reliability of 0.996 (Singla et al., 2017) was used

over the photograph of the participants’, which was taken with grid

lines setting on the camera. The photographs were taken in anterior

view, lateral view, and posterior view while the participant stood at a

set distance of three (3) feet. Cervical ROM in terms of flexion,

extension, side flexion, and side rotation were assessed using Digital
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Inclinometer, cervical lordosis, thoracic kyphosis, and lumbar lordosis

which was assessed by Flexicurve (Cronbach’s alpha is 0.84) in

standing position and the curve was then traced and analyzed on

graph paper. Muscle strength was assessed by Manual Muscle

Testing (MMT) of upper and middle trapezius, supraspinatus, rhom-

boids, teres minor, latissimus dorsi, and serratus anterior, handgrip

strength by Jamar Hand Dynamometer (Cronbach’s alpha is 0.97),

Shoulder Pain and Disability Index (SPADI; Cronbach’s alpha is 0.9)

for pain and disability of shoulder (Breckenridge & McAuley, 2011),

and QOL by Functional Assessment of Cancer Therapy‐Breast
(FACT‐B) questionnaire (Cronbach’s alpha is 0.91; Brady

et al., 1997). The data was recorded and analyzed.

3 | INTERVENTION

3.1 | Protocol of the intervention

Intervention: 4 sessions/week for 3 weeks = 12 sessions.

All the participants in the study were given the following

treatment:

Myofascial release (MFR) was given for 15 min.

Myofascial release for Pectoralis major and minor muscle: The

participant was in supine lying with the arm abducted at a pain‐free
range and elbow flexed to 90°. The release was given from the

coracoid end along the bulk of the muscle towards the sternal end.

Myofascial release for sternocleidomastoid muscle: as therapist

stood posterior, the participant was in sitting with feet supported on

the ground. Release was given over the bulk from the sternal end

towards the clavicular end while the participant actively rotated the

neck from ipsilateral to the contralateral side.

Myofascial release for scalene muscle: as therapist stood pos-

terior, the participant was made to sit with feet supported on the

ground and release was given from transverse processes of C2 to C7

to the first and second ribs down to posterior of the trapezius muscle

while the participant looked down into her contralateral arm pit

(Moraska et al., 2015).

Myofascial release for rhomboids and thoracic spine was given so

as to establish effective strengthening: the participant was made to

sit with feet supported on the ground. Therapist stood posteriorly as

the release was given from T1 to T7 while the participant actively

brings the chin to chest, and arms from scaption to adduction

crossing over the body.

Myofascial release was followed by stretching and strengthening

(Table 1: treatment protocol).

4 | RESULTS

To evaluate the findings obtained, statistical analysis was performed

using Statistical Package of Social Sciences (SPSS) version 23 (In-

ternational Business Machines [IBM] Corp. Released 2015. IBM

SPSS Statistics for Windows, Version 23.0.). The data was entered

into an excel spreadsheet, tabulated, and statistical analysis was

performed on it. The study used a variety of statistical measures,

including mean, mean variance, standard deviation, and percent-

ages. The normality of all the parameters was determined by the

Kolmogorov Smirnov test. Within the current data set, the param-

eters did not demonstrate normal distribution, hence non‐
parametric tests were used. For the outcome measures, scores

taken pre‐and post‐intervention were analyzed using paired Wil-

coxon test. With a study power of 95% probability, a p value of

≤0.05 was set as statistically significant.

The average age of the participants in the group was

47.95 � 7.70 years, indicating that breast cancer is more common

in middle‐aged women and older women. The majority of the

participants had right hand dominant (90.91%) with right breast

involvement (59.09%). The participants included in this study

were managed through surgical procedures like modified radical

(81%), axillary lymph node dissection (36.36%), and lumpectomy

(18.18%), chemotherapy (40.90%), and radiation therapy (18.19%;

Table 2A,B).

The study participants showed a statistically significant

improvement in posture with p = 0.001 with a significant effect

size of 6.15 in sagittal head tilt angle and 5.01 in sagittal

12-  refused  to  give  consent
6 -  severely  fatigued
8 -  distant  metastasis
5 -  withdrew  consent

22  participants  gave  consent  to  participate  in  the  study  and  
fulfilled  the  inclusion  criteria

Demographic  and  baseline  data  was  recorded

Intervention  in  form  of  myofascial  release,  stretching  and  
strengthening  was  carried  out

Assessed  for  outcome  measures

Statistical  analysis

Total  53  participants  were  screened  for  eligibility  in  a  span  
of  1  year

F I GUR E 1 Consort Chart of participant recruitment process
for the study
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shoulder‐C7 angle. The spinal curvatures examined using flex-

icurve showed a statistical significance with p = 0.001 in all the

parameters (Table 3).

The pre‐post ROM degrees of shoulder joint and cervical

spine of all the participants in the study. There was an evident

increase in the shoulder flexion, shoulder extension, shoulder

horizontal abduction, shoulder internal and external rotation, and

cervical flexion, cervical extension, cervical side flexion, and cer-

vical rotation ranges with statistical significance of p = 0.001 for

each domain (Table 4).

All the participant exhibited improvements in strength of bilat-

eral upper and middle trapezius, left supraspinatus, left subscapularis,

left rhomboids, right teres minor, and serratus anterior, and hand grip

strength which were highly significant with p = 0.001 (Table 5).

The pre‐post scores of SPADI and FACT‐B of all the participants

in the group noted improvement in all components with p = 0.001

(Table 6).

5 | DISCUSSION

The current research focused on determining the effect of MFR,

stretching, and strengthening on upper torso posture, spinal curva-

tures, range of motion, strength, shoulder pain and disability, and

quality of life in breast cancer survivors who underwent surgery, and/

or chemo‐radiotherapy.
The findings of the present study indicate exercises have a

beneficial effect on physical characteristics, including posture, spi-

nal curvatures, shoulder and cervical ROM, MMT, SPADI scores,

and overall quality of life with statistically significant p value of

0.001 in each domain. Within 12 months after having a mastec-

tomy, postural changes was seen in breast cancer survivors despite

the use of external breast prostheses or a tissue expander

(Siqueira et al., 2021). Biomechanical alterations in the sagittal and

frontal plane may aggravate post‐operative pain, decreased muscle

strength leading to the protraction of the affected shoulder. This

can cause psychological tension transfer to the vertebrae via

muscles resulting in the development of postural defects (Hojan

et al., 2016).

Pectoralis major along with upper trapezius also exhibit

increased tone and tightness post‐radiation therapy which may be

caused due to the posture of receiving radiation therapy. This mus-

cle's ambilateral contraction bends the trunk forward and pushes the

chest down. Contraction of the above‐mentioned muscle groups

causes weakening of the muscles that maintain posture, as well as a

reduction in so‐called muscular endurance over time (Hanuszkiewicz

et al., 2011; Yeo et al., 2018). Therefore, the stretching of the muscles

may maintain the muscle integrity by acting on the mechanorecep-

tors and mechano‐transduction signaling pathways (Jafri, 2014)

which is seen in the participants of the present study represented

through an increase in strength and improved upper torso alignment

via stretching of the sternocleidomastoid and levator scapulae mus-

cle along with the strengthening of the upper back and shoulder

musculature. The participants in the present study have been shown

to reduced shoulder and cervical range of motion but have signifi-

cantly improved post‐intervention (Table 4).

The participants of the study presented with rounded shoulders

and forward neck posture represented in the Craniovertebral angle,

sagittal head tilt, and sagittal shoulder‐C7 angle which could be as a

result of protective posture attained by the participant. The

stretching and strengthening of the upper trapezius and levator

scapulae, and MFR of sternocleidomastoid, scalene, rhomboids, and

thoracic spine have shown to improve alignment and strength

(Table 3).

TAB L E 1 Treatment protocol

Sr.

No

Type of

exercise Muscle(s) Intensity

1 Stretching Upper trapezius and levator scapulae: The participant was
made to sit with feet supported on the ground. Side flex the
neck and contralaterally and looked down into the arm pit

45 s hold with 15 s rest. No. of repetition: 3

2 Strengthening Upper trapezius: The person was forced to sit with his or her
feet on the ground. The participant was asked to shrug her
shoulders, and tension in the form of weights was applied
according to her comfort level

10 repetitions – 2 sets – progressions according to FITT
principle (Frequency, Intensity, Time, and Type) – frequency
– 4 sessions/week � 3 weeks, intensity – low to moderate
intensity, time ‐ 40 min, type – strength training

Rhomboid: The subject was instructed to lie prone and
horizontally abduct her arm above bed level at a 90‐degree
angle while contracting her rhomboids

Supraspinatus: The thumb was guided up and the shoulder was
located in the scapular plane (25° anterior). The respondent
was instructed to deliberately abduct the shoulder, and
resistance was exerted over the distal humerus in the
scapular plane in the opposite direction of shoulder
abduction

Serratus anterior: The participant was standing with arms
extended at the wall and was asked to “push the wall”
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Therapeutic treatments such as myofascial induction and

electrotherapy has shown improvement in perceived discomfort,

cervical and shoulder ROM, and mood status in breast cancer

survivors with neck and arm morbidity on the affected side.

These survivors who receive fascial unwinding focused on the

upper limb area. A single session of myofascial induction can

decrease pain intensity and improve neck and shoulder range of

motion to a greater degree (Castro‐Martín et al., 2017). The

above‐mentioned study has correlated to the high pain and

disability scores pre‐intervention which in turn could lead to a

decrease in the QOL (Table 6).

Excitation‐contraction coupling refers to the pathways that

link muscle cell synaptic activation to muscle fiber contraction

and relaxation was hypothesized to be the underlying mecha-

nism. Myofascial release improves mitochondrial biogenesis and

reduced inflammatory cytokines by activating the mechano‐
transduction signaling pathways thus reducing the muscle stiff-

ness by minimizing focal adhesions through activation of the

focal adhesion kinase pathway (FAK) (Jafri, 2014). These re-

searches agreed with the current study findings of the impact of

MFR on posture, shoulder pain and impairment, and general

quality of life.

Stretching the upper torso musculature will enhance posture,

shoulder joint range of motion, and general physical mobility (Her-

man & Smith, 2008). Lee et al. (2007) suggests that stretching is an

important strategy for the flexibility of motion, so the goal of their

research was to see how a stretching program decreased acute

musculoskeletal impairments in breast cancer patients undergoing

radiation therapy. Their intervention provided guidelines on low‐
load, extended pectoral stretches to be done regularly and moni-

tored at weekly visits.

Stretching is believed to increase blood supply to muscles;

however, laboratory tests are conflicting about whether this is true.

Muscle stretching, in fact, decreases blood flow proportionally to

the stretch. This is attributed to the fact that there is a longitudinal

expansion of blood vessels flowing in the muscle fibers’ direction. A

temporary reduction in blood supply is often caused by the pres-

sure of blood vessels caused by a rise in intramuscular pressure.

Stretching muscles, on the other hand, has been found to increase

circulation. This could account for the reported long‐term beneficial

effect of stretching. Stretching muscles, including massage, has the

potential to stimulate the FAK and extracellular‐signal‐regulated
kinase (ERK) pathways (Jafri, 2014). These reports back up the

findings of the current study as participants in the current study

demonstrated a clear improvement in shoulder range with each

domain. Participants also saw substantial gains in cervical range of

motion.

Strength training helps cancer patients to enhance their func-

tion as well as their quality of life. Rehabilitation in any form as

home‐based exercises or supervised rehabilitation is known to

improve shoulder mobility and function and reduce the risk of

postoperative complications (Yeo et al., 2018). In cancer patients,

exercise is essential for improving cardiopulmonary function, psy-

chological events, muscle power, and endurance (Kumar

et al., 2018). Literature suggested that more focus should be on

inspiring and motivating women to stick with their fitness routine

(Richmond et al., 2018). The above findings from other experimental

studies back up the findings of the current research. Individual

participant intensity is statistically increased which corresponds to

an increase in range of motion.

The limitation of the study is that in‐depth analysis of

posture could be included like 3‐dimensional analysis. Since the

study was conducted in a semi‐rural and urban population with

majority of the individuals being apparently active prior to their

TAB L E 2 (A) Demographic data of all the participants in the
study group (n = 22). (B) Demographic data of all the participants
in the study (n = 22)

Sr. No Category Variable Frequency Percentage

(A)

1. Age 35–39 3 13.63

40–44 1 4.55

45–49 13 59.09

50–54 2 9.09

55–59 1 4.55

60–64 1 4.55

65–69 0 0

70–75 1 4.55

Mean � SD 47.95 � 7.70

2. Gender Female 22 100

Male 0 0.0

3. Hand dominance Right 20 90.91

Left 2 9.09

4. Side affected Right 13 59.09

Left 9 40.91

(B)

1. Stage of cancer Stage II 8 36.36

Stage III 14 63.64

2. Chemotherapy 0 cycles 13 59.09

3 cycles 5 22.73

6 cycles 4 18.18

3. Radiation therapy 0 fractions 18 81.82

8 fractions 3 13.64

24 fractions 1 4.55

4. Surgery MRM 18 81.82

ALND 8 36.36

Lumpectomy 4 18.18

Abbreviations: ALND, axillary lymph node dissection; MRM, modified
radical mastectomy.
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TAB L E 3 Posture and spinal curvature by photogrammetry and flexicurve among all the participants in the study (n = 22)

Variable

Pre Post

Effect size p valueMean ± SD Mean ± SD

Posture

Superomedial angle height difference 0.46 � 027 0.11 � 0.15 1.57 0.001*

Superomedial angle to midline 0.46 � 0.28 0.10 � 0.07 1.32 0.001*

Angle between medial scapular border to midline 6.09 � 1.16 1.87 � 0.43 2.97 0.001*

Cranio‐vertebral angle 59.23 � 1.75 50.36 � 1.95 4.23 0.001*

Sagittal head tilt 25.05 � 6.10 16.46 � 6.08 6.15 0.001*

Sagittal shoulder‐C7 angle 135.56 � 6.37 164.29 � 9.76 5.01 0.001*

Coronal head tilt 175.55 � 1.16 179.63 � 0.36 2.90 0.001*

Coronal shoulder angle 177.06 � 0.83 179.88 � 0.18 3.27 0.001*

Spinal curvatures

Cervical lordosis 30.36 � 4.46 26.09 � 3.91 1.88 0.001*

Thoracic kyphosis 30.09 � 4.17 27.36 � 3.32 0.92 0.001*

Lumbar lordosis 54.55 � 7.01 49.59 � 6.43 1.04 0.001*

*Level of significance p ≤ 0.05.

TAB L E 4 Shoulder and cervical range of motion in degrees of all the participants in the study (n = 22)

Variable

Pre Post

Effect size p valueMean ± SD Mean ± SD

Shoulder joint range of motion (°)

Shoulder flexion Right 166.14 � 6.99 174.05 � 3.81 2.23 0.001*

Left 170.82 � 4.99 176.82 � 2.87 2.38 0.001*

Shoulder extension Right 49.77 � 3.39 56.05 � 2.38 2.46 0.001*

Left 52.05 � 2.61 57.11 � 2.43 2.45 0.001*

Shoulder abduction Right 161.64 � 8.25 172.68 � 4.60 2.52 0.001*

Left 167.55 � 5.31 174.37 � 4.37 1.77 0.001*

Shoulder horizontal abduction Right 83.09 � 5.75 87.64 � 1.92 1.13 0.001*

Left 87.64 � 4.30 89.27 � 1.80 0.61 0.001*

Shoulder internal rotation Right 66.64 � 4.68 68.09 � 2.86 0.78 0.001*

Left 68.36 � 2.94 69.64 � 1.18 0.67 0.001*

Shoulder external rotation Right 85.64 � 3.00 88.86 � 1.42 1.63 0.001*

Left 87.55 � 2.76 89.00 � 1.35 0.88 0.001*

Cervical range of motion (°)

Cervical flexion 41.37 � 0.82 43.56 � 0.71 4.11 0.001*

Cervical extension 41.49 � 1.38 43.86 � 0.57 2.05 0.001*

Cervical side flexion Right 37.85 � 2.84 40.66 � 1.50 1.54 0.001*

Left 36.95 � 2.54 41.77 � 0.75 2.11 0.001*

Cervical rotation Right 51.14 � 5.74 55.95 � 2.13 1.21 0.001*

Left 53.47 � 2.85 56.36 � 0.73 1.12 0.001*

*Level of significance p ≤ 0.05.
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TAB L E 5 Manual muscle testing and
hand dynamometer score of all the
participants in the study (n = 22)

Variable

Pre Post

Effect size p valueMean ± SD Mean ± SD

Manual muscle testing (maximum score 0–5)

Upper trapezius Right 3.32 � 0.48 4.32 � 0.48 2.46 0.001*

Left 3.82 � 0.39 4.68 � 0.48 3.09 0.001*

Middle trapezius Right 3.32 � 0.48 4.23 � 0.43 1.43 0.001*

Left 3.82 � 0.39 4.50 � 0.51 0.82 0.001*

Supraspinatus Right 3.77 � 0.61 4.50 � 0.51 0.61 0.009*

Left 4.36 � 0.79 4.77 � 0.43 1.43 0.001*

Infraspinatus Right 3.86 � 0.71 4.55 � 0.51 0.53 0.021*

Left 4.45 � 0.67 4.68 � 0.48 0.60 0.011*

Subscapularis Right 4.18 � 0.39 4.45 � 0.51 0.74 0.002*

Left 4.32 � 0.48 4.68 � 0.48 1.17 0.001*

Rhomboids Right 3.64 � 0.49 4.23 � 0.43 0.53 0.021*

Left 3.91 � 0.29 4.14 � 0.35 3.09 0.001*

Teres minor Right 3.32 � 0.48 4.23 � 0.43 2.46 0.001*

Left 3.82 � 0.39 4.68 � 0.48 0.67 0.005*

Latissimus dorsi Right 4.00 � 0.01 4.32 � 0.48 1.80 0.001*

Left 3.91 � 0.29 4.68 � 0.48 0.67 0.005*

Serratus anterior Right 4.09 � 0.29 4.41 � 0.48 0.67 0.005*

Left 4.36 � 0.66 4.68 � 0.48 2.46 0.001*

Hand dynamometer (in pounds)

Hand grip strength Right 58.09 � 6.37 61.50 � 5.54 2.43 0.001*

Left 57.18 � 6.54 59.32 � 5.39 0.99 0.001*

*Level of significance p ≤ 0.05.

TAB L E 6 Shoulder Pain and
Disability Index (SPADI) scores and
Functional Assessment of Cancer
Therapy‐Breast (FACT‐B) scores for all
the participants in the study (n = 22)

Variable

Pre Post

Effect size p valueMean ± SD Mean ± SD

Shoulder Pain and Disability Index (SPADI)

SPADI 71.23 � 7.47 27.41 � 4.09 6.98 0.001*

SPADI pain 34.77 � 5.49 15.86 � 2.92 4.38 0.001*

SPADI disability 36.45 � 2.86 11.55 � 1.90 7.63 0.001*

Functional Assessment of Cancer Therapy‐Breast (FACT‐B)

FACT‐B scale (total score) 51.00 � 3.10 106.55 � 7.47 7.04 0.001*

FACT‐B Physical well‐being scoring 8.50 � 3.07 21.41 � 3.28 7.78 0.001*

FACT‐B Social well‐being scoring 13.27 � 3.06 21.50 � 1.95 5.04 0.001*

FACT‐B Emotional well‐being scoring 8.32 � 1.64 17.41 � 2.72 2.55 0.001*

FACT‐B Functional well‐being scoring 8.50 � 1.10 19.91 � 1.60 6.79 0.001*

FACT‐B Breast cancer score 12.41 � 1.99 26.32 � 4.17 4.30 0.001*

*Level of significance p ≤ 0.05.
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diagnosis and treatments, the effect of the intervention could

have been narrowed to individuals who attained a sedentary

lifestyle.

6 | CONCLUSION

The present study concludes that improving posture, reducing

shoulder pain and weakness, and improving quality of life were all

potential benefits of the intervention. This highlights the clinical

importance of utilization that MFR, stretching, and strengthening in

these population.

6.1 | Implications of physiotherapy practice

The current study findings show that the same procedure should

be followed as a routine in a broader, homogeneous population,

gender, and age to substantiate the evidence. As a result, it is

suggested that the study intervention be performed with a larger

sample. The research technique should also be applied to patients

with head and neck cancer since the muscles and areas of

intervention are identical.
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Review Article

Role of Manual Therapy for Neck Pain and Quality of Life in Head 
and Neck Cancer Survivors: A Systematic Review
Renu B Pattanshetty1, Sayali Nandkumar Patil1
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INTRODUCTION
Head and neck cancers (HNCs) are the sixth common 
malignancies universally. India holds the second position 
in the highest number of oral cancer cases contributing 
to almost 1/3rd  of the total burden of cancers including 
malignancies of nasopharynx, oropharynx, hypopharynx, 
larynx, salivary gland tumours, paranasal and nasal sinus 
cancers accounting for 30–40% of oral cancers in India.[1,2] 
Smoking, alcohol intake and tobacco chewing remain the 
main causes HNCs. Human papillomavirus and Epstein-Barr 
virus infections are two more established risk factors.[3-5]

As the disease is locally progressed in more than 60% of patients 
at the time of diagnosis, a multimodal treatment approach 

ABSTRACT
Background: Pain is the one the most  dreadful  side  effects  of  head  and  neck  cancers  and  cancer  related  treatments  affecting  patients  during  
and  after  the  treatment  adding to  the  problems  affecting  their  ability  to  speak,  swallow,  breath  and  feeding.  Manual  therapy  is  standard  set  of  
physiotherapy  treatments  used  for  alleviating  neck  pain.  It  has  found  to  be  effective  in  small  subset  of  cancer  patients  for  relieving  pain.

Objectives: To highlight the use of various manual therapy techniques focusing in decreasing neck pain and improving quality of life  in Head and Neck 
Cancer survivors that may suggest its safe utilisation in oncology rehabilitation.

Materials and Methods: Electronic  search  was  conducted  in  PubMed,  Google  Scholar,  CINAHL,  Pedro,  and  COCHRANE  databases.  Reference  
lists  of  the  included  studies  and  relevant  reviews  were  manually  searched.  Studies  that  met  the  inclusion  criteria  were  evaluated  using  McMaster  
critical  review  form  for  quantitative  studies.  A  descriptive  synthesis  was  undertaken  due  to  the  heterogeneity  of  the  included  studies.

Results: Seven  studies  were  assessed  for  risk  of  bias  that  comprised  of  three  clinical  trials,  one  case  series  and  three  case  reports that applied  
Maitland’s  mobilisation,  Myofascial  release,  Muscle  Energy  Techniques  to  head  and  neck  cancer  survivors in various clinical settings. The outcomes 
highlighted decrease in pain, improvement in   cervical   range of motion  and  quality  of  life.

Conclusion: This  review  recommends  application  of  manual  therapy  to  head  and  neck  cancer  survivors.  However, authors caution application of 
manual therapy in terms of choosing a particular technique. Further, well designed larger sample size with randomisation and double blinding would help 
to generate better evidence for head and neck cancer survivors.

Keywords: Head and neck neoplasms, Musculoskeletal manipulations, Neck pain, Quality of life, Soft tissue mobilisation
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involving surgery, radiation and chemotherapy are usually 
advised. The current standard treatment is a combination of 
radiation and chemotherapy when the tumour seems to be 
unresectable.[4] Radiation is the localized treatment option that 
most of the times leads to skin changes, fibrosis and stiffness in 
and around neck and shoulder region affecting extensibility of 
neck muscles.[6,7] Post-surgical complications include substantial 
scar tissue formation and muscle dysfunction resulting in motion 
deficits at neck and shoulder.[8] Neuropathies, weakness and 
nausea are other common side effects due to chemotherapy.[9]

Pain is the most disabling symptom affecting 80% of HNC 
survivors. Chronic pain is said to cause sleep disturbances, 
low appetite and confusions leading to physical decline 
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and decreased quality of life (QOL).[5] The majority of the 
patients experience myofascial pain that may be identified 
as intense deep pain arising from one or more muscles or 
fascia that vary from 11.9% to 44.8% in HNC and breast 
cancers.[10,11] Grossly, the treatment of HNC related pain is 
clinical challenge for rehabilitation. A variety of non-invasive 
pain management treatments for chronic cancer pain are 
optimally utilised globally including electrical modalities 
such as transcutaneous electrical nerve stimulation and 
various manual therapy techniques.[12,13] Manual therapy 
approaches are part of routine standard protocol in pain 
management for orthopaedic disorders. However, manual 
therapy techniques in cancer are considered as relative 
contraindication.[13-15] Literature suggests that cancer patients 
suffering from breast cancer, and HNCs have demonstrated 
improvement in shoulder movements with use of manual 
therapies.[13,16] Myofascial release (MFR) and muscles energy 
techniques (MET) have proved to be beneficial in pain 
management and thus improving QOL.[15,16] Hence, the 
objective of the present study was to highlight the evidence 
of the effectiveness of various manual therapy techniques 
focusing on neck pain and its effect on QOL in HNC 
survivors that may have clinical relevance.

MATERIALS AND METHODS
The PRISMA checklist was used to report this review. The 
PICO format was utilised in the development search strategy 
with search terms and limits relating to head and cancer 
patients for studies to be included following PICOS format 
was considered.[17]

All studies with experimental design/clinical designs 
published only in English language between 2010 and 2020 
having HNC survivors as their participants with age more 
than 18  years and having complaints of neck pain (acute/
sub-acute/chronic) and decreased QOL undergoing any 
manual therapy intervention such as soft tissue techniques 
and joint mobilisation compared to usual physiotherapy 
care. The studies having any Chinese or Japanese therapy, 
massage, dry needling and acupuncture as their intervention 
were excluded. Along with these, abstracts only studies, study 
protocols and grey literature also excluded.
The search strategy was developed with the discussion among 
the authors and Gadad R, Rao M, Pawar N who independently 
searched the 5 databases during December 2020 which 
includes PubMed, Google Scholar, CINAHL, Pedro and 
Cochrane using the key words “Quality of life,” “Neck 
pain,” “Head and neck neoplasms,” “Manual therapy,” “Joint 
mobilisation and manipulation” and “Soft tissue mobilization.”
From these databases, articles were selected using eligibility 
criteria and then screened by the Patel, Patil independent 
researchers. The authors assessed title and abstract of each 
study. Full versions of the texts were retrieved of those 
articles that met inclusion criteria. All included studies’ 

reference lists were checked for any relevant studies that were 
not identified using an electronic search. In case of different 
outcomes of search results, the reviewers met to discuss with 
Pattanshetty to resolve the issue.

Study design
Quantitative studies comprising randomised controlled 
trials, clinical trials including quasi-experimental research, 
case series and case studies published between 2010 and 2020 
were considered for inclusion.

Population
The studies were included if participants were adults 
(>18 years of age) of either gender, participants in the studies 
must be diagnosed with any type of HNC receiving any of 
the following treatments such as Surgery, chemotherapy, 
radiotherapy any adjuvant therapy and experiencing pain in 
their neck region.

Intervention
Manual therapy techniques included mobilisation, 
manipulation and soft tissue techniques performed on the 
HNC patients by physiotherapist/osteopaths. The manual 
therapy interventions were not limited to mobilisation and 
manipulation. It also included transverse friction massage, 
MET, MFR, active release technique, positional release 
technique, Bowen technique and Cyriax, Graston.

Comparator
Accepted comparators were, no intervention group, other 
physiotherapeutic usual care comprising stretching and 
strengthening exercises.

Outcome
Outcomes of interest were outcomes for pain in neck, QOL 
and Range of motion of cervical region though the search 
was not limited to any specific outcomes.

Literature search
Once the search strategy was developed, a review protocol 
was established. Databases were searched for studies 
and duplicates were eliminated. The relevant studies’ full 
texts were then independently analysed by Gadad et al. 
to determine their eligibility for the PICO criteria. Any 
disagreements were resolved by discussion or with other 
reviewer, where required.

Data extraction
Data extraction was done by Pattanshetty and Patil. It 
was performed using Microsoft Excel that included study 
design,  participants’ demographic data, interventions, their 
duration, dose and frequency, method of randomisation 
and allocation, selection of outcome measures and statistical 
analysis. Any disagreement was resolved through discussion.
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Quality assessment
All the studies that were included were reviewed 
independently and graded as per National Health and 
Medical Research Council (NHMRC) hierarchy of evidence 
by all reviewers.[18] Any disagreements were resolved by 
discussion where required. A  modified McMaster Critical 
Review Form for Quantitative Studies was used to assess the 
quality of the studies included in the review.[19] Dependent 
on the research design and applicable components, the 
maximum total score of a study was 14. Each study was 
independently rated by each reviewer, and any disagreements 
were resolved by discussion [Table 1].

Synthesis of results
As the included studies were heterogeneous in nature, 
descriptive result synthesis was done following NHMRC 
FORM framework.[20-24]

RESULTS
Study selection
In the database search, 8653 results found 6478 duplicates 
were removed. The selected 217 studies were screened and 
2164 studies excluded (abstract and title), and 11 full text 
studies were screened according to eligibility criteria and 04 
studies excluded and 07 studies found to be eligible for the 
current study and was included in the review.[25-31] PRISMA 
flow chart outlined in [Figure 1].

Study characteristics
[Table  2] (data extraction) shows summary of all studies. 
Included quantitative studies were conducted in different 
countries; 3 studies (2 case report and 1 case series) in USA, 
2 studies (2 clinical trials) in India, (pre post experimental 
study) in Germany and 1 (case report) in Poland.[25-31] All 
were published between 2010 and 2020. All studies were 
conducted for duration 6  days to 12  weeks having HNC 
patients as their study population.

Participant characteristics
Among the studies, total 59 adult participants underwent 
various manual therapy techniques for average 6  days to 
12 weeks, where majority of the patients were post-surgical 
HNC survivors and some of them underwent radiotherapy 
and other complimentary therapies.

Methodological quality
Critical appraisal for the seven evidences was performed 
using McMaster Quantitative critical appraisal Tool. 
NHMRC level of evidence was determined and scoring was 
done for each study.
Variation was observed among the study designs that 
comprised two pre-  and post-experimental studies; one 
randomised clinical trial, one case series and three case Ta
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reports. Out of seven studies, included three studies belong 
to NHMRC level of evidence Grade III-2 and remaining four 
studies followed Grade IV. Highest scores of critical appraisal 
rated were 91.6% and 84.61% allotted to studies by Parab et 
al.[26] and Felser et al.[27] Lowest scores amongst all seven studies 
were allotted to study by Kawczyński et al. 50%.[31] Most studies 
described relevant adequate background literature, sample 
size for the study purpose and provided outcome data with 
its relevance.[26-31] Statistical analysis used for reporting results 
from clinical trials.[25-27] Most of the studies had inadequate 
description of intervention and presence of co interventions 
raised methodological concerns.[27-31] Sample size justification 
was not reported by Pattanshetty.[25] Randomisation of 
participants into groups was also reported satisfactorily.[26] 

Clinical impact of the techniques used in all studies was found 
to be relevant and well described. The detailed risk of bias 
explained according to McMaster critical review tool [Table 1].

Intervention type
Participants from 5 studies (out of total 7 studies) were 
administered manual intervention exclusively in one 
or the other form in their neck region, shoulder or face 
region.[25,26,28,29,31] Case reports or case series that described 
various manual therapy techniques such as Maitland’s 
cervical mobilisation Grade I-IV, MFR to trapezius, scalene, 
sternocleidomastoid, paraspinal muscles and infrahyoid and 
suprahyoid muscles, sub occipital release, muscle energy 
techniques for side flexors of cervical spine.[28-31] The case 
series highlighted upper cervical mobilisation along with 
manual stretching of SCM trapezius, levator scapulae and 
pectorals.[28] Cervical as well as thoracic mobilisation of 
spine along with muscle strengthening, stretching exercises 
accompanied by balance and co-ordination exercises was 
reported.[27] In post-operative patients cyriax technique for 
sub occipital region and MFR and MET for affected side of 
neck muscles were administered.[25]

Outcome measures
Outcome measures for pain and QOL were varied in the 
seven studies including numerical pain rating scale, pressure 
algometer, Wong Baker pain face scale and Edmonton 
symptoms assessment scale.[25-26,28-31] In all studies, manual 
therapy techniques improved the neck pain significantly in 
the participants.
Various manual therapy intervention administered on 
the patients did have an impact on their QOL which was 
examined by administration of FACT-G, FACT H&N, 
EORTC QLQC30, and QLQ HN35 and reported positive 
significant impression on QOL [Table 3].[25,26,27,30]

Results of individual studies
Results of seven included studies are described in [Table 4].
Cervical joint mobilisation, MET, Cyriax and MFR 
exclusively applied to post-operated HNC survivors to neck 



Pattanshetty and Patil: Manual therapy for neck pain in head and neck cancer patients

Indian Journal of Palliative Care • Volume 28 • Issue 1 • January-March 2022 | 107

region which found to be effective in terms of reducing 
pain and increasing range of motion.[25,26,29] Positive impact 
of cervical as well as thoracic mobilisation reported on 
QOL.[27] The combined effect of cervical mobilisation, MFR 
during radiation focusing on prevented tightness in the 
muscles and stiffness of the cervical joints.[28] Soft tissue 
techniques, post isometric relaxation and MFR to neck 
muscles accompanied with scar tissue mobilisation reported 
participant’s overall improvement along with reduction of 
the symptoms.[31]

Effect of mobilisation
Maitland’s cervical mobilisation was used on participants in 
five studies.[25,27-30] For middle and lower cervical vertebrae 
and upper thoracic vertebrae Grade III and IV of Maitland’s 
mobilisation was applied which improved movement 
restriction of cervical rotations, flexion, extension and lateral 
flexion, resulting in increased ROM.[30,31]

Maitland’s Grade I and II mobilisation when administered to 
the cervical spine, found a statistically significant alleviation 
of pain and cervical movement.[25] The duration of these 
mobilizations ranged from 6  days in a row to 6  weeks of 

Table 3: Outcome measures used in all the included studies.

Studies Outcome measure
Pain Quality of Life

NPRS Pressure 
algometer

Wong 
Baker Pain 
Face scale

Edmonton 
Symptom 

Assessment Scale

FACT 
H&N

FACT-G EORTC 
QLQ
C-30

EORTC 
QLQ

HN35

Neck 
disability 

index

Cervical 
Range of 
Motion

Pattanshetty and 
Khanna[25]

+ + + +

Parab et al.[26] + + + +
Felser et al.[27] + + +
Krisciunas et al.[28] + +
Gugliotti[29] + + +
Carter[30] + + +
Kawczynski  
et al.[31]

+ + +

NPRS: Numeric pain rating scale, FACT H&N: Functional Assessment of Cancer Therapy- Head and Neck, FACT-G: Functional Assessment of Cancer 
Therapy-General, EORTC QLQC-30: European Organisation for Research and Treatment of Cancer Quality-of-life Questionnaire Core 30, EORTC QLQ 
HN35: European Organisation for Research and Treatment of Cancer Quality-of-life Questionnaire – Head and Neck 35

Figure 1: PRISMA flow chart.
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alternate day sessions. Overall, Maitland’s cervical mobilisation 
Grades I, II, III and IV produced pain alleviation and enhanced 
cervical ranges, improving their QOL without any side effects.

Effect of soft tissue techniques

Six studies used different kinds of soft tissue techniques 
that included MFR, MET and cyriax on various muscles 
of neck region for improvements in muscle spasm and 
relaxing tension, increasing muscle length to sub occipital 
muscle group, cervical flexors, extensors, lateral flexors, 
rotators mainly focussing on sternocleidomastoid, scalenae, 
trapezius, levator scapulae, and suprahyoid and infrahyoid 
muscles.[25-31] MFR, MET to lateral flexors and rotator showed 
statistical and clinical improvement in pain and cervical 
ranges along with enhancing QOL over period of 6 days.[25,26] 
Post isometric relaxation, MFR given to anterior, posterior 

group of muscles of neck for 3 weeks showed improvement 
in symptoms and over all well-being.[31]

Combined effect of mobilisation and soft tissue 
techniques

Four studies used combination of Maitland’s cervical 
mobilisation along with MFR, MET, cyriax techniques.[25,28-30] 
Cervical mobilisation Grade  I and II when combined 
with MET to cervical lateral flexors, rotators and cyriax 
soft tissue mobilisation to subcranial muscles showed 
significant improvement in pain, neck disability index, 
cervical ranges and QOL. Combination of upper and lower 
cervical mobilisation along with upper thoracic mobilisation 
Grade III and IV and MFR to the anterior and posterior neck 
muscles, as well as post isometric relaxation to the cervical 
lateral flexors and rotators, were found to reduce discomfort, 

Table 4: Summary of results.[25-31]

Studies Manual 
therapy 
intervention

Outcome measures 
Pain Quality of Life

NPRS Pressure 
algometer

Wong 
Baker 

Pain Face 
scale

Edmonton 
Symptom 

Assessment 
Scale

FACT 
H&N 

FACT- 
G

EORTC 
QLQ
C-30

QLQ
HN35

Neck 
disability 

index

Cervical 
Range 

of 
Motion

Pattanshetty 
and 
Khanna[25]

Maitland 
mobilisation
MET
Cyriax

↓ (+)* ↑ (+)* ↓ (+)* ↑ (+)*

Parab  
et al.[26]

MFR
MET

↓ (+)* ↑ (+)? ↓ (+)* ↑ (+)*

Felser  
et al.[27]

Cervical 
mobilisation

↑ (+)? ↑ (+)?

Krisciunas 
et al.[28]

Cervical 
mobilisation
MFR

↓ (+)? ↑ (+)?

Gugliotti[29] Soft tissue 
mobilisation
Contract relax
Maitland 
mobilisation
MET

↓ (+)? ↓ (+)? ↑ (+)?

Carter[30] Grade III and 
IV mobilisation 
C4-C5 and 
C5-C6
Sub occipital 
release
Soft tissue 
mobilisation to 
neck muscles.

↓ (+)? ↑ (+)? ↑ (+)?

Kawczynski 
et al.[31]

MFR
Post isometric 
relaxation

↓ (+)? ↓ (+)? ↑ (+)?

*: Statistical significance, ?: Statistical significance not reported, +: Positive change, –: Negative change, ↑: Increased, ↓: Decreased, ↔: No change
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improve cervical lateral flexion and rotation, and increase 
overall well-being over a 6-week period.
Overall, combined administration of mobilisation and soft 
tissue techniques have shown improvement in participants’ 
symptoms such as pain, discomfort in neck movements and 
induced relaxation suggesting consistent positive impact 
reducing symptoms and enhancing QOL.

NHMRC FORM framework
The synthesis of results reported using the NHMRC FORM 
framework [Table  5]. Presence of methodological variations 
affected the grade of recommendation of the study that 
recommends implementing the manual therapy techniques to 
target the population but care should be taken while application.

DISCUSSION
There is evidence to report effect of physiotherapy 
treatment protocols in HNC survivors during their cancer 
treatment.[32-34] Pain is the most common complaint in 
80% of the patients that is managed with pharmacological 
protocol involving NSAID’s, opioids and steroids.[5,35] 

Besides movement restriction of neck, jaw and shoulder 
are managed with physical therapy that include utilisation 
of electrotherapeutic modalities, exercise protocols and 
manual techniques [12,25-31,35-49] Manual therapy techniques 
when applied to shoulder and neck region have shown to 
be effective in improving outcome measures including pain 
and QOL suggesting their safety. Possible reason for safe 
utilisation of manual therapy approaches in cancer could be 
because of their principles based on soft tissue that reduces 
acute inflammation in response to exercise.[16,50-52]

MET is soft tissue technique that is applied by combining 
isometric contractions that restores soft tissue structure to near 
normal providing indirect effect on the joint that is associated 
with dysfunctional muscle and may normalise joint mobility 
and its surrounding structures.[52] MET has shown increase 
joint mobility by restoring normal length-tension relationship 
of muscles, which are then subjected to adaptive or protective 
shortening due to intrinsic or external factors such as radiation 
therapy itself, post-operative scars and muscle guarding in 
HNC survivors.[16,53,54] The reflex relaxation of the agonist group 
of muscles after an isometric contraction is said to improve 

Table 5: NHMRC Form network.[20]

No. Component Grade Comments 

1 Evidence base C- one or two level III studies with low risk of 
bias or II studies with moderate risk of bias

Total -7 studies
Total participants-59
Level III-2-3 studies
Level IV- 4 studies

2 Consistency C-Satisfactory
Some inconsistency reflecting genuine 
uncertainty around clinical question

Multiple study designs
Statistical significance reported in 3/7 studies
Finding are consistent
Variation observed in measurement outcome measures and 
intervention

3 Clinical impact B-Good
Substantial 

Consistent findings of outcomes for pain and QOL
No adverse effects reported
Intervention protocols development and implementation 
described precisely with duration to achieve the desired 
effects and statistical precision.
Application guidelines across the target population explained
Sample size justification not reported in few studies.

4 Generalizability B- Good
Populations studied in body of evidence are 
similar to the target population for the guideline

Population of studies resembles to target population
Studies conducted in five different countries that represent 
variation in health care context
Lacks reporting about comorbidities and its impact on 
outcomes
Variation seen in the patient population since the time of 
diagnosis

5 Grade of 
recommendation

C- Body of evidence provides some support 
for recommendation but care should be taken 
in its application both in terms of choosing 
the manual therapy technique and the choices 
of outcome measure in head and neck cancer 
population

Most studies were low level of evidence with moderate
methodological quality
All the interventions described in detail provided clinically 
replicable consistent positive findings without uncertainty 
and adverse effects
Most participants’ characteristics were similar but differed in 
stage of cancer and intervention application from the time of 
diagnosis
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mobility at the neck. It may also be attributed to the action 
of the Golgi tendon organ and its inhibitory impact on the 
alpha-motor neuron involved in reflex relaxation. Reciprocal 
inhibition resulting from antagonist muscle contractions may 
also explain the reason to improve joint mobility.[16,53,54]

Radiation over targeted area affect muscle and underlying 
fascia causing tightness, stiffness of the TMJ and upper cervical 
area in HNC patients.[6,55] Application of MFR aids to stretch 
the fascia, releasing bonds between fascia and integuments, 
muscles allowing the connective tissue fibres to reorganise 
themselves in a functional fashion. This low-load, long-
duration stretch allows tissues to lengthen and relax, increasing 
range of motion of the affected joint and thereby improve 
flexibility while alleviating pain and stretch tolerance.[56,57]

Maitland’s mobilisation is passive technique that is manually 
applied to joints and related soft tissues at varying speed and 
amplitudes using physiological and accessory motions for 
therapeutic purposes.[58,59] Grades I and II are primarily used 
for treating joints affected by pain including affected TMJ 
region.[58,59] Grades III and IV are primarily used as stretching 
manoeuvres and reduce stiffness.[60] When these techniques 
are combined together and applied to cancer patients has 
direct impression on patients’ pain threshold, movement 
restriction and mental health.[59]

Overall, manual therapy has substantially demonstrated to 
alleviate cancer pain and enhance physical function in HNC 
patients, with the effects lasting until the follow-up. As a 
result, these interventions have not only provided with an 
immediate and long-lasting analgesic impact, but also has 
potential to provide significant benefits for future physical 
function recovery and enhancing QOL.[13,61]

Limitations of the present systematic review may be 
attributed to the inclusion of studies published only in 
English language. The authors may have missed evidence 
from grey literature and other languages. Variations in 
selected studies’ designs resulted in lack of uniformity in the 
methodological quality assessment causing interpretation 
of their results difficult. Since, four studies belonged 
to Grade  IV of NHMRC level of evidence; sample size 
calculation, randomisation, blinding and statistical analysis 
were missing.[28-31] The presence of co-interventions such 
as stretching, strengthening exercises and medications in 
few studies may have had an impact on pain and range of 
motion suggesting intervention bias. Diversity of outcome 
measures used in studies produced difficulty in comparing 
effect of intervention on pain. Inadequate description of 
interventions may have added the intervention bias. Thus, in 
future generalizability of the results may be applied to target 
population with care and precautions. The patients overall 
health, consent, understanding of the treatment, integrity of 
the treatment area, patients’ comfort during entire treatment 
regimen must be considered while application of manual 
therapy techniques in HNC patients.

The authors suggest conduct of more clinical trials in the 
specified area to carry out an effective meta-analysis to 
sum up the data and adding knowledge to the current 
evidence. Though the intervention in form of manual 
therapy techniques or other form of exercises have shown 
improvement in alleviation of neck pain and QOL, inclusion 
of larger sample size with randomisation and blinding would 
generate better evidence for HNC survivors.

CONCLUSION
The present study found moderate evidence for application 
of manual therapy techniques for alleviating neck pain and 
enhancing QOL. Hence, authors recommend the utilisation 
of the techniques in the clinical settings. However, care should 
be taken in their application in terms of choosing the manual 
therapy technique in head and neck cancer survivors .
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Comparative Effect of Graded Motor Imagery 
and Progressive Muscle Relaxation on Mobility 

and Function in Patients with Knee 
Osteoarthritis: A Pilot Study 

Peeyoosha Gurudut, MPT; Rima Jaiswal, BPT

PILOT STUDY

ABSTRACT
Background • Osteoarthritis (OA) is the most common 
musculoskeletal condition seen in aging. Joint destruction, 
chronic pain, change in proprioception, stability problems 
and decreased range of motion are the most common 
problems seen in OA. Complementary therapies like yoga, 
graded motor imagery (GMI), progressive muscle 
relaxation (PMR) and Tai Chi are more effective in 
chronic conditions such as knee OA. 
Aims • The purpose of this study was to evaluate and 
compare the effect of graded motor imagery and 
progressive muscle relaxation on mobility and function in 
patients with knee OA.
Methods • This study was a randomized controlled pilot 
trial conducted in a tertiary health center in Belagavi, 
Karnataka, India. 
Participants • A total of 11 patients with unilateral knee 
pain persisting for more than 12 months were included in 
the study.  

 
Interventions • Patients were randomly assigned to  
2 groups: the PMR group (n = 5) or the (GMI) group  
(n = 6). Patients in the PMR group practiced Jacobson’s 
PMR and patients in the GMI group practiced explicit and 
mirror therapy. All patients were treated 5 times a week 
for 2 weeks.
Outcome measures • The outcome measures in this study 
were range of motion and  the Western Ontario and 
McMaster University Osteoarthritis Index (WOMAC) 
score for assessing knee joint pain, function and stiffness. 
Results • Results demonstrated knee flexion range  
(P = .046) and function WOMAC scores (P = .0062) were 
significantly better in the GMI group than in the PMR group. 
Conclusion • GMI and PMR were both beneficial for knee 
mobility and function but GMI was better than PMR in 
chronic knee OA. (Altern Ther Health Med. 2022;28(3):42-
47).
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InTRoduCTIon
Osteoarthritis (OA) is a degenerative disease associated 

with articular cartilage destruction in addition to underlying 
bony changes at the joint margins.1 OA is the second most 
common rheumatologic problem, with a 22% to 39% incidence 
rate in India. Prevalence of knee OA in rural areas is 13.7% 
compared with 6% in urban areas,2 and the worldwide 
prevalence of OA is 20% in men and 41% in women.3

The causes of knee OA are unknown, but the condition 
increases with age and occurs twice as often in women as in 
men. Obesity can lead to the development and progression of 

knee OA, as it mostly affects the weight-bearing joints of the 
hip and knee.4 The loss of cartilage ground substance causes 
excessive stress and strain on the collagen fibers, leading to 
rupture. Patient examination reveals swelling caused by 
synovial thickening or effusion, muscle wasting and 
prominence of the articular margins due to osteophytes.5 
Movement becomes painful and restricted and crepitus is felt 
on joint movement. Loose bodies develop in the joint in the 
late stages of OA, causing recurrent joint effusion, pain, 
swelling and locking of the joint. This can lead to chronic 
pain affecting patients’ quality of life, with decreased coping 
ability and social functioning.6

Pain is the most common symptom of OA, and is much 
more prevalent than stiffness and disability. OA pain involves 
peripheral and central mechanisms and is modulated by 
many factors, including psychological and genetic factors.7 
Psychological issues such as confusion, depression and 
anxiety are more common in OA.8 Pain and psychological 
elements reduce mobility, which leads to physical disability 
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and poor mental health.9 Effective treatments for chronic pain 
that directly target cortical reorganization—which is associated 
with the primary sensory cortex—are complementary 
therapies like massage, acupuncture, GMI (graded motor 
imagery), yoga and progressive muscle relaxation (PMR). 
These treatments help reduce pain and disability and improve 
the quality of life in patients with OA.10

Pharmacologic treatment options for OA are said to be 
limited and nonpharmacologic options that include 
complementary therapies are underutilized. Thus, more 
research is needed to fully explore mechanism-based pain 
management with complementary strategies such as relaxation 
techniques or motor learning strategies for reducing disability 
associated with OA.11 GMI and PMR are two such therapies 
that are prescribed in conjunction with physiotherapy for 
management of chronic pain conditions such as knee OA.

GMI is described as a convert cognitive process of 
imagining a movement of the body without actually moving 
the body, and is an effective rehabilitation treatment for 
complex pain and movement problems.12 Motor performance 
and motor relearning is improved with GMI. Cortical areas 
of the brain are involved while a patient is performing GMI 
tasks, which engages the cortical neural networks and 
improves cortical reorganization through neuroplasticity. 
GMI directly targets these cortical disruptions, aiming to 
gradually engage cortical motor networks without triggering 
the protective pain response.13

PMR is a deep relaxation technique that has been 
effectively used by many health practitioners globally to 
reduce symptoms of chronic pain, anxiety and stress.14 It is 
based on the simple technique of tensing, or tightening,  
one muscle group at a time in the first phase, followed by 
releasing the tension in the relaxation phase. In general, it is 
performed with deep breathing and begins with the lower 
extremities and ends with total body relaxation.15 

A study on GMI suggested that it is effective as part of a 
rehabilitation program for complex pain and movement 
problems.16 A pilot study concluded that patients performing 
a combined program of PMR and GMI was more effective 
compared with a control group for pain and mobility 
difficulties of knee OA.17 

In the literature, techniques such as GMI and PMR when 
used together have proven to be effective for relieving pain 
and improving mobility. However, these techniques have not 
been studied individually with regard to their therapeutic 
effects in patients with knee OA when used in conjunction 
with physiotherapy. Thus, this study intends to compare the 
effect of GMI and PMR in the treatment of mobility and 
function in patients with knee OA.

METHodS
Study Design

This study was a pilot randomized clinical trial. A single 
trained investigator evaluated all the patients and collected all 
data to eliminate inter-investigator error. The sample size was 
calculated by considering study duration, study design and 

referring to the literature. A total of 11 patients were randomly 
assigned to either the PMR or the GMI group. Patients in the 
PMR group were taught the relaxation technique and patients 
in the GMI group were taught explicit and mirror therapy.

Study Setting and Timeframe
This was a pilot study conducted in a tertiary health 

center in Belagavi city, Karnataka, India, from September 
2017 to February 2018.

Study Participants
A total of 11 patients were randomly assigned to one of 

two study groups. All patients completed the entire intervention 
program, except 1 who discontinued treatment due to a fall 
(see Figure 1). All patients read and signed an informed 
consent form before beginning the study. Their anonymity and 
confidentiality were assured and all procedures were performed 
in compliance with relevant laws and institutional guidelines. 
The individual in this manuscript has given written informed 
consent to publish these case details.

Inclusion Criteria
Patients included in this study were diagnosed with 

persistent unilateral knee OA pain for more than 12 months 

Figure 1. Study Design

Assessed for eligibility (n = 19)

Excluded (n = 8)
•	 Not meeting inclusion criteria 

(n = 8)
•	 Declined to participate (n = 0)
•	 Other reasons (n = 0)

Randomized (n = 11)

Assigned to PMR group  
(n = 5)
•	 Received allocated 

intervention (n = 5)
•	 Did not receive allocated 

intervention (n = 0)

Assigned to GMI group  
(n = 6)
•	 Received allocated 

intervention (n = 6)
•	 Did not receive allocated 

intervention (n = 0)

Allocation

Lost to follow-up (n = 0) 
Discontinued intervention  
(n = 0)

Lost to follow-up (n = 0) 
Discontinued intervention  
(n = 1 due to fall)

Follow-up

Analyzed (n =5)
•	 Excluded from analysis  

(n = 0)

Analyzed (n = 5)
•	 Excluded from analysis  

(n = 1)

Analysis

Enrollment
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PMR group. After the common intervention, patients 
were taught Jacobson’s relaxation technique, in which they 
were asked to tense a particular group of muscles and then 
relax them while deep breathing. Stepwise instructions were 
given and the technique was applied from foot to head in the 
following manner:

1. In a supine position, patients were asked to close their 
eyes and relax their whole body. 

2. In the same position, patients were then asked to 
contract a group of muscles while inhaling for  
5 seconds. 

3. The patients were then asked to release the muscle 
group while exhaling through their mouth22 (see 
Figure 2). This process was repeated for 20 minutes,  
5 sessions per week for 2 weeks.23

GMI group. After the common intervention, patients were 
taught GMI, which consists of 3 stages. During the first week, 
patients were treated with left/right discrimination and explicit 
therapy and in the second week they were treated with mirror 
therapy. For left/right discrimination, patients sat in a relaxed 
position and were shown pictures of their limbs and asked to 
discriminate between left and right. In explicit therapy, patients 
sat in a relaxed position with their eyes closed and were asked to 
imagine the movements of the affected limb.24 

For mirror therapy, a 90 × 60 cm mirror (see Figure 3)25 
was placed between the lower limbs while the patient was 
seated. The affected limb was hidden behind the mirror and 
the unaffected limb was reflected in the mirror. At the first 
level, patients practiced movements with the unaffected limb, 
which were reflected in the mirror while the affected limb 
was static and hidden. At the second level, patients progressed 
to moving the hidden limb within its baseline range, and at 
the third level patients progressed to moving both limbs 
equally. This activity was performed for 20 minutes, 5 times 
a week for 2 weeks.24

Statistical Analysis
The statistical methods for collection and analysis of the 

results were as follows.

•	 All statistical calculations were carried out using IBM 
SPSS (Statistical Package for Social Science) release 21 
for Microsoft windows.

•	 Normality testing of variables via Kolmogorov Smirnov 
test showed that they followed a normal distribution; 
therefore, parametric paired t test was applied.

•	 Comparison of pre- and post-treatment values was 
performed via paired t test.

•	 The between-group differences for the study outcomes 
were assessed using independent t test.

•	 P < .05 were considered statistically significant.
•	 One patient was excluded from statistical analysis 

because they received treatment for only 3 days, which is 
less than 50% of the total intervention duration (10 days).

prior to recruitment, aged between 40 and 70 years, had a 
radiologic grade III or IV on X-rays taken within 6 months 
prior to the study and were walking independently.

Exclusion Criteria
Patients were excluded if they presented with secondary 

OA due to rheumatoid arthritis, gout, septic arthritis, 
tuberculosis, tumor, trauma or hemophilia, major medical or 
psychiatric disorders, recent fractures, effusion or the presence 
of an open reduction and internal fixation of the knee joint.

Ethical Considerations 
The study was approved by the Institutional Research and 

Ethics Committee registration number KIPT/92/16-10-17.  

Outcome Measures 
All patients underwent pre- and post-treatment 

assessment for physical function of the knee using the 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) score and range of movement was assessed 
with a universal goniometer.

Knee flexion range of motion. The center or fulcrum of 
the goniometer was positioned over the lateral knee joint 
space with the arms aligned with the lateral midline of the 
femur using the greater trochanter as a reference point and 
the lateral midline of the fibula using the head of the fibula 
and lateral malleolus as reference points.18

Functional score. The WOMAC is psychometrically 
valid and reliable (0.80 to 0.90) for assessing pain, stiffness 
and physical function in patients with knee and hip OA. It 
includes 24 items scored from 0 to 4: 0 = none, 1 = mild,  
2 = moderate, 3 = severe and 4 = extreme.19 

Interventions
Treatment was given in 5 sessions per week for 2 weeks. 

Patients were treated with therapeutic ultrasound at a 
constant frequency (1 MHz) and intensity (1 W/cm2) for  
10 minutes to the affected knee before starting the exercises.20  
An ice pack was applied to the affected knee for 10 minutes 
following performance of the exercises.21 

The exercises included were quadriceps sets, short arc 
quadriceps, bridging, straight leg raise, seated knee flexion 
and knee extension on a chair. The exercises were active free 
exercises; no equipment or weights were used, and were the 
same for every patient. They were performed individually 
under the supervision of an exercise training expert at the 
outpatient clinic of a tertiary care hospital. During the first 
week, each exercise was performed for 2 sets of 10 repetitions 
each with a hold time of 10 seconds. Progression was made 
to 3 sets of 10 repetitions each with a hold time of 20 seconds 
during the second week. In addition, patients were educated 
about ergonomics to be used at home that included avoiding 
squats, cross-legged sitting, sustained standing or sitting for 
a long duration. The exercise interventions were well delivered 
as planned at the beginning of the study. No adverse events 
or patient dropout occurred due to study interventions. 
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RESulTS
General Characteristics

Baseline data analysis indicated no significant differences 
in demographic characteristics between the 2 groups in terms 
of age, height, weight and body mass index (see Table 1).

The mean pre- and post-test within group difference for 
flexion range of motion of the knee in the PMR group was 
5.00 ± 2.24 and percent of change was 4.53% (P = .0075), 
which is statistically significant. The GMI group also showed 
statistically significant pre- and post-test changes, with a 
mean difference of 8.20 ± 2.05 and 7.32% percent of change 
(P = .0009) (see Table 2). Thus, the results indicate that both 
interventions resulted in significant improvement in flexion 
range of motion. 

The mean pre- and post- within-group difference in 
functional WOMAC scores in patients in the PMR group was 
10.84 ± 5.08, with a 24.09% percent of change (P = .0088), a 
statistically significant difference. Similar results were noted 
in the GMI group, with a mean difference of 15.26 ± 3.47 and 
a 47.04% percent of change (P = .0006) (see Table 3). Hence, 

Figure 2. Jacobson’s relaxation technique

Figure 3. Mirror therapy

Table 1. Comparison of Study Patient Ages, Heights, Weights 
and Body Mass Indices 

Variable Group Mean SD SE t value P value
Age (years) PMR 55.80 6.83 3.06 2.0593 .0734
  GMI 45.80 8.44 3.77
Height (cm) PMR 163.84 8.83 3.95 −0.3833 .7115
  GMI 166.38 11.90 5.32
Weight (kg) PMR 83.80 16.02 7.17 −1.7962 .1102
  GMI 100.00 12.25 5.48
BMI PMR 33.26 4.85 2.17 −1.2333 .2525
  GMI 37.66 6.33 2.83

Abbreviations: BMI, body mass index; GMI, graded motor 
imagery; PMR, progressive muscle relaxation; SD, standard 
deviation; SE, standard error.

Table 2. Pre- and Post-Test Flexion Scores in PMR and GMI 
Groupsa

Group
Pre-test Post-test Difference

Mean SD Mean SD Mean SD
PMR 110.40 9.53 115.40 9.94 5.00 2.24
GMI 112.00 10.37 120.20 8.56 8.20 2.05
% of change in 

PMR
4.53%; P =.0075b

% of change in 
GMI

7.32%; P =.0009b

t value −0.2541 −0.8184 −2.3591
P value .8059 .4368 .0460b

apaired and independent student’s t test
bstatistically significant at P < .05 

Abbreviations: GMI, graded motor imagery; PMR, 
progressive motor relaxation; SD, standard deviation

Table 3. Comparison of Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) Scoresa

Group Pre-test Post-test Difference
Mean SD Mean SD Mean SD

PMR 45.00 14.38 34.16 9.86 10.84 5.08
GMI 32.43 3.18 17.17 3.03 15.26 3.47
% of change in 

PMR
24.09%; P =.0088b

% of change in 
GMI

47.04%; P =.0006b

t value 1.9082 3.6830 −1.6050
P value 0.0928 0.0062b 0.1472

apaired and independent student’s t test
bstatistically significant at P < .05 

Abbreviations: GMI, graded motor imagery; PMR, progressive 
motor relaxation; SD, standard deviation 
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are affected in these patients. Similar to the findings of our study, 
a single group pre- and post-treatment experimental study was 
conducted regarding the effect of GMI on kinesiophobia and 
pain in institutionalized elderly people with knee OA. The 
investigators concluded that patients who received GMI 
treatment showed improvement in pain and decreased 
kinesiophobia.30 A previous randomized pilot-controlled trial 
assessed the use of GMI combined with PMR in older women 
with knee OA. The researchers concluded that auditory GMI 
with relaxation is an easy-to-use self-management intervention 
that improves the patients’ quality of life.32 

PMR is used to treat various conditions such as 
rheumatoid arthritis,33 cardiac disease, insomnia in cancer34 
and stress.23 PMR has been shown to reduce pain and lessen 
mobility difficulties. The improvement observed with PMR 
may be explained by a mechanism that decreases the 
sensation of pain via the autonomic nervous system and aids 
in reducing the response to stress with reduced skeletal 
muscle contraction.17 Further, it leads to both physiologic 
and psychological relaxation in patients with depression, 
anxiety and stress resulting from chronic pain.35

Similar findings were noted in many previous studies 
conducted to assess the effect of PMR. There is a high level of 
evidence supporting the use of PMR for the relief of chronic 
pain, with statistically significant differences reported in 
favor of relaxation compared with the other treatment types. 
One study investigator concluded that relaxation strategies 
may not have a direct effect on pain, but may be useful in the 
management of other aspects of chronic pain such as coping 
with anxiety, which may have an impact on patients, overall 
well-being and quality of life.36 In a 1999 randomized 
controlled clinical trial of the effect of muscle relaxation 
training on quality of life in patients with rheumatoid 
arthritis, researchers concluded that muscle relaxation 
training might have a short-term influence on health-related 
quality of life and muscle function, but that the training 
should be maintained to achieve long-term effects.33 In a 
similar fashion, our study confirmed that PMR is effective for 
improving mobility and function in patients with knee OA. 

In addition, the combined effectiveness of GMI and 
PMR for the chronic pain and mobility difficulties associated 
with OA was investigated in a 2004 study. The researchers 
found that the treatment group reported a significant 
reduction in pain and mobility difficulties at week 12 
compared with the control group.17 A phasic study was also 
done on GMI with PMR in patients with OA in which audio 
tapes were used for imagery and the effect on the use of pain 
medications, mobility, function and quality of life was 
assessed. In these studies, the investigators concluded that 
GMI and PMR was beneficial in patients with OA.11,17,32 The 
findings of previous studies are in accordance with our 
findings, although in the above study GMI was used in 
conjunction with PMR, and we compared GMI and PMR 
treatment in our study. 

As explained, GMI and PMR are 2 different 
complementary therapies that work via different mechanisms. 

the results indicate that both study interventions were 
beneficial in improving patients’ functional abilities.

Comparisons of the PMR and GMI groups showed a 
significant difference in mean flexion range of motion scores 
(P = .046); the scores in the GMI group proved to be better than 
in the PMR group. For functional WOMAC scores, post-test 
scores were statistically significant (P = .0062); GMI group scores 
were superior to PMR group scores (see Tables  2 and 3).

dISCuSSIon
The objective of this study was to compare the effect of 

GMI and PMR in patients with chronic knee OA. There was 
a significant difference within and between the groups in 
flexion range of motion and functional outcome. Patients in 
the GMI group showed greater improvements than patients 
in the PMR group. 

In this study, GMI was demonstrated to be superior to 
PMR with regard to disability and knee flexion range. The 
improvement observed with GMI in pain and range of 
motion can be explained by a few mechanisms. According to 
one mechanism, neural networks normally involved in 
movement planning and execution are highly active during 
movement imagination.9 In addition, GMI attempts to 
serially normalize central processing to treat chronic pain by 
retraining the brain. Further, observation or imaging as well 
as execution of movements in the GMI process activates the 
neurons of the higher cognitive, which helps reduce pain and 
increase mobility.26 Another study found that mirror therapy 
works by stimulating motor neurons in those areas of the 
brain that have been adversely affected by learned disuse.27 

GMI has been more extensively studied for conditions 
such as complex regional pain syndrome (CRPS), phantom 
limb pain, stroke, etc. In a 2006 randomized controlled trial 
of GMI for pathologic pain like CRPS and phantom limb 
pain, researchers determined that GMI reduced pain and 
disability.24 A 2013 meta-analysis of GMI vs usual 
physiotherapy care found GMI superior in reducing pain, 
suggesting that GMI and mirror therapy alone may be 
effective, with the caveat that further studies are needed to 
investigate the effects of GMI and its components in a larger 
population of patients with chronic pain.28 Another 2017 
review of the literature published between 1990 and 2016 
regarding the effects of GMI and mirror therapy (MT) on 
pain in patients with CRPS type 1 concluded that GMI and 
MT can both alleviate pain and further mentioned that there 
is insufficient evidence to recommend these therapies over 
other treatments due to the small sample size and 
heterogeneity of the studies.29

However, a few controlled studies have been conducted in 
which GMI was assessed for its effect on musculoskeletal 
conditions presenting with chronic pain involvement such as 
distal radius fracture,13 knee OA,30 low back pain,10 etc. One 
study sought to determine whether GMI performance is 
disturbed in patients with painful knee OA. The researchers 
noted that patients with knee pain were less accurate than 
healthy controls,31 confirming that proprioception and accuracy 
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Mirror therapy boosts the confidence of patients with chronic 
conditions since they can imagine or visualize the affected 
extremity moving as well as the unaffected extremity. While 
GMI works on the theory of neural plasticity with feedback 
mechanisms at the cognitive level, PMR modulates pain at 
the level of the autonomic nervous system with psychological 
relaxation. These differences could have led to the finding 
that GMI was better than PMR in knee OA.

Study Limitations
This study had some limitations. No follow-up 

assessment was done in order to understand the carry-over 
effect of GMI and PMR on knee OA. More objective 
outcomes such as proprioception of the knee were not 
assessed owing to the fact that longer duration of the 
interventions is necessary in order to observe any changes. 
Future studies are needed with larger patient samples and 
longer intervention periods in order to validate our results.  

ConCluSIonS
GMI and PMR are effective complementary therapies 

for improving mobility and function. However, GMI was 
superior to PMR in chronic knee OA. Thus, our study 
concluded that GMI along with physiotherapy can be 
considered a treatment of choice in patients with chronic 
advanced knee OA or severe degeneration of the knee. 
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INTRODUCTION 
Sinusitis in recent times has been known as one of the major causes of reduced quality of life and work absenteeism. The air-filled 
spaces present within some bones surrounding the nasal cavities which open through its lateral wall are known as sinuses.1 
A short-term inflammation that lines the nose and surrounding sinuses is known as acute sinusitis. Any inflammation of the nasal 
sinuses which lasts for twelve weeks or more is known as chronic sinusitis.2 Chronic rhinosinusitis (CRS) is a common condition 
that affects the population worldwide. It is more prevalent in places which have high levels of atmospheric pollution, places with 
damp temperatures, and places with high humidity in the climate.3 
 
Khan and Siddiqui reported that the fifth most common disease which is treated with the help of antibiotics is chronic rhinosinusitis. 
Chronic rhinosinusitis holds 46.1% prevalence worldwide.4 In India, CRS affects nearby 5-15% of urban inhabitants, indicating that 

the prevalence of chronic sinusitis is very high; 146 out of 1000 people are affected.5 Pain and discomfort in people with chronic 

sinusitis make them seek additional adjunct therapy.6 It also affects the quality of life of individuals suffering from it and unwillingly 
increases their medical expenditures.7 
 
Subjects diagnosed with sinusitis experience symptoms of pain, nasal discharge, which may or may not be foul- smelling, nasal 
resonance, dry cough, ear fullness, epistaxis, malaise, headache, and fever.8 One of the examination tools for assessing the quality 
of life of patients having sinusitis is the Sino-nasal outcome test (SNOT-22) questionnaire which is specially designed for individuals 
suffering from sinusitis.9 As sinusitis is diagnosed most commonly in clinical settings, it becomes a common reason for general 
practitioners to prescribe antibiotics.10 
 
Physiotherapy is recommended as a treatment approach in sinusitis, including the use of various electrotherapeutic modalities, 
manual drainage techniques, suboccipital release for sinus headaches, kinesio taping, nebulization, stretching of the neck muscles, 
dry needling, and rhino flow therapy.11 Except for the electrotherapeutic modalities, there are few manual therapy techniques that 
have been proven effective in improving the symptoms of chronic sinusitis, though it is biologically plausible that these techniques 
would be effective. Hence, there is a need to study the effectiveness of manual therapy techniques for treatment of chronic sinusitis.   
 
METHODS 
The study is a prospective parallel- arm randomized clinical trial performed on volunteer subjects having chronic sinusitis for more 
than three months and are between 18 and 45 years of age. The study was approved by the Institutional Research and Ethical 
Committee in Belagavi, Karnataka, India. The approval number KIPT/SI No.707/7.08.2020. Subjects signed the written consent 
after which they were enrolled in the study. A written informed consent form was also secured to publish the photographs of the 
subjects with a concealed identity. The trial is prospectively registered under the clinical trial registry of India with trial number 
CTRI/2020/10/028321. 
 
Forty-five subjects who had chronic sinusitis were randomised and allocated into three different manual therapy groups with 15 
subjects each study group. Sample size was calculated using the formula n= Sd2[Zα + Zβ]2/d2 where α value was set at 1.96 and 
β was set at 0.842. Both male and female subjects between 18-45 years of age with chronic sinusitis for more than 3 months were 
included in the study. Subjects in group A received jade stone mobilization, group B received non-abrasive cupping and group, 
and group C received manual drainage technique respectively. (Figure 1)  
 
Subjects included in the study were clinically diagnosed by an ENT surgeon with chronic sinusitis and referred to the physiotherapy 
outpatient department. These subjects had two or more major symptoms, or one major symptom plus two minor symptoms,12 had 
sinusitis for three months or more (frontal and maxillary sinus), were between 18-45 years of age, and were willing to participate 
in the study. Subjects excluded were those having a history of space-occupying lesions or malignancy, involvement of ≥ 2 sinus 
areas, were taking any medications for sinusitis, were performing yoga or pranayama within the last month before the study started, 
were radiologically diagnosed with a nasal polyp, had any neurological or cognitive deficits, and who had any skin allergies or 
diseases.  
 
The outcome measures used in the study were a pressure algometer to assess the pain pressure threshold and the SNOT-22 
questionnaire for assessing QOL. A pressure algometer is a clinical tool used to identify the pressure and/or force eliciting a pain 
pressure threshold.13 The device was held perpendicular to the sinus area being assessed, it was then pressed against the area 
by increasing the force. The principal investigator/assessor who was also a certified physiotherapist stopped increasing the force 
when pain/pressure was felt for the first time by the subject. The unit (kg/cm2) at which the subject perceived the pain was noted.  
The assessment was taken at baseline and post- intervention (6 weeks from the baseline).  
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Figure 1. CONSORT Flow Diagram 

 
The quality-of-life questionnaire specifically designed for sinusitis subjects 14 consisted of 22-item sinus- specific questions which 
were administered to the subjects; the total sum of all items was recorded based on the severity of the subject’s condition and the 
score was calculated. Subjects were assessed at baseline, post 2 weeks, and at follow-up (6 weeks from the baseline). In the 6th 
week, the questionnaire was filled via telephonic communication for the ones who could not attend in- person. 
 
Subjects having chronic sinusitis were screened for inclusion and exclusion criteria and were informed about the aims and 
procedure of the study. Demographic details like age, gender, BMI, and duration of affliction were noted at the baseline.  
 
The subjects in group A were given intervention using a jade stone. They received mobilization over frontal and maxillary sinuses 
using jade the stone mobilization technique. A pea size amount of moisturizer or gel was applied over the sinus area being treated. 
The jade stone was held at a 30- 45-degree angle from the skin surface and the mobilization was done in the direction of lymphatic 
channels towards the tonsillar lymph nodes in order to drain the excess secretions. Not more than 30 strokes were given in one 
treatment session, and after every 5 strokes, 30 seconds of rest interval was given to the patients. (Figure 2a & b).  
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Figure 2a. Application of Jade Stone Manual Therapy for Maxillary Sinus 

 

 
Figure 2b. Application of Jade Stone Manual Therapy for Maxillary Sinus 

 
 
Group B received intervention using non-abrasive cups of 3.5cm×4.5cm size. A pea size amount of moisturizer or any gel was 
applied over the sinus to be treated, vacuum was created into the cup and it was placed over the sinus to be mobilized. Due to 
the vacuum created the cup adhered to the skin which was then slightly lifted and dragged towards the tonsillar lymph nodes in 
order to drain the excess secretions. No more than 30 strokes in one session were administered and a 30- second rest interval 
was provided after every 5 strokes. (Figure 3 a & b).  
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Figure 3a. Application of Cupping Therapy for Frontal Sinus 

 

 
Figure 3b. Application of Cupping Therapy for Frontal Sinus 

 
 
Group C received intervention using a manual drainage technique. For manual drainage of the frontal sinus, the therapist placed 
his/her thumb over the frontal sinuses so as to apply direct pressure and then drained the sinuses by moving the thumb inferiorly 
towards the tonsillar lymph node while staying in front of the ears. This was performed seven times.13 For manual drainage of the 
maxillary sinus, the therapist placed his/her thumb over the maxillary sinuses of the patient so as to apply direct pressure and 
then drained the sinuses by moving the thumb inferiorly until just below the ears towards the tonsillar lymph node. This was 
performed seven times. (Figure 4 a & b). 
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Figure 4a. Application of Manual Drainage Technique for Frontal Sinus 

 

 
Figure 4b. Application of Manual Drainage Technique for Frontal Sinus  

 
 
RESULTS 
For obtaining results the data obtained were entered in a Microsoft Excel spreadsheet, and statistical analysis was performed 
using SPSS version 20. Data were summarized as mean ± standard deviation for continuous variables and categorical variables 
were represented as percentages. The normality distribution of the data was performed using the Kolmogorov Smirnov test. 
Categorical data was compared using the Chi-Square Test. The between- group analysis was done using ANOVA/ Kruskal 
Wallis test. The within- group analysis was done using paired t-test/ Wilcoxon sign rank test/Repeated measure ANOVA followed 
by a suitable post hoc test. p-value<0.05 was considered as statistically significant. 45 subjects were randomised in total with 15 
subjects in each group. During analysis 44 subjects were analysed as there was one dropout in group A (JS).  
Details on descriptive statistics i.e., age, gender, BMI, duration of affection to sinusitis and the baseline characteristics of the 
subjects included in the study is presented in (Table 1).  

 

  



EFFECTIVENESS OF THREE MANUAL THERAPY TECHNIQUES FOR CHRONIC SINUSITIS 6 
 

© The Internet Journal of Allied Health Sciences and Practice, 2022 

Table I. Duration, BMI, Age, and Gender Distribution 

 
SD-standard deviation, n (%)- no. of subjects), X2-Chi square test 

Assessment of pain pressure threshold at frontal sinuses in all three groups showed significant improvement post 2 weeks of 
intervention with the percentage difference between pre and post-test intervention in group A was 19% with P value of <0.0001. 
(Table 2). For group B the percentage difference between pre and post-test intervention was 16.7% with P value of <0.001. (Table 
2). Similarly for group C the percentage difference between pre and post-test intervention was 21% with P value equals to 0.001. 
(Table 2). 

Table 2. Within Group Comparison for Three Study Groups for (Pressure Pain Threshold) using Pressure Algometer on Frontal 
Sinuses 

 
 Group A- Jade stone group, Group B - Non-abrasive cupping, Group C- Manual Drainage, HS- Highly significant 



EFFECTIVENESS OF THREE MANUAL THERAPY TECHNIQUES FOR CHRONIC SINUSITIS 7 
 

© The Internet Journal of Allied Health Sciences and Practice, 2022 

Assessment of pain pressure threshold at maxillary sinuses in all the three groups showed significant improvement post 2 weeks 
of intervention with the percentage difference between pre and post-test intervention in group A was 25% with P value of 
<0.001(Table 3). For group B the percentage difference between pre and post-test intervention was 23.1% with P value of 
<0.001.(Table 3) Similarly for group C the percentage difference between pre and post-test intervention was 20.0% with P value 
of <0.001.(Table 3). The assessment of quality of life using SNOT-22 questionnaire also showed significant improvement in all the 
three groups post intervention with the P values being <0.0001 for all the three groups respectively. (Table 4) Between group 
analysis for all the three groups at frontal and maxillary sinuses in terms of PPT also showed improvement post 2 weeks of 
intervention with their P value of 0.119. (Table 5), Similarly for maxillary sinuses the P value was 0.624 post 2 weeks of treatment. 
While comparing all the three study groups in terms of quality of life (QOL) using SNOT-22 questionnaire the data shows that the 
average P value at baseline was 0.141, from baseline to 2 weeks was P=0.064 and from weeks to 6th week was P=0.0046 this 
indicated that there was high correlation between the study groups from 2 weeks to 6th week post intervention. To confirm the 
findings, post hoc test was performed which indicated Jade stone group (A) and Manual Drainage group (C) post 6 th week of 
intervention had high correlation with P value <0.01. However, there was no significant correlation between jade stone and cupping 
group and cupping and manual drainage group post 6th week of intervention having P values of >0.05 respectively. (Table 6,7). 
 
Table 3. Within Group Comparison for Three Study Groups for (Pressure Pain Threshold) using Pressure Algometer on Maxillary 
Sinuses 

Effect of 
Treatment  

 

Descriptive  Wilcoxon signed rank test 

 

N Mean ±SD 

Change in means  

N (%) Z P Remarks 

Group A 

 
PRE 

15 2.164 0.6512 
 

0.72(25) 

3.213 <0.001 HS POST  
 

15 2.886 0.6837 

Group B 

 

PRE 15 
2.380 0.579 

 

0.66(23.17) 

 

 

POST 2WK 
 

15 3.040 0.599 4.669 <0.001 HS 

Group C 

 

PRE 15 
2.460 0.3488 

 

0.613(20)  

POST  
 

15 3.073 0.308 3.494 <0.001 HS 

Group A- Jade stone group, Group B - Non-abrasive cupping, Group C- Manual Drainage, HS- Highly significant 
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Table 4. Within Group Comparison for Three Study Groups for (quality of life) using SNOT-22 Questionnaire 

Effect of 
Treatment  

 

Descriptive  Repeated measures of ANOVA 

 

N Mean ±SD 

Change in means  

N (%) F P Remarks 

Group A 

 
PRE 

15 37.79 15.900 
 

51.21 <0.0001 HS Post 2 weeks 
 

15 20.80 12.007 
17(45) 

6th WEEK 
 

15 22.93 11.532 
14.8(39.3) 

   

Group B 

 

PRE 15 
39.53 7.836 

 

 

POST  
 

15 24.53 6.081 
15(38) 

77.46 <0.0001 HS 

6th WEEK 
 

15 28.47 5.630 
          11.06(28) 

 

Group C 

 

PRE 15 
43.60 7.557 

 

 

POST 2 

weeks 

 
15 

28.00 5.782 

15.6(36) 

24.87 <0.0001 HS 

6th Week 
 

15 32.00 4.840 
11.6(27) 

 

Group A- Jade stone group, Group B - Non-abrasive cupping, Group C- Manual Drainage, HS- Highly significant 
 
Table 5. Between Group Comparison for all Three Groups on PPT using (Pressure Algometer) on Frontal Sinuses and Maxillary 
Sinus 

 Jade Stone Cupping Manual drainage ANOVA/Kruskal-Walli’s 
test 

P value 

                                 Frontal Sinus 

Mean SD Mean SD Mean SD 

 
PRE 2.664 0.951 2.480 0.393 2.460 0.754 F=0.5503 0.581 

POST  3.300 0.782 2.980 0.355 3.113 0.530 KW=4.256 0.1192 

                                                   Maxillary Sinus 

 

PRE 
2.164 0.651 2.380 0.579 2.460 0.348 F=0.8936 0.417 

POST  2.886 0.683 3.040 0.599 3.073 0.308 KW=0.9410 0.624 

SD- standard deviation, F value= ANOVA, KW= Kruskal Wallis test 
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Table 6. Between Group Comparison for all Three Groups on QOL using SNOT-22 Questionnaire 

SNOT-
22 
 

Jade Stone Cupping Manual drainage ANOVA/Kruskal -Wallis’s 
test 

P value 

Mean SD Mean SD Mean SD 

 
PRE 37.79 15.90 39.53 7.836 43.60 7.557 KW=3.916 0.1411 

Post 2 

weeks 

20.80 12.00 24.53 6.081 28.00 5.782 
F=2.930 0.0647 

6th 

Week 

22.93 11.5 28.47 5.63 32.00 4.840 
F=6.139 0.0046* 

Insignificant 

SD- standard deviation, F value= ANOVA, KW= Kruskal Wallis test 
 
Table 7. Tukey Kramer Multiple Comparisons test for all three groups on QOL using SNOT-22 questionnaire (post hoc test) 

SNOT-22 
 
        Comparison Between Significance Remarks 

 
 
 
 
Post 6th 
week 

Jade Stone Cupping >0.05 NS 

 Manual drainage <0.01 HS 

Cupping Manual drainage >0.05 NS 

NS- Not significant, HS- highly significant 

DISCUSSION 
A randomized clinical trial was performed to evaluate the effectiveness of three manual therapy techniques in subjects having 
chronic sinusitis. The results showed significant improvement in outcome measures post- intervention when compared within and 
between groups. Comparison between groups showed highly significant improvement in QOL at the 6-week follow-up between 
jade stone and manual drainage groups. However, there was no significant improvement between JS and NABC groups and 
between NABC and MD groups. 
 
In the present study, the mean age of the subjects suffering from chronic sinusitis is 23.20 – 25.75 years of age, however, the 
inclusion criteria for the study were subjects between 18-45 years of age. According to a study performed by Lone and Dar, the 
demographics of sinusitis in patients visiting the government hospital in Kashmir show the mean age of patients visiting the hospital 
with sinusitis complaints was 34 years, and 70% of the patients visiting the hospital had chronic maxillary sinuses inflammation.15 
 
The present study recruited participants who fulfilled at least 3 major and 2 minor criteria of the task force classification for 
rhinosinusitis which includes facial pain/pressure, nasal obstruction, nasal blockage, nasal discharge, headache, foul smell, fever, 
and fatigue. These criteria designed by Benninger et al in 2003 are one of the most common criteria to assess and diagnose 
symptoms of sinusitis. A study done by Ansari et al on evaluating the effect of continuous ultrasound for sinusitis used similar 
criteria for their participant recruitment which showed significant improvement in the outcome measures post- intervention.16 This 
justifies the inclusion of the criteria in the present study. 
 
The results of the present study demonstrated significant increase in the pressure pain threshold at post- intervention as assessed 
by a pressure algometer on frontal and maxillary sinuses. The positive effect can be due to the thermal effects produced at the 
sinuses because of the manual therapy intervention that helped in draining the excess secretions that cause inflammation to their 
nearby lymph nodes. This technique in turn helped in reducing inflammation and pain at the sinuses. Thus, it suggests that the 
pressure algometer is a reliable and valid tool for assessing the trigger points and not for diagnosis. A similar study was done by 
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Park G et al in assessing the reliability and validity of pressure algometer in subjects with myofascial syndrome. The conclusion of 
that study was similar to the present study.17 
 
The results of the current study showed that the Sino-nasal outcome test (SNOT-22) questionnaire was proved to be a reliable 
questionnaire in assessing the quality of life of patients suffering from chronic sinusitis. The possible reason for this improvement 
can be a reduction in inflammation of the sinuses which could be due to the therapeutic effect of the three manual therapy 
techniques performed in this study. A similar study supporting the present study analysis was performed to evaluate the benefit of 
the SNOT-22 questionnaire in mirroring the quality of life (QOL) and symptom control for patients with acute rhinosinusitis. In this 
study, the SNOT-22 proved its utility in assessing the QOL and symptom control in allergic rhinosinusitis (AR).14 
 
The literature states that mucosal inflammation leads to blockage of the sinus ostium which in turn causes secretion retention that 
is blocked in sinus cavities. This restriction in the smooth drainage of the secretions leads to inflammation and pain at the paranasal 
sinuses. In the present study, application of the manual drainage technique showed significant improvement in the pain post- 
treatment. The possible reason for this could be that the effect of manual drainage technique produces an effect similar to the 
thermal effect produced by any of the electrotherapy modalities used in physical therapy set up that helps to loosen up the 
secretions which can be later drained into the nearby lymphatic channels. A study partially similar to the present study was 
performed to compare the effectiveness of therapeutic ultrasound (US) versus short wave diathermy (SWD) with suboccipital 
release and manual drainage techniques on subjects with chronic sinusitis showed similar results from their data analysis.13 
 
In the present study, the jade stone group showed significant improvement in the post- treatment assessment in terms of pain 
threshold and quality of life of the subjects suffering from chronic sinusitis. This can be due to a reduction in the inflammation of 
the sinuses and the opening up of the blocked sinuses which improves the drainage of the secretions. The primary reason for this 
kind of improvement is that jade stone is said to be one of the stones of Chinese origin which were used for massage in older times 
and gives a soothing effect; however, there is no such literature supporting this notion. Applying strokes of jade stone over the 
infected sinus areas may loosen up of the secretions and improves blood circulation to that sinus which in turn hastens the healing 
process. A study was done to assess the advantages of massage and stretching when used as an adjunct to other treatments 
whether or not proven effective in reducing the sinusitis symptoms. The results of that study confirmed the effectiveness of massage 
and stretching techniques on subjects having chronic sinusitis.18 
 
A controlled trial performed on baseball players having inflammation of the trapezius was performed to create a quantitative dry 
cupping device that could measure negative pressure attenuation and soft tissue pull-up during cupping in order to quantify soft 
tissue compliance. The results of which showed that there was an obvious lift in the tissue post 4 weeks of intervention; however, 
there was no significant difference in the tissue compliance. The aim of this study was to see the effect of non-abrasive cupping 
on the pain and quality of life of subjects with chronic sinusitis. The result of the present study showed significant improvement in 
the functional status which is similar to the results of the previous study. One of the reasons for this improvement can be the 
petechia or the micro perfusion of the skin which occurs during the cupping intervention. The microvasculature produced increased 
blood flow to the part to be treated in turn increases the oxygen supply to that part which induces faster tissue healing hence 
reducing pain and improving functional status.19 
 
The results of the present study showed significant improvement in all the outcome measures post intervention within the three 
study groups. Also, while comparing between groups, there was an improvement in all the three groups. The jade stone group 
showed slightly better improvement at follow up post 6 weeks in terms of the quality of life of subjects. The possible reason for the 
improvement in all the study groups can be due to the frequent vasodilatation caused by jade stones in the sinuses which increased 
blood flow at the sinuses, increases oxygen supply to the tissues, and reduces inflammation. A similar comparative study was 
done where instrument assisted soft tissue mobilization (IASTM) was compared with stripping massage on subjects having 
myofascial trigger points at the right upper trapezius. The study was conducted for 4 weeks and showed similar results as the 
present study.20 
 
CONCLUSION 
The study is indicative of the use of manual therapy techniques in patients with chronic sinusitis in terms of pain threshold and 
quality of life. This study is the first one to assess and evaluate the effectiveness of three different manual therapy techniques 
individually on subjects with CRS. There were a few limitations experienced in the present study. Due to affordability constrained 
and exposure of the radio waves to the face, the use of advanced radiographic equipment was not possible for assessment. Few 
of the subjects in the non-abrasive cupping group showed increased inflammation at their sinus areas post first intervention session 
and the only subjective outcome measure was assessed at follow-up. 
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In future, various clinical trials can be performed by using the newer advanced physiotherapeutic modalities such as Matrix Rhythm 
therapy or Low-level LASER therapy on subjects with CRS. Also, combination of manual therapy and electrotherapy can be studied 
to assess their effects in sinusitis cases. 
 
The study concluded that all three intervention groups showed significant improvement in terms of their pain thresholds and quality 
of life. When compared between the groups at the 6th week follow-up, a highly significant reduction in symptoms was seen between 
the JS group and MD group, whereas no significant improvement was seen between the other two groups. Hence, the clinical 
implication of the study is that the three novel manual therapy techniques are safe and effective and can be further used as a mode 
of treatment for chronic sinusitis cases. 
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Introduction
Forward head posture is when the head is placed before an imaginary line passing vertically 
from the individual’s centre of gravity (Kang, 2015). Using smartphones, carrying heavy 
school bags, sitting for a long duration in front of a computer screen without appropriate 
desk and chair support, and lack of exercise can cause forward head posture (Lee et al, 
2013; Nam et al, 2013).

Forward head posture is associated with muscle imbalances, which include an increase 
in length of the anterior cervical muscles and a decrease in posterior cervical muscle length 
(Lau et al, 2009; Kang, 2015; Gurudut and Gauns, 2016). If lengthening and imbalance 
in musculature is prolonged, it may negatively affect cervical mobility and decrease 
muscular performance, which is demonstrated by decreased strength or endurance in 
deep cervical flexors (Kang, 2015). 
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Abstract
Background/aims Forward head posture is the most frequent postural deviation in 
typically healthy individuals and is associated with rounding of the shoulders. Prevention 
should be considered when it is at the asymptomatic stage by screening and early 
exercise intervention. The aim of the study was to examine the effects of Bruegger’s 
exercises compared to deep cervical flexor training in asymptomatic participants with 
forward head posture.

Methods This randomised controlled trial included 51 participants with asymptomatic 
forward head posture, who were allocated to one of three groups. One group undertook 
Bruegger’s exercises with an elastic resistance band, another group performed deep 
cervical flexor training with a pressure biofeedback unit and the control group performed 
isometric neck exercises. Outcomes measured were the craniovertebral angle, the 
craniocervical flexion endurance test and the Pectoralis Minor Index, which were 
assessed at baseline on day 1 and at the end of the 3-week intervention.  
Follow-up assessment was undertaken for craniovertebral angle at 6 and 9 weeks 
from day 1 of the intervention. Statistical analysis included paired t-tests, the Wilcoxon 
signed-rank test, analysis of variance and the Kruskal–Wallis test.

Results All three groups showed improvements in craniovertebral angle and 
the craniocervical flexion endurance test when compared between pre- and 
post-intervention. Only those in the Bruegger’s exercises group showed an increase in 
the length of the pectoralis minor according to the Pectoralis Minor Index. Deep cervical 
flexor muscle endurance increased significantly (P<0.0002) for those in the Bruegger’s 
exercises group and deep cervical flexor training group. At the end of the intervention 
(week 3) (P<0.0205) and follow up at week 9 (P<0.0029), individuals in the Bruegger’s 
exercises group had maintained the craniovertebral angle correction for longer than those 
in the deep cervical flexor training and control group.

conclusions Bruegger’s exercises with an elastic resistance band was found to be 
an effective intervention exercise to correct posture from head to scapula and can be 
included in the treatment of patients with postural head and neck issues.

Key words: Endurance; Flexor; Forward head; Neck muscles; Pectoralis minor; 
Posture; Remedial exercise
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According to Janda’s concept of upper crossed syndrome, forward head posture is 
associated with rounded shoulder posture. Rounded shoulders cause the pectoralis minor 
muscle to shorten, protracting the position of the scapula and increasing the length of the 
middle trapezius and rhomboid muscles, which are prime scapular retractors (Borstad, 
2008; Lynch et al, 2010).

Forward head posture can be evaluated by measuring the craniovertebral angle, which 
in participants with forward head posture is 50° or less (Lau et al, 2009; Lee et al, 2015). 
In addition, rounded shoulders can be evaluated by using the Pectoralis Minor Index 
(Borstad, 2008).

People with forward head posture remain largely asymptomatic. From about 6 months to 
1 year from diagnosis, symptoms occur such as headaches, neck pain, temporomandibular 
disorders and scapula dyskinesis (Lau et al, 2009). Preventing these conditions should be 
considered at an earlier stage through screening and early exercise interventions.

For individuals presenting with forward head posture and symptoms, exercises to correct 
posture and improve neck musclature strength include isometric exercises such as chin 
tucks in all directions, which enhance the function of neck musculature by acting against 
gravity to keep the head in line with the body (Gupta et al, 2013). Stretching the tightened 
muscles of the upper trapezius, pectorals, levator scapulae and sternocleidomastoid, 
mobilisation of the cervical spine and interferential therapy, which is a low to medium 
frequency electrotherapy modality applied for pain relief, also help to correct posture and 
improve the strnegth of the neck musculature (Choi et al, 2018). Deep cervical neck flexor 
strength plays an important role in keeping the cervical spine properly aligned. Previous 
studies have focused on increasing the strength of the deep cervical neck flexors using a 
pressure biofeedback unit (Nezamuddin et al, 2013; Kang, 2015). 

Bruegger’s exercises improve cervical and scapular stabilisation, thereby improving 
upper back posture. Performing Bruegger’s exercises strengthens the weak cervical muscles 
by providing stability while reciprocally inhibiting and relaxing the muscles that have 
become tight and shortened because of postural stress (Arumugam et al, 2011; Muscolino, 
2013; Ohio, 2017). 

Although Bruegger’s exercises are suggested by many clinical physiotherapists for 
upper back, neck and lower back pain, clinical trials are lacking that prove their efficacy. 
Further, there is paucity in the comparative studies indicating which technique is better in 
reducing forward head posture. Hence, the aim of the present study was to determine and 
compare the effect of Bruegger’s exercises with an elastic resistance band, deep cervical 
flexor training with a pressure biofeedback unit and conventional isometric neck exercises 
in asymptomatic participants with forward head posture. The authors hypothesised that the 
Bruegger’s exercises and deep cervical flexor training would prove to be more effective 
than conventional isometric neck exercises to correct forward head posture and improve 
deep cervical muscle strength.

Methods
study design and setting
This prospective, randomised controlled trial was conducted in Health Science University, 
Belagavi Karnataka, India, from April 2018 to March 2019.

ethical consideration
The study was approved by the KLE Institute of Physiotherapy, Belagavi Institutional 
Research and Ethics Committee (reference: KIPT/182/14/05/18). Written informed consent 
was obtained from all the participants to use their data and photographs for scientific 
publication purpose before the study started. The trial is registered under the Clinical Trials 
Registry of India with trial number CTRI/2018/07/015117.

sample size calculation
Sample size was calculated based on the effect size of the previous research literature which 
was found to be 51 with 5% of alpha error and 80% of power (Kang, 2015). The formula 
used for the calculation of the sample size was: n=2S2 (Zα + Zβ)

2/d2.
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Participants
Advertisement posters or pamphlets were put up on hostel notice boards at the University, 
inviting the participants to participate voluntarily. A total of 53 participants were screened 
for asymptomatic forward head posture, out of which 51 participants who met the 
inclusion criteria and were included in the study.

Men and women with asymptomatic forward head posture with a craniovertebral 
angle <53° and aged between 18 and 40 years were eligible for inclusion in the study.

The exclusion criteria were set as anyone with symptomatic forward head posture or 
neck problems that presented with conditions including:

 ■ History of neck pain (specific or non-specific) in the last 6 months
 ■ Recent neck surgeries
 ■ Open wounds in the neck region
 ■ Cervicogenic headache
 ■ Neurological symptoms
 ■ Diagnosed cervical spondylosis
 ■ Prolapsed intervertebral disc
 ■ Space-occupying lesion
 ■ Temporomandibular joint disorders.

The exclusion criteria were screened clinically based on detailed subjective (history 
and pain assessment) and objective (movement and functional assessment) evaluations. 
Participants were randomly allocated into three groups: the Bruegger’s exercises group, 
the deep cervical flexor training group and the control group (with 17 participants 
each) using the lottery method (evenly folding chits of same shape, size and colour). 
Demographic details were noted and all outcome measures including craniovertebral 
angle, craniocervical flexion endurance test, and Pectoralis Minor Index were assessed 
on day 1, before the intervention started. The outcome measures were assessed after 
3 weeks, when the intervention ended. Follow up was performed after 6 weeks and 9 
weeks from day 1 of the intervention to assess the maintenance of the craniovertebral 
angle (Figure 1).

Outcome measures
craniovertebral angle
The craniovertebral angle was measured using a digital camera [Sony Alpha a5100 Kit 
– 24MP] that was mounted on a tripod 1.5 metres away from the participant. To ensure 
that the distance between the camera and the participants at every measurement was 
consistently maintained, the floor was marked by applying coloured tape to denote where 
the camera was placed and where the participant should stand. Each participant stood 
barefoot and a lateral view picture was taken from participant’s right side with markers 
placed at the tragus and C7 spinous process. The position of the camera lens was adjusted 
for the height of each participant so that the participant’s head, neck and shoulder was 
central in the frame and the camera lens was in line with the centre of the ear. Using a 
protractor, the craniovertebral angle was measured by drawing a line intersecting from 
the midpoint of the tragus and a horizontal line was drawn that passed through the  
C7 spinous process (Figure 2) (Brunton et al, 2003; Hazar et al, 2015). It is considered 
a very reliable tool with inter-rater reliability of intraclass coefficient correlation 
[ICC]>=0.92, standard error of the mean (SEM)=1.74 and intra-rater reliability of 
ICC=0.90, SEM=1.94 (Salahzadeh et al, 2014).

craniocervical flexion endurance test
The participant lay in a supine position, keeping the cervical spine neutral. A Chattanooga 
Stabilizer Pressure Biofeedback Unit (Chattanooga Group Inc, USA) was placed below 
the occiput region with 20 mmHg pressure after inflation, which was considered as the 
baseline value. Participants were told to remain in a relaxed position and were told to nod 
gently. Each participant was told to perform craniocervical flexion at five different levels  
(22, 24, 26, 28 and 30 mmHg respectively), with a 10-second hold at each level and a 
30-second rest period between each level (Jull et al, 2009). The testing procedure was 
terminated if the participant was not able to hold for 10 seconds at any specific pressure 
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Figure 1. Consort flow chart (CCFET: craniocervical flexion endurance test; CVA: craniovertebral angle; PMI: Pectoralis 
Minor Index).

Assessed for eligibility  
(n=53)

Excluded (n=2) not meeting 
inclusion criteria 

Allocation

Assessed after 3 weeks for 
CVA, CCFET and PMI 

Assessed after 3 weeks for 
CVA, CCFET and PMI 

Assessed after 3 weeks for 
CVA, CCFET and PMI 

Timepoint (T) 0, 
post intervention

Assessed at 6 weeks for 
CVA (n=17) 

Assessed at 6 weeks for 
CVA (n=17) 

Assessed at 6 weeks for 
CVA (n=17) 

Randomised (n=51) 
Using lottery method 

Bruegger’s exercises group  
(n=17)

Control group  
(n=17)

Deep cervical flexor training  
group  
 (n=17) 

Lost to follow up (n=0) 
Drop outs

T1 follow up

Deep cervical flexor training  
group (n=0) 

Bruegger’s exercises group  
(n=0) 

Control group  (n=0) 

Assessed at 9 weeks for 
CVA (n=17)  

Assessed at 9 weeks for 
CVA (n=17)  

Assessed at 9 weeks for 
CVA (n=17)  

Drop outs

T2 follow up

Analysed for CVA, CCFET 
and PMI (n=17)

Analysed for CVA, CCFET 
and PMI (n=17)

Analysed for CVA, CCFET 
and PMI (n=17)

Drop outs

Lost to follow up (n=0) 

Lost to follow up (n=0)

Analysis

level or if the maximum level of 30 mmHg pressure was achieved (Kang, 2015). Interrater 
reliability ([ICC]) for the craniocervical flexion endurance test was 0.91 (95% confidence 
interval [CI] 0.83–0.96) (Arumugam et al, 2011).

Pectoralis Minor Index
Muscle length was measured by first locating two points by palpation: the inferomedial 
aspect of the coracoid process and the caudal edge of the fourth rib from the sternum 
(Borstad, 2008). A 150  mm Vernier calliper (LAS Aerospace, Devon, UK) was used 



5 International Journal of Therapy and Rehabilitation | 2022 | https://doi.org/10.12968/ijtr.2020.0149

ReseaRch

©
 2

02
2 

M
A

 H
ea

lth
ca

re
 L

td

Figure 2. Measuring the craniovertebral angle.           Figure 3. Calculating the Pectoralis Minor Index.

to measure the distance between these bony landmarks. Participants were sitting on a 
chair with hands by the side and were instructed to exhale so that the muscle length 
could be measured without variation in the length of pectoralis minor on the basis of 
chest expansion position. After obtaining the length, one of the authors calculated the 
Pectoralis Minor Index by dividing the resting length of the muscle with the height of 
the participant in centimetres and multiplied it by 100. Both right and left sides were 
measured in the same way (Figure 3). The Pectoralis Minor Index has a good to excellent 
intrarater reliability, with an ICC of 0.96 (Borstad, 2008).

Intervention
Before beginning the intervention, each group was instructed to perform warm-up 
exercises for the neck and shoulder muscles, such as trapezius stretching, and neck and 
shoulder range of motion exercises for 5 minutes. No adverse events were noted for any 
of the participants during these exercises.

Bruegger’s exercise group
Participants were in a seated position with a 2.5-metre elastic resistance band (Boldfit 
Resistance Bands, yellow [light], green [medium], blue [heavy]) wrapped around each 
hand with their palms open. The colour of the band used was decided based on the 
participant’s capacity to be able to take the end position and be able to hold at least for 20 
seconds. The participants were instructed to abduct and extend their thumbs and fingers 
followed by wrist extension and forearm supination. Then, the participants were instructed 
to perform shoulder external rotations and elbow extensions with shoulder abduction, 
extension, and scapular retraction movements, as well as chin tucks (Muscolino, 2013; 
Ohio, 2017; Figure 4).

Each session lasted between 15 and 20 minutes. A total of 15 sessions took place 5 
days a week for 3 weeks. During the first week, participants performed 10 repetitions, 
followed by 15 repetitions in the second week and 20 repetitions in the third week, 
with a 20-second hold time and a rest period of 30 seconds. Since there are no trials 
using the exercise for forward head posture, this particular dosage was prescribed to the 
participants after pilot testing the protocol on five participants, where the efficacy of the 
Bruegger’s exercises, and the effect size along with any adverse effects were assessed 
in asymptomatic individuals with forward head posture on craniovertebral angle and 
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Figure 4. Bruegger’s exercise with elastic resistance band.

craniocervical flexion endurance test. The outcomes of the pilot study were favourable, 
with significant improvement in the craniovertebral angle in degrees (mean difference: 
6.60 ± 2.87; mean percentage difference between pre- and post-craniovertebral angle 
measurement: 16%; P=0.001) and craniocervical flexion endurance test (mean difference: 
3.73 ± 1.28; mean percentage difference between pre- and post-craniovertebral angle 
measurement: 16.28%; P=0.001), while no adverse effects were reported by any participant. 
Dosage in the pilot testing was decided based on protocols of isometric exercises and 
progressive overload principles.

Deep cervical flexor training group
Participants lay in a supine position, keeping the cervical spine neutral. The pressure 
biofeedback unit was placed below the occiput region with 20 mmHg pressure after inflation, 
which was considered as the baseline value. Participants were told to remain in a relaxed 
position and were instructed to perform a slow craniocervical flexion movement (nodding 
motion) (Nezamuddin et al, 2013; Kang, 2015). The craniocervical flexion movement began 
at 20 mmHg with a 10-second hold, with a rest period of 10 seconds in between the levels. 
The pressure was increased by 2mmHg if the patient was able to complete the nodding 
motion. In the first week, participants completed 10 repetitions at 20–22 mmHg, followed 
by 15 repetitions at 24–26 mmHg in the second week and 20 repetitions at 28–30 mmHg 
in the third week. Each session lasted between 15 and 20 minutes. A total of 15 sessions 
took place 5 days a week for 3 weeks.

control group
Participants were in a seated position. They were instructed to perform neck isometric 
exercises, with chin tucks, side flexion, and rotations with their head pushing against 
their palm (Gupta et al, 2013). Each session lasted between 15 and 20 minutes. A total 
of 15 sessions took place 5 days a week for 3 weeks. In the first week, the participants 
performed 10 repetitions of each exercise, followed by 15 repetitions in the second week 
and 20 repetitions in the third week, with a 10-second hold and a rest period of 10 seconds 
between each repetition.

statistical analysis
Statistical analysis was conducted using the Statistical Package for the Social Sciences 
(version 22.0). Data are summarised as mean ± standard deviation for continuous 
variables, and categorical variables are represented using percentages. Pre- and post-
data were compared using paired t-tests and the Wilcoxon signed-rank test. Differences 
in pre- and post-between groups was compared by using an analysis of variance and the  
Kruskal–Wallis test. The Shapiro–Wilk test was used to check the normality distribution. 
P<0.05 was considered as significant.
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Results
Demographic data
The study included five male and 46 female participants, and no statistical difference 
was found between the groups. The mean age of the participants in the Bruegger’s 
exercises group was 23.24 ± 1.56 years, 22.76 ± 1.60 years for those in the deep 
cervical flexor group was and 22.59 ± 1.42 years for those in the control group. The 
mean body mass index (BMI) of the participants in the Bruegger’s exercises group was  
22.26 ± 3.94 kg/m2, 23.31 ± 3.75 kg/m2 for those in the deep cervical flexor training group, 
and 23.03 ± 5.9 0kg/m2 for those in the control group (Table 1).

Within-group comparison
The craniocervical flexion endurance test score was significantly higher after the interventions 
in all groups (Bruegger’s exercises group: P=0.0002; deep cervical flexor training group: 
P=0.0003; control group: P=0.0002) (Table 2). The Pectoralis Minor Index had significantly 
increased post intervention only in the Bruegger’s group (P=0.0003) (Table 2). With 
pairwise comparison at different time points for the three study groups, it was found that 
there was a significant rise in the mean craniovertebral angle at pre- and post-intervention 
time points in the three groups, with the average percentage change being highest in the 
Bruegger’s exercises group, followed by the deep cervical flexor training group and the 

Table 1. Demographic characteristics of the individuals recruited for the study

Factors
Bruegger’s exercises 
group

Deep cervical flexor 
training group Control group P

sex 
Male, n (%) 
Female n (%)

 
1 (5.88%) 
16 (94.12%)

 
1 (5.88%) 
16 (94.12%)

 
3 (17.65%) 
14 (82.35%)

-

Age, years (mean ± SD) 23.24 ± 1.56 22.76 ± 1.60 22.59 ± 1.42 0.4494

Height, cm (mean ± SD) 162.03 ± 6.09 158.79 ± 9.37 157.51 ± 7.61 0.2304

Weight, kg (mean ± SD) 58.12 ± 9.39 57.94 ± 8.14 56.94 ± 13.93 0.9429

Body mass index, kg/m2 
(mean ± SD)

22.26 ± 3.94 23.31 ± 3.75 23.03 ± 5.90 0.7953

SD: standard deviation

Table 2. Comparison between pre and post intervention scores

Outcome variable Time points

Bruegger’s exercises 
group

Deep cervical flexor 
training group Control group

Mean ± SD P Mean ± SD P Mean ± SD P

Craniovertebral angle Pre 43.76 ± 3.31 <0.0001* 43 ± 4.36 <0.0001* 44.71 ± 4.92 <0.0001*

Post 51 ± 5.04 48.71 ± 4.06 49.18 ± 5.57

6 week 48.18 ± 4.61 46.18 ± 4.35 47.24 ± 4.98

9 week 47.53 ± 4.36 44.94 ± 4.45 45.59 ± 4.62

Cranio-cervical 
flexion endurance†

Pre 23.29 ± 1.40 0.0002* 23.76 ± 1.39 0.0003* 23.41 ± 1.37 0.0002*

Post 28.24 ± 1.39 29.06 ± 1.03 26.47 ± 1.94

Pectoralis Minor 
Index right†

Pre 7.55 ± 0.77 0.0003* 7.28 ± 0.71 - 7.35 ± 0.72 -

Post 7.97 ± 0.73 7.28 ± 0.71 7.35 ± 0.72

Pectoralis Minor 
Index left†

Pre 7.55 ± 0.77 0.0003* 7.28 ± 0.71 - 7.35 ± 0.72 -

Post 7.97 ± 0.73 7.28 ± 071 7.35 ± 0.72

*P<0.05 statistically significant; †Wilcoxon sign rank test; SD: standard deviation.
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control group. However, in all three groups, there was a significant reduction in mean 
craniovertebral angle when compared between week 3 (post-intervention) and week 6, as 
well as week 6 and week 9 (Tables 2 and 3). Compared to pre-intervention, the mean of 
the craniovertebral angle was significantly greater at week 6 in all three groups, indicating 
that the angle had been maintained. Further, the mean craniovertebral angle at week 9 
was significantly greater in the Bruegger’s exercises group and the deep cervical flexor 
training group compared to the control group. Thus, it can be interpreted that individuals 
in the Bruegger’s exercises group and the deep cervical flexor training group maintained 
the corrected forward head posture longer than those in the control group (Table 3).

Between-group comparison
For the Pectoralis Minor Index, only those in the Bruegger’s exercises group showed 
an increase in the muscle length (Table 4). Craniocervical flexion endurance test scores 
increased significantly in the Bruegger’s exercises group and deep cervical flexor training 
group than the control group. The craniovertebral angle was significantly greater in the 

Table 3. Comparison of craniovertebral angle in between time points

Time 
points 
(j)–(i)

Bruegger’s exercises group
Deep cervical flexor  
training group Control group

Difference 
(mean ± 
SD)

Mean 
of % 
change P

Difference 
(mean ± 
SD)

Mean 
of % 
change P

Difference 
(mean ± 
SD)

Mean 
of % 
change P

Post–
pre

7.24 ± 3.75 16.61 <0.000* 5.71 ± 1.92 13.57 <0.0001 4.47 ± 2.32 10.07 <0.0001*

6 week– 
post

−2.82 ± 2.92 −5.35 <0.0001† −2.53 ± 1.70 −5.22 <0.0001 −1.94 ± 1.20 −3.85 <0.0001*

9 week– 
6 week

−0.65 ± 2.21 −1.21 0.2441 −1.24 ± 0.97 −2.69 0.0002† −1.65 ± 2.03 −3.34 0.0041*

6 week– 
pre

4.41 ± 3.52 10.19 <0.0001* 3.18 ± 1.88 7.56 <0.0001 2.53 ± 2.24 5.81 0.0003*

9 week–
pre

3.76 ± 2.75 8.64 <0.0001* 1.94 ± 2.13 4.66 0.0018 0.88 ± 2.06 2.17 0.0962

9 week–
post

−3.47 ± 2.32 −6.66 <0.0001* −3.76 ± 1.95 −7.77 <0.0001 −3.59 ± 2.55 −7.05 <0.0001*

Pre: day 1; post: week 3; * P<0.05 statistically significant; †sign test; difference=post−pre ie; difference=(j)−(i); % of change=[(Number at later time ÷ number 
at earlier time) - 1] × 100.

Table 4. Comparison of difference in pre and post intervention scores between the three groups

Variable

Bruegger’s exercises 
group

Deep cervical flexor 
training group Control group

PDifference

Relative 
change 
(%)

Difference 
(mean ± SD)

Relative 
change 
(%)

Difference 
(mean ± 
SD)

Relative 
change 
(%)

Craniovertebral angle Post −7.24 ± 3.75 16.53 −5.71 ± 1.93 13.27 −4.47 ± 2.32 10 0.0205*

Craniovertebral angle week 6 −4.41 ± 3.52 10.08 −3.18 ± 1.88 7.38 −2.53 ± 2.24 5.66 0.1187

Craniovertebral angle week 9 −3.76 ± 2.75 8.60 −1.94 ± 2.14 4.51 −0.88 ± 2.06 1.97 0.0029*

Craniocervical flexion 
endurance†

−4.94 ± 1.43 21.21 −5.29 ± 1.72 22.28 −3.06 ± 1.25 13.07 0.0003*

Pectoralis Minor Index right† −0.43 ± 0.16 5.63 0 0 0 0 <0.0001*

Pectoralis Minor Index left† −0.43 ± 0.16 5.63 0 0 0 0 <0.0001*

Difference=pre-post; *P<0.05 statistically significant†; Kruskal–Wallis test.
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Bruegger’s exercises group and the deep cervical flexor training group than the control 
group at week 6. However, at week 9, the craniovertebral angle had been maintained 
by the Bruegger’s exercise group at a significantly higher value than the deep cervical 
flexor training group and control groups (Table 4).

Discussion
The results of the present study support the authors’ hypothesis since the results 
demonstrated that Bruegger’s exercises were more effective compared to deep cervical 
flexor training and isometric neck exercises in terms of increasing the craniovertebral 
angle and Pectoralis Minor Index both at post intervention and follow-up assessments. 
However, the deep cervical flexor training group showed greater improvement in deep 
cervical muscle endurance than the other two groups. 

Bruegger’s exercises were more effective in maintaining the craniovertebral angle at 
weeks 6 and 9, along with an increase in the length of the pectoralis minor muscle, than 
the other two interventions for three reasons. First, the exercises include maintaining a 
position where the pectorals are stretched and the scapular retractors are strengthened. 
Second, the addition of an elastic resistance band causes co-contraction of both pectoral 
and scapular retractor muscles, leading to improved eccentric control and helping to 
correct postural imbalance (Ohio, 2017). Third, the exercises help to strengthen weak 
cervical and scapular muscles, while reciprocally inhibiting and relaxing the shortened 
muscles (Muscolino, 2013). The individuals in the Bruegger’s exercises group focused 
on correcting scapular posture by stretching their pectoral muscle. However, this scapular 
posture correction was lacking in the other two forms of exercise interventions as they 
did not perform exercises that included scapular movements. The Bruegger’s exercises 
also had an added effect of chin tucks that helped to activate the deep cervical flexor 
muscles. The findings of the present study concur with Waters (2013), who found that 
Bruegger’s exercises, along with spinal manipulation, was effective in correcting the 
postures of patients with low back pain resulting from lower cross syndrome. The author 
explained that Bruegger’s exercises helped to stretch the tightened muscles (low back 
extensors and hip flexors), while strengthening the weaker muscles (abdominals and 
gluteus maximus) by correcting muscle imbalances and bad posture (Waters, 2013).

When there is any damage or impairment in the stabilisers of the posterior neck 
musculature and deep cervical neck flexor muscles, it leads to an improper posture or a 
forward head posture. Thus, training the stabilisers maintains the endurance of the deep 
cervical neck flexor muscles and helps to correct posture (Kang, 2015). The deep cervical 
flexor training group showed an improvement in the craniovertebral angle immediately 
post intervention compared to the control group, but was not able to maintain the effect 
at the 6-week follow up (week 9). This can be attributed to the fact that a specific posture 
was adopted; the chin tuck position was maintained while training with the pressure 
biofeedback unit, which helped to align the participant’s head posture when carrying out 
the exercises. The results of the present study agree with Kang (2015), who found that 
after a 6-week intervention, cervical muscle endurance was greater when training with a 
pressure biofeedback unit, than without using a pressure biofeedback unit (Kang, 2015). 
Further, in the present study, there was no improvement observed in the correction of 
rounded shoulders as assessed by the Pectoralis Minor Index after administering deep 
cervical flexor training and neck isometric exercises, as the indviduals in the deep cervical 
flexor training and control groups focused more on cervical posture correction and did 
not perform any exercises to correct the scapular retractors muscles or shoulder posture.

The control group performed isometric neck exercises and showed improvements 
in terms of increasing the craniovertebral angle. However, it was not as significant as 
the other two groups. The improvement can be explained by fact that these exercises 
focused on chin tucks, which helped to counterbalance the forces of gravity, leading to 
a neutral posture of the head and neck (Gupta et al, 2013). This is the most common 
conventional exercise prescribed by practising clinical physiotherapists (Gupta et al, 
2013). Lee et al (2013) conducted a study to compare strengthening of the deep cervical 
flexor muscles with stretching for 8 weeks on the neck and shoulder posture of 30 high 
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school students. The authors concluded that students who received deep flexor muscle 
strengthening exercises showed greater deep cervical muscle endurance and improved 
neck and shoulder posture.

Limitations
The present study had a few limitations. Asymptomatic individuals were included and 
posture adopted while the participants were working or outside of the exercise period 
was not monitored, which could be a confounding variable. Exercises were performed 
once a day. A twice-daily exercise programme probably would have shown a longer 
maintenance of the correction at follow up. Blinding was not conducted in the study and 
so assessor-induced bias cannot be ruled out. However, the participants were randomly 
allocated to the study groups.

Muscle activity associated with any observed postural changes can be assessed using 
electromyography to gain additional information. Electronic posture assessment tools 
or computer software could be used to assess the craniovertebral angle instead of static 
photographs. Future studies may include people with conditions such as mechanical 
neck pain, postural neck pain and degenerative neck conditions.

conclusions
The study concludes that Bruegger’s exercise with elastic resistance band was more 
effective compared to deep cervical flexor training and isometric neck exercises in 
asymptomatic participants with forward head posture. Bruegger’s exercises helps to 
correct the posture from head to shoulder to scapula and thus can be used to treat patients 
with head, neck and upper back postural issues. Bruegger’s exercises should be included 
as an integral part of neck rehabilitation rather than simple neck isometric exercises.
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a b s t r a c t

Background: Hip adductors are the group of muscles that stabilize the pelvis during weight transfer in
lower limbs in a gait cycle. As the full range of motion is seldomly used, this group of muscles commonly
go into tightness which in turn may be a predisposing factor in development of back pain and knee pain.
Methods: 54 healthy individuals were selected after screening for bilateral hip adductor tightness by
measuring hip abduction range of motion using goniometer. They were randomized to either mobili-
zation with movement (MWM) adductor stretch, myofascial release, or conventional stretching group.
All subjects were assessed pre and post intervention. Outcome measure used were hip abduction range
of motion and bent knee fall out test.
Results: Statistically significant difference was noted between the experimental and the control group in
terms of hip abduction range of motion and bent knee fall out test.
Conclusion: Intervention showed significant results in all three groups; however, MWM adductor stretch
when used in conjunction with conventional stretching has proved to be more effective than myofascial
release with foam roller and conventional stretching in increasing the abduction range of motion and
bent knee fall out test.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

2a) Flexibility of the muscles is an important aspect of normal
human function. Reduction in flexibility has been shown to pre-
dispose a person to several musculoskeletal overuse injuries and
significantly affect a person's level of function (Kage and Ratnam,
2014). Tightness is a slow, non-pathological process occurring
due to shortening or lengthening of a muscle and its connective
tissue in response to the range of motion.2 Hip flexibility is
considered as one of the etiological factors associated with mus-
culotendinous strain. Groin injuries account for 10%e18% of all
football injuries (Cheatham et al., 2015; Ibrahim et al., 2007; Vijay
and Pamela, 2017).

Secondary complications due to underlying pathologies as seen
in cerebral palsy, multiple sclerosis, stroke in bed ridden patients
can also lead to adductor muscle tightness. Other factors which
S.C. Metgud), pamela.dsilva@
mat).
may lead to tightness of hip adductor muscles are postural mala-
lignment, sedentary lifestyle and muscle imbalance (Vijay K et al.,
2017). Excessive hip adductor tightness can create significant
problems in gait, leading to scissors gait. During swing phase, the
limb with adductor tightness may face difficulty in passing the
stance limb causing the individual to stumble over the stance limb
(Vijay K et al., 2017).

Myofascial release (MFR) refers to manual massage technique
for releasing bonds between fascia and integument bonds be-
tween fascia and muscle or bone with the goal of eliminating
pain, balancing the body, increasing range of motion and
stretching the fascia (Shah S et al., 2012; Behara B et al., 2017).
Foam rollers, are placed on the floor and the individual simply
lays the thigh, buttocks, or back on the foam roller and moves
back and forth applying pressure on the area to be stretched
(Shah S et al., 2012).

The concept of Mulligan mobilization has proved to regain
functional movement with application of pain-free accessory

mailto:santoshmetgud@klekipt.edu.in
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glides either through active or passive physiological movements.
Physical therapists specialised and well trained in Mulligans
concept assist in improving movement there by reducing the
restrictions, pain with movement and functional restrictions
(Solanki D et al., 2012).

2 b) In a previous study a comparisonwas done to determine the
effectiveness of mobilization with movement (MWM) adductor
stretch and Muscle Energy Technique, which concluded that a
single application of adductor stretch MWM is better as compared
to muscle energy technique (MET) to release hip adductor tight-
ness, improvemuscle flexibility and balance (Solanki D et al., 2012).
Another study concluded that administration of 5-day intervention
for myofascial release with foam roller has proved to be more
effective than static stretching in releasing hip adductor tightness,
increasing hip adduction range of motion and improving balance
(Vijay K et al., 2017). However, the effect of MWM adductor stretch
and myofascial release with foam roller on hip adductor tightness
has not yet been elicited. There are many studies proving in-
terventions effective on muscles like hamstrings quadriceps, gas-
trosoleus, etc. But there is a paucity of literature on MWM adductor
stretch and immediate effect foam roller in hip adductor tightness.
Hence the purpose of the present study was to compare the im-
mediate effect of MWM adductor stretch, myofascial release and
conventional stretching in asymptomatic individuals with hip
adductor tightness.
2. Methods

2.1. 3a) Design

The study was approved by Institutional Ethical Committee of
KAHER Institute of Physiotherapy, Belagavi. The trial was regis-
tered in the Clinical Trial Registry of India CTRI/2020/05/025474. A
randomized controlled design was used in this study. All the
subjects were screened based on the inclusion and exclusion
criteria prior to their enrolment into the study and were briefed
about the purpose and procedure of the study. A written inform
consent was obtained.
2.2. 4a/b) Participants

A total of 54 subjects were recruited from tertiary care hospital,
Belagavi, Karnataka, India. The inclusion criteria included all
gender subjects willing to participate, aged between 18 and 29
years, with hip range of motion less than 35�. The exclusion
criteria consisted of subjects with previous history of trauma in
last 6 months. Previous history of any pathology at the hip and
spine less than or equal to 6 months, history of low back pain in
the last 6 months, hip joint hypermobility and subjects with limb
length discrepancy.

Recruitment of the participants was done from a tertiary care set
up, Belagavi fromMay 2020 to September 2020. A brief history was
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taken as per the inclusion criteria. The participants meeting the
inclusion criteria were briefed about the study and those willing to
take part in the study provided a written informed consent. The
subjects were allotted into three groups; group A, group B, group C
using chit method.

Group A: Received conventional stretching and MWM adductor
stretch. Subject was in supine with legs on either side of the bed.
Belt was secured on the radial groove of the therapist treatment
arm and traction was applied while the thigh was moved outwards
and the subject was instructed to sit and perform 10 pushups. The
stretch was held for 30 s.

Group B: Received conventional stretching and foam roller. The
therapist demonstrated before the treatment and guided with in-
structions while performing the release. The foam roller was
positioned beneath the adductor muscle with hip in abduction and
external rotation while the subject was in prone lying with body
supported on elbows with 4 sets of 2 repetitionwith 30 s interval in
between repetitions.

Group C: The control group received only conventional
stretching. The subject was in supine on treatment table. The
non-treatment was leg was outside the table with knee posi-
tioned at 90�. The treatment leg was passively stretched with
30 s hold, for 4 set of 2 repetitions with 30 s interval between the
repetitions.
2.3. 6a) Outcome measures

2.3.1. Hip abduction range
Hip abduction range of motion was measured by passive hip

abduction with knee flexed over edge of the plinth test using a
goniometer. The goniometer's fulcrum was placed over the ASIS of
the test limb, the stationary armwas in line with both ASIS, and the
movable arm was placed over the anterior surface of the test limb.
The limb was passively taken to abduction, and the range was
recorded. The measurement of range of motion is a basic exami-
nation procedure that is used frequently in physical therapy
(Cejudo A et al., 2015).

(ICC>0.90); SEM and MDC95 were 2.1� and 5.9�
2.3.2. Bent knee fall out test
The BKFO is a hip flexibility test, involving hip flexion, abduction

and external rotation. The range of movement achieved during the
test was measured by the distance between the knee and the
plinth. Subject's feet were placed together and the subject was
instructed to let both knees fall outside. The vertical distance from
the inferior edge of the fibula head to the surface of the plinth was
then measured on each side. Measurements were made using a
plastic ruler (O'Brien J et al., 2018).

ICC: (95%CI: 0.67e0.96).
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3. Data analysis

12a) All statistical analyses were completed using (SPSS) version
23. The level of significance was set at p< 0.05. The sample size of
the present study was 54 i.e. 18 in each group. Within group
Table 1
Demographic characteristics of subjects.

Variables Group A Group B

Mean ± SD Mean ± SD

Age (years) 22.8 ± 1.09 23.38 ± 1.19
Height (cms) 163.72 ± 9.98 162.51 ± 8.56
Weight (kgs) 54.22 ± 9.80 56.44 ± 7.36
BMI(kg/m2) 20.35 ± 3.79 21.53 ± 2.88
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comparison of hip abduction range of motion and bent knee fall out
test was done using paired sample t-test. Pair wise comparison of
hip abduction range of motion and bent knee fall out test was done
using ANOVA Tukeys multiple post hoc procedures (see Tables 1-5).
Group C f-value p-value

Mean ± SD

23.16 ± 1.33 0.954 0.392
161.35 ± 12.73 0.226 0.798
58.55 ± 9.76 1.032 0.364
22.98 ± 4.84 2.032 0.142



Table 2
Pair wise comparison of groups with ANOVA Tukeys multiple post hoc procedures.

GROUPS PRETEST POSTTEST

Hip Abduction Range of motion on Right Side
Group A Vs Group B 0.878 0.001*
Group A Vs Group C 1.000 0.001*
Group B Vs Group C 0.878 0.001*
Hip Abduction Range of motion on Left Side
Group A Vs Group B 0.059 0.001*
Group A Vs Group C 0.209 0.001*
Group B Vs Group C 0.807 0.004*
Bent Knee Fallout Test on Right Side
Group A Vs Group B 0.562 0.001*
Group A Vs Group C 0.001* 0.001*
Group B Vs Group C 0.002* 0.004*
Bent Knee Fallout Test on Right Side
Group A Vs Group B 0.720 0.001*
Group A Vs Group C 0.001* 0.001*
Group B Vs Group C 0.001* 0.001*

*Significant at 5% level.
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4. Subject’s characteristics(n ¼ 54)

Mean age of the participants in group A was 22.8 ± 1.09 years,
group B was 22.38 ± 1.19years and group C was 23.16 ± 1.33 years.
There was no significant difference between the mean ages of the
participants in between the group.

The mean height of the participants in group A was
163.72 ± 9.98 cms, group B was 162.51 ± 51 cms and group C was
161.35 ± 12.73 cms. BMI of participants in group A was
20.35 ± 3.795 kg/m2, group B was 21.53 ± 2.88 kg/m2 and group C
was 22.98 ± 4.84 kg/m2. This renders all three groups to be
homogenous.
Table 3
Within the group comparison of group A

Variables Side Pre Tes

Mean ±

ABDUCTION RANGE OF MOTION (degrees) LEFT 34.33 ±
RIGHT 34.06 ±

BENT KNEE FALL OUT TEST LEFT 17072
RIGHT 17.85 ±

*Significant at 5% level.

Table 4
Within the group comparison of group B.

Variables Side Pre Tes

Mean ±

ABDUCTION RANGE OF MOTION(degrees) LEFT 33.50 ±
RIGHT 33.89 ±

BENT KNEE FALL OUT TEST LEFT 18.31 ±
RIGHT 18.33 ±

*Significant at 5% level.

Table 5
Within the group comparison of group C.

Variables Side Pre Te

Mean

ABDUCTION RANGE OF MOTION (degrees) LEFT 33.72 ±
RIGHT 34.06 ±

BENT KNEE FALL OUT TEST LEFT 21.25 ±
RIGHT 20.96 ±

*Significant at 5% level.
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Pair wise comparison of hip abduction range of motion bilat-
erally after treatment was done using ANOVA Tukeys multiple post
hoc procedure and it was found to be effective in all three groups
(p-value ¼ 0.001 < 0.005).

Similarly, pair wise comparison between groups by ANOVA
Tukey's multiple post hoc procedure for posttest scores for bent
knee fallout test reported significant improvement across all 3
groups p-value ¼ 0.001 < 0.005.
5. Hip abduction range of motion

On within the group comparison in group A (left side) the % of
change was 48.61 (right side was 61.38, in group B (left side) % of
change was 38.99 (right side) was 29.539 and group C was (left
side) 19.82 (right side) was 28.74.

Within the groups there was statistically significant increase in
overall hip abduction range of motion score. The values pre inter-
vention and post intervention was statistically significant with p
value (p < 0.05).
6. Bent knee fall out test

Comparison of group A (left side) the % of change was 22.877,
(right side) was 34.16, group B (left side) was17.53, (right side) was
1.466 and group C (left side) was 6.397, (right side) was 6.142.

Within group there was statistically significant decrease in bent
knee fallout test score. The values pre intervention and post
intervention was statistically significant with p value (p < 0.05).
t Post Test % change p-value

SD Mean ± SD

0.59 48.44 ± 1.10 48.61 0.001*
0.94 49.22 ± 0.81 61.63 0.001*

± 0.75 12.67 ± 0.77 22.877 0.001*
0.94 12.42 ± 1.00 34.16 0.001*

t Post Test % change P value

SD Mean ± SD

1.20 42.73 þ 1.23 38.99 0.001*
1.02 43.50 ± 1.10 29.53 0.001*
2.80 15.81 ± 2.86 17.53 0.001*
2.97 16.25 ± 2.95 10.46 0.001*

st Post Test % change P value

± SD Mean ± SD

1.27 41.28 ± 1.53 19.82 0.001*
1.11 41.33 ± 1.08 28.74 0.001*
2.62 19.39 ± 2.35 6.39 0.001*
2.14 18.78 ± 2.37 6.146 0.001*
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7. Discussion

To the best of our knowledge this is the first randomized
controlled trial investigating the immediate effect of MWM
adductor stretch, myofascial release and conventional stretching in
asymptomatic subjects with hip adductor tightness. The present
study conducted was a randomized controlled trial that compared
the effectiveness of MWM adductor stretch, myofascial release and
conventional stretching in asymptomatic subjects’ hip adductor
tightness.

The findings of our study revealed that there was significant
improvement in abduction range of motion and bent knee fall out
test in both the groups. Our results alsomatchwith the studywhich
found that MWM and foam roller increases the adductor flexibility.
According to Solanki et al. MWM adductor stretch applied on
adductor muscle had superior effects when compared to MET
technique (Solanki D et al., 2012).

According to the biomechanical concept, MWM corrects the
mechanical malfunction through realignment of a particular
structure and the movement of the limb stretches the muscle
which results in increased flexibility due to changes in viscoelastic
behavior. Whereas, neurophysiological concept states that MWM
causes hindrance of descending pathways causing modification in
central pain mechanism thus alleviating the functional movement
(Vicenzino B et al., 2006).

During foam rolling the constant movement increases the
intramuscular tissue temperature and blood flow, both of which
reported an increase in the viscoelastic property of the muscle. As a
result, tissue becomes less resistant when stretch is applied,
resulting in increase in range of motion. Another theory states that,
foam rolling changes the thixotropic property of the fascia. Fascia
when disturbed with mechanical stress or heat softens and takes
gel like state thus increasing the soft tissue compliance there by
increasing the range of motion (Vijay K et al., 2017; Lim JH et al.,
2019; MacDonald et al., 2013).

A study demonstrated the immediate effect of MWM adductor
stretch and MET in healthy subjects with adductor tightness to
release hip adductor tightness, improve muscle flexibility and
balance which led to significant increase in abduction range of
motion. The result is similar to our study in which also showed
increase in the hip abduction range of motion (Solanki D et al.,
2012).

Another study concluded that myofascial release with foam
roller has been marginally more effective than static stretching in
releasing hip adductor tightness, increasing hip abduction range of
motion and improving dynamic balance. According to Twomey and
Taylor, application of mechanical stress heat, massage or pressure
make the fascia more flexible. During foam rolling, a relatively large
mechanical stress (pressure) from body weight of the subject is
placed perpendicular to the line of muscle and fascia orientation
(Vijay K et al., 2017).

In the present study there was statistically significant difference
in hip abduction range of motion and bent knee fall out test. Group
A i.e. MWM adductor stretch when used in conjunction with con-
ventional treatment showed superior effects when compared to
group B and group C. This suggests that MWM adductor stretch
when combined with conventional treatment may deliver better
reduction of tightness of hip adductors when immediate effects are
intended.

According to the available literature there is dearth of evidence
that states the effectiveness of MWM adductor stretch with myo-
fascial release and conventional stretching protocols.

The result of present study demonstrated that MWM adductor
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stretch and myofascial release with foam roller increases immedi-
ate post intervention adductor flexibility and range of motion.
8. Conclusion

The findings of our present study demonstrated that both the
techniques along with conventional stretching have a great impact
on increasing hip abduction range of motion and decrease in bent
knee fall out test score. Present study states that MWM adductor
stretch, myofascial release with foam roller and conventional
stretching showed significant results. However, MWM adductor
stretch combined with conventional stretching has proved to be
more effective than myofascial release with foam roller and con-
ventional stretching alone.
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Work‑related musculoskeletal 
disorders in tyre factory workers – An 
observational study
Anand Heggannavar, Snusha Naik

Abstract:
CONTEXT: Work‑related musculoskeletal disorders (WRMSDs) are considered major public health 
problems and the leading cause of occupational injury. Activities such as prolonged standing, repetitive 

task, awkward sitting posture, heavy lifting, pulling, and pushing may result in functional impairment 

and pain due to poor working conditions and absence of work injury prevention programs.

AIM: This study aimed to determine the prevalence of WRMSDs in factory workers.
SETTINGS AND DESIGN: An observational study was carried out in a tyre factory in India.

SUBJECTS AND METHODS: Two hundred and fifty‑two (n = 252) male workers aged 21–59 years 
with at least 1 year of job tenure were included in this observational study. The assessment was done 
using the Nordic Musculoskeletal Questionnaire and Rapid Entire Body Assessment (REBA) tool.

STATISTICAL ANALYSIS USED: Data analysis was done using Chi‑square test to calculate the 

prevalence of musculoskeletal disorders.

RESULTS: The most commonly affected body regions of factory workers in 12 months were neck 
and lower back with P = 0.001and P = 0.146, and problems faced in the past 7 days were more 
common in the lower back and neck with P = 0.004 and 0.001, respectively. This study reported the 
highest prevalence in the neck (62.7%) and lower back (54.8%). The REBA tool revealed a majority 
of the workers emerged under the category of high risk.

CONCLUSIONS: The study concluded that neck and lower back regions were found to be more 

commonly affected, and a majority of workers emerged into high‑risk category.

Keywords:
Nordic Musculoskeletal Questionnaire, Rapid Entire Body Assessment tool, work‑related 

musculoskeletal disorders

Work‑related musculoskeletal disorders 
are considered as major public 

health problems and the leading cause of 
occupational injury. It is described as a wide 
range of degenerative and inflammatory 
conditions. These conditions may result in 
functional impairment and pain due to poor 
working conditions.[1‑4]

One of the most commonly used tools in 
the evaluation of musculoskeletal disorders 
(MSDS) is the Nordic Musculoskeletal 
Questionnaire which allows comparisons of 

general complaints of lower back, neck, and 
shoulder.[5,6] Postural analysis techniques 
in the working environment are important 
to rule out the risk of musculoskeletal 
injuries associated with work. Rapid Entire 
Body Assessment (REBA) tool evaluates 
whole‑body postural MSD and risks 
associated with job tasks in which a single 
worksheet is used for evaluation.[7]

There is a paucity of literature on the health 
status of employees working in tyre factories 
in India. Hence, the main aim of the study 
was to determine the prevalence of MSD’S 
in tyre factory workers using Nordic 
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Musculoskeletal Questionnaire and to assess whole body 
for postural MSD’S and risks associated with job tasks 
using REBA tool.

Subjects and Methods

The current observational study was carried out in 
a tyre manufacturing facility. The study included 
256 male workers ranging in age from 21 to 59 years 
old. Workers with at least 1 year on the job[8] were 
included in this study, but those with any underlying 
diagnosed pathological conditions or occupational or 
nonoccupational injuries affecting the musculoskeletal 
system were excluded.[9]

Outcome measures
The Nordic Musculoskeletal Questionnaire is a simple 
questionnaire recognized and validated internationally 
for detecting symptoms in the neck, back, shoulders, 
and extremities. It consists of 28 multiple‑choice 
questions, divided into two parts. The first part focuses 
on symptoms in nine body parts that is the neck, 
shoulders, elbows, wrists/hands, upper back, lower 
back, hip/thighs, knees, and ankles/feet during the 
last 12 months or 7 days. The second part refers to 
symptoms in specific three parts of the body that is 
neck, shoulders, and lower back throughout the subject’s 
working life/7 days beforehand.[5,6,10] REBA divides the 
body into segments to be coded individually; regarding 
movement planes, it provides a scoring based on muscle 
activity caused by dynamic, static, quick‑changing, or 
unpredictable postures, considering that coupling is 
important in the handling of loads but may not always 
be with the hands. It is a subjective method that requires 
minimal equipment that is pen and paper.[7,11,12]

Ethical approval for the present study was obtained from 
the Institutional Ethical Committee (SI. No. 486). The 
study’s goal was explained, and all participants signed a 
written informed consent form. Prior to their enrolment 
in the trial, all subjects were evaluated for inclusion and 
exclusion criteria. All demographic data were recorded 
on the data collection sheet, and each participant was 
assigned a unique serial number. A brief history of the 
professional career was noted after the demographic 
data were recorded. The Nordic Musculoskeletal 
Questionnaire was used for assessment, which was 
delivered as a structured interview, and postural analysis 
was done by observation using the REBA worksheet. The 
prevalence of musculoskeletal problems was calculated 
using the Chi‑square test, and the findings were obtained.

Results

Table 1 displays the demographic characteristics of the 
patients. Male workers aged between 21 and 59 years 

were included in the study, the mean age was found to 
be 39.19 ± 10.22 years. The mean height was 170.58 ± 7.35 
cms. The mean weight was found to be 73.18 ± 10.04 kgs 
and BMI of the workers ranged from16.70 to 36.10 with 
a mean 25.33 ± 3.32 kg/m2.

Table 2 represents trouble in different body regions in 
the last 12 months, 7 days, and prevention from doing 
work for 12 months.

According to the results obtained
Trouble in last 12 months
The Nordic Questionnaire identified symptoms in which 
neck and lower back were most affected regions with a 
prevalence of 62.7% and 54.8%, followed by knees (15.9%), 
shoulders (11.5%), wrist and hands (11.5%), upper 
back (11.1%), and ankle (0.4%).

Trouble for last 7 days
Most affected region was the lower back with a prevalence 
of 47.62%, followed by neck (8.33%), shoulders (7.94%), 
knees (7.54%), and ankle (0.4%).

Prevented from doing work for 12 months
Neck, shoulders, and knees were most significant in 
preventing from doing work with P = 0.001, followed 
by lower back and ankle (P = 0.001), while the other 
components were not affected.

Table 3 represents the musculoskeletal risks in various 
tasks, which were done using the REBA tool.

In this table, majority of the workers emerge under the 
category of high risk that is 54%, which indicates there 
should be a change in the working methods to reduce 
musculoskeletal risks.

Discussion

According to the Nordic Questionnaire, the prevalence 
of MSD’S was common among tyre factory workers and 
showed that the workers had experienced some form of 
musculoskeletal problems during the last few months. 
The results of REBA scale helped to identify the risk 
relating to musculoskeletal injuries, and majority of the 
workers emerged in the high‑risk category. This indicates 
that the tyre factory should be considered as a high‑risk 
industry for developing MSD’S which possesses a great 
deal on changing the working methods.

Table 1: Demographic profile
Particular Range Minimum Maximum Mean±SD
Age (years) 38 21 59 39.19±10.22
Height (cm) 36 152 188 170.58±7.35
Weight (kg) 55 50 105 73.18±10.04
BMI (kg/m2) 19.40 16.70 36.10 25.33±3.32
SD=Standard deviation, BMI=Body mass index
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Musculoskeletal injuries in the tyre factory are common 
and need proper attention. Comparison of the results 
with previous studies conducted by  Choobineh A  et al. in 
2007 indicated that lower back and neck symptoms were 
found to be more common in the present study.[2] Neck 
pain could be attributable to awkward postures which 
was mainly seen in desktop workers who worked on 
computers for more than 5 h and spent most of their time 
in the seated position. The lower back pain prevalence 
was 54.8% among industrial workers, which might be 
due to the heavy physical work done in a prolonged 
standing position, manual handling of materials, frequent 
bending, twisting to lift tyres, and forceful movements, 
which might be relevant risk factors for the onset of LBP 
which was observed in all working units but mainly in 
production and manual material handling. Shoulder, 
wrist, and hand symptoms were seen in 11.5% of the 
workers who were mainly exposed to manual handling, 
pushing, and pulling of heavy objects in the production 
unit. Only 11.1% of workers had upper back pain and 
was seen in workers who worked in accounts and 
human resources units who worked on computers for 
long duration. Usage of heavy footwear by workers 
while walking and constant standing might have led to 
the symptoms in the ankle, which accounted for 0.4%. 
Moreover, when compared to the other study, which 
was conducted by Rita de Cassia Pereira Fernandes Rde 
et al., the highest prevalence was noted in women than 
men where the symptoms were more in distal extremities 
in a woman as compared to men, which was 34.6% and 
11.6%, but this study reported 16% prevalence in the distal 
extremities. The current study was conducted in a factory 
that had only male workers and showed the prevalence 
more in the neck and lower back.[4,13]

Job duties in tyre factories can be considered occupations 
with a risk of developing injuries in different body parts 
producing MSD’S. Thus, general corrective measures 
can be recommended for reducing exposure level and 
risk.

Work‑related musculoskeletal risk assessment in a 
variety of tasks using REBA tool reported that the 
majority of the workers were working with inappropriate 
postures. Results of postural analysis reported that 54% 
of the workers were working at a high‑level risk which 
might lead to work‑related injuries if they continued to 
work in the same posture. Forty percent of those working 
in medium‑level risks can be reduced by providing 
necessary information and corrective measures. 
Education regarding ergonomics and ergonomic 
programs will help workers in reducing musculoskeletal 
injuries at work and will maintain a safe and healthy 
working environment.[14‑16]

Conclusion

This study concluded that neck and lower back regions 
were found to be more commonly affected, and a 
majority of workers emerged into the high‑risk category. 
Providing necessary information and corrective 
postural measures through ergonomic programs 
seemed essential in reducing the musculoskeletal injury 
risk level.
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Table 3: Level of musculoskeletal risk using Rapid 
Entire Body Assessment Scale
Particular Frequency (%)
Low risk 16 (6)
Medium risk 101 (40)
High risk 135 (54)
Total 252 (100)

Table 2: Trouble in different body regions in last 12 months, 7 days, and prevention from doing work for 12 
months using Nordic Questionnaire
Component Trouble for 12 months Trouble for 7 days Prevented from doing work for 12 months

No Yes P No Yes P No Yes P

Neck 94 158 0.001* 231 21 0.001* 223 29 0.001*
One or both shoulders 223 29 0.001* 232 20 0.001* 223 29 0.001*
One or both elbows 252 0 NA 252 0 NA 252 0 NA

One or both wrists and hands 223 29 0.001* 252 0 NA 252 0 NA

Upper back 224 28 0.001* 252 0 NA 252 0 NA

Lower back 114 138 0.146 132 120 0.004* 232 20 0.001*
One or both hips/thighs 252 0 NA 252 0 NA 252 0 NA

One or both knees 212 40 0.001* 233 19 0.001* 223 29 0.001*
One or both ankles and feet 251 1 0.001* 251 1 0.001* 251 1 0.001*
NA=Not applicable, *P < 0.05
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Anemia... An Unwanted Gift to Women...

Editorial

Anemia is a condition when the red blood cell count or 
hemoglobin concentration is below normal. Gender, age, 
lifestyle, and pregnancy status all affect the ideal hemoglobin 
concentration required to meet physiologic requirements. 
Iron deficiency anemia, which is the most prevalent kind 
of  anemia found in women and a major contributor to 
morbidity in this population, is brought on by a lack of  iron.

The World Health Organization (WHO) calculates anemia 
prevalence as having a hemoglobin concentration of  less 
than 12 g/dL for nonpregnant and breastfeeding women 
and less than 11 g/dL for pregnant women, adjusted for 
smoking and altitude. After Benin, Mali, Yemen, and 
Nigeria, India has the fifth highest prevalence of  anemia 
among women of  reproductive age in the world in 2019, 
at 53%, according to the WHO’s control panel.[1,2]

NATIONAL FAMILY HEALTH SURVEY RECORDS

The Union Health Ministry presented the important findings 
of  both stages of  the National Family Health Survey (NFHS), 
which was conducted between 2019 and 2021. The NFHS’s 
fifth edition, known as NFHS‑5, had 6.1 lakh samples from 
all throughout the nation. The prevalence of  anemia in 
women, men, and children was noted in the representative 
survey. After receiving voluntary consent, blood samples 
were taken from all men and women (15–49 years). Severe 
anemia patients were referred to nearby healthcare facilities 
for additional evaluation and management.[3]

According to the results of  the NFHS‑5, there is now more 
anemia among women and children than in the NFHS‑4, which 
was performed in 2015–2016. Anemia rates rise by 1.8% points 
in expectant women, 3.9% points in women of  childbearing 
age, and 5% points in women in their adolescent years. Overall, 
the results of  NFHS‑5 show that the prevalence rates in Kerala 
and some other northeastern states have increased while having 
lower prevalence than in NFHS‑4. In comparison to NFHS‑4, 
the prevalence of  anemia among women and children increased 
significantly in Gujarat, Assam, and West Bengal.[3]

SEVERAL REASONS PREDISPOSE WOMEN TO 

DEVELOP ANEMIA...

Anemia due to heavy bleeding

Historical definitions of  anemia in women have been called 
into question by data from more recent observational 

research. Due to blood loss during menstruation, women 

who have frequent periods run the risk of  developing 
iron deficiency anemia. Women who have longer periods 
and extremely severe bleeding are more likely to develop 
anemia. If  they have heavy periods, women between the 
ages of  12 and 49 years may lose blood once a month. In 
addition, estrogen insufficiency increases the production 
of  hepcidin, which blocks intestinal iron absorption and 
lowers serum iron levels. Hepcidin also prevents adipocytes 
from releasing iron, which raises the iron levels in local 
adipose tissue.

Anemia in pregnancy

Women who are pregnant require 50% more iron than 
usual (27 mg per day). Checking the iron levels of  women 
who are or are planning to get pregnant is crucial. Iron is 

present in prenatal vitamins, which can help avoid low iron 
and anemia associated with pregnancy. The risk of  anemia 
for postpartum women who lose blood during childbirth 

remains high.

Anemia in postpartum period

Anemia in the antenatal period and severe hemorrhage 
brought on by blood loss following birth are the two main 

causes of  postpartum anemia. Life quality is impacted by 

postpartum anemia, which can also interfere with cognitive 
function and emotional stability. In women of  reproductive 
age, it can result in depression, which is a cause of  health 

issues.[4]

Iron deficiency is identified medically

Hemoglobin, serum ferritin, and serum soluble transferrin 

receptor are valid indicators of  anemia that are used to 
determine anemia based on total blood count. Cancer, 

colon polyps, and bleeding from intrauterine devices used 
for birth control can all induce delayed bleeding in women 

that result in iron loss. All of  these factors increase the 

likelihood that the women may experience iron deficiency, 
which can lead to extreme weariness and decreased exercise 

tolerance. It might have a detrimental effect on quality of  
life, which would result in decreased work performance.

Anemia and stress

In comparison to men, women are more prone to 

experience physical & mental signs of  stress, such as‑ 
Headache is reported to be 41% in females as compared 
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to men which is 30% & emotional breakdown is also 
reported to be high in females with 44% than men having 
15%. According to a study, married women have higher 
levels of  stress than single women. One‑third of  the 
sample (33%) of  married women reported having a lot of  
stress in the past month, compared to one in five (22%) 
of  single women.[5]

Anemia and depression

To determine the levels of  stress, anxiety, and sadness in 
females with iron deficiency anemia and how these affect 
their ability to think clearly, a study was conducted. After 
obtaining voluntary, written informed consent, 30 girls 
with iron deficiency anemia and 30 age‑matched controls 
were enrolled. To measure stress, anxiety, and depression, 
the  Depression, Anxiety and Stress Scale‑ 42 (DASS‑42) 
was used. There were also tests of  verbal and spatial 
memory. In women with iron deficiency anemia, the study 
found increased levels of  stress, anxiety, and sadness, as 
well as lower scores for spatial memory.[5]

In a case–control study, the relationship between 
serum ferritin levels and depression was observed. 
A questionnaire to diagnose depression was given to 
192 female medical students in Tehran with a mean age 
of  24.5 ± 1.6 years. Hemoglobin (Hgb) level, folic acid, 
Vitamin B12, erythrocyte sedimentation rate, serum 
ferritin, and C‑reactive protein levels were assessed in 
the subjects. 34.7% of  reported cases were depressed. In 
comparison to healthy students, students with depression 
had significantly lower mean ferritin levels (P = 0.001). The 
study suggests a possible link between depression and a 
drop in ferritin levels before an episode of  anemia.[6]

Certain kinds of  anemia are becoming more prevalent in 
Uttarakhand, Haryana, and Jharkhand. The Jharkhand 
Health Department launched an action plan for pregnant 
women, nursing moms, and kids to tackle anemia. Anemia 
Mukt Bharath, a 2018 National Health Mission initiative, 
was given priority as a part of  the Intensified National Iron 
Plus Initiative Program. The plan’s objective was to offer 
medications for micronutrients such as calcium, Vitamin A, 
Iron & Folic acid (IFA), and albendazole. Similar to the 
Center’s Anaemia Mukt Bharat programme, Haryana 
introduced the Anaemia Mukt Haryana programme 

under the “Atal Abhiyaan” (Assuring Total Anemia Limit 

Abhiyaan) initiative in 2019. This program aims to reduce 
anemia in all age groups.

MORE COMPREHENSIVE DATA ON ANEMIA IS 

NEED OF THE HOUR

Despite all programs and attempts, women of  all ages 

are still at risk for anemia. To further reduce anemia, 
a variety of  actions including increased awareness and 
education, improved food choices and nutrition, and 
IFA supplementation during pregnancy and lactation are 

essential. Although iron deficiency is the most frequent 
cause of  anemia, other disorders also need to be diagnosed 

and treated. To comprehend the severity of  the ailment 
and guarantee that the essential medical interventions are 
implemented, it is crucial that data on epidemiology be 

made accessible.

CONCLUSION

Thus, it can be said that women are anemic at any stage 

of  their lives: whether it be from menstrual bleeding 
disorders, prepregnancy iron deficiency, pregnancy 

anemia, postpartum anemia, stress and depression in the 

premenopausal stage, or anemia caused by hormonal 

imbalance in the postmenopausal stage. There is a need 

for well‑designed clinical studies with strong and reliable 
epidemiological data because, according to the national 

guidelines, the recommendations for treating iron 

deficiency anemia are not backed by high‑quality evidence.
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Review Article

INTRODUCTION

Intelligence is the ability to acquire and apply knowledge 
and skills. Artificial intelligence (AI) is pointless without 
human intelligence. The human brain has the greatest 

ability to relentlessly keep trying to design technologies that 
could mimic the human brain with all its functions to its 

optimum. AI is a dynamic part of  computer science that 

aims to create systems that replicate human intelligence 

and is useful in a wide range of  human activities, including 
medicine. Hence, it is no surprise that technology plays a 

key role in improving medical and health outcomes. In a 
viable manner, AI is said to be a computer system that 
demonstrates specific aspects of  the human brain with 

all cognitive behaviors such as learning, reasoning, and 
problem‑solving. Thus, AI is a collection of  intelligent 
processes and behaviors developed by computers.[1] In 

humans, intelligent agents such as the upper and lower 

limbs including the mouth and other body parts that 

serve as effectors, following instructions. In robotics or 
camera, robotic agents and infrared range searchers serve 
as effectors.[2] Enhanced optimizing computers usage 
and its accessibility to enormous data of  a wide range of  

advanced computations models along with algorithms 
including machine learning, language processing, and 

voice technologies have led to provide near precision data 
with better clinical evidence for various medical diagnoses, 
treatment options, and decision including medical research 

and wide spectrum of  the entity of  health‑care developing 
system.[2]

Artificial intelligence (AI) is a collection of intelligent processes and behaviors developed by computer models 
and technology. Health organizations have initiated the partnership with various technology companies 
to enhance the usage of AI in the health-care sector. It is now widely used in various medical applications 
such as the disease treatment, screening, diagnosis, prognosis, and rehabilitation. Human intelligence in 
conjunction with intelligent algorithms has shown to be helpful in better clinical practice. The technology 
and methods described in this study are some of the features that open up fields for improving rehabilitation 
services and research in the health-care system. Newer technologies are always trying to connect the human 
brain and computer, so the “AI brain” may contribute to improve health-care services in a quality manner 
including to all rehabilitative professionals, caregivers, and clients.

Keywords: Artificial intelligence, Intelligent prosthesis, Rehabilitation, Virtual game
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HISTORY OF ARTIFICIAL INTELLIGENCE

The first attempts at AI and its use in medicine were made 
in the 1950s, with an emphasis on diagnosis and therapy. In 
1956, Marvin Minsky and his team hosted an approximately 
8‑week‑long Defence Advanced Research Projects Agency 
at Dartmouth College in New Hampshire, and the word 

“AI” was formally coined. Stanford’s Ted Shortliffe and 

his innovative software MYCIN were among the most 
well‑known early studies on AI in medicine. MYCIN was used 
in the prescription for antibiotics and its selection in various 
infectious disorders. Stanford, MIT, Rutgers, and Pittsburgh 
in the United States and a few facilities in Europe were among 
the early academic centers working on AI in medicine.[3] In 

2005, Szolovits conducted one of  the first planned educational 
endeavors on the expanding field of  medical AI at MIT, USA. 
In addition to standard expert systems, fuzzy logic and neural 

networks were popular AI approaches during this time, with 
the latter being employed in a number of  clinical contexts such 

as clinical diagnosis and treatment planning.[1]

APPLICATION OF ARTIFICIAL INTELLIGENCE IN 

HEALTH CARE

With a wide range of  AI tools and platforms available in 
recent times, numerous health organizations have initiated 
collaboration with technology companies to enhance the 

usage of  AI in the health‑care entity.[4]

ARTIFICIAL INTELLIGENCE AND ITS 

APPLICATIONS INCLUDING REHABILITATION

Artificial intelligence in various diseases

AI is widely used in various medical applications including 
the disease management and screening, diagnosis, prognosis 

estimation, and therapy. It has recently gained a lot of  

attention due to its benefits in health and chronic illness 
management including cancer, diabetes mellitus, coronary 

artery diseases, stroke, and other neurodegenerative 
diseases. One of  the important applications of  AI includes 

patient monitoring, guidance, and status assessment. This 

has also led to AI applications in areas including mobile 

computing with the goal of  creativity and providing 
improvement in disease management services. It has also 
known to have a wide application of  using AI in chronic 
respiratory disease and lifestyle management. ResApp has 
shown to use mobile phones to monitor patient breathing 

and provide an assessment for a variety of  lung disorders 
and other chronic respiratory diseases. AI system uses the 

integration of  geographical, clinical data that is combined 

with sensor‑based computational technology in the form 
of  various wearable devices to manage and control various 
chronic conditions.[4]

AI has shown to be useful in monitoring oxygen saturation 

levels in critical care patients and enhancing optimal 
hospital services.[5] It also has a positive effect on the 
treatment adherence rate in stroke patients who are on 
anticoagulant therapy.[6] AI has also been found to have a 
wide range of  use in cancer research including detection, 

invasive to deeper tissues, prognosis, and therapeutic 
guidance. Breast cancer, head‑and‑neck cancers, and liver 
cancers are some of  the cancers that have found the wide 
application of  AI.[4]

Ambient intelligence

Ambient intelligence (AMI) is a type of  AI that includes 
surroundings that are aware and respond to human 

presence. This system are integrated in a patient’s home 

and the priorities of  patients. This analysis is the real 

time of  the individual in terms of  his/her geographical 
location within the given environment including the time, 
his/her physical environment including home/office or 
rehabilitation setting capturing the individuals’ needs and 
function [Figure 1].

Speech recognition, natural language processing, eye and 

facial tracking, and gesture recognition are all examples 
of  naturalistic ways for operators to communicate with 

intelligent equipment. People with physical or visual 
impairments can use verbal interaction to communicate 
with and operate gadgets. Users of  respirators can use 

eye trackers to execute the same. It has shown to be of  
great use in critical health conditions such as performing 

resuscitation or fall detection.[6]

Applications of artificial intelligence in wearable 
gadgets and mobiles

Wearable devices such as smartwatches and intelligent 
mobiles have become ideal footboard to collect health‑related 
data and contextual data useful for rehabilitation purposes. 

This has the advantages of  being in physical contact with 
wearers for a longer duration who can be easily engaged 

using a touch sensor.[7] Wearable gadgets are known to 
possess fall detection systems with sophisticated sensors 

that are designed to detect falls and alert users, medical 

personnel, and caregivers. Health‑related information 
point‑of‑use tools, clinical decision support tools, medical 
imaging, and mood and behavior trackers such as pain 
or incontinence dysfunctions find an increased range of  
accessibility in rehabilitation services using AI in a wide 
range of  patient population[8] [Figure 2].

Intelligent virtual agents

These are animated computers with virtual characters 
that looks like a human or in any form. This is supposed 
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to contain software that enables the virtual imaging 
to communicate with the individual through text or 
chat that could also interpret, reason, and occasionally 

express emotions too.[9] Changes in physical appearance, 

mannerisms, accents, and traits as per the cultural norms 

could all aid the system in improving the rapport with 
patients in better rehabilitation outcomes.[10]

Application of virtual and augmented reality games for 
artificial intelligence rehabilitation

People can use virtual reality (VR) to immerse themselves 
and can interact with a three‑dimensional simulated 
environment. It may also be used to build a virtual human 
being or virtual living forms with which an individual can 
communicate within the virtual world.[11] VR allows for 
the creation and management of  environmental stimuli 

in therapeutic applications, allowing for the practice and 

recording of  behavioral responses for clinical evaluation 
and treatment goals.[9]

In augmented reality, digitally generated VR can be placed on 
a live “actual world” video picture. This makes information 
about the user’s immediate environment available for 
involvement and digital editing, enhancing the participants’ 
way of  thinking. VR in augmented reality approaches 
has been implemented to improve motor skills, pain 
management, and stroke rehabilitation.[12] In traumatic brain 

injury (TBI) patients, the implication of  VR was found to be 
effective in improving memory training. VR has shown to 
be a beneficial tool for studying, assessing, and rehabilitating 
cognitive processes and functional capacities. Individuals 
with neurocognitive diseases and behavioral difficulties as the 
consequences of  TBI may benefit from these applications.[11]

Virtual games have demonstrated to be beneficial in 
the management of  pain, improvement of  cognition 
and behavioral abilities, rehabilitation services, and the 
physical training of  patients in health‑care development.[10] 

Game‑based virtual therapy environments and processes 
have the ability to be personalized as per the patients’ needs. 
Levels of  play, reward structures, NPCs, and the general 
game storyline are adjusted to offer the participants with 

the best learning and training experience possible.[9] The 

VR was found to be effective in improving quality of  life 
and also enhancing the proprioception in the knee joint 
after total knee replacement surgery.[13]

Intelligence prosthesis

The Rheo and the power knees were designed by Ossur in 
2006, which has a built‑in AI system. In 2011, he unveiled 

Figure 1: Interconnected world of AMI health services[6]. AMI: Ambient intelligence

Figure 2: Portable medical and health‑care devices are worn on the 

body parts[9]
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the first mechanical leg with automation, whereas Ottoock 
unveiled the Genium X3 which allowed reverse Walking 
and provide easy and accessible mobility throughout 
the gait training. This intelligent prosthesis has shown 

to have seven sensors and four  central processing unit 
(CPU), distributed throughout the leg’s body which senses 

and evaluates data on the user’s movement/activities 
and surroundings to enable the natural synchronized 

movement of  the lower limb.[2] In 2009, a brain‑computer 
interface‑based hand orthosis was created that employed 
a cursor control interface and a basic linear discriminant 

analysis classified to divide electroencephalogram signals 
into three states: right, left, and nil, with related commands 
of  various hand movements.[14]

Applications of artificial intelligence in wheelchair

The artificial neural network is being used in machine 
learning and in intelligence technology in advanced 
wheelchair to improve patients’ well‑being. The advanced 
wheelchair model is controlled by hand signal which uses 

the recurrent neural network in the remote control.[2] In 

stroke patients after discharge, at home, the AI‑intend 
wheelchair was very helpful for the patient as it allows 
them to do activities independently without burdening the 
caregiver and also it enhances the quality of  life.[15]

Medical robots

Traditional surgery is an invasive procedure and has 
increased postoperative complications. AI‑assisted surgery 
can cut down on hospital stay and reduces postsurgery 

infections. The Neuro surgeons selects a goals and direction 

on a preoperative medical image with the help of  medical 
robots, and the robot guides the instrument into position 

with precision, as well as guiding needles for biopsy and 

guiding drills to form burr holes.[16] In an orthopaedic 

surgeries, robotic systems help in bone resection which 

has a positive effect on maintaining the proper alignment 
of  the implant with bone and improving the contact area 
between implant and bone and enhancing the functional 

outcomes of  a patient.[16] In physical rehabilitation training, 

robotics are used to assist stroke patients, senior care, and 
transfers of  medical essential aids and instruments.[17]

Physically assistive robotics and robotic exoskeletons

Robots have been utilized widely in physical rehabilitation 
applications across a wide range of  clinical fields, 

including assisting patients in restoring motion after a 

stroke, enhancing or replacing lost function, and assisting 
mobility.[18] Researchers and rehabilitation professionals 
have paid increased attention to rehabilitation robots over 
the past decade. The use of  a rehabilitation robot can 

relieve clinicians of  time‑consuming training activities, 

analyze data collected by the robot throughout the 

training process, and assess the patient’s rehabilitation 

progress.[18] The use of  robotic‑assisted machines like 
continuous passive motion (CPM) was found to be 
effective in treating shoulder pain in stroke patients.[19] 

Robotic exoskeletons aid in the functioning of  the upper 
extremities. Four control modes are commonly considered 

in the rehabilitation of  motor or neuromotor function. 

First, the robotic exoskeleton provides all essential 
movement to the extremity in the active control mode 
later in the passive mode it will allow the movement. The 
assistive mode (15%) partially assists the limb’s movement, 
whereas the resistive mode provides opposition to the limb’s 
movement. This robotic exoskeleton are helpful in treating 
stroke patients by enhancing neuronal regeneration.[20] All 

of  these monitoring types is integrated into the therapeutic 

programs and deliver a variety of  clinically or verifiable 
results. Rehabilitative robots are effective in observing the 
patient at home when physical therapist is unable to assist 

them physically approach them. It is also helpful in relieving 
the therapist’s burden when giving the exercises to a group 
of  people[21][Figure 3].

Treadmill‑based exoskeleton robots

This type of  rehabilitative robotics connects the human 
body in a wearable method which controls the body 

movements during rehabilitation. Like Lokomat exoskeletal 
robotics used for lower limb training are basically used 

for gait training that helps individuals to complete 
the walking activity[22] [Figure 4]. The primary goal of  

rehabilitation training is to restore patients’ lower limb 

motor functions. As a result, a normal gait pattern is 

required as a reference input to the control system, a 

training goal, and a rehabilitation evaluation standard 
during rehabilitation training.[23] Other treadmill robotics 

have a weight harness with a lower limb exoskeleton which 

Figure 3: Rehabilitation exoskeleton[23]
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is useful to mobilize the elderly and patients with lower limb 

dysfunction. Patients’ lower limbs are dragged for CPM 
for passive training in the early phases of  rehabilitation, 
which can effectively keep joints flexible for a long period. 
Position control, on the other hand, ensures that the 

robot can precisely follow the required position.[24] These 

rehabilitation robotics help to decreased the therapist’s 

workload in terms of  energy efficiency during training, 
evaluation, and assessing recovery.[21]

CONCLUSION

All individuals including physical therapists within various 
health‑care industries and health organizations should 
be ready to collaborate and work together to effectively 
utilize AI to make it a success in patient care with smarter 
decision‑making skills. More rehabilitation conferences 
should be held to improve communication and enhance 
learning among researchers and academics about the 

AI to understand its impact and utilization in patients’ 

care. Robotic values will govern the standard operating 
procedure of  robots in therapeutic settings, rather than 

relying on the personal knowledge of  physical therapists. 
Human intelligence in collaboration with an intelligent 

algorithm can help in better clinical practice and patient 

care. This also requires humans to evaluate machine 
recommendations, dispense authority to them, and control 

them. Therefore, learning to implement AI in rehabilitation 

is very crucial for quality services since the use of  AI‑based 
technology is likely to increase in the near future.

In an intelligence era, the human connection will be the 

absolute key to success, and we must accept every chance 
to improve our ability to care for one another, learn 
successfully over the course of  our lives, and develop 

creative solutions to the challenges that matter to us. After 
all, “there is no limit of  human intelligence, imagination, 

and wonder.”
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INTRODUCTION

In December 2019, an outbreak of  pneumonia with 
an unexplained cause was confirmed in Wuhan, Hubei 
Province, China. Inoculation of  respiratory samples into 
human epithelial airway cells resulted in the isolation 

of  a novel respiratory virus whose genome sequencing 

indicated that it was a novel severe acute respiratory 
syndrome coronavirus (SARS‑CoV)‑related coronavirus 
and was thus referred to as the SARS‑CoV‑2.[1] The 

World Health Organization (WHO) announced a global 

coronavirus disease (COVID‑19) pandemic on March 
11, 2020.[2] Coronaviruses are enveloped, positive, large, 
single‑stranded RNA viruses infecting humans, along with 
a wide variety of  species.[3] SARS‑CoV‑2 is transmitted 
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follows other viral infections; many of the hospitalized persons with a moderate to severe form of COVID-19 
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primarily through aerosols released by infected people when 

they speak, cough, or sneeze.[2] So far, observation indicates 
incubation time of  5 days on an average and a median 
incubation period of  3 days (range: 0–24 days).[3] The 

clinical conditions include acute onset of  fever plus cough 
or acute onset of  three or more signs or symptoms such as 

fever, cough, myalgia, odynophagia, dyspnea, and fatigue.[4] 

COVID‑19 involves the affection of  many systems with 
typical extrarespiratory problems, affecting the structures 

of  the heart, kidney, gastrointestinal, nervous, endocrine, 
and musculoskeletal (weakness, pain, and fatigue). Severe 
cases are moved to intensive care unit, and artificial 
ventilation is often needed.[5] Risk factors include higher 
age, hypertension, kidney and heart damage, diabetes, 
smoking, a higher body mass index (BMI), weak immune 
system, cardiovascular diseases, and other demographic and 
lifestyle changes.[6] Fatigue is a multifaceted health problem 

that includes breathlessness, cognitive dysfunction, and 
psychological distress. Chronic fatigue was observed in 
SARS patients even a year after infection. Because of  their 
related symptomology, COVID‑19 has been linked to 
SARS.[5] Health‑related quality of  life (HRQoL) is defined 
as the subjective feeling by patients of  the multidimensional 
effect of  a disease.[7] QOL is a much broader concept 
that encompasses both medical and psychosocial aspects, 

such as daily living patterns, instrumental behaviors, 
psychological well‑being, social functioning, and health 
status perception, distress, and overall life satisfaction.[8] It 

is known that lasting fatigue follows other viral infections 
such as infection due to Epstein–Barr virus, herpesvirus, 
human immune deficiency virus, or even the original 
SARS virus.[9] Many of  the hospitalized persons with a 
moderate to severe form of  COVID‑19 illness, report 
residual symptoms contributing to activity limitations. 
This has been a matter of  much speculations because the 

day‑to‑day activities of  the individuals would be affected.[5] 

The population getting affected by COVID‑19 is increasing 
over time in India. This study intends to assess fatigue 
and QOL in post‑COVID‑19 subjects 2 weeks after 
discharge. As there is a paucity of  literature in this area 

of  study, performing this research can help in planning a 

rehabilitation protocol.

SUBJECTS AND METHODS 

The design of   the present study was an observational design 
with convenient sampling. The present study was endorsed 
by the ethical committee of  the institution. Subjects were 

taken from tertiary care hospitals. The main motive of  
the study was elucidated and verbal informed consent was 
acquired from the subjects who fulfilled the inclusion and 
exclusion criteria. A total of  316 subjects were recruited 

and contacted through phone calls. Inclusion criteria 

were (1) post‑COVID‑19 subjects, 2 weeks after discharge, 
and (2) both males and females between the age group of  

19 and 60 years. Participants were excluded if  they were (1) 
COVID‑19‑positive subjects, having mild symptoms, and 
who were home quarantined and (2) unwilling to participate. 

Brief  demographic data was obtained from the subjects 
before administering the Fatigue Assessment Scale and 

WHOQOL‑BREF questionnaires [Figure 1]. 

RESULTS

The statistical work for this thesis was performed 
manually as well as using the Statistical Package of  Social 
Sciences (SPSS) version 23  (SPSS for windows, Armonk, 
NY: IBM corp., USA) to validate the findings. For this 
reason, data was entered into an excel spreadsheet and 

tabulated, and statistical analysis was performed. Various 

statistical measures such as mean and standard deviation 
and descriptive statistics such as percentage analysis and 
Pearson’s correlation test were used. Table 1 represents 

demographic characteristics of  the study participants. 

The subjects in this study ranged in age from 19 to 
60 years. The mean age of  the subjects in the study was 
42.47 ± 13.15 years. The average BMI of  the participants 
was 24.27 ± 2.89 kg/m2. The mean hospital stay was 9.69 
± 3.08 days. Table 2 represents the statistical notable link 
between fatigue and all domains of  QOL (P < 0.05). 
It also represents the statistically significant correlation 
between fatigue and hospital stay. Table 3 represents a 

Table 1: Demographic characteristics of post COVID-19 

subjects

Particular Mean±SD

Age (years) 42.47±13.15

Height (m) 1.63±0.08

Weight (kg) 64.67±8.61

BMI (kg/m2) 24.27±2.89
Hospital stay (days) 9.69±3.08

SD: Standard deviation, BMI: Body mass index

Table 2: Comparison of fatigue with Hospital stay and health 

related quality of life in subjects discharged from hospital 

following COVID-19 infection using pearson correlation 

analysis

Variable X Variable Y r P Result

FAS score DOMAIN1 

(physical health)

−0.140 0.013* Significant at 5%

Nonlinear association

DOMAIN2 

(psychological)

−0.301 0.001* Significant at 5%

Nonlinear association

DOMAIN3 (social 

relationships)

−0.314 0.001* Significant at 5%

Nonlinear association

DOMAIN4 

(environment)

−0.330 0.001* Significant at 5%

Nonlinear association
Hospital stay 0.160 0.004* Significant at 5%

Linear association

*P<0.05 statistically significant, FAS: Fatigue Assessment Scale
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statistically significant association between fatigue and 
the following symptoms: breathlessness, chest pain, and 
body pain. The table also represents a linear correlation of  

fatigue with hypertension and diabetes (P < 0.05). Table 4 

shows that age was negatively associated with HRQOL 
and positively associated with fatigue (P < 0.05). Table 5 

analysis demonstrated that being overweight was linearly 

associated with fatigue and negatively associated with 
QOL (P < 0.05).

DISCUSSION

In the present study, the mean age was 42.47 ± 13.15 years. 
The mean BMI of  the subjects in the study was 
24.27 ± 2.89 kg/m2. A similar study titled impact of  

COVID‑19 pandemic on mental health and QOL 
among local residents in Liaoning Province, China: 
A cross‑sectional study suggested a mean participant age 
of  37.7 ± 14.0 years and a mean BMI of  22.9 kg/m2, 

indicating normal BMI.[10] As the study was conducted 

in China, there is a difference in ethnicity, culture, diet, 

physical and psychological stressors, environmental factors, 
and socioeconomic factors amongst the Chinese and Indian 

population. The results of  the present study suggested that 

there statistically significant between fatigue and QOL. 
Fatigue was significant and inversely proportional to all 
the domains of  WHOQOLBREF. A prospective cohort 
study of  131 COVID‑19 patients discharged from a Wuhan 
hospital showed that 86% were symptom free 3–4 weeks 
after discharge, only 1.5% had breathlessness, and 0% 
had fatigue. The population in this sample was younger 

and had less comorbidities than the one in the present 

study.[11] The present study’s results are close to those of  

the Italian COVID‑19 postacute care study. According to 
the Italian COVID‑19 post‑acute care report, at least one 
symptom remained in 87.4% of  patients who recovered 
from COVID‑19, especially fatigue and dyspnea.[12]

The present study showed that most patients who 

needed hospitalization for COVID‑19 infection reported 
fatigue even after discharge. The mean hospital stay was 
9.69 ± 3.08 days. The hospital stay was directly related to 
the amount of  fatigue experienced by the subjects; the more 

Table 3: Comparison of fatigue with symptoms and 

comorbidities in subjects with post-COVID-19 infection using 

Pearson’s correlation analysis

Variable X Variable Y r P Result

FAS score Breathlessness 0.208 0.001* Significant at 5%

Linear association

Cough −0.105 0.061 Nonsignificant at 5%

Nonlinear association

Fever 0.004 0.939 Nonsignificant at 5%

Linear association

Chest pain 0.176 0.002* Significant at 5%

Linear association

Body pain 0.110 0.050* Significant at 5%

Linear association

Weakness 0.005 0.925 Nonsignificant at 5%

Linear association

Diabetes 0.251 0.001* Significant at 5%

Linear association

Hypertension 0.344 0.001* Significant at 5%

Linear association
COPD 0.052 0.361 Nonsignificant at 5%

Linear association

*P<0.05 statistically significant, FAS: Fatigue Assessment Scale

Table 4: Fatigue and health-related quality of life comparison 

with age in subjects with post-COVID-19 infection using 

Pearson’s correlation analysis

Variable X Variable Y r P Result

Age FAS score 0.576 0.001* Significant at 5%

Linear association

DOMAIN1 

(physical health)

−0.149 0.008* Significant at 5%

Nonlinear association

DOMAIN2 

(psychological)

−0.305 0.001* Significant at 5%

Nonlinear association

DOMAIN3 (social 

relationships)

−0.231 0.001* Significant at 5%

Nonlinear association
DOMAIN4 

(environment)

−0.299 0.001* Significant at 5%

Nonlinear association

*P<0.05 statistically significant, FAS: Fatigue Assessment Scale

Table 5: Fatigue and health-related quality of life comparison 

with body mass index in subjects with post-COVID-19 

infection using Pearson’s correlation analysis

Variable X Variable Y r P Result

BMI FAS score 0.211 0.001* Significant at 5%

Linear association

DOMAIN1 

(physical health)

−0.026 0.643 Nonsignificant at 5%

Nonlinear association

DOMAIN2 

(psychological)

−0.020 0.724 Nonsignificant at 5%

Nonlinear association

DOMAIN3 (social 

relationships)

−0.028 0.617 Nonsignificant at 5%

Nonlinear association
DOMAIN4 

(environment)

−0.063 0.263 Nonsignificant at 5%

Nonlinear association

*P<0.05 statistically significant, FAS: Fatigue Assessment Scale, 

BMI: Body mass index

Assessed for eligibility of

post COVID-19 subjects 

(n = 340)

Enrollment (n = 316)

Immediately 2 weeks after

discharge

1. Informed verbal consent obtained from subjects

2. Demographic data obtained

3. Symptoms and pre-existing comorbidities enquired

4. Administration of FAS and WHO QOL BREF scale

Analysed (n = 316)

Excluded (n = 24)

1.  Age >60 years

Age <19 years (n = 12)

2. Psychological issues

(n = 1)

3. Dementia (n = 1)

4. Death (n = 2)

5. Refused to participate

(n = 8)

Figure 1: CONSORT flow diagram
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the length of  stay in the hospital, greater was the fatigue 

even after 2 weeks of  discharge. A similar study reported 
that after a mean of  110.9 days, participants continued 
experiencing symptoms especially fatigue and dyspnea after 

discharge post COVID‑19 infection.[13]

In the present study, it was observed that majority of  the 
population that was studied complained of  fatigue that 

included severe breathlessness, chest pain, and body pain. 
Another study found that a high proportion of  people 

experienced fatigue (53.1%), dyspnea (43.4%), joint 
pain, (27.3%), and chest pain (21.7%).[12] A study titled 

Post‑COVID‑19 fatigue: potential contributing factors, 
stated that COVID‑19 has the ability to infect an extensive 
range of  tissues, with skeletal muscle being a particularly 
important target. Pain, skeletal muscle weakness, and 
occurrence of  injury are the typical symptoms of  

COVID‑19. As a result, it is reasonable to assume that 
COVID‑19 has a direct effect on skeletal muscle and, thus, 
contributes to fatigue.[14]

In the present study, it was reported that fatigue (48.8%) was 
related to the presence of  existing comorbidities such as 

hypertension (30.4%) and diabetes (21.8%). In a study done 
by Musharrat Noor F and Islam M, it was reported that 
fatigue was one of  the most prevalent symptoms (33.65%) 
and hypertension (20.0%) and diabetes (9.78%) were the 
most predominant comorbidities seen in the population 

studied.[15]

In the present study, fatigue was seen to be significantly 
higher as the age of  the population advanced. The 
mean age of  the population included in this study was 

42.47 ± 13.15 years. Another study done in Dublin, Ireland, 
that used the Chalder Fatigue Scale (CFQ‑11) which had a 
population with a mean age of  49.5 ± 15 years, suggested 
that fatigue and age were inversely related. The study 
reported presence of  fatigue at 6 weeks after the date of  
last COVID‑19 symptom or 6 weeks after discharge from 
hospital, whereas in the present study, fatigue was reported 

at 2 weeks postdischarge from the hospital.[16]

In the present research, it was discovered that as the 
population’s age increased, the QOL declined. The mean 
age in the present study was 42.47 ± 13.15 years (population 
above 60 years was excluded) and outcome measure used 
was WHOQOL‑BREF scale. Current literature on previous 
coronavirus outbreak studies suggests that HRQOL was 
negatively affected with advancing age. One such study 
done in Vietnam with a population having a mean age of  
44.4 ± 17.0 years (23.5% population was above 60 years) 
reported similar results wherein lower HRQOL scores were 

obtained in older population compared to the younger 

age groups. The study used the 36‑Item Short Form 
Survey (SF‑36) as an outcome measure.[17] In the present 

study, BMI was significantly higher in subjects with fatigue. 
Another study conducted in the United Kingdom by Halpin 
et al. stated that for those with mild to extreme fatigue and 

those who did not have fatigue, there was no discernible 
variation in BMI.[5] Few studies have investigated the 
association between BMI and HRQOL. In the present 
study, no significant relation between BMI & HRQOL was 
noted. Another study linking BMI and HRQOL used the 
EuroQol five‑dimension descriptive system as an outcome 
measure. The results of  the study suggested that BMI was 
negatively associated with HRQOL.[18]

This study has some limitations. Due to the COVID‑19 
pandemic, researchers were unable to recruit data by 

personally visiting the subjects. The findings of  the 
study stress the importance of  long‑term monitoring 
and recovery program implementation. The prospective 
nature of  this study could be taken up in order to develop 
a rehabilitation protocol for the subjects who experienced 

fatigue and a poor QOL. In future, this study can be 
replicated by including different age groups. A future study 

could also be carried out using alternative tests such as 
6‑min walk test and outcome measures such as SF‑36 and 
Chalder Fatigue Scale (CFQ‑11).

CONCLUSION

It was noticed that during the COVID‑19 pandemic, 
subjects with COVID‑19 infection were more likely to have 
fatigue and low HRQoL even after 2 weeks of  discharge. 
There was a remarkable interconnection between fatigue 
and QOL in COVID‑19 survivors. This suggests that there 
is a need for the development of  a rehabilitation protocol 
for the COVID‑19 survivors.
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Context: Lockdown and social isolation during the pandemic situation caused an especially stressful situation 
for families with children with special educational needs and disabilities. The psychological repercussions 
on parents of these children remain unattended.

Aims: The primary aim was to find the prevalence of depression, anxiety, and stress among parents of children 
with special needs during COVID-19 pandemic using Depression, Anxiety, and Stress Scale (DASS)-21. The 
secondary aim was to determine the correlation between the three domains of DASS-21 scale with the 
parent characteristics.

Settings and Design: This was an observational study on parents of children with special needs visiting 
tertiary care center and special schools.

Subjects and Methods: Eighty-seven parents of children with special needs participated Either parent of 
each child with special needs answered the questionnaire DASS-21. The total score of each participant was 
calculated for each component under each domain of the questionnaire.

Statistical Analysis Used: Frequency distribution for occurrence of depression, anxiety and stress was 
analyzed. The linear associations were studied using correlation coefficient.

Results: Out of 87 parents who participated in the study, 5.6% of the subjects had depression, 15.3% had 
anxiety, and 12.5% had stress. There was no significant correlation noted between individual domains of 
DASS-21 and the parent characteristics (P < 0.05).

Conclusion: The study concludes that during the COVID-19 pandemic, the prevalence of depression, anxiety, 
and stress in parents of children with special needs was not significant. Further, no correlation was found 
between DASS-21 and the demographic characteristics of the parents.
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Stress
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INTRODUCTION

On January 30, 2020, following the diagnosis of  the first 
group of  people infected by COVID‑19 in China, the World 
Health Organization declared a Public Health Emergency 
of  International Concern.[1] That same day, India reported 

its first case of  the novel coronavirus (SARS‑CoV‑2). The 
weeks that followed saw an increase in the number of  the 
COVID‑19 cases. On March 21, 2020, Government of  
India ordered a nationwide lockdown for 21 days – this 
time period was later extended.

The onset of  varying pandemics and epidemics has been 
seen to have colossal psychological repercussions – mental 
health professionals say that the psychological impact 

that these outbreaks pose is more devastating than their 
physiological aspects.[2,3] Prolonged periods of  home 

quarantine have bleak and potentially extended effects 
on the mental health of  people. These can include anger, 

posttraumatic stress disorder, and confusion.[4] As a 

consequence of  the COVID‑19 pandemic, the mental 
health of  individuals has considerably deteriorated.[5] 

Despite the favorable outcome that quarantine has had in 
declining the number of  newly infected cases, the limitation 

in mobility and social isolation associated with it are cardinal 

concerns for the mental health of  individuals.[1] Literature 

regarding earlier events that might have some facets similar 
to the COVID‑19 situation reported high amounts of  
psychological distress such as depression, stress, irritability, 

and posttraumatic stress symptoms associated with social 

isolation with long‑term impacts continuing for years 
following the event.[1]

Families of  children with special educational needs and 

disabilities generally have more pressure than families 
with neurotypical children. Lockdown and social isolation 
cause an especially stressful situation for families with 

children with special educational needs and disabilities.[6] In 

addition to this, most countries prohibited the functioning 

of  nonessential services, which included therapy for 
children – resulting in children going months without 
adequate therapy.[7] Levels of  stress in these parents are 
therefore likely to increase during an event such as the 
COVID‑19 pandemic.

Studies, at large, conducted during earlier pandemics and 

from the inception of  the COVID‑19 outbreak studied 
the psychological repercussions on the general populace 

leaving the study of  the impact of  these events on parents 
and particularly parents of  children with special needs 

unexplored.[1] This study therefore aimed to determine 

depression, anxiety, and stress in these parents.

SUBJECTS AND METHODS

This present observational study was conducted at a tertiary 
hospital and special schools attached to the institute. The 

study subjects were selected using a convenience sampling, 
and included parents of  children with special needs, aged 

between 2 and 18 years. The approval for the study was 
obtained from the institutional ethical committee.

Eighty‑seven parents of  children with special needs were 
approached and explained about the details of  the study. 

The parents were then screened for eligibility into the study 

based on the inclusion and exclusion criteria. If  found 

eligible, the parents were asked to fill in the informed 
consent and recruited in the study. Demographic details 

such age, gender, and employment status were obtained 

from the parents.

The assessment of  psychological repercussions was 

done using Depression, Anxiety, and Stress Scale with 

21 items (DASS‑21) questionnaire to evaluate the 
psychological status of  the parents. The parents were 

informed to ask for any queries or difficulties related to 
the questionnaire. The parents were also informed that 

the questionnaire would require only around 10–15 min 
to answer. The DASS‑21 questionnaire was administered 
in the original English language and their native language, 
depending upon the parents’ preference. If  the parents 

faced any difficulty in understanding any statements or had 
any doubts in relation to the study, these were cleared by 

the research assistant while answering the questionnaire. 

The DASS‑21 questionnaire includes basic statements 
related to depression, anxiety, and stress. It consists of  

three components, namely depression, anxiety, and stress. 

Each component has seven items which can be graded on 
a scale of  0–3 as 0 (never); 1 (sometimes); 2 (often); and 
3 (almost always). The participants mark the items on the 
basis of  the degree to which they agreed with the statement 

or they felt the statement was applicable to him/her. The 

questionnaires were then collected, with the total score of  

each participant was calculated for a maximum scoring of  

21 for each domain. The results of  the questionnaire were 

then computed into the excel sheet.

RESULTS

Demographic data

The present study recruited 87 parents as participants, of  
which 25 (28.7%) were male and 62 (71.3%) were female. 
The age of  the parents ranged between 23 and 51 years, 

with a mean age of  32.24 years. The educational status of  
the parents consisted of  34 (39.1%) high school graduates, 
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22 (25.3%) higher secondary school graduates, 28 (32.2%) 
undergraduates, and 3 (3.4%) postgraduates. 38 (43.7%) 
were employed and 49 (56.3%) were unemployed with no 
changes in employment status pre‑ and post‑COVID‑19. 
33 (37.9%) parents had a single child, 39 (44.8%) had two 
children, and 15 (17.2%) had three children with all parents 

having only one child with special needs. The children with 
special needs included 57 (65.5%) males and 30 (34.5%) 
females with ages ranging from 2 to 17 years, with a mean 

age of  5.89 years.

The results of  the study demonstrated that 5.6% (n = 5) of  

the parents had depression, 15.3% (n = 13) had anxiety, and 

12.5% (n = 11) had stress. It was found that more females 

had depression (6.4%) and stress (12.9%) as compared to 
males, (4.0% & 12.0% respectively).

Correlation of  depression, anxiety, and stress‑related scores 
with the parent characteristics showed no correlation 

between depression and different variables, i.e., gender, 
age, employment status pre‑COVID, employment status 
post‑COVID, and number of  children [Tables 1‑3].

The correlation coefficient (R‑value) for anxiety and stress 
was found to be 0.663 (P = 0.001). Similarly, the correlation 
coefficient R‑value for depression and stress components 
was 0.567, with R‑value for depression and anxiety being 
0.506 (P = 0.001). The correlation scores were statistically 
significant in all three domains at 5% level with linear 
association.

DISCUSSION

The current study aimed to find the prevalence of  
depression, anxiety, and stress among parents of  children 

with special needs, during the COVID‑19 pandemic in 
Belagavi city, using the DASS‑21 questionnaire. It also 
aimed to find whether age of  the parents and child, sex 
of  the parents and child, total number of  children, and 

employment status played a role in the mental health of  

parents.

A study carried out by Al‑Farsi et al. in Oman, among 

parents of  children with autism spectrum disorder, found 

that 45.9% of  the parents had stress, 46% had anxiety, and 
48.6% had depression.[8] These results resonate with other 

studies which show higher levels of  depression, anxiety, and 
stress among parents of  children with special needs.[6,8,9] A 

similar study carried out during the COVID‑19 pandemic 
by Wu et al. on the mental health status of  parents in China 

found that 6.1% of  the subjects had anxiety while 4.0% had 
depression.[10] As the mental health of  parents of  children 

with special needs was not studied amid the COVID‑19 
pandemic, our study tried to explore this aspect. The results 

of  this study demonstrated that 5.6% of  the population had 
depression, 15.3% had anxiety, and 12.5% had stress. The 

reason for the lower percentage of  depression, anxiety, and 

stress observed could be because this study was carried out 
in the month of  December 2020 at a time when the parents’ 
depression, anxiety, and stress may have been alleviated as 
the lockdown restrictions were lifted and parents were able 
to have steady source of  income.

This study traversed the affiliation between different 
parental characteristics and parent mental health. In a 

study carried out in the UK, it was found that depression, 
anxiety, and stress were more in mothers compared to 

fathers of  children with epilepsy, with 55% of  mothers 

and 33% of  fathers having depression; 47% of  mothers 
and 26% of  fathers having anxiety; and 55% of  mothers 
and 31% of  fathers having stress.[9] Our study, which was 

carried out during the COVID‑19 pandemic situation, 
also found a higher percentage of  depression and 

stress among mothers compared to fathers, although it 

was statistically not significant (depression: P = 0.978, 
stress: P = 0.021). However, anxiety was more among 
fathers (16.0%) compared to mothers (14.5%) which was 
not statistically significant (P = 0.285). These findings are 
in accordance with a study done in Nigeria on the general 

population, where they found no significant difference 

Table 2: Correlation between anxiety score and parent 
characteristics
Variable X Variable Y r P

Anxiety score Gender −0.021 0.849

Age (years) 0.206 0.056

Employment pre-COVID −0.070 0.521

Present employment status −0.045 0.679
Number of children −0.048 0.675

Table 3: Correlation between stress score and parent 
characteristics
Variable X Variable Y r P

Stress score Gender −0.069 0.528

Age 0.287 0.057

Employment pre-COVID −0.160 0.139

Present employment status −0.114 0.294
Number of children −0.020 0.855

Table 1: Correlation between depression score and parent 
characteristics
Variable X Variable Y r P

Depression score Gender 0.093 0.391

Age 0.094 0.384

Employment pre-COVID 0.110 0.312

Present employment status 0.098 0.368
Number of children 0.029 0.789
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in stress and self‑esteem between genders during the 
COVID 19 pandemic.[11] Although the gender difference 
was not significant, the mean percentage of  depression 
and stress was higher in mothers compared to fathers 
which is in accordance with a study done in India, on the 
general population, during the COVID‑19 pandemic.[12] 
The current findings could be because both sexes were 
subjected to similar COVID‑19 protocols and so were 
equally exposed to the same situation. This could also be 
attributed to gender bias, as the sample included a smaller 
number of  men.

It was found that the total number of  children, level of  
education, as well as the employment status, did not play 
a role in the mental health of  the parents. This could be 
attributed to no change in employment status pre‑ and 
post‑COVID‑19. These findings are inconsistent 
with the findings of  a study done by Abdul et al. on 
the general population, which found that educational 
qualification, as well as employment status, played a 
significant role in the mental health of  individuals.[11]

The drawbacks of  our study were as follows: a high 
percentage of  participants were females, which could 
have led to gender bias. Some of  the participants were 
hesitant while answering questions, which could have led 
to bias in the scores. Future studies can be undertaken with 
counseling for the parents and comparing results pre‑ and 
post‑counseling to identify any changes in mental health 
and observe the impact of  counseling on mental health 
of  parents.

CONCLUSION

The study concludes that the occurrence of  depression, 
anxiety, and stress was lower among parents of  children with 
special needs during COVID‑19. Further, no correlation 
was found between psychological domains assessed and 
the demographic characteristics of  the parents. It was also 
found that there was positive and significant association 
between depression, anxiety and stress variables.
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Case Report

INTRODUCTION

Chronic wounds impose a significant and often 

underappreciated burden to the individual, the 
health‑care system, and society as a whole. The role of  
physiotherapy in wound care has evolved considerably 
with the advancement in medical practice and a deeper 
understanding of  anatomical connections toward tissue 

repair. The prevalence of  wounds in the community 
across India with emphasis on chronic lower extremity 

wounds reported the prevalence to be 4.4/thousand 
populations. Wound management is a multidisciplinary 

approach involving various pharmacological, surgical, and 
physiotherapy approaches along with patient education, 

maintenance of  hygiene, and meticulous care of  the 

affected area.[1‑3]

Remarkable efforts have been made to substantiate the 
use of  physiotherapy to stimulate wound healing in recent 

years. Some of  the most common electrotherapeutic 

modalities used in wound management include low‑level 
LASER therapy (LLLT), ultraviolet rays, infrared radiation, 
and transcutaneous Electrical Nerve Stimulation (TENS). 
There is supporting evidence that LASER therapy works 
on the principle of  photobiomodulation.[4‑6] LLLT is widely 

used in the management of  wounds and ulcers for healing, 

pain reduction, treating inflammation, improving blood 
circulation, and enhancing lymphatic drainage.[5] The use 

of  TENS is based on the rationale that an endogenous 

The management of chronic and nonhealing wounds involves the use of electrotherapy including 
low-level LASER therapy (LLLT), ultraviolet rays, infrared radiation, and transcutaneous electrical nerve 
stimulation (TENS). Evidence suggests that kinetic chain activation results in fascial mobilization needed for 
rapid wound repair. However, the combined effect of electrotherapy and fascial mobilization by kinetic chain 
activation on wound healing is not known. This case report highlights the effect of a novel rehabilitation 
model integrating LLLT, TENS, and kinetic chain activation on wound healing. This study was conducted on 
a 46-year-old female who presented with a nonhealing wound on the plantar aspect of the foot. A positive 
outcome was observed in terms of pain reduction, improvement in wound size, and functional independence

Keywords: LASER therapy, Physical therapy, Superficial fascia, Transcutaneous electrical therapy, Wound 
healing
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micro electric field created within the tissues causes the 
migration of  epithelial cells for healing.[1]

The kinetic chain activation technique is a concept 
developed by Dr. K. M. Annamalai based on the theories 
of  Ida Rolf, Antonio O Carlo, and Tom Meyer. These 
techniques involve the activation and mobilization of  fascia 
along the fascial chains. There is limited literature available 
on the effect of  fascial mobilization for wound healing.

To the best of  our knowledge, the combined effects of  
electrotherapy and kinetic chain activation technique on 
pain and healing have not been studied in chronic wounds. 
Hence, this study aimed to find the same.

CASE REPORT

A 46‑year‑old female with a body mass index of  
35.34 kg/m2, a known case of  hypertension for the past 
5 years, nondiabetic, had a stone prick to her right heel, 
with no history of  bleeding or break of  skin, after which 
she experienced an increase in pain and swelling on the 

plantar right foot. The patient visited a tertiary health‑care 
center where she was given oral analgesics but she did not 
get any relief  and hence visited a local hospital where an 
intra‑articular injection was given to the right heel and 
oral analgesics were prescribed. This gave her temporary 
relief  for 2 days after which her pain aggravated along with 
redness making weight bearing difficult on the right foot. 
The patient gave a history of  experiencing intermittent 
episodes of  fever, after which she revisited the tertiary 
care hospital. It was observed during the clinical screening 
and evaluation that the patient had developed swelling and 
Grade 3 tenderness over the plantar portion of  the right 
foot. Sensation over the affected region was found to be 
intact, and the ankle–toe movements were intact. Based 
on the clinical findings, the patient was suspected to have 
an abscess in her heel for which a diagnostic surgical 

intervention was proposed.

Surgical intervention

Under spinal anesthesia, an incision was made to the heel 

and the abscess (3 cm × 3 cm) was drained. The patient 
was discharged 2 days later. For the next 20 days, the 
patient visited a local hospital to change the dressing over 
the incision site, and each day, a blood‑stained discharge 
was noted at the site. The patient also experienced another 

episode of  fever and developed a constant burning 
sensation, numbness, and tingling on the plantar aspect 

of  the heel. She got admitted in the tertiary care center 

again, where a large incision was made again and pus was 

drained. For the next 2 months, the patient underwent 

regular debridement and dressing of  the wound which 

continued to give a blood‑stained discharge. She was given 
medications for pain and antibiotics along with other oral 

medications. Vascular diseases were ruled out through 

a color Doppler test. No history of  claudication pain, 

gangrene, or ingrown nails was noted. As the burning 

sensation in the right foot did not subside and there was 

delayed wound healing, she was referred for physiotherapy. 

Physiotherapy assessment was done after obtaining the 

patient’s consent, and on examination, it was noted that 

the muscle strength, sensations, and movements of  the 
foot were intact. The Numerical Pain Rating Scale (NPRS) 
score as reported by the patient was 6/10 at rest and 8/10 
on walking (weight bearing done on the right forefoot). 
The quality of  pain was throbbing and burning in nature. 

The dimensions of  the wound were assessed and noted 

down. The wound was identified as a surgical wound with 
delayed healing.

Intervention

The patient underwent ten regular sessions of  physiotherapy 

that included a combination of  electrotherapy modalities 

such as LLLT with TENS and kinetic chain activation 
technique [Table 1].

Outcome measures

The NPRS was used to rate pain. Linear dimensions of  
the wound were measured using a cm scale, the length 

represented by the maximum extent, and the breadth 

represented by the perpendicular distance. The depth was 

measured by inserting a thread vertically inside the wound 
till it touched the floor and further measuring that distance 

Table 1: Summary of 10 days physiotherapeutic intervention 
for wound healing
Treatment Parameters Placement Frequency Duration

Class 3B 

LASER

Static, 

continuous 

mode, using 

a noncontact 

method, with 

a frequency 

of 5 kHz

810 nm infrared laser 

cluster probe held 

directly above the 

wound

Once per 

session

30 s

KCAT Ankle 

dorsiflexion 

and 

plantarflexion

‑ 1 set×20 

repetitions

Thrice a 

day (6 h)

‑

TENS Low 

frequency 

TENS (5 Hz)

A single channel 

placement with one 

electrode place 

posteriorly in the 

region between the 

Achilles tendon and 

both the malleoli and 

the second electrode 

placed on the plantar 

aspect of the forefoot

Once per 

session

20 min

TENS: Transcutaneous electrical nerve stimulation
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on the thread using a scale. AutoCAD® software  (version 
20), Autodesk, Inc, California. was used to measure the 
volume of  the wound in a cubic centimeter.[7]

RESULTS

The pre‑ and postinterventional measurements of  visual 
analog scale and wound area and depth demonstrated a 

significant improvement. Postintervention, the NPRS score 
for pain at rest had come down to 0. Hence, there was 
100% relief  of  pain at rest. The pain experienced during 
activities was reduced by 75%. The size of  the wound also 
reduced as the length, breadth, and depth of  the wound 

reduced by 32.14%, 35.29%, and 57.14%, respectively. As 
per the changes seen in the pre‑ and posttreatment values 
using AutoCAD, a decrease of  volume by 81.24% was 
seen [Table 2 and Figure 1].

DISCUSSION

The purpose of  this study was to find the combined effect 
of  electrotherapy and KCAT on pain and healing of  a 
chronic wound. The results showed a significant reduction 
in the pain as well as wound size [Table 2].

A two‑group study by Hopkins et al. utilized low‑level 
LASER to facilitate superficial wound healing in subjects 
with induced abrasions on their forearm, in which one 

group received LLLT (8J/cm2; treatment time: 2 min, 5 s; 
and pulse rate = 700 Hz) and other group received sham 
LASER with a 46 diode cluster head. After ten sessions, 
a 22% greater contraction of  the wound was seen in the 

experimental group.[8] Similarly, in our study, the size of  the 

wound reduced as the length, breadth, depth, and volume 
of  the wound reduced by 32.14%, 35.29%, 57.14%, and 
81.24%, respectively.

A literature review conducted by Pranata to explore 
the effects of  TENS on wound healing found that 
low‑frequency TENS was more effective as compared to 
high‑frequency TENS by reducing inflammation and pain.[9] 

This is in agreement with our study which has also utilized 

a low‑frequency TENS to get similar results.

LLLT has a major role in the activation of  fibroblasts 
through the effect of  photobiomodulation. The activated 
fibroblasts are responsible for the production and 

alignment of  collagen. Furthermore, LASER causes deep 
heating of  the tissues. This deep heating has an inhibitory 

effect on the growth of  microorganisms that may be 

responsible for prolonging the healing process.[10] LLLT 

also enhances circulation and lymphatic drainage which 

promotes the clearance of  stagnated interstitial fluid.[4] 

If  not cleared, this interstitial fluid causes isolation of  
the growth factors responsible for wound healing, thus 

slowing down the healing process.[1] The reduction in pain 

and wound healing in this study may be attributed to the 

numerous effects of  LASER.

TENS is widely used in the management of  pain in various 
musculoskeletal and systemic conditions. As per previous 
literature, it is also known to aid in wound healing by 
generating an electric field in the tissues which enhances the 
migration of  epithelial cells to the affected site. Moreover, 
it causes inhibition of  inflammatory cytokines which delay 
wound healing.[1,5] This supports the finding of  our present 
study.

Jiang and Rinkevich, in a review, have suggested that fascia 
training helps to restore fiber distribution, orientation, 

Table 2: Pre- and postintervention outcome measure values
Outcome measure Preintervention Postintervention 

(day 10)

NPRS

At rest 6/10 0/10

On activity 8/10 2/10

Linear dimensions (cm)

Length 2.8 1.9

Breadth 1.7 1.1

Depth 1.4 0.6
Total volume of wound (cm3) 6.664 1.254

NPRS: Numerical Pain Rating Scale

Figure 1: Pre‑ and posttreatment intervention images depicting wound 

size reduction
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and alignment, and optimal tissue hydration and resilience 

and have hypothesized that the key to understanding and 
clinically resolving nonhealing wounds lies in modulating 
fascia mobility. The plantar fascia is connected to the 

calf  muscles,[11] and while performing the ankle–toe 
movements, there is shortening and lengthening of  
calf  muscles.[12] This movement of  the muscles induces 
mobilization of  the plantar fascia which could have 
contributed to the healing of  the wound. Thus, the highly 

significant changes in the outcomes may be attributed to 
a combined effect of  the electrotherapy and kinetic chain 
activation.

CONCLUSION

The present report highlights the positive clinical 
implication on the combined effect of  electrotherapy and 

kinetic chain activation technique in wound healing.
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A Quasi-experimental Study

INTRODUCTION
The hamstring is a muscle situated in the posterior aspect of the 
thigh which consists of three muscles which include semitendinosus, 
semimembranosus, biceps femoris long head, and short head. A 
part of the adductor magnus is also considered a hamstring muscle 
[1]. The main function of a hamstring muscle is flexion of the knee 
joint and extension of the hip joint. The hamstring plays an important 
role in performing activities of daily living such as walking, running, 
and jumping and some of the gluteal movements [2]. The inability to 
fully extend the knee when the hip is flexed, as well as discomfort 
or pain along the posterior thigh and/or knee, are usually attributed 
to hamstring muscle tightness. The flexibility of this two-joint muscle 
group is crucial for everyday postures and activities [3]. The main 
reason for it is the reduced ability of the muscle to deform hence 
forcing the movements at the joint to restrict themselves [4].

Hamstring tightness is a decreased range of motion with an 
associated feeling of restriction in the posterior thigh. The most 
frequent cause of hamstring tightness is an intense form of 
activity; strenuous exercise leads to tightness. Because hamstring 
tightness impacts body posture and causes musculoskeletal pain, 
finding a new effective approach to restore hamstring flexibility is 
critical. According to a previous study prevalence of hamstring 
tightness is very high amongst people between the age group of 
18-25 years [5]. Several physical therapists have an opinion that 
when “apparent hamstring inflexibility/tightness” is identified during 
clinical examination, quick and instantaneous changes in various 
clinical signs and symptoms may emerge over time due to tissue 
extensibility malfunction.

Matrix Rhythm Therapy (MaRhyThe©) was developed by Dr. Ulrich 
Randoll in Germany in the 1990s. It is widely used in Germany. 
MaRhyThe© is applied by the Matrixmobil®, which is a Class IIA 
medical device. Like a crank handle, it is mechano-magnetically 
synchronising the body’s intrinsic vibrations via the neuromuscular 
system in the alpha rhythm (8-12 Hz). The treatment approach 
is a systemic one, using physiological rhythms and focusing 
on Extracellular Matrix (ECM) to normalise the metabolism by 
optimisation of cellular logistics [6-8].

The purpose of this study was to determine the immediate therapeutic 
effectiveness of MaRhyThe© in individuals with asymptomatic 
hamstring tightness.

MATERIALS AND METHODS
This quasi-experimental single session study was conducted in 
KAHER Institute of Physiotherapy, Belagavi, Karnataka, India, 
from November 2020 to January 2021. Ethical clearance (Sl. No: 
779) was obtained from the Institutional Ethical Committee. The 
study was with Clinical Trial Registry - India with reference no: 
CTRI/2021/03/031728. The purpose and procedure of the study 
were explained and written informed consent was obtained.

Sample size was calculated based on previous prevalence study 
and sample size determined was 30 [5]. A total of 63 people were 
screened for the study out of which 30 were included which fit into 
the exclusion criteria.

Inclusion and Exclusion criteria: Subjects willing to participate 
in the study, asymptomatic subjects with hamstring tightness and 
knee flexion angle greater than 20º, subjects with an age group of 
18-25 years, subjects with a body mass index of 18.5-24.9 kg/m2 
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ABSTRACT
Introduction: Hamstring tightness is a decreased range of motion 
at the knee with an associated feeling of restriction in the posterior 
thigh. The hamstrings are a group of muscles that control hip 
and knee joint mobility as well as pelvis and spine alignment. 
Because hamstring tightness impacts body posture and causes 
musculoskeletal pain, finding a new effective approach to restore 
hamstring flexibility is critical. Matrix rhythm therapy is a class IIA 
medical device that enhances an increase in microcirculation and 
tissue flexibility and elasticity.

Aim: To determine the immediate effect of Matrix Rhythm Therapy 
(MaRhyThe©) on an individual with asymptomatic hamstring 
tightness between the age group of 18-25 years on an active knee 
extension test and Ultrasonography (USG).

Materials and Methods: This quasi-experimental single session 
study was conducted in KAHER Institute of Physiotherapy (tertiary 
care hospital), Belagavi, Karnataka, India, from November 2020 to 
January 2021. A total of 63 people were screened for the study 
out of which 30 were included (17 female and 13 male) and 

were recruited using the Active Knee Extension (AKE) test and 
ultrasonographic assessment. The age criterion was 18-25 years. 
MaRhyThe© was given for only one session of 60 minutes on both 
legs (30 minutes on each leg). After the session, the immediate 
effect of the treatment was noted by comparing the active knee 
extension test of both legs and conducting the ultrasonographic 
assessment. The pretest and post-test scores were analysed using 
the Kolmogorov Smirnov test.

Results: The results showed that there was a 41.39% reduction 
in the AKE of the right leg and a 42.40% reduction in the AKE on 
the left leg of the participants which was statistically significant. 
Postintervention statistically significant differences were found in 
an increase in the length, blood flow, and decrease in thickness of 
the hamstring muscle (p-value ≤0.001) after a 60 minute session of 
MaRhyThe©.

Conclusion: MaRhyThe© for 60 minutes duration (30 minutes 
each leg) produces beneficial effects such as improved tissue 
extensibility, increased blood microcirculation, and decreased 
tissue thickness in subjects with asymptomatic hamstring tightness.
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were considered in inclusion criteria. Subjects showing associated 
symptoms due to hamstring tightness like lower back pain, on 
any kind of medications for musculoskeletal problems, or who 
underwent musculoskeletal surgeries in the past six months were 
excluded from the study. 

A brief demographic data of age, weight, height, and Body Mass 
Index (BMI) was taken from the participants before the assessment. 
The dependent variable used to assess hamstring flexibility was 
the Active Knee Extension (AKE) test and the Ultrasonographic 
assessment provided information on microscopic values i.e. length 
of muscle fibre, size of muscle fibre, and blood circulation of the 
hamstring muscle.

Study Procedure
ultrasonography procedure: The entire ultrasonography assessment 
was performed in a dark, cold, and safe environment by the same 
person for all the subjects. The same linear probe was used for pre 
and postevaluation of the length, thickness, and blood flow. The 
subject was made to lie in a prone position with the posterior thigh 
exposed and their foot outside the couch so as to attain a stretch 
in the muscles. The water-based gel was applied to the thigh and 
the linear probe was used to locate the origin and insertion of the 
hamstring muscle. After locating the origin and insertion of the muscle, 
segmental length of the muscle was calculated and sum of all the 
measurements were taken in order to determine the length of the 
muscle. Along with the length, muscle thickness at the muscle bulk 
was measured and blood flow of the minor arteries were noted. 
Measurements of the thickness of the hamstring muscle [Table/Fig-1], 
hamstring length [Table/Fig-2], and blood flow [Table/Fig-3] were 
recorded preintervention and postintervention.

created by the Matrix Mobil®, the hamstring muscle was exposed 
and talcum powder was administered to the treatment region. The 
Matrix Mobil® is a rod-shaped with a spiral-shaped vibration head 
that vibrates at 8-12 Hz. Matrix Mobil® was used in a longitudinal 
stroking manner, with the probe of the device being pushed into the 
muscles of the hamstring. The session was delivered for 60 minutes, 
with 30 minutes on each of the hamstring muscles side.

STATISTICAL ANALYSIS
Data were tabulated using Microsoft excel version 16 and analysed 
using Statistical Package for Social Sciences (SPSS) software 
version 20.0 and the statistical level of significance was set at p-value 
<0.05. Normality of pretest and post-test scores of all parameters 
was done by the Kolmogorov Smirnov test. A dependent t-test was 
applied for precomparison and postcomparison.

RESULTS
Mean age, weight, height and BMI is presented in [Table/Fig-4]. All 
parameters pretest and post-test scores were following a normal 
distribution [Table/Fig-5].

[Table/Fig-1]: Preintervention and postintervention ultrasonographic hamstring 
thickness assessment.

[Table/Fig-2]: Preintervention and postintervention ultrasonographic hamstring 
length assessment.

active knee extension test: The patient was made to lie down 
on the examination table. The testing limb was lifted to a position 
perpendicular to the ground, with the hip at 90o of flexion and the 
knees extended. A lag of 20o from the full extension was regarded 
normal; anything less than 20o degrees was termed hamstring 
tightness. A goniometer was used to determine this range. The 
fulcrum was at the knee, with the fixed arm pointing to the greater 
trochanter and the moving arm pointing to the lateral malleoli [9].

Interventional procedure: During the session, the participant was 
asked to lie comfortably in a prone position. To avoid the friction 

[Table/Fig-3]: Ultrasonographic blood flow assessment.

Variables timepoint Z-value p-value

Active knee 
extension right leg 

Pretest 0.8800 0.4210

Post-test 0.9520 0.3250

Difference 1.0140 0.2550

Active knee 
extension left leg 

Pretest 0.8830 0.4160

Post-test 1.2010 0.1120

Difference 1.0820 0.1920

Length of hamstring 
muscle (cm)-Right 
leg

Pretest 0.6560 0.7830

Post-test 0.7100 0.6940

Difference 0.8520 0.4620

Length of hamstring 
muscle (cm)-Left leg

Pretest 0.6780 0.7470

Post-test 0.8100 0.5270

Difference 1.3020 0.0680

Thickness of 
hamstring muscle 
(mm)-Right leg

Pretest 1.1340 0.1530

Post-test 1.0840 0.1910

Difference 1.3180 0.0620

Thickness of 
hamstring muscle 
(mm)-Left leg

Pretest 1.0050 0.2640

Post-test 1.0880 0.1870

Difference 1.0560 0.2150

Gender n %

age (years) height (cm) Weight (kg) BMI (kg/m2)

Mean Sd Mean Sd Mean Sd Mean Sd

Male 13 43.33 22.45 1.81 175.09 5.87 65.65 7.30 21.48 2.89

Female 17 56.66 22.89 1.56 159.74 9.02 54.97 8.27 21.57 2.82

Total 30 100.0 22.73 1.64 165.37 10.91 58.89 9.40 21.53 2.79

[Table/Fig-4]: Distribution of male and females with mean age and BMI.
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As a result of the muscle contraction, blood flow may have increased 
leading to the flexibility of the hamstring muscle. Previous studies 
have shown that the use of mechanical vibratory devices increased 
blood flow by 20%, 26%, and 46% [12-14].

According to Button C et al., applying a mechanical vibration level 
to the bloodstream generates a 22 minute spike in blood flow. 
Increased blood flow to the hamstring muscle must have contributed 
to an increase in muscular temperature, allowing muscles to relax 
and release tension [13]. Muscle tension and tightness are alleviated, 
allowing a muscle to stretch to its full length without restriction 
and increasing range of motion. The effect of vibration on muscle 
perfusion has recently gotten a lot of research due to the supposed 
health benefits of being able to enhance blood flow. Vibration-
induced increase in muscle perfusion appeared to be proportional to 
the vibratory stress applied. As a result, modulating the vibratory load 
may be able to produce desirable improvements in muscle perfusion 
to minimise inflammation, discomfort, and accelerate muscle tissue 
repair after an acute injury or in chronic circulation disorders like 
peripheral vascular disease [15]. Reflexive muscular contractions 

Variables timepoints Mean Sd Mean difference Sd difference Percentage of change Paired t-test p-value

Length of hamstring 
muscle (cm)-Right leg

Pretest 20.81 3.84
-2.23 0.61 -10.74 -20.1281 <0.001*

Post-test 23.04 4.17

Length of hamstring 
muscle (cm)-Left leg

Pretest 20.77 3.84
-2.00 1.85 -9.64 -5.9229 <0.001*

Post-test 22.77 3.92

[Table/Fig-7]: Comparison of pretest and post-test intervention scores of length of hamstring muscle (cm) in right leg and left leg.
*Dependent t-test

Variables timepoints Mean Sd Mean difference Sd difference Percentage of change p-value

Thickness of hamstring 
muscle (mm)-Right leg

Pretest 20.43 7.13
1.61 2.06 7.86 <0.001*

Post-test 18.82 6.78

Thickness of hamstring 
muscle (mm)-Left leg

Pretest 20.52 7.06
1.80 0.81 8.79 <0.001*

Post-test 18.71 7.10

[Table/Fig-8]: Comparison of pretest and post-test intervention scores of Thickness of hamstring muscle (mm) in right leg and left leg.
*Dependent t-test

Variables timepoints Mean Sd Mean difference Sd difference Percentage of change p-value

Blood flow of hamstring 
muscle (cm/sec)-Right 
leg

Pretest 11.71 4.60
-2.07 1.30 -17.71 <0.001

Post-test 13.78 4.88

Blood flow of hamstring 
muscle (cm/sec)-Left leg

Pretest 11.68 4.96
-2.09 0.95 -17.90 <0.001

Post-test 13.78 5.10

[Table/Fig-9]: Comparison of pretest and post-test intervention scores of Blood flow of hamstring muscle (cm/sec) in right leg and left leg.
*Dependent t-test

akE test values timepoints Mean Sd Mean difference Sd difference Percentage of change p-value

Right leg
Pretest 47.83 8.06

19.80 5.37 41.39% <0.001*
Post-test 28.03 5.47

Left leg
Pretest 47.17 8.68

20.00 6.94 42.40% <0.001*
Post-test 27.17 5.85

[Table/Fig-6]: Comparison of pretest and post-test scores of Active knee extension in right leg and left leg.
*Dependent t-test

There was a significant decrease in AKE angle with percentage of 
change on the right leg was 41.395 and on the left leg was 42.405 
[Table/Fig-6]. There was a significant increase in the length of the 
hamstring muscle with a mean difference of -2.23 on the right-side 
and -2.00 on the left-side [Table/Fig-7]. 

There was a significant difference in the thickness of the hamstring 
muscle (mm) in the right leg and left leg postintervention [Table/
Fig-8]. There was a significant increase in the blood flow of 
the hamstring muscle (cm/sec) the in right leg and left leg 
postintervention [Table/Fig-9].

[16,17] are widely used to describe the process that causes vibration-
induced increases in muscle perfusion. Enhanced blood viscosity 
and artery diameter contribute to improved microcirculation, which 
results in increased blood flow, oxygen, and metabolite exchange at 
the tissue site [10]. This promotes fibroblastic activity, which improves 
soft tissue function and leads to increased range of motion, which 
assists tissue healing. Similar tissue healing effects were seen in a 
previous study using Instrument Assisted Soft Tissue Mobilisation 
(IASTM) on Plantar Fasciitis [18]. The acute effects of MaRhyThe© 
versus passive stretching on female hamstring flexibility were 
examined by Ratwani N et al., that concluded that MaRhyThe© is 
better in improving hamstring muscle flexibility than passive stretching 

Blood flow of 
hamstring muscle 
(cm/sec) -Right leg

Pretest 0.8120 0.5250

Post-test 0.8900 0.4070

Difference 1.0540 0.2160

Blood flow of 
hamstring muscle 
(cm/sec) -Left leg 

Pretest 0.9490 0.3290

Post-test 0.7980 0.5480

Difference 0.6950 0.7200

[Table/Fig-5]: Normality of pretest and post-test scores of all parameters by 
Kolmogorov Smirnov test.

DISCUSSION
As a newly developed therapeutic tool, MaRhyThe© has been 
used in comparatively limited research investigations. It has been 
demonstrated to be useful in improving joint range of motion, 
muscular flexibility, pain reduction, and daily life capabilities [6]. 

According to the results of case report, MaRhyThe© improves blood 
circulation. The compressive effect induced by the application of 
MaRhyThe© may produce additional soft tissue mobilisation and 
afferent impulses due to the action of vibration [10]. According 
to Callaghan MJ [11], the major function of mechanical vibration 
massage is to enhance blood circulation, and the tonic vibration 
reflex produces active muscle contraction in mechanical vibration. 
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[19]. Further studies are needed to study comparing other clinical 
tools to improve the length of the hamstring muscles.

Limitation(s)
The study’s sample size is small hence generalisation of the results 
is limited. Absence of control or placebo group was there. The long-
term effect was not evaluated in this study.

CONCLUSION(S)
MaRhyThe© for 60 minutes (30 minutes each leg) produces beneficial 
effects on subjects with asymptomatic hamstring tightness between 
the ages of 18 and 25 years. The ultrasonographic assessment 
revealed a significant increase in hamstring muscle length and 
blood flow, as well as a decrease in hamstring muscle thickness 
As a result, the researchers propose using MaRhyThe© as part of 
physiotherapeutic therapy in clinical settings for persons with the 
tightness of hamstring muscles.
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Abstract 

Background: Heavy internet use effect the academic achievement of adolescent and negative effects. When compare about Facebook users 

and Non Facebook users found that Facebook users CGPA is lower than Non Face book users. Because Facebook users spend lots of time in 

Facebook and every day they used Facebook. Heavy use of internet is a part of daily life.as. 

Methodology: A quantitative approach with cross sectional descriptive survey design was adopted for the study. The samples from the 

selected high schools of Belagavi district were selected using convenient sampling technique. The sample consisted of 60 high school 

students. The tools used for data collection was structured internet addiction scale and structured knowledge questionnaire.  

Results: The internet addiction test scores of respondents mean was 39.68, median was 39, mode was 43 with standard deviation 13.30 and 

score range was 16-71 the knowledge scores of respondents mean was 12.65, median was 13, mode was 13 with standard deviation 4.06 and 

score range was 5-20. Majority 39(65%) respondents were moderately addicted, 17 (28.3%) respondents were affected mildly and remaining 

4(6.7%) of respondents were severely affected with internet addiction. majority 37(61.7%) of respondents were had moderate knowledge, 

13(21.7%) of respondents were had poor knowledge and remaining 10(16.7%) of respondents were had good knowledge regarding impact of 

internet addiction on health.  

Conclusion: There is a need for the awareness program on effects of excessive use of internet among student groups to minimise its 

physiological, psychological and social effect among the adolescent age group. 

 

Keywords: Prevalence, internet addiction, knowledge, impact on health, adolescents 

Introduction 

The Internet has become one of the most essential 

instruments of man for information, job opportunities, and 

education to entertainment, including social media sites and 

networking and is gradually becoming a structural part of 

our day to day life. With the advent of new age smart 

phones, tablets, and computers, the Internet is readily 

accessible to the general population or “at the fingertips.” [1]. 

The Internet is no longer merely an infrastructure; it has 

become an unlimited space for information exchange, social 

networking, and the development of cyber behaviours [2]. It 

is a network of networks that consists of private, public, 

academic, business and government networks of local to 

global scope that is linked by a broad array of electronic and 

optical networking technologies. By the advent of the 

internet, our earth has reduced and has attained the form of a 

global village [3]. 

It has brought people closer together by enabling various 

forms of interpersonal communication, notably e-mail, 

instant messaging, video conferencing, and social 

networking. In a very short period, it has become difficult 

for most of us to imagine a world without instant and 

continuous access to the internet [4]. 

Research on internet addiction have shown that overuse of 

the internet is associated with social and psychological 

issues such as depression, loneliness, lower self-esteem and 

life satisfaction, poor mental health, low family function and 

academic failures. When compared to other psychiatric co 

morbidities, depression also showed the strongest 

correlation with pathological Internet use. Co-morbid social 

media addiction and depression are a major clinical 

challenge as the outcomes of both conditions are worsened 

by the other [5]. 

Study on Internet addiction and lifestyle pattern shown that, 

irregular bedtimes and the use of alcohol and tobacco were 

higher in high-risk Internet users. Irregular dietary behaviour 

due to the loss of appetite, a high frequency of skipping 

meals, and snacking might cause imbalances in nutritional 

intake. High-risk Internet users have inappropriate dietary 

behaviour and poor diet quality, which could result in 

stunted growth and development. Another study noted the 

changes in interpersonal relationship among excessive 

internet users. Internet addicted adolescents also had more 

interpersonal problems and shown that it is important to 

raise awareness about internet addiction, and close attention 

must be paid not only to students at risk of internet addiction 

but also to students at low risk to prevent students from 

becoming addicted to the internet [6]. 

Heavy internet use effect the academic achievement of 

adolescent and negative effects. When compare about 

Facebook users and Non Facebook users found that 

Facebook users CGPA is lower than Non Face book users. 
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Because Facebook users spend lots of time in Facebook and 

every day they used Facebook. Heavy use of internet is a 

part of daily life [7]. 

Prevention is always better than cure. One way to reduce 

incidence of internet addiction is by increasing adolescent’s 

adherence to healthy lifestyle by educating, screening, 

detecting and modification of risk factors. Lack of 

knowledge and lack of concern for health may result in poor 

level of health and many health problems. 

 

Objectives 

1. To assess prevalence of internet addiction among 

adolescence at selected high schools  

2. To assess knowledge regarding impacts of internet 

addiction on their health among adolescence  

3. To find out the association of level of internet addiction 

among adolescence with their selected personal 

variables. 

4. To find out the association of pre-test level of 

knowledge regarding impacts of internet addiction on 

their health among adolescence with their selected 

personal variables. 

 

Hypothesis 

H1: The levels of internet addiction among adolescence will 

be significantly associated with their selected socio 

demographic variables. 

 

H2: The levels of knowledge of adolescence regarding 

impacts of internet addiction on their health will be 

significantly associated with their selected socio 

demographic variables. 

 

Methodology 

Research Approach: Quantitative Research Approach 

 

Research design 

Cross sectional descriptive survey design 

 

 

Sampling technique 

Non-Probability; convenient Sampling Technique  

 

Sample size 

60 

 

Setting of study 

Selected High school, Belagavi 

 

Method of data collection 

Structured questionnaire 

 

Tools used 

Section I: Socio-demographic variables of participants 

Section II: Structured internet addiction test 

This scale consisted of 20 statements regarding individual’s 

pattern of use of internet. There are six alternative response 

columns; rarely, occasionally, frequently, often, always and 

do not apply. There was no right or wrong answers and 

respondents were asked to express their opinion honestly. 

Total internet addiction test scale scores ranged from 0-100. 

 

Section III: Structured Knowledge questionnaire 

This scale consisted of 24 structured multiple choice items 

with the four options for each item to assess the knowledge 

of adolescents regarding impacts of internet addiction on 

health. The participant has to choose one right answer from 

given options. The right answer will be scored as ‘one’ mark 

and the wrong answer will be scored as ‘zero’ comprising 

the maximum score of 0-24. 

 

Procedure of data collection 
Data was collected after obtaining administrative permission 

from selected high school of Belagavi district. The 

investigator personally explained the participants the need 

and assured them of the confidentiality of their responses. 

Data was collected by distributing the structured tools to all 

participants and it took around 60 minutes to collect data 

from all participants. All the participants co-operated well 

with the investigator in data collection procedure. 

 

Results 

A. The findings related to socio-demographic variables of participants 

Study comprised of 60 participants. The socio demographic variables are presented in following table. 

 
Table 1: Frequency & Percentage Distribution of participants according to socio demographic variables 

N=60 
 

Sl No Demographic variables Frequency (f) Percentage (%) 

1. 

Age in years 

a) 13 - 14 18 30 

b) 14 -15 18 30 

c) 15-16 24 40 

2. 

Gender 

a) Male 34 56.7 

b) Female 26 43.3 

3. 

Year of study 

a) 8th std 18 30 

b) 9th std 27 45 

c) 10th std 15 25 

4. 

Religion 

a) Hindu 40 66.7 

b) Muslim 16 26.7 

c) Christian 04 6.7 
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d) Others 00 00 

5. 

Occupation of parents 

a) Agriculture 21 35 

b) Business 22 36.7 

c) Coolie 09 15 

d) Other 08 13.3 

6. 

Education of father 

a) ≤ Lower primary school 13 21.7 

b) High school 25 41.7 

c) PUC 14 23.3 

d) ≥ Diploma and Degree 08 13.3 

7. 

Education of mother 

a) ≤ Lower primary school 15 25 

b) High school 30 50 

c) PUC 12 20 

d) ≥ Diploma and Degree 03 05 

8. 

Place of residence 

a) Rural 20 33.3 

b) Semi urban 31 51.7 

c) Urban 09 15 

9. 

Parents Income / Month 

a) Below 4,000/- 09 15 

b) 4,001- 8,000/- 16 26.7 

c) 8,001- 12,000/- 20 33.3 

d) 12,001 & above 15 25 

10. 

Have mobile with internet facility? 

a) Yes 21 35 

b) No 39 65 

11. 

Do you have your own account in following apps 

a) Facebook 24 40 

b) What's app 15 25 

c) Twitter 00 00 

d) Not have account 21 35 

 

B. Distribution of internet addiction and knowledge 

scores of respondents  

1. Internet Addiction Test scores 

 
Table 2: Mean, median, mode, standard deviation and range of 

internet addiction scores of Respondents 

n = 60 
 

Mean Median Mode Standard deviation Range 

39.68 39 43 13.30 16-71 

 

Table 2 reveals internet addiction test score of respondents, 

it shows that; the internet addiction test scores of 

respondents mean was 39.68, median was 39, mode was 43 

with standard deviation 13.30 and score range was 16-71. 

 

Knowledge regarding impacts of internet addiction on 

health scores 

 
Table 3: Mean, median, mode, standard deviation and range of 

knowledge scores of Respondents n = 60 
 

Mean Median Mode Standard deviation Range 

12.65 13 13 4.06 5-20 

 

Table 3 reveals knowledge score of respondents regarding 

impacts of internet addiction on health, it shows that; the 

knowledge scores of respondents mean was 12.65, median 

was 13, mode was 13 with standard deviation 4.06 and score 

range was 5-20. 

C. Distribution Respondent’s Scores according to their level of internet addiction and Knowledge 

1. Level of internet addiction Scores: 

 
Table 4: Frequency and Percentage distribution of respondents according to level of Internet addiction n=60 

 

Level of Internet addiction 

Mild F (%) Moderate F (%) Severe F (%) 

17 (28.3%) 39 (65%) 04 (6.7%) 

  

The data presented in the Table 4 depicts the respondent’s 

level of internet addiction it reveals that; majority 39(65%) 

respondents were moderately addicted, 17 (28.3%) 

respondents were affected mildly and remaining 4(6.7%) of 

respondents were severely affected with internet addiction.  
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Fig 1: Distribution of respondents according to their level of internet addiction 

 

Level of knowledge Scores 

 
Table 5: Frequency and Percentage distribution of respondents 

according to level of Knowledge regarding impact of internet 

addiction on health n=60 
 

Level of Knowledge 

Poor F (%) Moderate F (%) Good F (%) 

13 (21.7%) 37 (61.7%) 10 (16.7%) 

The data presented in the Table 5 depicts the respondent’s 

level of knowledge regarding impact of internet addiction 

on health, it reveals that; majority 37(61.7%) of respondents 

were had moderate knowledge, 13(21.7%) of respondents 

were had poor knowledge and remaining 10(16.7%) of 

respondents were had good knowledge regarding impact of 

internet addiction on health.  

 

 
 

Fig 2: Distribution of respondents according to their level of knowledge 

 

D. Association between level of internet addiction, level 

of knowledge and selected socio demographic variables 

The computed Chi-square value for association between 

level of internet addiction among adolescents students of 

high school and their selected demographic variables is 

found to be statistically significant at 0.05 education of 

father and is not found statistically significant for other 

socio demographic variables. 

The computed Chi-square value for association between 

level of knowledge of adolescent students of high school 

regarding impact of internet addiction on health and their 

selected demographic variables is found to be statistically 

significant at 0.05 levels for year of study and having 

account in social media and is not found statistically 

significant for other socio demographic variables. 

 

Conclusion 

The conclusions drawn from the study were as follows 

1. The majority of adolescents were addicted to internet 

moderately 

2. The overall knowledge of adolescent students of high 

school regarding impact of internet addiction on health 

was moderate.  

3. The results revealed that there is partial association 

between level of internet addiction, knowledge scores 

and socio demographic variables. 
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4. There was a need for awareness program regarding 

internet addiction among adolescents. 
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Background. In today’s world, Internet-based medical information plays a significant role in patient education. �ere are
several accessible health-related websites. It has become common to search Internet before going for a medical consultation.
�e main objective of this study was to determine the prevalence of cyberchondriasis and its association with demographic
variables. Methods. A cross-sectional study was carried out among metabolic syndrome patients attending the cardiology,
endocrinology, and neurology outpatient departments of a tertiary care hospital in South India. �e prevalence of
cyberchondriasis and its constructs were measured using the cyberchondria severity scale (CSS). Inferential statistics
revealed no statistically significant difference in the average CSS scores across sociodemographic variables. Spearman
correlation was conducted to determine the relationship between the constructs. Results. A total of 379 participants with
metabolic syndrome were included in the study. 42.5% of them were severely affected, and 28.0% were moderately affected
by cyberchondriasis. Among the constructs studied, compulsion (85.7%), distress (91.8%), excessiveness (96.6%), and
reassurance (76.1%) constructs had an impact on a greater number of study participants, compared to mistrust of medical
professional construct (33.0%). Cyberchondriasis had a significant relationship with the history of myocardial infarction (p
value � 0.03). �ere was a statistically significant positive linear relationship between mistrust and reassurance (rs � 0.169, p
value<0.001). Reassurance had a significant negative linear relationship with distress (rs �−0.147, p value � 0.004). Con-
clusion. In India, cyberchondriasis is a growing public mental health issue. Awareness among the general population is
necessary to minimize the possible outcomes of cyberchondriasis like anxiety and depression. Screening individuals for
possible risk factors is recommended.

1. Introduction

In today’s world, Internet-based medical information plays a
significant role in patient education. �e use of Internet as a
source of health information has rapidly increased [1, 2].
Internet has become a popular means of accessing health
information because it is quick, easy to use, anonymous, and
relatively inexpensive [3].

Using Internet for health information can lead to
misdiagnosis and exploitation [1, 4, 5]. It has become
common to search Internet before going for a medical

consultation. People find information that drives them into
anxiety and distress. �is phenomenon is referred to as
cyberchondria.

Cyberchondria consists of four core dimensions: In-
ternet searches for medical information repetitively (ex-
cessiveness); increased negative affect (distress);
interrupted daily living (compulsion); and engendered
reassurance seeking. Individuals tend to develop disorders
such as health-related anxiety and depression in response
to the information obtained from online sources [6]. More
than half of the walk-in patients in a hospital had
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significant levels of depressive symptoms and had searched
Internet for information about their health concerns [7].
Cyberchondria increases the concern about differentiating
between reliable and unreliable online sources of infor-
mation [3]. Peer or professional reviews, personal blogs,
opinions, or experiences from other patients can be ob-
tained from Internet.*e quality of information varies, and
clients may possess the ability to evaluate medical infor-
mation and link it to their health situations [8]. 67% of
physicians reported dealing with patients who talked about
their medical conditions based on their information from
online resources [9]. People with cyberchondria have
differentiated characteristics regarding their actions and
thoughts, including spending hours daily checking their
symptoms online. People with higher illness anxiety spent
more time on Internet, whereas people with mild health
anxiety spent relatively less time in a day. With an existing
fear of contracting diseases, online medical consultation
makes these individuals more anxious about their health.
People suffering from high anxiety are more likely to ex-
aggerate their perceived disability [10]. One source of in-
formation is rarely enough for them, and so, they refer to at
least two or more websites at a time, which can lead to
physical symptoms like worsening anxiety, increased
heartbeat, difficulty in breathing, and tightness of the
throat. *e more emotionally overwhelmed one feels, the
more they are likely to spend time searching for the par-
ticular symptom, and the more they search, the more they
are convinced that they are experiencing a certain illness.
At this stage, an individual is more likely to begin to trust
the Internet and mistrust the physician, thus displaying a
common attribute of cyberchondria [11]. One of the other
significant consequences of the excessive online search for
health-related information can be self-medication [12].

Searching Internet before going for a medical consul-
tation is a growing trend in India. Although some evidence
suggests that individuals with high levels of health anxiety
may seek health information online more frequently and
that this behaviour could fuel health anxiety, this is yet to be
explicitly examined. *e current study was conducted to
determine the prevalence of cyberchondriasis among pa-
tients with metabolic syndrome.

2. Methods

A descriptive cross-sectional survey was conducted in a
tertiary care hospital in South India from February 2021 to
March 2021. Ethical clearance was obtained from the in-
stitutional ethical committee and informed consent was
obtained from participants. 379 respondents participated in
the study. *e cyberchondria severity scale (CSS) ques-
tionnaire was used to collect details regarding the health
information obtained from Internet. *e patients who were
aged 30 years and above, had metabolic syndrome condi-
tions, and were literate were included in the study. Patients
who were aged below 30 years, did not have metabolic
syndrome conditions, were not literate, and were severely ill
were excluded from the study. Data were analyzed using
descriptive and inferential statistics.

*e sociodemographic information included age, gen-
der, education, religion, type of family, family income, and
use of Internet (Table 1). *e prevalence of chronic con-
ditions among participants was also included (Table 2). *e
cyberchondria severity scale (CSS)-15 was used to assess the
prevalence of cyberchondriasis (Table 3). *e scale com-
prises 15 items, categorized into five subscales with three
questions in each.*ese subscales are compulsiveness (CM),
distress (DS), excessiveness (EX), reassurance (RE), and
mistrust (MS). Subscales were used to determine the
prevalence of the constructs with each item rated on a 4-
point scale (0-never, 1-rarely, 2-sometimes, 3-often, and 4-
always). If the score was between 1 and 6, the participant was
considered “moderately affected”; if the score was 7 or above,
the participant was considered “highly affected.” If the score
was 0, the participant was considered “not affected” [12].
Cyberchondriasis was calculated by adding the scores, and if
the total was below 37, the participant was considered less
affected. *e participant was considered moderately affected
if it was between 37 and 40. If it was above 40, it was cat-
egorized as severely affected. Nonparametric inferential
methods (Mann–Whitney U test and Kruskal–Wallis
ANOVA) were carried out to observe whether there is a
statistically significant difference in the average CSS scores
across sociodemographic variables. Spearman’s correlation
was conducted to determine the relationship between the
constructs.

3. Results

As depicted in Table 4, based on the Mann–Whitney U test,
at a 5% level of significance, there was a statistically sig-
nificant difference in the average cyberchondriasis score
across the history of myocardial infarction (p value� 0.03).
Furthermore, the prevalence of individual constructs
showed that every participant was severely or moderately
affected by at least one aspect of CSS. *us, no significant
association was noticed between the overall CSS score and
sociodemographic variables.

Spearman correlation analysis revealed a statistically
significant positive linear relationship between mistrust and
reassurance (rs� 0.169, p value <0.001, α� 5%). Reassurance
has a significant negative linear relationship with distress
(rs�−0.147, p value� 0.004).

4. Discussion

*e study’s overall results indicate that the participants were
affected by the five constructs (to a varying extent) after
searching for online health information. Among all the
constructs studied, as depicted in Table 5, compulsion
(85.7%), distress (91.8%), excessiveness (96.6%), and reas-
surance (76.1%) constructs had an impact on a more sig-
nificant number of study participants than the mistrust of
medical professionals (33.0%).

*is study’s findings on the constructs of cyberchondria
are similar to a recent Indian study in which it was found
that all the participants were affected by excessiveness [13].
*ese results are similar to another study conducted to
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examine the relationship between health anxiety and
searching for health information on Internet [14]. *e re-
assurance construct influenced 92%, and the literature shows
that as a cyberchondriac searches Internet for a second or
third opinion, they start to identify themselves with the most
serious cases [15]. *e present study found that the distress
constructs affected 91.8% of the participants, similar to a
study conducted to examine the positive correlation between
anxiety and searching for illness and wellness information
[11]. 75% of the participants were affected by compulsion,
and similar results were obtained in a few other studies
conducted [3, 16]. 33% were influenced by mistrust of the
medical professional.*is, however, is strikingly higher than
what was found in another study that examined the prev-
alence of cyberchondria in graduate employees [13]. *is
result is supported by the study conducted to understand the
role of the Internet in patient-practitioner relationships,
which reported that the patients are more confident with the
information given by their doctor than on Internet [1].

*e findings suggest that using Internet for health in-
formation is likely to develop anxiety in some people, to a
point where their Internet use begins to feel excessive, out of

control, and symptomatic of their broader difficulties. *is
behaviour may promote self-medication, considering that
this type of information can also be shown explicitly on
Internet sites [3]. Compared to other health information
sources (e.g., medical textbooks and health information
leaflets), Internet contains much-unregulated health infor-
mation. Search engine architects are responsible for en-
suring that searchers do not experience unnecessary
concerns generated by the definitions of relevance and the
ranking algorithms their engines use. Because people may
believe they can conduct their diagnosis based on search
results, Internet searching habit may impact and delay
professional help. *is information explains a previously
unknown aspect of the doctor-patient relationship. Doctors
will need more patience and time to interact with Internet-
literate patients, reassuring them about their search and
determining whether the information they have found is
correct or not. Future search engines should incorporate
ranking algorithms in medical domains [17], iterative in-
telligent medical search engines [18], and classifiers to in-
dicate when a user is using a search engine as a probabilistic
diagnostic system [18], such that accurate base rates of illness
are more accessible to symptom-searchers on Internet.
*ose with illness worries may consider installing blocking
software to prevent anxiety-provoking health searches, as
such an approach has been effective for another pathological
checking [10].

To some extent, search results from scientific and
trustworthy sites provide accurate information; however,
if people are surfing lay forums, there is cause for concern
for both the patient and the doctor. *ere is scope for
further research to understand how health-related In-
ternet use can be harmful to anxious individuals. In-
creasing health literacy is another method to reduce
Internet-related escalations of distress among those with
illness anxiety, as it will help differentiate reliable and
unreliable information.

Table 1: Distribution of sociodemographic characteristics of the participants.

Variable Category Count (%)

Age in year
Up to 60 years 292 (77.0)
Above 60 years 87 (23.0)

Gender
Male 186 (49.1)
Female 193 (50.9)

Education
Formal education 170 (44.9)

Graduation and above 209 (55.1)

Religion

Hindu 104 (27.4)
Christian 160 (42.2)
Muslim 85 (22.4)
Others 30 (7.9)

Types of family
Nuclear 189 (49.9)
Joint 190 (50.1)

Income
Below 20000 185 (48.8)

20000 and more 194 (51.2)

Marital status
Living with spouse 347 (91.6)
Living without spouse 32 (8.4)

Usage of Internet
Below 3 hours 94 (24.8)
Above 3 hours 285 (75.2)

Table 2: History of chronic conditions among the participants.

Condition Count (%)

Hypertension 257 (67.8)
Diabetes mellitus 244 (64.4)
Myocardial infarction 25 (6.6)
Stroke 25 (6.6)

Table 3: Prevalence of cyberchondria among the participants.

Components Count (%)

Severely affected 161 (42.5)
Moderately affected 106 (28.0)
Less affected 112 (29.6)
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4.1. Limitation. Only patients attending cardiology, endo-
crinology, and neurology outpatient departments in a single
tertiary care hospital were included in the study. *us, the
results cannot be generalized.

4.2. Main Messages

(i) In India, cyberchondria is a growing public
mental health issue that needs immediate atten-
tion or can cause significant harm to the general
population

(ii) To get a better understanding of the prevalence of
cyberchondria and the factors influencing it,
there should be more research conducted in this
field

(iii) Both prevention and treatment measures should be
taken by the authorities on a community level to
reduce the risk of cyberchondria

4.3. What Is Already Known on the Subject

(i) Cyberchondria is a form of anxiety characterized by
excessive online health research

(ii) Cyberchondria consists of four core dimensions:
Internet searches for medical information repeti-
tively (excessiveness); increased negative affect
(distress); interrupted daily living (compulsion);
and engendered reassurance seeking

(iii) People with cyberchondria have differentiated
characteristics in terms of their actions and
thoughts, including spending hours daily checking
their symptoms online

Table 4: Association between cyberchondriasis severity scale and various factors.

Variable Category Median Interquartile range P value

Age in year#
Up to 60 years 39.00 5.00

0.68
Above 60 years 39.00 6.00

Gender#
Male 39.00 5.00

0.87
Female 39.00 7.00

Education#
Formal education 39.00 5.75

0.13
Graduation and above 38.00 6.00

Religion+

Hindu 38.00 5.00

0.95
Christian 39.00 5.00
Muslim 39.00 6.00
Others 38.50 8.50

Types of family#
Nuclear 38.50 6.00

0.57
Joint 39.00 5.00

Income#
Below 20000 39.00 6.00

0.37
20000 and above 39.00 6.00

Marital status#
Living with spouse 39.00 5.50

0.46
Living without spouse 38.50 5.50

Usage of Internet#
Below 3 hours 39.00 5.00

0.75
3 hours and above 39.00 6.00

Hypertension#
Yes 39.00 5.00

0.67
No 39.00 6.00

Diabetes mellitus#
Yes 39.00 6.00

0.42
No 39.00 5.00

Myocardial infarction#
Yes 36.00 6.00

0.03∗
No 39.00 6.00

Stroke#
Yes 36.00 5.00

0.11
No 39.00 6.00

∗Significant at α� 5%. #Findings from the Mann–Whitney U test. +Findings from the Kruskal–Wallis test.

Table 5: Prevalence of different constructs of cyberchondria.

Components Count (%)

Level of compulsiveness
Severely affected 323 (85.7)
Moderately affected 54 (14.3)
Not affected 0 (0.0)

Level of distress
Severely affected 346 (91.8)
Moderately affected 31 (8.2)
Not affected 0 (0.0)

Level of exclusiveness
Severely affected 364 (96.6)
Moderately affected 13 (3.4)
Not affected 0 (0.0)

Level of reassurance
Severely affected 287 (76.1)
Moderately affected 90 (23.9)
Not affected 0 (0.0)

Level of mistrust
Severely affected 124 (33.0)
Moderately affected 252 (67.0)
Not affected 0 (0.0)
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ABSTRACT
Introduction: Apigenin (4,5,7 Trihydroxyflavone) is a natural compound of flavonoids 
class, which is found in various plant constituents. Since primitive years, Apigenin has 
been used as a traditional medicine, because it possesses biological functions. Common 
ayurvedic formulations comprising apigenin are in market. Hence quality control of 
preparation covering apigenin is desirable. Objectives: In present study, pointed to 
enhance and validate UV Spectrophotometric method to evaluation of apigenin in bulk 
powder. Methods: Using methanol as solvent, UV Spectrophotometric method was 
developed. Apigenin showed supreme absorbance wavelength at 267 nm. New technique 
enhanced and validated in terms parameters such Specificity, Discrimination, Linearity, 
Correctness, Ruggedness, Solution stability as per each ICH guidelines. Results: The 
detector response for apigenin was linear in the sure concentration range of 2μg/mL-
10μg/mL with correlation coefficient of 0.9995. Newly developed method was found 
to be specific, Selective linear, Precise, Rugged, reproducible for estimation of apigenin 
with %RSD values less than 2%. Conclusion: In this study Development and Validation 
of UV-Spectrophotometric method can be employed for the apigenin assessment in bulk 
powder.
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INTRODUCTION
Apigenin is a very significant natural 
compound existing in various fruits and 
vegetables such as parsley, celeriac, celery, 
chamomile tea, orange, apple, tomatoes.1 

Apigenin in Figure 1 is a flavonoid that is 
used as a traditional medicine for decades, 
as it establish to show DPPH, antioxidant, 
in vivo animal anti-inflammatory, 
cytotoxic study, anti-bacterial, anti-viral 
and numerous biological activities. One of 
the very significant activities of apigenin is 
anticancer activity.2-4 Numerous ayurvedic 
formulations comprising apigenin were 
marketed for health care delivery systems.5 

The quality control of formulations 
containing apigenin is important in the 

ayurvedic industries. Literature survey 
revealed that analytical methods such as 
spectrophotometric, HPLC and HPTLC 
methods6-9 were reported for the estimation 
of apigenin in various plant extracts. The 
stated methods were having their own 
confines such as extra time consuming, use 
of costly and hazardous solvents. As per the 
literature review, there was no established 
UV spectrophotometric method for 
valuation of apigenin in the form of pure 
form. Henceforth, it is needed to develop 
and validate UV spectrophotometric 
method estimation of apigenin by using 
newer solvent system. In the present 
research an effort has been made to develop 
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and validate new UV-spectrophotometric method for 
estimation of apigenin in bulk powder.

MATERIALS AND METHODS
Chemicals

Apigenin was achieved as gift sample from Aktin  
chemicals, China. Beneficial chemicals and reagents  
used for the analysis pure, high analytical grade gotten  
from KAHER’S Dr. Prabhakar Kore Basic Science 
Research Center, Belagavi. UV-Spectrophotometer of 
Shimadzu make and model UV-1900 having UV probe 
software were used for analysis. Calibrated weighing 
balance was used for weighing drug sample in the study.

Method Optimization

Development also optimization of new UV 
Spectrophotometric method was accepted by selecting 
the proper solvent system the wavelength were recognized 
from review literature. Solubility of apigenin was screened 
by taking various solvents ethanol, methanol. In order 
to select the solvent system few trials were carried out, 
finally methanol was chosen as a solvent. Primary and 
secondary stock solution of apigenin was prepared by  
dissolving it in methanol. From these solutions working 
standard solution containing 10 µg/mL of apigenin  
was scanned between the wavelength regions of  
400 - 200 nm against methanol as blank. The UV spectra  
were shown in and absorption curve showed characteristic  
absorption maxima at 267 nm and it was selected for 
analysis of apigenin.10,11

Method Validation

In order to validate newly developed method parameters  
as per the ICH guidelines (ICH guidance Q2A; Q2B) 
was followed.12-15

Specificity and selectivity

Employed standard solution containing 2 µg/mL  
Apigenin was observed between the range of 400-200nm.  
Spectrum of solvent as blank was obtained, analyzed 
for any interference of solvent at maximum wavelength 
of absorbance.

Linearity and range

While execution the study for linearity, 10mg of  
apigenin weighed and transferred into 10ml of volumetric 
flask and volume was attuned to the mark using  
methanol to obtained 1000µg/mL solution of apigenin.  
From this standard stock the working stock was  
prepared which consist of 1ml of standard stock was  
taken placed in another 10 mL volumetric flask covering  
methanol solvent and the volume was made up to the 
mark to 10mL, later further serial dilutions were made  
to prepare 2, 4, 6, 8 and 10 µg/mL solutions of  
apigenin. Solutions were ready in triplicates and 
absorbance’s was measured at 267 nm.

Limit of Detection and Limit of Quantification

LOD and LOQ was calculated by using statistical 
calculations using formulas:
LOD = 3.3 × SD of y-intercept/ Slope of the calibration 
curve and LOQ= 10 x SD of y- intercept/ Slope of the 
calibration curve.
LOD = 3.3 × standard deviation of regression/ Slope
LOQ = 10 × standard deviation of regression/ Slope

Precision

Precision was measured in six replicates of solution  
containing apigenin that was prepared and the 
absorbance was recorded at 267nm on same day at different  
time intervals. On altered days the obtained system  
precision, intraday precision and interday precision 
data and absorbance were measured and % RSD was 
calculated.

Ruggedness and Reproducibility

In determine the ruggedness normally six replicates of  
solutions containing apigenin were prepared and  
absorbance of each replicate was measured by different 
analyst also by using different instruments and %RSD 
as calculated for absorbance.

Solution and standard stock solution stability

In order to check solution stability and obtained stability,  
fresh stock was prepared and dilutions were made using 
fresh solvent, absorbance’s of each dilutions containing 

Figure 1: 2D structure of Apigenin.
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apigenin was compared with that of old stock dilutions 
and % RSD for absorbance’s was calculated.

RESULTS AND DISCUSSION
Optimization and validation

Solvent development step involves the use of methanol 
in which apigenin showed spectrum with maximum 
absorbance at 267 nm. Developed method parameters 
were presented below.

Specificity and selectivity

By obtaining solvent spectrum there was no interference  
of absorbance at 267nm hitch highlighted the specificity  
and method selectivity. The UV spectrum of solvent 
and apigenin is represented in Figure 2 and Figure 3 
respectively.

Linearity and Range

Linearity and range was resolute by plotting standard 
calibration curve using concentration UV absorbance’s  
obtained by linear dilution of apigenin. The absorbance  
range was between the concentration of 2, 4, 6, 8 and 
10µg/mL. The regression equation of apigenin was 
0.999. Linearity data as signified in Table 1. Overlay 
spectrum of linearity of apigenin is shown in Figure 4  
with standard calibration curve was presented in Figure 5.

Limit of Detection and Limit of Quantification

By statistical calculation LOD and LOQ was found to 
be 0.27µg/mL and 0.83 µg/ml respectively.

Precision

Method was found to be precise as the %RSD calculated  
for six replicates solution of apigenin at each precision 
level was found to be less than 2% (Table 2).

Ruggedness and Reproducibility

The % RSD values calculated for apigenin was found 
to be less than 2% which indicates that the method 
was robust with slight change in the % composition of 
solvent system and reproducible as %RSD obtained for 

Table 1: Linearity and range data of apigenin.
Sr. No Concentration Absorbance at 267nm

1 2 µg/mL 0.179

2 4 µg/mL 0.288

3 6 µg/mL 0.401

4 8 µg/mL 0.519

5 10µg/mL 0.641

r² 0.999

Slope 0.05775

LOD 0.27 µg/mL

LOQ 0.83 µg/Ml

Figure 2: UV-Spectrum of Methanol.

Figure 3: UV-Spectrum of Apigenin.

Figure 4: Overlay spectrum of Apigenin.

Figure 5: Standard calibration plot of Apigenin.
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Table 2: System, intraday and interday precision data of apigenin.
Precision System 

precision
Intraday

1st hr
Intraday 5thhr Interday

-1 Precision
Interday

-2 Precision
Interday

-3 Precision
2 µg/mL 0.164 0.171 0.168 0.171 0.155 0.161

2 µg/mL 0.167 0.174 0.172 0.174 0.159 0.165

2 µg/mL 0.168 0.172 0.172 0.172 0.154 0.169

2 µg/mL 0.166 0.167 0.174 0.167 0.157 0.167

2 µg/mL 0.167 0.164 0.176 0.164 0.159 0.164

2 µg/mL 0.166 0.166 0.177 0.166 0.161 0.166

%RSD 0.82% 0.90% 1.87% 0.90% 1.69% 1.65%
6 µg/mL 0.396 0.357 0.407 0.357 0.382 0.382

6 µg/mL 0.4 0.363 0.407 0.363 0.382 0.383

6 µg/mL 0.4 0.365 0.408 0.365 0.383 0.382

6 µg/mL 0.407 0.365 0.409 0.362 0.39 0.389

6 µg/mL 0.408 0.362 0.41 0.369 0.392 0.39

6 µg/mL 0.409 0.363 0.412 0.365 0.389 0.39

%RSD  1.32% 0.81% 0.47% 0.81% 1.16% 1.04%
10 µg/mL 0.633 0.591 0.639 0.633 0.631 0.619

10 µg/mL 0.634 0.597 0.641 0.634 0.636 0.622

10µg/mL 0.639 0.594 0.64 0.639 0.634 0.62

10 µg/mL 0.64 0.589 0.641 0.64 0.637 0.622

10 µg/mL 0.641 0.591 0.642 0.641 0.64 0.623

10 µg/mL 0.641 0.595 0.643 0.641 0.641 0.624

%RSD 0.56% 0.50% 0.22% 0.56% 0.58% 0.29%

Table 3: Ruggedness data of apigenin.
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2 µg/mL 0.168 6 µg/mL 0.368 10 µg/mL 0.633

2 µg/mL 0.172 6 µg/mL 0.369 10 µg/mL 0.639

2 µg/mL 0.172 6 µg/mL 0.369 10 µg/mL 0.64

2 µg/mL 0.174 6 µg/mL 0.362 10 µg/mL 0.641

2 µg/mL 0.177 6 µg/mL 0.363 10 µg/mL 0.641

2 µg/mL 0.176 6 µg/mL 0.365 10 µg/mL 0.642

%RSD 1.87% %RSD 0.84% %RSD 0.51%

Table 4: Solution stability data of apigenin.
Solution stability Fresh stock 

dilutions
Old stock 
dilutions

Replicates Conc. Apigenin Apigenin

1 2 µg/mL 0.168 0.179

2 2 µg/mL 0.172 0.167

3 2 µg/mL 0.172 0.172

4 2 µg/mL 0.174 0.172

5 2 µg/mL 0.177 0.171

6 2 µg/mL 0.176 0.169

% RSD 1.87% 1.17%

absorbance’s of each replicate of solutions was within 
the acceptance by change in the analyst and instrument 
(Table 3).

Solution stability

The solution stability for apigenin was determined by 
the %RSD or absorbance was calculated from prepared 
fresh solution and old solution containing apigenin.  
Results analyzed were found to be within the acceptance 
and data obtained revealed the standard stock solution. 

Solution stability study was done for 4days and data 
have been displayed in (Table 4).

CONCLUSION
This paper presents in detail the development of a  
portable low-cost UV spectrophotometer which, by using  
an isolated compound, allows detection of developed, 
validated parameters, providing effective accurate  
results. Hence, the developed method is accurate,  
precise, reproducible and used as a quality control tool 
for analysis of apigenin in bulk. In future the methods  
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desirable to apply for estimation of apigenin in its  
various extract and other marketed dosage forms.

ACKNOWLEDGEMENT
The authors are thankful to KAHER’s Dr. Prabhakar 
Kore’s BSRC Belagavi for providing necessary facility 
to carry out present research work. Authors are also  
thankful to Aktin Chemicals, China for providing  
Apigenin as a gift sample.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ABBREVIATIONS
μg: Microgram; mL: Milliliter; LOD: Limit of Detection;  
LOQ: Limit of Quantification; UV: Ultra violet  
spectrophotometer; RSD: Relative Standard Deviation; 
ICH: International Council of Harmonization.

Author Contribution

All the authors have equally contributed for the 
development and validation of apigenin. Ms. Priya Shetti 
contributed to develop and validate and method for 
apigenin in its pure form. Dr. Sunil S. Jalalpure guided  
for the present research work also in the reviving literature  
and writing the paper work.

REFERENCES
1. Salmani JMM, Zhang XP, Jacob JA, Chen BA. Apigenin’s anticancer 

properties and molecular mechanisms of action: recent advances and future 
prospectives. Chin J Nat Med. 2017 May 1;15(5):321-9. doi: 10.1016/S1875-
5364(17)30052-3, PMID 28558867.

2. Yan X, Qi M, Li P, Zhan Y, Shao H. Apigenin in cancer therapy: anti-cancer 
effects and mechanisms of action. Cell Biosci. 2017 Dec;7(1):50. doi: 
10.1186/s13578-017-0179-x, PMID 29034071.

3. Zhang J, Huang Y, Liu D, Gao Y, Qian S. Preparation of apigenin nanocrystals 
using supercritical antisolvent process for dissolution and bioavailability 
enhancement. Eur J Pharm Sci. 2013 Mar 12;48(4-5):740-7. doi: 10.1016/j.
ejps.2012.12.026, PMID 23305994.

4. Cvetanović A, Švarc-Gajić J, Gašić U, Tešić Ž, Zengin G, Zeković Z, 
Đurović S. Isolation of apigenin from subcritical water extracts: optimization 
of the process. J Supercrit Fluids. 2017 Feb 1;120:32-42. doi: 10.1016/j.
supflu.2016.10.012.

5. Das C, Ghosh G, Bose A, Das D. Analytical methods for standardization of 
ayurvedic asavas and aristas; A review. pharmaceutical-sciences. 2019 May 
27;81(3):396-405. doi: 10.36468/pharmaceutical-sciences.523.

6. Attarde DL, Pal SC, Bhambar RS. Validation and development of HPTLC 
method for simultaneous estimation of apigenin and luteolin in selected 
marketed ayurvedic formulations of’Dashmula’and in ethyl acetate extract of 
Premna integrifolia L. J Anal Bioanal Tech. 2017;8(343):2.

7. Romanová D, Grančai D, Jóžová B, Božek P, Vachálková A. Determination 
of apigenin in rat plasma by high-performance liquid chromatography. J 
Chromatogr A. 2000;870(1-2):463-7. doi: 10.1016/s0021-9673(99)00939-5, 
PMID 10722103.

8. Miguel FG, Cavalheiro AH, Spinola NF, Ribeiro DL, Barcelos GR, Antunes LM,  
Hori JI, Marquele-Oliveira F, Rocha BA, Berretta AA. Validation of a  
RP-HPLC-DAD method for chamomile (Matricaria recutita) preparations and 
assessment of the marker, apigenin-7-glucoside, safety and anti-inflammatory 
effect. Evid Based Complement Alternat Med. 2015 Oct;2015:828437. doi: 
10.1155/2015/828437, PMID 26421053.

9. Guzelmeric E, Vovk I, Yesilada E. Development and validation of an HPTLC 
method for apigenin 7-O-glucoside in chamomile flowers and its application 
for fingerprint discrimination of chamomile-like materials. J Pharm Biomed 
Anal. 2015 Mar 25;107:108-18. doi: 10.1016/j.jpba.2014.12.021, PMID 
25575175.

10. Wang Y, Xu Z, Huang Y, Wen X, Wu Y, Zhao Y, Ni Y. Extraction, purification, 
and hydrolysis behavior of apigenin-7-O-glucoside from Chrysanthemum 
morifolium tea. Molecules. 2018 Nov;23(11):2933. doi: 10.3390/
molecules23112933, PMID 30424020.

11. Romanova D, Vachalkova A. UV spectrometric and DC polarographic 
studies on apigenin and luteolin. Arch Pharm Res. 1999 Apr;22(2):173-8. doi: 
10.1007/BF02976542, PMID 10230508.

12. Arun P, Amol T, Darshan T. Preparation, development and validation of 
UV spectrophotometric method for the estimation of apigenin in apigenin–
hydrogenated soy phosphatidylcholine (HSPC) complex. Int J Pharm Pharm 
Sci. 2015;7(3):228-31.

13. ICH guidance, validation of analytical method: definition and terminology. 
International Conference on Harmonization. Vol. Q2A. Geneva.

14. ICH guidance, validation of analytical procedures: methodology. International 
Conference on Harmonization. Vol. Q2B. Geneva.

SUMMARY
The present study delivers a reference line data and analytical methods to contribution in the evaluation of 
apigenin, Plant flavonoid having capable chemo preventive activity counter to various cancers. Apigenin has low 
solubility which soluble in DMSO. Many studies on HPLC, HPTLC analysis for apigenin have been reported but till 
date UV Spectrophotometric method for apigenin isolated compound has not been reported. Here in this study the 
UV Spectra of apigenin was recorded by taking methanol as solvent, which sturdily absorbed gave two absorption 
spectra at a wavelength of 267 and 336nm herein we selected 267 nm as it produced a sharp peak compared to 
336nm. Upright linearity was found with in concentration range of 2-10μg/mL with correlation coefficient (r2) at 
0.999. The data of precision study (interday and intraday) represent a good reproducibility with the RSD lower 
than 2.0% which shows that the method is precise. The use of costly analytical methods like HPLC, HPTLC limit 
the realizations of in situ studies because of their high cost, their limited portability, and even extend the time 
duration of the study. Henceforth the simple UV method was developed for the estimation of Apigenin in various 
extracts and in the marketed formulation and this developed method is validated according to the ICH guidelines.
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ABSTRACT 

 
Introduction and Aim: Cadmium is an environmental pollutant and potential nephrotoxic to humans. Increase in 

industrialization is the major cause for heavy metal pollution and these heavy metals disrupts physiological 

homeostasis. Chelation therapy will be useful amelioration of heavy metal toxicity. This research was designed to 

understand the nephroprotective properties of black tea extract on cadmium induced renal toxicity in experimental 

rats. 

Materials and Methods: Adult rats were kept into four groups (n=6/group). In that group 1: control group (normal 

saline), group 2: cadmium chloride (CdCl2, 1.0 mg/kg, body weight; intraperitoneal), group 3: black tea extract and 

group 4: cadmium chloride plus black tea extract and processed for histopathology of kidney. 

Results: Supplementation of black tea extract improves kidney architecture of rats exposed with cadmium chloride 

group. 

Conclusion: Black tea extract seems to be nephroprotective against cadmium induced oxidative stress observed in 

experimental rats. 

Keywords: Cadmium; kidney; black tea extract.  

INTRODUCTION 
 

nvironmental pollution is a major global 

problem due to use of xenobiotic chemical 

such as heavy metal. Unrestrained 

industrialization has caused heavy metal 

contamination in the world (1). Organ functions are 

impaired by heavy metal compounds, which alter 

physiological equilibrium (2). Heavy metal 

contamination of environment an extra stress on 

metabolically active tissues and organs. Metals are 

steady, insistent environmental pollutants. Cadmium 

is a metal that is not required for life and has a 

variety of negative health consequences (3). The 

World Health Organization (WHO) has listed several 

chemical groups that are harmful to human health, 

including Cd and Pb (4).  
 
In humans, a variety of metals are likely to trigger 

genetic changes in the target tissues (5). Every year a 

large amount of cadmium is released into the 

atmosphere as a result of industrialization, mining, 

agriculture and urbanization. Cadmium in water and 

food chain continually accumulating, this poses an 

increasing peril to human (6). People are exposed to 

cadmium chloride through various sources like water, 

food, cigarette smoking, consumer products, 

fertilizers etc. (7). Cadmium is one of the maximum 

dangerous and toxic occupational heavy metal in this 

earth. Chronic exposure to cadmium, it reacts with 

cellular biomolecules such as proteins, carbohydrate, 

lipids and it alters the gene expression and apoptosis 

(8).  
 
Cadmium is mainly stored in the kidney and liver due 

to its lengthy half-life (about 12-30 years), and 

prolonged exposure to cadmium can affect multiple 

tissues and organs (9). Acute cadmium exposure has 

been shown to affect the liver and kidneys in Wister 

rats (10).  Oxidative stress is the primary mechanism 

of cadmium toxicity (11). Cadmium causes oxidative 

stress by increasing the generation of free radicals, 

causing DNA damage, raising lipid levels, and 

lowering protein levels (12). Intracellular oxidative 

stress is promoted by reactive oxygen species (ROS), 

which can damage macromolecules and lead to a 

variety of illnesses, including cancer (12, 13). 
 
Heavy metal detoxification from the liver, kidneys, 

and reproductive organs is challenging, and chelation 
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therapies have not proven successful in cases of 

cadmium toxicity. Tea is common beverage in Asian 

countries, and it is a popular brew next to water. 

Polyphenol content of tea is anti-mutagenic, anti-

oxidative and anti-hypercholesteremic (14). Green 

and black teas both have a similar quantity of 

flavonoids, though their chemical structure differs. 

Green teas contain more simple flavonoids known as 

catechins, whereas black tea leaves undergo 

oxidation, which converts these simple flavonoids 

into more complex varieties known as theaflavins and 

thearubigins, which vary depending on the growing 

environment, leaf variety, manufacturing, and 

infusion preparation (15). 

 

During the manufacturing of black tea, a polyphenol 

found in tea leaves (Camellia sinensis L.) that 

contains flavonoids, primarily catechins, 

epigallocatechin-3-gallate, epicatechin-3-gallate, 

epicatechin, epigallocatechin (C, EGCG, ECG, EGC, 

and EC) undergoes oxidation to form theaflavins and 

thearubigens (16). Theaflavin (TF1), theaflavin-

3'gallate (TF2b), theaflavin-3 gallate (TF2a), and 

theaflavin-3, 3'-digallate (TF3) are the four primary 

chemicals found in theaflavines (17). Because of the 

gallic acid moiety and hydroxyl groups, theaflavin is 

a natural antioxidant and metal chelating polyphenol 

found in black tea (18). According to previous 

investigations, Black Tea Extract (BTE) reduced the 

cadmium-induced serum lipid profile and 

hepatocellular damage (19) in rats, therefore the goal 

of this study as to see if BTE could protect rats 

against cadmium-induced kidney histopathological 

changes.  
 
MATERIALS AND METHODS 

Breeding of animals and care were carried out in 

accordance with Government of India standards to 

use laboratory animals (20). Experiments were 

carried out after getting approval from the 

institutional animal ethical committee 

(1169/ac/08/CPCSEA). Adult male Wister rats 

(160±10g) were placed into four groups: group 1, 

control; group 2, cadmium (1 mg/kg, i.p.) (21); group 

3, black tea extract (2.5g tea leaf/dl of water, 

equivalent to 2.5 percent black tea extract); and group 

4, cadmium and BTE combined for 21 days. 
 
Preparation of 2.5 % Aqueous BTE  

25 grams of black tea leaves were steeped for 15 

minutes in 500mL of boiling water. After cooling to 

room temperature, the infusion was filtered. The 

residues of the same black tea leaves after a second 

extraction with 500mL boiling water. Combining 

both filtrates yielded a 2.5 percent aqueous black tea 

extract (2.5 g black tea leaf/100mL water) (22). 

 

For the histopathology evaluation, each rat's kidney 

was stored in a 10 percent neutral buffered formalin 

solution. In addition, each rat kidney was processed 

and sectioned by typical histological techniques. 

Serial slices of 5 mm were obtained from tissue 

blocks after the samples were sunk in paraffin. Three 

slides were made for each rat and stained with 

hematoxylin and eosin. The preparations were 

photographed and assessed under a photomicroscope. 

RESULTS 

The histological structure of the untreated normal 

kidney (group 1) was normal as per Fig. 1 (a) and (b).  
Glomeruli are affected focally and segmentally in 

group 2 (cadmium), glomeruli are hypercellular with 

glomerular basement membrane thickening and 

mesangial proliferation, mesangial hyalinosis and 

sclerosis, tubular basement membrane mild 

thickening, cloudy swelling, degeneration, atrophy, 

coagulation, and interstitial necrosis focal with 

dilated and congested vessels in Fig. 2(a) and (b). In 

group 3 (BTE), the architecture was normal, and the 

kidney appeared normal Fig. 3 (a) and (b). In group 4 

Glomeruli are mild-hypercellular and show mild 

glomerular basement membrane thickening, mild 

mesangial, focal tubular basement membrane mild 

thickening with increased cytoplasmic and interstitial 

focal inflammation as shown in Fig. 4 (a) and (b). 

After hematoxylin and eosin staining, representative 

photomicrographs of rat kidney sections are shown. 

                            

                                                          
(a)                                                                                                     (b) 

Fig. 1: Histopathological section of control group1 (a) 10X and (b) 45X 
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(a)                                                              (b) 

Fig. 2: Histopathological section of cadmium group2 (a) 10X and (b) 45X 

 

 

           
(a)                                                                            (b) 

             Fig. 3: Histopathological section of black tea extract group 3(a) 10X and (b) 45X 

 
 

                                         
          (a)                                                                                  (b)  

             Fig. 4: Histopathological section of cadmium plus black tea extract group4 (a) 10X and (b) 45X 

 

DISCUSSION 

This study showed cadmium induced alteration of 

kidney histology and reflects a clear sign of cellular 

damage in glomerulus of the kidney. The kidney 

showed severe congestion, focal hemorrhage and 

hydropic degeneration of renal tubules epithelium, 

alternative areas of activation and depletion of 

hematopoietic element after cadmium exposed group 

2. Toxicity induces the nitric oxide synthase (iNOS) 

level and affects the renal physiology (23). BTE is 

helpful in averting cadmium-induced lipid alterations 

(19) 
 
Many studies have shown that low-dose cadmium 

exposure disrupts the redox equilibrium, induces 

apoptosis, and damages the kidneys. Cadmium limits 

Fe+ absorption from the intestine, which leads to 

decreased activity of Fe+-containing catalase and an 

increase in ROS generation and lipid peroxidation, all 

of which contribute to oxidative stress, mitochondrial 

damage, and kidney dysfunction (24). Some data 

showed that dietary cadmium intake is associated 

with chronic kidney diseases in cadmium polluted 

area (25).  

 

Furthermore, cadmium is a dangerous heavy metal 

that induces degenerative histopathological 

alterations in the kidneys. According to this study, 
simultaneous BTE treatment may help to reduce renal 

degeneration. 
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CONCLUSION  
 
In male Wister rats, black tea extract was found to be 

effective in reducing cadmium-induced impaired 

kidney cellular damage. 
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Abstract

Research on natural anti-oxidant agents increased due to their wide range of applications on various diseases. HPTLC-DPPH 
is the novel technique where anti-oxidant potential of complex herbal extract can be detected on TLC plate. In thin-layer 
chromatography, silica gel plates (60 F-254) were used as a stationary phase along with THF/Toluene/Acetic Acid/Water 
[16:8:2:1 (v/v)] as a mobile phase. Cytochrome P-450 inhibitors were predicted by in-silico method as anti-oxidant agent. 
HPTLC method development and validation were performed on CAMAG HPTLC system along with quantitative estimation 
of epigallocatechin in hydroalcoholic extract of Acacia suma. HPTLC method had ensured no change in  RF value (0.944) 
at wavelength 269 nm and revealed presence of epigallocatechin in Acacia suma is 404.2 mg/g. Yellow coloured bands on 
TLC plate were observed with DPPH reagent to confirm radical scavenging property. The in vitro DPPH radical scavenging 
assay, hydrogen peroxide assay, nitric oxide assay, total anti-oxidant assay and lipid peroxidation assay were performed, and 
 IC50 values are 81.46 ± 2.72, 61.39 ± 1.85, 21.30 ± 2.26, 55.13 ± 2.86 and 77.03 ± 2.47 µg/ml, respectively. Additionally, 
in-silico data predicted ‘Diinsininol’ as cytochrome P450 inhibitor with docking score -13.51 kcal/mol. The study findings 
evident that hydroalcoholic extract of Acacia suma had significant anti-oxidant potential which was confirmed by in vitro 
assays, molecular docking study and HPTLC-DPPH anti-oxidantapproaches.

Keywords Acacia suma · Anti-oxidants · Cytochrome P450 · Epigallocatechin · HPTLC · Polyphenols

Introduction

Oxidative stress damages DNA, protein, lipid due to forma-
tion of free radical, and to fight against reactive oxidative 
species (ROS), body has scavengers such as glutathione, 
superoxide dismutase and catalase (Halliwell et al. 19). 
Phenolic compounds are secondary metabolites of plants 
and act as anti-oxidants by following various pathways; free 
radical scavenging, oxygen radical absorbance, and chelation 
of metal ions (Upadhyay et al. 39). The electron reduction 
potential of phenolic radicals is lower than electron reduc-
tion potential of oxygen radicals and hence phenolic com-
pounds are excellent oxygen radical scavengers (Grace et al. 
16). 

The plant Acacia suma has distributed in Karnataka, 
Bihar, Bengal and Tamil Nadu states of India, commonly 
known as ‘White catechu or Sweta khadirah’, and belongs 
to family Fabaceae. Traditionally, it is used to treat meta-
bolic syndromes, skin diseases, ulcer and epilepsy and 
has been documented in API (Ayurvedic Pharmacopiea 
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of India). It has bitter, astringent, thermogenic and anthel-
mintic property (Vaidyaratnam 41; Ayurvedic Pharmaco-
poeia of India volume 5).

Obesity, diabetes, cardiovascular disease and oxida-
tive stress (OS) are the disease conditions elevated by 
reactive oxygen species. Obesity is one of the biggest 
cofactors in many life-threatening diseases. Enhanced 
systemic oxidative stress level leads to irregular produc-
tion of adipokines, such as leptin, adiponectin and resis-
tin which contributes to the development of metabolic 
syndrome (Fernández-Sánchez et al. 14). Despite huge 
class of anti-oxidants available in natural and synthetic 
forms, there are no anti-oxidant therapies in practice for 
the treatment of metabolic disorders such as abdominal 
adiposity, hypertension, dyslipidemia, hyperinsulinemia 
and glucose intolerance that comes under “Cardiometa-
bolic Disease” (Barteková et al. 5).

EGCG (Epigallocatechin gallate) present in green tea 
has potential to reduce in food uptake, lipid absorption, 
blood triglycerides, leptin levels and stimulates energy 
expenditure, fat oxidation, high density lipoprotein level 
and faecal lipid excretion (Moon et  al. 28). Reagents 
with stable radicals are converted into non-radical by 
anti-oxidants and are detected by spectrophotometer. The 
2,2-diphenyl-1-picrylhydrazyl (DPPH) is used in spec-
trophotometric experiments also as derivatizing agent in 
chromatographic experiments (Brand-Williams et al. 7).

Pairing of two techniques; HPTLC and DPPH radical 
scavenging reagent provide visible imaging with lemon 
yellow coloured zones on TLC plate. Screening of free 
radical scavengers from complex mixture of polyherbal 
formulations or plants extracts with flexible, simple and 
high throughput quantitative and qualitative technique 
can be used. When phenolic fraction exposed to DPPH 
reagent lemon yellow band can be obseverd on TLC plate 
(Cieśla et al. 10).

The Acacia catechu heartwood extracts have been 
reported for the presence of 66.9% catechin and 23.1% 
epicatechin; it is employed in the treatment of wound 
healing, obesity and diabetic (Stohs et  al. 38). Being 
from the same species, even Acacia suma has been docu-
mented as potential source of catechins. This is the first 
time screening of anti-oxidants by TLC bio-autography 
has been performed to give visual confirmation to the 
anti-oxidant potential of Acacia suma on TLC plate.

However, anti-oxidant potential of heartwood hydroal-
coholic extract (HAE) of Acacia suma has not been 
previously evaluated. Thus, the proposed research was 
planned to identify principal metabolites from Acacia 

suma responsible for anti-oxidant potential by in-silico, 
in vitro, and HPTLC-DPPH method.

Materials and methods

Preparation of hydroalcoholic extract

The powdered heartwood of Acacia suma was weighed 
100gm and subjected to cold maceration using hydroalco-
holic solvent, ethanol and water in 70:30 ratio. Dried crude 
extract was obtained in powder form by lyophilization, and 
percent yield was calculated (Cota et al. 11).

Quantitative estimation of phytoconstituents

Total phenolic contents

Total phenolic content of HAE of Acacia suma was esti-
mated by the following method. Ten mg of gallic acid was 
dissolved in 10 ml of water (1 mg/ml) and further diluted to 
different concentrations 50, 100, 150, 200, 250 and 300 µg/
ml. Ten mg of HAE of Acacia suma was dissolved in 10 ml 
of water (1 mg/ml) as final concentration. 1 ml of distilled 
water is added in each test tube. 0.5 ml of freshly prepared 
Folin Ciocalteu phenol reagent and 2.5 ml of 20% sodium 
carbonate solution were added. Final volume was adjusted 
with distilled water up to 10 ml and incubated for 2 h at 
room temperature. The mixture was centrifuged at 2000 rpm 
for 10 min, and absorbance was recorded at 760 nm. The 
phenolic content was expressed as mg of Gallic acid/ gram 
of plant extract (Muthukumaran et al. 29).

Total tannin content

Total tannin content was measured by colorimetric assay. 
Ten mg of tannic acid was dissolved in 10 ml of water (1 mg/
ml) and further diluted to different concentrations 50, 100, 
150, 200, 250 and 300 µg/ml. Ten mg of HAE of Acacia 

suma was dissolved in 10 ml of water (1 mg/ml) as final 
concentration. Potassium ferricyanide (8 mM) and iron(III) 
chloride 20 mM were prepared in hydrochloric acid (0.1 M), 
and final volume was made up to 7 ml with distilled water. 
Absorbance was recorded at 700 nm. Total tannin content 
was expressed as mg of tannic acid per gram of extract 
(Muthukumaran et al. 29).

Total flavonoid content

Standard curve of quercetin was prepared to estimate total 
flavonoid content, 10 mg of quercetin was dissolved in 10 ml 
of methanol and different concentrations 50, 100, 150, 200, 
250 and 300 µg/ml were prepared. Ten mg of HAE of Aca-

cia suma was dissolved in 10 ml of water (1 mg/ml) as final 
concentration. 5 ml of distilled water was added in each test 
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tube. 0.3 ml of 5%  NaNO2 and 10%  AlCl3 3 ml were added 
and incubated for 5 min, and 2 ml of 1 M NaOH was added. 
Absorbance was read at 510 nm. The results were expressed 
as mg quercetin/g of extract (Muthukumaran P et al. 29).

In vitro anti‑oxidant assays

Scavenging of 1, 1‑Diphenyl‑2‑picryl‑hydrazyl (DPPH) 

radical

The DPPH radical scavenging activity of HAE of Acacia 

suma was evaluated by using 3.5 ml of DPPH solution 
(0.1 mM) in ethanol was added in various concentrations 
of sample 250, 125, 62.5, 31.2, 15.6 and 7.8 µg/ml, kept 
in dark for 20 min. The absorbance of resultant mixture 
was measured at 517 nm (Gülçin et al. 17). The percent 
DPPH radical scavenging is calculated using following equa-
tion.% Inhibition = (Absorbance of blank − Absorbance of 
test)∕Absorbance of blank × 100.

Hydrogen peroxide scavenging assay

The hydroxyl radical scavenging activity of HAE of Aca-

cia suma was determined spectrophotometrically by previ-
ously described method (Ruch et al. 33; Dadoriya et al. 12). 
40 mM  H2O2 solution is prepared in phosphate buffer saline 
(pH 7.4). About 1.5 ml of  H2O2 solution is mixed with dif-
ferent concentrations 50–300 µg/ml of test extract. Test tubes 
were covered with aluminium foil for 10 min., and absorb-
ance was measured at 230 nm. Ascorbic acid was used as 
standard. The percent hydroxyl radical scavenging is calcu-
lated from the following formula:% Inhibition = (Absorbance 
of blank − Absorbance of test)∕Absorbance of blank × 100.

Nitric oxide radical scavenging assay

Sodium nitroprusside (SNP) when reacted with nitric oxide 
in presence of oxygen gives nitrite ions. The chromophore 
generated was spectrophotometrically measured at 540 nm 
against blank sample. Different concentrations of HAE 
of Acacia suma 50, 25, 12.5, 6.25 and 3.12 µg/ml in dis-
tilled water were prepared (Muthukumaran et al. 29). The 
percentage inhibition of nitric oxide radicals is calculated 
using the following formula:% Inhibition = (Absorbance of 
blank − Absorbance of test)∕Absorbance of blank × 100.

Total anti‑oxidants assay

The total anti-oxidant capacity of extracts was determined 
using various concentrations 50–300  µg/ml of HAE of 
Acacia suma. Extract was mixed with 3 ml of reagent mix-
ture (0.6 M sulphuric acid, 28 mM sodium phosphate and 
4 mM ammonium molybdate). The tubes were covered 

with aluminium foil and incubated in boiling water bath at 
95 °C for 90 min. After cooling, the solution absorbance was 
measured at 695 nm. The total anti-oxidant’s activity was 
expressed as equivalent of ascorbic acid (Olatidoye et al. 
31).

Lipid peroxidation assay

Malondialdehyde (MDA) is a secondary product of the oxi-
dation of polyunsaturated fatty acids, reacts with two mol-
ecules of Thiobarbituric Acid (TBA), resulting pinkish-red 
complex (Upadhyay et al. 40). The egg yolk homogenate of 
250 µl, (10% in distilled water v/v) was used for lipid per-
oxidation assay. Different concentrations of HAE of Acacia 

suma in the range of 50–300 µg/ml were selected. 250 µl egg 
homogenate was added in each test tube, and distilled water 
was added to make up volume 500 µl. Further, 25 µl  FeSO4 
(0.07 M) was added and incubated for 30 min. After incuba-
tion, 750 µl of 20% acetic acid (pH 3.5) and 750 µl of 0.8% 
TBA (w/v) prepared in 1.1% sodium dodecyl sulphate and 
25 µl 20% TCA were added, centrifuged, and heated on boil-
ing water bath for 60 min. After cooling, 3 ml of 1-butanol 
was added and again centrifuged at 2000 rpm for 5 min. The 
absorbance of the organic upper layer was measured against 
3 ml butanol at 532 nm.

Ferric reducing power assay

The ferric reducing power of the HAE of Acacia suma was 
performed using different concentrations 50–300 µg/ml in 
distilled water. Extract 0.5 ml was mixed with 1.5 ml of 
phosphate buffer 0.2 M, pH 6.6 and 1.5 ml of potassium 
ferricyanide (1%) and incubated at 50 °C for 20 min. Fur-
ther trichloroacetic acid (1.5 ml, 10% in distilled water) was 
added and centrifuged at 3000 rpm for 10 min. The upper 
layer of the solution (1.5 ml) is diluted with 1.5 ml of dis-
tilled water. Finally,  FeCl3 (300 µl, 0.1%) is added and again 
centrifuged at 3000 rpm for 5 min; absorbance of the result-
ant solution was measured at 700 nm, and absorbance v/s 
concentrations graph was plotted (Saeed et al. 34). Higher 
absorbance represents higher reducing power of extract.

In‑silico molecular docking

Phytochemicals of Acacia suma were retrieved from ChEBI 
(Chemical Entities of Biological Interest) open source 
database [https:// www. ebi. ac. uk/ chebi/]. Their canoni-
cal SMILES were recorded, and fifteen compounds were 
identified as cytochrome P450 inhibitors using online tool 
Swiss Target Prediction (http:// www. swiss targe tpred iction. 
ch/), Minimization was done using mmff94force field and 
converted into.pdbqt. Each compound was studied for drug 
likeness score and side effects by using online tools MolSoft 

https://www.ebi.ac.uk/chebi/
http://www.swisstargetprediction.ch/
http://www.swisstargetprediction.ch/
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[http:// molso ft. com/ mprop/] and ADVERPred [http:// www. 
way2d rug. com/ adver pred/], respectively (Kanbarkar et al. 
23).

Protein preparation for docking

The crystal structure of cytochrome P450 (PDB: 1OG5) in 
complex with a peptide for the present study was down-
loaded from RCSB (Research Collaboratory for Structural 
Bioinformatics) protein data bank (Khanal et al. 26). The 
standard protocol of protein preparation wizard (Schrod-
inger, LLC) followed and minimized the protein structure 
until RMS (Root mean squared) gradient for heavy atom 
reached 0.3 A°.

Ligand preparation for docking

The predicted compounds were retrieved from ChEBI online 
tool, and structures were prepared using default options of 
LigPrep version 4.8 (Schrodinger LCC). LigPrep generates 
energy minimized structure with multiple tautomers and ste-
reoisomers, which was further used as input to molecular 
docking (Kanbarkar and Mishra 24).

Receptor grid generation and molecular docking

The bound crystal ligand was selected to enumerate binding 
site grid with scaling factor of 1.0 and partial charge cut-off 
of 0.25 for the van der Waals radius. Molecular docking sim-
ulations were carried out using the GLIDE docking module 
of Schrodinger Suite software. The glide approximates are 
a complete systemic search of the conformational, orienta-
tion and positional space of the ligand in the protein binding 
pocket. The glide docking produces different poses for each 
input ligand, and each pose was scored by glide docking 
scores in Kcal/mol (Alegaon et al. 1).

High‑Performance Thin‑Layer Chromatography 
(HPTLC) method development

Chemicals and solvents

The epigallocatechin was purchased from Yarrow Pharma, 
Mumbai, and DPPH reagent, Sigma. The solvent used for 
chromatography was procured from Tetrahydrofuran, Sigma; 
Toluene, Merck; Glacial Acetic Acid, Merck and Methanol 
of AR grade, Merck.

Instrumentation

Software- VISIONCATS version 3.0.20154.1 (CAMAG Lino-
mat V), TLC Scanner 4, Pre-coated TLC silica gel 60 F 

254, 20 × 10  mm (Merck, Germany), Hamilton syringe, 

Twin Trough Chamber 20 × 10 cm (CAMAG), UV chamber 
(CAMAG) were used.

Preparation of sample

Hydroalcoholic extract of Acacia suma (10 mg) was mixed 
with 10 ml of distilled water and sonicated for 5 min, diluted 
to make different concentrations.

Standard stock solution

The epigallocatechin was prepared (1 mg/ml) and various 
concentrations 7, 8, 9, 10, 11, 12 µg/ml were prepared using 
methanol from stock solution. 5 μl of solution was applied 
on HPTLC plate as 8 mm bands.

Preparation of calibration curve

The working standard stock solution of epigallocatechin was 
prepared in methanol. A linear relationship between peak 
area and concentration was evaluated by selecting concentra-
tion in the range of 1–5 µg/ml.

Optimized chromatographic conditions

Aluminium sheets pre-coated with silica gel 60  F254, 
20 × 10 cm were used. The plates were saturated for 20 min 
in a twin trough glass chamber (20 × 10 cm) with THF/Tolu-
ene/Acetic Acid/Water [16:8:2:1 (v/v)] mobile phase. Plate 
was left in chamber till solvent reaches to 7 cm in ascend-
ing order. Sample application was done with CAMAG-
Linomat V automated spray on band applicator equipped 
with a 100 μl syringe and operated with following settings: 
band length 10 mm, application rate 150 nl/sec, distance 
between 11.4 mm, distance from plate side edge 1.5 cm and 
distance from bottom of the plate 2 cm. CAMAG TLC Scan-
ner 4 was used for densitometric scanning to quantify bands 
using VISIONCATS software (Linomat V). The spectral scan-
ner operating parameters were detection mode: automatic; 
slit dimension: 5 × 0.2 mm; scanning speed: 20 mm/s and 
bandwidth: 20 nm at an optimized wavelength 269 nm (Nan-
danwadkar et al. 30; Hema et al. 20).

High‑Performance Thin‑Layer Chromatography 
(HPTLC) method validation

The method validation was performed as per the ICH guide-
lines as follows.

Linearity

Linearity was found in the range of 1–5 µg/ml per band 
for EGC. The drug peak area was calculated for each 

http://molsoft.com/mprop/
http://www.way2drug.com/adverpred/
http://www.way2drug.com/adverpred/
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concentration level, and a graph was plotted for concentra-
tion against peak area. Limit of detection (LOD) was evalu-
ated considering the analyte concentration having S/N value 
3, and limit of quantification (LOQ) represents the analyte 
concentration having S/N value 10.

Accuracy

The accuracy of developed method was established, and a 
known amount of EGC was added at three different levels 
in triplicate at each level. The results of recovery studies are 
expressed in terms of % recovery.

Precision

Repeatability and intermediate precision of developed 
method were expressed in terms of percent relative stand-
ard deviation (% RSD) of peak area. The interday precision 
study was performed on three consecutive days. The % RSD 
for intraday and interday precision was calculated (Bhole 
et al. 6).

Repeatability

The developed method is ensured for reproducibility. The 
sample was run in triplicate twice (1 mg/ml). The wave-
length and  RF values were observed.

HPTLC‑DPPH anti‑oxidant assay

Same concentration’s range was selected for standard and 
sample as described above. The developed chromatographic 
plate was dipped in 0.2% w/w DPPH ethanolic solution. 
Excess DPPH solvent was removed, and plate was kept 
under dark for 10 min. at room temperature (Cieśla et al. 
10; Saeed et al. 34; Wang et al. 42).

Results and discussion

Percentage yield

The percent yield of hydroalcoholic extract of Acacia suma 
was 9.75%.

Quantitative estimation of phytochemicals

The total phenolic content, tannin content and flavo-
noid content were determined as equivalent to gallic 
acid (GAE/g), tannic acid (TAE/g) and quercetin (QE/g), 
respectively. The results were described using stand-
ards calibration curve equation (y = 0.0015x + 0.0211, 
R2 = 0.989); (y = 0.0025x + 0.0399, R2 = 0.990) and 

(y = 0.0003x + 0.0016, R2 = 0.997) for total phenol content, 
total tannin content and total flavonoid content, respectively. 
The hydroalcoholic extract of Acacia suma had shown maxi-
mum phenolic content followed by tannin content and flavo-
noid content represented in (Table 1).

Results had revealed considerable amount of polyphenols 
in heartwood hydroalcoholic extract of Acacia suma in the 
form of phenols, flavonoids and tannins; free radical scav-
enging potential has inbuilt in this plant species. The high 
anti-oxidant potential of plant supports its ethnomedical use 
in the treatment of many diseases including diabetes and 
obesity (Baranowska et al. 4; Habu et al. 18). One of the 
Acacia species, i.e. Acacia confusia has reported for its total 
phenolic content of ethanolic extract of bark and heartwood 
as 476.0 and 529.7 mg GAE/g, respectively (Chang et al. 
9). The long-life durable heartwood contains more extrac-
tive content such as phenolics, flavonoids, tannins and could 
exhibit high radical scavenging activity than less durable 
heartwood (Anouhe et al. 2), Sowndhararajan et al. 37). 
Hence, the resulting anti-oxidant potential of Acacia suma is 
may be due to high presence of phytochemicals as phenols, 
flavonoids and tannins.

In vitro anti‑oxidant activity

The anti-oxidant property of plants is capable of controlling 
free radicals by various mechanisms; prevention of chain ini-
tiation, decomposition of peroxides, reducing capacity and 
radical scavenging. Therefore, use of a variety of methods 
for the determination of anti-oxidant capacity of medici-
nally important plants was suggested (Yıldırım et al. 43). 
Increased ROS levels activate signalling pathways to initiate 
biological processes. Oxidative stress signifies high levels 
of ROS resulting DNA damage, degradation of proteins and 
lipids (Schieber et al. 35). Although the complex functions 
of insulin and adipokines can cause T2D and obesity with 
permanently increased oxidative stress (OS), reduction in 
body fat and visceral fat contributes to reduction in ROS 
production (Flensted-Jensen et al. 15; Marseglia et al. 27).

Scavenging of 1, 1‑diphenyl‑2‑picryl‑hydrazyl (DPPH) 

radical

Radical scavenging activity of HAE of Acacia suma 
towards stable 1, 1-diphenyl-2-picrylhydrazyl (DPPH) 

Table 1  Quantitative estimation of phytochemicals of Acacia suma 

Phytochemicals and contents

Total Phenolic Content 571.49 ± 27.3 mg (GAE/g)

Total Tannin Content 165.9 ± 8.6 mg (TAE/g)

Total Flavonoid Content 92.3 ± 15.2 mg (QE/g)
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free radical was analysed against reference anti-oxidant 
ascorbic acid and found  IC50 81.46 ± 2.72 µg/ml. It was 
observed that there was a linear relationship between 
increasing sample concentrations and percentage inhibi-
tion represented in Fig. 1. DPPH reagent decreases con-
centration of oxidized (radical) form and increases the 
concentration of reduced form results in delocalization of 
DPPH reagent which determines occurrence of a purple 
colour. Higher DPPH radical-scavenging activity is asso-
ciated with a lower  IC50 value (Habu et al. 18).

Hydrogen peroxide  (H2O2) scavenging assay

H2O2 is highly specific for detection of hydrogen peroxide 
scavengers, such as hydroxyl radicals, singlet oxygen, per-
oxynitrite. Hydrogen peroxide is less reactive because of 
its weak oxidizing ability and relatively less toxicity but it 
is stable under physiological pH and temperature (Yıldırım 
et al. 43). The assay was applied to determine potential of 
sample to eliminate free radicals. Hydrogen peroxide  (H2O2) 
scavenging activity of Acacia suma had shown increased 
percentage of scavenging with increase in concentration and 
 IC50 is found as 61.39 ± 1.85 µg/ml against the reference 
ascorbic acid, percentage inhibition is shown in Fig. 1.

Fig. 1  Percentage inhibition of Acacia suma and Ascorbic acid
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Nitric oxide (NO) scavenging assay

The nitric oxide scavenging activity of sample was found 
in concentration-dependent manner (i.e. as concentration 
increases, activity equally increases); it was compared with 
ascorbic acid as standard with  IC50 21.30 ± 2.26 µg/ml, and 
the percentage inhibition is shown in Fig. 1. Nitric oxide 
assay demonstrates the ability of samples in arresting chain 
of reactions initiated by excess generation of reactive nitro-
gen species. It acts as mediator of various physiological 
processes such as smooth muscle relaxation, transmission 
neuronal signal, inhibition of platelet aggregation and regu-
lation of cell-mediated toxicity (Habu et al. 18).

Total anti‑oxidants capacity (TAC)

Total anti-oxidant capacity of the crude extract was deter-
mined by the phosphomolybdenum method using reference 
as ascorbic acid. The  IC50 is found as 55.13 ± 2.86 µg/ml, 
and percentage inhibition is shown in Fig. 1. The total anti-
oxidant capacity present in phenols and flavonoids contrib-
utes to significant anti-oxidant potential.

Lipid peroxidation assay

To measure lipid peroxidation, egg yolk homogenate was 
used as lipid rich source in terms of thiobarbituric acid reac-
tive substances (TBARS) (Halliwell et al. 19). The hydroal-
coholic extract of Acacia suma inhibits lipid peroxidation 
induced by ferrous sulphate in egg yolk homogenates in a 
concentration-dependent manner. The  IC50 value found as 
77.03 ± 2.47 µg/ml ascorbic acid was used as standard; the 
percentage inhibition is shown in Fig. 1.

Ferric reducing power assay

Reducing power of Acacia suma indicates a high potential 
in hydrogen-donating ability which could react with free 
radicals to convert them into more stable products thereby 
terminating radical chain reactions. Acacia suma has shown 
concentration dependent manner % inhibition of free radi-
cals was compared with ascorbic acid as standard shown 
in Fig. 2. Phenolic compounds are good electron donors 
and reduce ferric ions to ferrous ions by donating electrons 
(Habu et al. (Habu and Ibeh 18). The reducing capacity 
of extract may serve good reducing power as anti-oxidant 
source.

The in vitro assays had revealed free radical potential of 
extract with maximum free radical scavenging activity com-
pared to standard. However, lower  IC50 represents highest 
activity, hence  IC50 value of all assays from lower to higher 
order is given as follows: nitric oxide ˂  total anti-oxidant 

capacity ˂  hydrogen peroxide assay ˂  lipid peroxidation 
assay ˂  DPPH assay.

In‑silico molecular docking

Cytochrome P450 is one of the main contributors in bio-
chemical reactions; involved in oxidation, reduction, hydrox-
ylation, epoxidation, dealkylation, C–C cleavage, desatura-
tion, decarboxylation, dimerization, isomerization, and ring 
extension reactions (Pandian et al. 32). Cytochrome P450 
plays an important role in metabolism. The electron trans-
port chain works in mitochondria and cytochrome oxidase 
acts as terminal electron acceptor which helps in ATP gen-
eration. Cytochrome oxidase catalyses reaction to produce 
water from inhaled oxygen. If electrons stop flowing through 
the chain, proton motive force dissipates and stops ATP pro-
duction, once this electron flow cycle stops, it causes free 
radical generation (Cadenas et al. 8). Anti-oxidants have 
ability to stop chain of reactions initiated through free radi-
cals which are harmful to the human body.

Adverse effect of phytochemicals

The possible adverse effects of cytochrome P450 inhibitors 
were predicted, and we found that compounds with catechin 
moiety have not shown any side effects compared to stand-
ards represented in (Table 2) with their probable activity and 
in-activity value.

Drug likeness score

According to Lipinski rule, the bioavailability of drug 
can be determined by drug likeness score. Physicochemi-
cal properties such as molecular weight less than 500 Da, 
number of hydrogen bond acceptor not more than 10, 
number of hydrogen bond donor not more than 5, log 
P value of partition coefficient not more than 5 of orally 

Fig. 2  Ferric reducing power assay
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active compound can be determined by drug likeness 
score (Daina et  al. 13)). The drug likeness score order 
of phytochemicals having anti-oxidant activity is as fol-
lows: Butin > Diinsininol > Auriculoside > 4'-O-meth-
ylrobinetinidol 3'-O-β-D-glucopyranoside > Quercetin 
4'O-α Lrhamnopyranosyl 3-O-β-D- allopyranoside > (20R)-
28-hydroxylupen-30-al-3-one > Fisetinidol-(4α,8)-
catechin > Epirobinetinidol-(4β,8)-catechin > Robinetinidol-
( 4 α , 8 ) - c a t e c h i n  >  F i s e t i n i d o l - ( 4 α , 6 ) -
ga l l o c a t e ch i n  >  3 , 2 1 - d i oxo o l e a n - 1 8 - e n - 2 8 - o i c 
acid > Okanin > Robinetinidol-(4α,8)-gallocatechi > (5S,7R,8R,9R,10S)-
(-) -7 ,8-seco-7,8-oxacassa-13,15-diene-7,17-diol 
and > (5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-
dien-7-ol-17-al. Shown in (Table 3).

Molecular docking

The in-silico findings predicted diinsininol as cytochrome 
P450 inhibitor with highest docking score − 13.15 kcal/
mol was compared with gallic acid and ascorbic acid and 
(20R)-28-hydroxylupen-30-al-3-one compound had shown 
minimum docking score − 5.96 kcal/mol. Diinsininol comes 
under class of flavonoids, found in cinnamon. Along with 
anti-oxidant potential, it has reported for regulating insulin 
secretion, fat metabolism and maintaining blood glucose 
level hence acts as antihyperglycemic agent and reduces 
risk of heart disease (Selenski et al. 36). The ranking order 
of all phytochemicals from higher to lower docking score 

is represented as follows: Diinsininol > Epirobinetinidol-
(4β,8)-catechin > Quercetin 4'O α L rhamnopyranosy l3 
Oβ Dallopyranoside > 4'-O-methylrobinetinidol 3'-O-β-D-
glucopyranoside > Auriculoside > Robinetinidol-(4α,8)-
catechin > Robinetinidol-(4α,8)-gallocatechin > Fisetinidol-
(4α ,8 ) - ca t ech in  >  Okan in  >  F i se t i n ido l - (4α ,6 ) -
g a l l o c a t e c h i n  >  B u t i n  >  ( 5 S , 7 R , 8 R , 9 R , 1 0 S ) -
( - ) - 7 , 8 - s e c o - 7 , 8 - o x a c a s s a - 1 3 , 1 5 - d i e n - 7 -
o l - 1 7 - a l  >  3 , 2 1 - d i o x o o l e a n - 1 8 - e n - 2 8 - o i c 
acid > (5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-
diene-7,17-diol > (20R)-28-hydroxylupen-30-al-3-one. The 
binding interactions of seven compound with highest dock-
ing score were represented along with number of hydro-
gen bonds and amino acid residue. The Diinsininol and 
Quercetin 4'Oα L rhamnopyranosy l3 O βDallopyranoside 
had highest number of hydrogen bonds with 20 amino acid 
residue (Table 4).

High‑Performance Thin‑Layer Chromatography 
(HPTLC) method development

In HPTLC method development and validation, silica gel 
was employed as an interactive adsorbent for better observa-
tion of weak free radical scavengers on surface of TLC plate 
(Hurkadale et al. 21). The pre-coated plate with silica gel 60 
 F254 was used as stationary phase, which does not interact 
with sample and solvent hence recommended for separation 

Table 2  Adverse effect 
phytochemicals from Acacia 

suma predicted as cytochrome 
P450 inhibitors

Pa- Probable activity Pi- Probable inactivity

Phytochemical name Adverse effect Pa Pi

Diinsininol Nephrotoxicity 0.358 0.109

Hepatotoxicity 0.337 0.314

Epirobinetinidol-(4β,8)-catechin – – –

Quercetin 4'O-α-L-rhamnopyranosyl-3-O-β-D-allopyranoside – – –

4'-O-methylrobinetinidol 3'-O-β-D-glucopyranoside Nephrotoxicity 0.412 0.079

Auriculoside Nephrotoxicity 0.369 0.103

Robinetinidol-(4α,8)-catechin – – –

Robinetinidol-(4α,8)-gallocatechin – – –

Fisetinidol-(4α,8)-catechin – – –

Okanin Hepatotoxicity 0.579 0.155

Cardiac failure 0.441 0.086

Fisetinidol-(4α,6)-gallocatechin – – –

Butin Hepatotoxicity 0.692 0.103

(5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-dien-7-ol-17-al – – –

3,21-dioxoolean-18-en-28-oic acid – – –

(5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-diene-7,17-diol – – –

(20R)-28-hydroxylupen-30-al-3-one – – –

Ascorbic acid – – –

Gallic acid Hepatotoxicity 0.699 0.101

Nephrotoxicity 0.307 0.150
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of particular compound in a mixture for better results of 
non-altered free radical scavenging activity (Cieśla et al. 10).

Linearity

Linearity of EGC was found in a range of 1–5 µg/ml. The 
peak area was calculated for each concentration level, and 
a graph was plotted for drug concentration against peak 
area. The details of calibration curve of EGC are given in 
(Table 5) and depicted in Suppl. Fig 1.

Suppl. Figure 1Calibration curve of EGC by Area.
Determination of limit of detection was performed in 

the range of concentrations (1–5 µg/ml) of EGC. LOD 
was found at 1 µg/ml concentration and LOQ was found at 
3.3 µg/ml concentration (Hurkadale et al. 21)). The LOD and 
LOQ values indicate sensitivity of the method. The densi-
togram of EGC at  RF 0.952 and Acacia suma at  RF 0.944 is 
shown in Suppl. Figure 2 (A) and 2 (B), respectively. The 
concentration of EGC found in Acacia suma is 404.2 mg/g.

Suppl. Figure 2 Densitogram [A] EGC and [B] Acacia 

suma.

Accuracy

Accurately weighed quantity of EGC was transferred to indi-
vidual volumetric flasks (25 ml) to achieve three different 
levels (80%, 100% and 120%) of recovery. All dilutions were 

analysed in triplicates at each level. The results of recovery 
studies are expressed in terms of % recovery (Table 6).

Precision

Repeatability and intermediate precision of the developed 
method were expressed in terms of percent relative standard 
deviation (% RSD) of the peak area. The % RSD for repeat-
ability (intraday precision) was found to be 0.53% and RSD 
for intermediate (interday precision) was found to be 0.76%. 
The % RSD for intraday and interday precision was less than 
2%, indicating the precision of the method.

Repeatability

The reproducibility study of EGC was to ensure no change 
in  RF value (0.952 ± 0.027) when run six times at wave-
length 269 nm. Epigallocatechin is used as marker com-
pound (Track 1 to 6) and compared with Acacia suma extract 
(Track 7–10) (Fig. 3).

HPTLC‑DPPH anti‑oxidant assay

The anti-oxidant activity of Acacia suma extract was per-
formed using HPTLC method combined with DPPH and 
validated as previously reported (Islam et. al 22). The 
Acacia suma extract had shown yellow colour spot only 
at concentration 20  µg/ml, whereas colour intensity of 

Table 3  Drug likeness score

NHBA number of hydrogen bond acceptor, NHBD number of hydrogen bond donor, DLS drug likeness score, MolLogP lipophilicity

Phytochemicals ChEBI ID Molecular formula Molecular 
Weight (g/
mol)

NHBA NHBD Mol LogP DLS

Diinsininol CHEBI:65,792 C36H32O16 720.17 1 10 1.12 0.83

Epirobinetinidol-(4β,8)-catechin CHEBI:68,336 C30H26O16 578.14 12 10 1.54 0.48

Quercetin 4'-O-α-L-rhamnopyranosyl-3-O-β-D-
allopyranoside

CHEBI:66,289 C27H30O16 610.15 16 10 1.64 0.57

4'-O-methylrobinetinidol 3'-O-β-D-glucopyranoside CHEBI:68,328 C22H26O11 4.6615 11 7 − 0.75 0.58

Auriculoside CHEBI:2929 C22H26O10 450.15 10 6 0.64 0.69

Robinetinidol-(4α,8)-catechin CHEBI:68,332 C30H26O12 578.14 12 10 1.54 0.48

Robinetinidol-(4α,8)-gallocatechin CHEBI:68,333 C30H26O13 594.14 13 11 1.27 0.09

Fisetinidol-(4α,8)-catechin CHEBI:68,334 C30H26O11 562.15 11 9 1.82 0.49

Okanin CHEBI:7734 C15H12O6 288.06 6 5 2.12 0.23

Fisetinidol-(4α,6)-gallocatechin CHEBI:68,335 C30H26O12 578.14 12 10 1.71 0.48

Butin CHEBI:27,725 C15H12O5 272.07 5 3 2.03 0.85

(5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-
dien-7-ol-17-al

CHEBI:69,396 C20H30O3 318.22 3 1 3.70 -0.87

3,21-dioxoolean-18-en-28-oic acid CHEBI:65,798 C30H44O4 468.32 4 1 6.23 0.38

(5S,7R,8R,9R,10S)-(-)-7,8-seco-7,8-oxacassa-13,15-
diene-7,17-diol

CHEBI:69,395 C20H32O3 320.24 3 2 3.44 -0.66

(20R)-28-hydroxylupen-30-al-3-one CHEBI:66,045 C30H48O3 456.36 3 1 5.49 0.57
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Table 4  2D structure of phytochemicals with docking score

Compound name Glide g score 2D structure NHB HBD

Diinsininol – 13.151

 

20 Ala297, Val292, Val237, Met240, Leu201, Phe114, 
Val113, Ala106, Leu362, Leu233, Ala103, 
Leu102, Phe100, Leu366, Pro367, Leu388, 
Phe476, Ala477, Ile213, Leu208

Epirobinetinidol-(4β,8)-catechin – 11.632

 

14 Val113, Phe114, Ala297, Val237, Val292, Ile205, 
Leu208, Ala477, Phe476, Pro367, Leu366, 
Leu362, Leu388, Cys435

Quercetin 4'-O-α-L-
rhamnopyranosyl-3-O-β-D-
allopyranoside

– 11.379

 

20 Leu208, Ala297, Met240, Ile205, Val237, Val297, 
Lel233, Ala106, Val113, Phe114, Ala103, 
Leu102, Phe100, Ile213, Leu388, Pro367, 
Leu366, Phe476, Ala477, Leu362

4'-O-methylrobinetinidol 3'-O-β-
D-glucopyranoside

– 10.955

 

14 Ala103, Leu102, Phe100, Ile213, Ile99, Pro367, 
Leu366, Phe114, Val113, Leu362, Ala477, 
Phe476, Leu208, Ile205

Auriculoside – 10.765

 

14 Ala477, Phe476, Ile213, Ala103, Leu102, Phe100, 
Ile99, Phe114, Val113, Pro367, Leu366, Ala297, 
Leu208, Ile205

Robinetinidol-(4α,8)-catechin – 10.76

 

14 Val113, Phe114, Val292, Leu366, Ala297, Leu362, 
Leu361, Cys435, Ile205, Val479, Leu208, Ala477, 
Phe476, Ala103



Chemical Papers 

1 3

epigallocatechin bands was found proportional to concentra-
tion in range of 9–12 µg/ml. The yellow bands are observed 
Fig. 4 with visual confirmation of anti-oxidant property of 
epigallocatechin and Acacia suma.

We suggest performing molecular docking of Acacia 

suma for tracing the protein-phytoconstituents interaction 
as previously demonstrated in (Table 4) could help to find 

out lead molecule (Kanbarkar et al. 25). Tracing lead mol-
ecule will suggest the possible pathways that are followed 
by the phytochemicals to achieve anti-oxidant potential and 
assess the mechanism of anti-oxidant agents to cure various 
ailments.

Conclusion

The proposed work includes in vitro, in-silico and anti-oxi-
dant HPTLC-DPPH method. Based on the obtained results, 
we conclude that the developed HPTLC method for Aca-

cia suma using epigalocatechin as marker compound was 
found sensitive, accurate, and reproducible and revealed 
well-resolved peaks of epigallocatechin in Acacia suma. 
Furthermore, HPTLC-DPPH assay had shown yellow col-
oured bands which give visual effect as anti-oxidant property 
of plant extract, with that in vitro anti-oxidant assays had 
shown significant  IC50 values. Additionally, phytochemicals 
which are predicted by in-silico method have effective role 
as cytochrome P450 inhibitors were studied. The in vitro 
anti-oxidant assays, HPTLC-DPPH method and molecular 
docking of cytochrome P450 inhibitors were performed 
for the first time. The heartwood hydroalcoholic extract of 
Acacia suma had anti-oxidant potential, and it is confirmed 
that it contains high amount of polyphenols. There is no 

Table 4  (continued)

Compound name Glide g score 2D structure NHB HBD

Robinetinidol-(4α,8)-gallocatechin – 10.669

 

14 Cys435, Leu366, Val292, Phe114, Val113, Ala297, 
Leu362, Leu361, Val479, Ala477, Phe476, Ile205, 
Leu208, Ala103

Ascorbic acid – 7.506

 

7 Leu208, Phe476, Ile213, Ala103, Leu102, Phe100, 
Pro367

Gallic acid – 7.119

 

7 Ala103, Phe100, Phe476, Leu388, Pro367, Leu366, 
Leu362

NHB number of hydrogen bond, HBD hydrogen bond donor

Table 5  Calibration curve of epigallocatechin by HPTLC

Parameters Values

Linearity range 1–5 (µg/ml)

Linearity equation Y = 3.245 ×  10−9x- 
9.437 ×  104

Correlation coefficient 0.9999

Coefficient of Variance 0.76%

Regression mode Linear

Table 6  Percent recovery of epigallocatechin by HPTLC

Levels Area % Recovery (%)

80% 0.00145 82.16

100% 0.00207 102.7

120% 0.00406 122.4
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such study has been encountered previously on heartwood 
of Acacia suma.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11696- 022- 02295-w.
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Antibacterial potential of ellagic acid and gallic acid
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ABSTRACT
Ellagic acid and Gallic acid are polyphenols which have shown
beneficial effects in animal models of colitis. In the present study
Ellagic acid and Gallic acid were evaluated for antibacterial poten-
tial against clinical IBD isolates. (HM95, HM233, HM251, HM615).
Cytotoxicity was determined against human colorectal adenocar-
cinoma cells (Caco2, COLO.205, HT.29), whereas, cytocompatibility
against normal rat intestinal epithelial (IEC-6) using MTT assay.
Ellagic acid showed the lowest MIC and MBC value of 2.5 and
5mg/mL respectively against HM251 and HM233. Gallic acid exhib-
ited the lowest MIC and MBC value of 1.25 and 2.5mg/mL respect-
ively against HM251 and HM615. Cytotoxicity assay resulted in
reduction of percent cell viability when tested at concentrations
ranging from 400–12.5mg/mL. The polyphenols presented a con-
centration-dependent deduction in percent cell viability after 48h
exposure It is likely that these polyphenols are good anti-colitic
agents. However, further investigations are required.
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1. Introduction

Inflammatory Bowel Disease (IBD) is a group of chronic inflammatory disorders of the
gastrointestinal tract which includes Ulcerative Colitis (UC) and Crohn’s Disease (CD)
(Chang et al. 2018). The incidence of IBD is gradually rising in Western countries, how-
ever this rise is rapid in newly industrialized countries (Kaplan and Ng 2017).
Developing countries are estimated to have a high global disease burden with few
resources to manage it (Kedia and Ahuja 2017). Drug therapies for IBD include amino
salicylates and immunomodulators, However, they are associated with serious side
effects. Recently, naturally occurring Polyphenols have gained attention as an alterna-
tive for IBD therapy working through various mechanisms (Arya et al. 2020).

IBD patients are at a greater risk of colorectal cancer due to prolonged exposure to
chronic inflammation and immunosuppressive therapies (Axelrad et al. 2016). The
colonic mucosa of CD and mucosa of colon cancer specimens contain relatively abun-
dant E. coli, compared to normal mucosa.

Ellagic acid (EA) is a polyphenol which is synthesized in plants as a secondary
metabolite and has a vital impact on human health through various mechanisms
(Prabha et al. 2021). EA demonstrated anti-inflammatory effects in animal colitis model
proving its role in dietary prevention of intestinal inflammation and related cancer
development (Mar�ın et al. 2013). It is reported for antimicrobial activity against various
bacteria (Al-Mugdadi et al. 2019). Gallic acid (GA) another polyphenol maintains gut
health by impacting the intestinal microbiome and modifying immune response (Yang
et al. 2020). It possesses antimicrobial activity against various disease-causing bacteria
and also potentiates the effectiveness of antimicrobials (Rajamanickam et al. 2018).

We have earlier reported the activity of Terminalia arjuna which has these phyto-
constituents to be beneficial in management of IBD (Cota et al. 2019; 2020). This study
aims at evaluating antibacterial activity of Ellagic acid and gallic acid against isolated
four E.coli strains from inflammatory bowel disease patients and estimate cytotoxicity
of these polyphenols against 3 colorectal cancer cell lines.

2. Results and discussion

2.1. Antibacterial study

The results of MIC, MBC and well diffusion assay of polyphenols against the four IBD
clinical isolates are listed in Tables S1–S3 respectively and Figure S1. Ellagic acid
showed the lowest MIC and MBC value of 2.5 and 5mg/mL respectively against
HM251 and HM233. Gallic acid exhibited the lowest MIC and MBC value of 1.25 and
2.5mg/mL respectively against HM251 and HM615. MIC of Gallic acid was lower than
Ellagic acid. The highest inhibitory zone value for Ellagic acid was 23mm against
HM615 and the lowest was 20mm against HM251 and HM233. The highest value of
zone of inhibition of Gallic acid was 26mm against HM233 and lowest was 24mm
against HM95 and HM251.

E. coli is a common human intestinal bacterium which is mostly considered non-
pathogenic. However, some E.coli strains, without virulence factors, have the capacity
to adhere to the intestinal cells which further invade the infected cells and replicate

2 D. COTA AND D. PATIL

https://doi.org/10.1080/14786419.2022.2111560


there to cause intestinal diseases (Bertuccini et al. 2014). E. coli is linked to CD since
an abundance of specific adherent-invasive E. coli (AIEC) was found in ileum from
patients with CD. Similarly, E. coli are very predominant in inflamed mucosa of
patients with UC (Petersen et al. 2011). There is increasing evidence that the mucosa-
associated microbiota, may be essential in the pathogenesis of the inflammatory
bowel diseases: ulcerative colitis, and Crohn’s Disease (Martin et al. 2004)

Our study investigated the antimicrobial effect of Ellagic acid and Gallic acid against
AIEC strains. Previously Ellagic acid demonstrated growth inhibition of 55 H. pylori (De
et al. 2018), Staphylococcus epidermis, Bacillus cereus, Klebsiella pneumonia and
Salmonella typhi (Ghudhaib et al. 2010). Gallic acid also displayed activity against the
E.coli O157:H7 biofilm (Cossu et al. 2016). These studies support our findings further
confirming the antibacterial effects of polyphenols.

2.2. In-vitro anticancer and cytocompatibility assay

Cytotoxicity assay resulted in reduction of percent cell viability when tested at concen-
trations ranging from 400–12.5mg/mL. The polyphenols presented a concentration-
dependent deduction in percent cell viability after 48 h exposure (Figures S2, S3). The
IC50 values are depicted in Table S4. Ellagitannins and ellagic acid are also known to
be transformed by the gut microbiota to produce bioavailable metabolites that can
exert anti-inflammatory and anticarcinogenic effects and can reach high concentra-
tions in both normal and tumor human colonic tissues (Tom�as-Barber�an et al. 2014).

GA displayed chemo preventive effect on 1,2-dimethyl hydrazine induced colon car-
cinogenesis (Giftson et al. 2010). This study findings are in agreement with previous
claims regarding cytotoxic nature of these polyphenols.

3. Experimental

Experimental details related to this article are available online (see supplementary data).

4. Conclusion

Ellagic acid and Gallic acid exhibited antibacterial efficacy against the CD and UC bac-
terial isolates used in the study. Cytotoxicity was observed against colorectal cancer
cells with minimal effect on normal cells. However, further investigations are required
to understand its precise mechanism.
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Introduction
The coronavirus pandemic will have numerous 
consequences in the management of patients with 
genitourinary cancers. As we are struggling to best utilize 
our limited health-care resources in catering to COVID-19 
infected patients, we need to rethink our strategy to give 
the best medical care possible for cancer patients in the 
time of this global crisis. To contain the spread of viral 
illness, lockdowns have been implemented at the national, 
state, and district levels. This is proving to be beneficial as 
we can minimize the community spread of this pandemic. 
However, the restricted movement of the population 
is leading to difficulties in providing health-care 
consultation and follow-up for cancer patients. Not only 
the management of non-oncologic urological emergencies 
is a priority, but also the treatment of high-risk cancers 
is a prime concern. The malignancies carrying the most 
threat to survival in the short- and medium-term should 
be timely dealt on a priority basis. 

In this mini-review, we aim to highlight that 
genitourinary cancer care requires a decision-making 
algorithm taking into account the age, pathology, 
comorbidities of the patients and the available health-care 
resources.

Renal Cancer
Early-stage and locally advanced renal cancer is a 
heterogeneous group of disease in which the following 
scenarios should be taken into consideration for 
management:

Cystic renal cell carcinoma (Bosniak Class III/IV) has a 
low metastatic potential; hence, amenable for monitoring 
(1). T1a tumors, irrespective of their histology, are known 
to be slowly growing tumors with a low probability of 
metastasis. Studies have proven that such cases can be 
kept on surveillance (2). A few studies have reported that 
T1b–T2 renal masses also have a slow rate of growth and 
infrequent accounts of metastasis. A multi-disciplinary 
team should take treatment decisions along with patients 
considering that this data is an extrapolation from 
retrospective series with a small patient cohort (3,4). 
Tumors with T3 and T4 staging have a poorer prognosis, 
and there is no data regarding the effects of surveillance on 
these locally advanced neoplasms. Therefore, such cases 
need an urgency for surgical intervention. Cytoreductive 
Nephrectomy has shown a survival benefit in appropriately 
selected patients with metastatic renal cell carcinoma (5). 
Two crucial randomized clinical trials (CARMENA and 
SURTIME) indicated that systemic therapy alone was 
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Abstract
The COVID-19 pandemic will have numerous consequences in the management of patients 
with genitourinary cancers. As we are struggling to best exploit our limited health-care 
resources in managing COVID-19 infected patients, we need to rethink our approach to 
provide the best medical care for cancer patients in the time of this global crisis. There 
is a need for a decision-making algorithm which takes into account the age, presenting 
symptoms, comorbid illnesses, access to health-care services, and availability of qualified 
health-care personnel. We must provide support, a clear and comprehensible information 
along with essential care to the patients seeking medical opinion during a time of this 
unforeseen global health crisis. In this mini review we have made an attempt to prioritize 
the necessity of intervention in urological oncology patients as per various national and 
international guidelines. This approach should be tailored as per locally available health-
care resources and the burden of COVID-19 infected cases in that region. 
Keywords: Urology, Oncology, COVID-19, Pandemic
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non-inferior to cytoreductive nephrectomy followed by 
systemic therapy in the intermediate- and poor-risk group 
patients. It was also proven that deferred cytoreductive 
nephrectomy was not associated with poorer survival 
(6,7). So, the treatment-decisions depending on patient 
factors should be made as per local tumor board or 
institutional policy on a priority basis. 

Bladder Cancer, Upper Tract Urothelial Tumor (UTUC)
There are some specific issues to be addressed in the 
context of the ongoing pandemic for the management 
of bladder and upper tract urothelial tumors. Patients 
presenting with macroscopic hematuria or clot retention 
warrant urgent cystoscopic intervention. Depending 
on the tumor burden and active bleeding, treatment-
decision of either a complete endoscopic tumor resection 
(TUR-BT) or controlling the bleeding vessels needs to be 
made. Obstructive complications arising from a bladder 
tumor infiltrating the ureteric orifice require emergency 
intervention. 

For other bladder tumor patients who do not have active 
hematuria, the degree of urgency in surgical interventions 
depends upon specific clinical criteria. These encompass 
a single large tumor ( > 3 cm), multiple tumors, recurrent 
bladder tumor on follow-up, previous histology including 
high-grade tumor with positive urinary cytology, and 
presence or absence of carcinoma-in-situ (CIS). 

Intra-vesical Chemotherapy/Bacillus Calmette–Guérin 
Immunotherapy
Intravesical instillation of chemotherapy (mitomycin C) 
in the immediate post-operative period (within 6 hours) 
has been shown to reduce the recurrence of bladder 
tumors (8). Given the low risk of systemic complications, 
it is widely practiced and can be safely administered to 
most patients. 

Intravesical BCG immunotherapy is the only treatment 
shown to reduce or delay the progression of high-grade 
urothelial bladder cancer. It is given as a 6-week induction 
course, initiated 2 to 4 weeks after completion of TURBT. 
This is followed by a maintenance regimen along with 
regular cystoscopic surveillance. Bacillus Calmette–
Guérin (BCG) is contraindicated in immunosuppressed 
or immunocompromised patients, active gross or 
microscopic hematuria, traumatic catheterization and, in 
patients with total incontinence. Urinary tract infection, 
liver disease (it disqualifies treatment with anti-tubercular 
medications in case of sepsis), and personal history of 
tuberculosis are relative contraindications (9). In the time 
of the pandemic, it is a must to test these patients for the 
presence of coronavirus infection before immunotherapy. 
Patients should be counselled about the warning signs 
of BCG immunotherapy adverse effects like fever and 
BCG sepsis. Non-steroidal anti-inflammatory drugs 
(NSAIDs) are commonly prescribed in cases of Grade 1 

BCG toxicity as per the Cleveland Clinic Approach (9). 
It has been shown that COVID infected patients have 
worse outcomes due to NSAID, hence it is crucial to avoid 
these drugs during this pandemic (10). Other medications 
like topical antispasmodics (phenazopyridine) and 
anticholinergics are also efficacious in the management 
of Grade I toxicity. In the case of non-responders, a 
course of oral fluoroquinolone (ofloxacin, levofloxacin) is 
recommended. 

Radical Cystectomy
Radical cystectomy (RC) with urinary diversion is the 
cornerstone in the management of muscle-invasive bladder 
cancer (MIBC) and patients with non-muscle invasive 
disease (NMIBC) are selected. Patients with NMIBC 
having T1 high-grade tumor with CIS, lymphovascular 
invasion, multifocal tumors, BCG unresponsive or failure 
and tumor size > 3 cm are also candidate for RC. The ideal 
duration between the diagnosis and RC for definitive 
management should be 10 to 12 weeks. It has been shown 
that delaying RC affects the outcome. Boeri et al reported 
that increased waiting period ( > 10 weeks) to undergo RC 
was linked with adverse and cancer-specific survival (11). 
Considering the circumstances and if resources permit, 
eligible patients should undergo a timely intervention.

Radical Nephroureterectomy
Radical Nephroureterectomy with excision of bladder cuff 
is the treatment of choice for upper tract urothelial tumors 
(UTUCs). Similar to the outcomes in the bladder tumors, 
UTUC carries a risk of invasive disease, and a delay ( > 3 
months) in definitive management is associated with 
disease progression or upstaging and poor cancer-specific 
survival (12). 

Prostate Cancer
Treatment of localized prostate cancer should be planned 
as per the risk stratification. The treatment of patients 
diagnosed with low- and intermediate-risk localized 
cancer can be postponed without any major impact 
on the outcomes. Low-risk cases should be assigned to 
active surveillance. For intermediate-risk cases, a delay 
of two months has shown no substantial impact on 
cancer outcomes. In high-risk cases and locally advanced 
cases, most laparoscopic or robotic-assisted radical 
prostatectomies should be delayed or given a low-priority. 
The Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) (13) and the Royal College of 
Surgeons (RCS) (14) recommend deferring laparoscopic 
and robotic-assisted surgeries wherever possible and 
recommend open surgical procedures. The minimally-
invasive procedures risk potential contact with aerosols 
within the surgical smoke (15). Shared-decision making 
should be considered for employing radical radiotherapy 
for high-risk diseases. There is no clear cut-off time 
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suggested in high-risk cases to safely defer treatment as 
the chances of biochemical recurrence rates increase in 
the absence of definitive treatment (16,17). In patients 
who are ineligible for radiation therapy, surgery should be 
considered. 

For metastatic prostate cancer, androgen deprivation 
therapy by using either GnRH agonists or antagonists 
followed by second-generation antiandrogens is 
preferable. Abiraterone acetate is the preferred drug in 
this setting; however, due to the need for corticosteroid 
supplementation, its use does not appear safe during this 
pandemic. Hence, the use of enzalutamide is desirable. 
Chemotherapy with docetaxel should also be avoided due 
to the risk of immunosuppression. A subset of patients 
may present with serious complications like spinal cord 
compression due to vertebral metastasis and obstructive 
uropathy due to locally advanced disease. These cases, 
without a doubt, require emergent intervention and hence 
should be managed accordingly. 

Cancers of the External Genitalia
Penile Cancer
Penile cancers are quite uncommon, which limits our 
understanding and presents a challenge in management. 
Penile cancers are already subject to delay in the diagnosis 
due to lack of awareness (18). A significant delay can 
decrease the likelihood of curative treatment. One study 
showed that 12 weeks was the ideal time for lymph nodal 
management to achieve a good oncological outcome (19). 
Organ preserving treatment, whenever feasible, should 
be prioritized. Partial or total penectomy offers a chance 
for a cure when performed timely. It should be offered at 
the earliest, bearing in mind it can be performed under 
regional anesthesia without much strain on resources. 
Nodal metastasis is the most crucial prognostic factor 
in penile cancer (20). Addressing the lymph nodes at 
the same time, even if clinically negative, can pick up to 
25% cases of micro-metastasis. Pathological N0 disease 
has exceptional disease-specific survival rate approaching 
80% at 5-year follow up (21). Considering these factors, 

Table 1. Suggested triage of urological cancers during the COVID-19 pandemic

Urological
cancers

Low priority
(to be addressed within 6 
months)

Intermediate priority
(to be addressed within 3 months)

High priority
(to be addressed within 6 weeks)

Emergency
(to be addressed within 24 
hours)

Renal cancer

• Partial nephrectomy 
for small renal 
masses < 4 cm

• Renal mass biopsy 
for SRM

Nephrectomy for cT1b-cT2a 
tumors

• Nephrectomy for cT3-T4 tumors
• Renal tumor with IVC Thrombus
• Metastatic renal cancer 
• Renal biopsy to allow systemic therapy
• Cytoreductive nephrectomy

• Gross hematuria, 
ureteric clot retention

• Embolization of 
actively bleeding 
tumor

Bladder cancer
(NMIBC)

TURBT and intravesical 
therapy for low-grade 
tumor

TURBT and Intravesical therapy 
for high-grade tumor

Radical cystectomy for multiple tumors
Gross hematuria with clot 
retention

Bladder cancer
(MIBC)

Neo-adjuvant chemotherapy for 
T2 disease followed by radical 
cystectomy

• Radical cystectomy based on disease 
burden

• MIBC- Neo-adjuvant chemotherapy 
for T3/T4 disease

• For metastatic MIBC – Consider 
adding GCSF to chemotherapy

• Gross hematuria with 
clot retention

• Ureteric obstruction

Upper tract 
urothelial 
cancer

Diagnostic ureteroscopy and 
Endourological treatment of small 
tumor

• Imaging for suspected upper tract 
tumors

• Radical nephroureterectomy

Symptomatic patients, 
hydronephrosis or 
obstructed system

Prostate cancer
Active surveillance for 
low-risk disease

Radical prostatectomy for 
intermediate risk disease

• Treat locally advanced disease with 
immediate androgen deprivation 
therapy (bilateral orchidectomy or 
chemical castration).

• mHSPC – consider enzalutamide
• mCRPC chemotherapy for progressive 

disease

Metastatic prostate cancer: 
ureteric obstruction, spinal 
cord compression or 
pathological fracture

Testicular 
cancer

• Imaging and orchidectomy at the 
earliest.

• Adjuvant therapy for Stage IIa/III 
seminomatous GCT.

• RPLND for residual mass.
• Growing teratoma syndrome.

Penile cancer
• Partial or total penectomy
• Inguinal node staging and appropriate 

management

SRM: Small renal mass; IVC: Inferior vena cava; NMIBC: Non-muscle invasive bladder cancer; MIBC: Muscle invasive bladder cancer; TURBT: Trans-urethral 
resection of bladder tumour; GCSF: Granulocyte colony stimulating factor; mHSPC: Metastatic hormone sensitive prostate cancer; mCRPC: Metastatic castrate 
resistant prostate cancer; GCT: Germ cell tumour; RPLND: Retro-peritoneal lymph node dissection. 
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inguinal lymph node management should be given a 
priority. 
 
Testicular Tumors
Testicular tumors should be dealt on a priority basis 
as there is a paucity of data on survival in these cases 
if a radical high-inguinal orchidectomy is delayed 
(22). Moreover, orchidectomy can be performed as an 
outpatient procedure under regional anesthesia without 
much burden on hospital resources. Post-orchidectomy 
management should depend upon the clinical and 
pathological staging and status of serum tumor markers. 
Surveillance is the most desirable option if a patient belongs 
to a good risk category. Chemotherapy, radiation therapy, 
and retroperitoneal lymph node dissection (RPLND) 
should be given due consideration when indicated as they 
have shown to improve survival. However, RPLND is 
associated with a significant burden on hospital resources 
since the average duration of hospital stay ranges from 
4 to 6 days for open surgery. Other options must be 
explored. Laparoscopic or robotic approaches to RPLND 
are minimally-invasive; however, they should be deferred 
at this time. Chemotherapy use should also be balanced, 
taking into account the immunosuppression and increased 
risk of infection and poorer outcomes due to COVID-19. 

Conclusion
The management of genitourinary malignancies should 
be timely done, especially the ones carrying poorer 
prognosis to provide the best outcomes. The judgment 
of delaying definitive treatment should depend upon 
presenting symptoms, disease characteristics, comorbid 
illnesses, access to health-care services, and availability of 
qualified health-care personnel (Table 1). We are facing 
a challenging task of taking such decisions considering 
that this pandemic has put the health-care system 
under unforeseen crisis. Evidence on these suggestions 
is limited; the directions might change over time as the 
pandemic evolves. It is difficult to predict the impact of 
this pandemic on the cancer patients; it surely depends 
on the duration of this global health emergency. We must 
provide support, a clear and comprehensible information 
along with essential care to the patients seeking medical 
opinion at this time. This should be tailored as per 
locally available health-care resources and the burden of 
COVID-19 infected cases in that region.
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Abstract: Post‐translational modifications (“PTMs”) in monoclonal antibodies (mAbs) contribute to 
charge variant distribution, which will affect biological efficacy and safety. For the characterization 
of mAbs, charge variants are used as a critical quality attributes for product quality, stability con‐
sistency and effectiveness. Charge variants in mAbs are characterized by a time‐consuming and a 
multistep process starting from cation/anion exchange chromatography, acidic/basic fractions col‐
lection and subsequent reverse phase (RP) liquid chromatography, coupled with mass spectrometry 
(MS) analysis. Hence, an alternative characterization approach that would be highly selective for 
ion exchange chromatography‐based charge variant analysis, which is compatible with on‐line MS 
detection, is needed in the biopharma industry. Against this backdrop, multiple studies are being 
conducted to develop a simple straight on‐line charge variant analysis method. In this regard, we 
apply the current study, which aims to develop a charge variant analytical method, based on vola‐
tile buffers with low ionic strength that can be used for on‐line MS detection of charge variants of 
mAbs. This would enable the detection on “PTMs” using low ionic strength mobile phase compat‐
ible with MS. Hence, fruitful data can be obtained with a single chromatography run without any 
test sample preparation, eliminating the need for multiple steps of analysis, time‐consuming pro‐
cess and multiple sample preparation steps. Thus, Charge Variant Analysis‐MS technique will allow 
the characterization of charge‐related PTMs on the intact protein stage. In this regard, this study is 
about development of a method having combination of chromatography and volatile mobile phase 
for mass spectrometry detection of mAbs being analyzed in native form. The method is qualified 
considering pharmacopeia guidelines because the ultimate aim is to transfer this method for Quality 
Control (QC) release testing of a monoclonal antibody, which is critical for batch release and the 
regulatory point of view. Acidic and basic variants have been separated with high resolution peak 
profile. Furthermore, there was no matrix interference and good separation selectivity in terms of 
specificity was obtained using this method. The experimental data suggested for the linearity of the 
method are 2.4 mg/mL to 3.6 mg/mL with % RSD below 2.0%. Additionally, Limit of Quantitation 
is found to be 0.15 mg/mL, which  is 5% of  loading amount. Consistently, the data show that the 
method is precise under the same operating conditions with a short time interval. Overall a simple, 
accurate, robust and precise pH gradient cation exchange chromatography method was developed 
and qualified for the characterization of a therapeutic native mAb. Additionally, this method can 
be used to claim a biosimilar product profile of an in‐house product compare to an innovator. 

Keywords: mAbs; charge variant analysis; “PTMs”; ion exchange chromatography; mass   
spectrometry; biosimilar; pH gradient; quality control 
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1. Introduction 

In recent times, mAbs‐based therapeutics products are rapidly moving up in biosim‐
ilar industries [1]. It is well‐known that mAbs have great clinical applications for the treat‐
ment of immunological disorders, malignancy and other critical infections. To obtain ap‐
proval for clinical use as a biosimilar product, bio similarity data must be generated with 
an innovator molecule with various analytical tools. The isoelectric point of a protein is 
the pH, at which a protein carries no net charge and hence is considered neutral. The iso‐
electric point (pI), where the net charge of the protein is neutral, is pH‐dependent. The pI 
of a protein  is crucial  to understanding  its biochemical function  [2]. The pI of mAbs  is 
mostly dependent on the dissociation constant of the ionizable groups. Amino acids con‐
taining acidic or basic functionalities form the peptide bounds, which ultimately give rise 
to  the polypeptides or  the proteins. These  functionalities  influence  the overall  surface 
charge, which, in turn, can be regulated by monitoring the pH of buffer system surround‐
ing the protein. 

Quality by design (QbD) is a next generation step in developing and producing bio‐
pharmaceutical products in the biopharma industry. The best quality and most consistent 
product can be generated using the QbD approach for the characterization of therapeutic 
proteins. [3]. mAbs and related products have modifications such as aggregation, deami‐
dation, disulfide bond scrambling, fragmentation, glycosylation, lysine truncation, oxida‐
tion, isomerization and pyro glutamate formation. These modifications may impact the 
critical quality attributes (CQAs) of the drug with relation to its efficacy and safety. The 
composition and physiochemical parameters of the cell culture media at the time of up‐
stream fermentation can be impacted by critical process parameters [3,4]. 

Therapeutic mAbs usually display heterogeneity when they are produced using cell 
culture methods. These heterogeneities or variations are caused by deamidation, glyco‐
sylation, mutation, N‐terminal glutamine cyclization, C‐terminal  lysine  truncation, and 
oxidation, resulting in isoforms of the peptides. Due to the aforementioned causes, mAbs 
tend to display hurdles with respect to their characterization, of which charge variants are 
an important attribute. Charge deviations are natural features, not impurities of this type 
of therapeutic mAbs, and they have critical impacts on protein stability and bioactivity. 

mAbs and other therapeutic proteins are routinely characterized, processed and an‐
alyzed for charge heterogeneity by ion exchange chromatography (IEX), as this is a gold 
standard technique for assessing the quality of proteins and to allow for separate control 
of individual proteoforms. To assess the charge heterogeneity, IEX relies on electrostatic 
interactions between the resin functional groups (cation/anion) and mAbs. The purifica‐
tion and characterization of charge sensitive mAbs can be carried out using cation ex‐
change chromatography (CEX) which is based on the pI of the mAbs. However, due to 
the minute differences in the binding properties charge variant mAbs, separation some‐
times becomes difficult using CEX. Tiny particle analytical stationary phases called col‐
umn and mobile phase gradient chromatography are used for separation. 

In biopharmaceutical industry, charge variant analysis is a critical attribute used for 
direct comparison of biosimilar product lots with reference products to certify constant 
product quality, which is very important for biosimilar product profile. 

Currently, in the biopharmaceutical industry, the tool of choice for quality control, 
optimization and product retrieval from upstream and downstream processing is analyt‐
ical technology [5]. However, for identification of the unknown peaks in charge variants 
analysis which are out‐of‐specification for product manufacturing, it requires identifica‐
tion and characterization, which  is a  time‐consuming process,  involving  initial sample 
preparation procedures and follow‐up experiments. These experimental procedures gen‐
erally involve peak collection followed by buffer exchange to carry out further analysis 
[6–8]. The entire identification and characterization process leads to more time and more 
cost. Sometimes, these experimental protocols lead to forceful generation of modifications 
in the protein product that are actually not present in its native form [9,10]. 
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mAbs are  traditionally eluted  in  IEX using salt gradients of  low‐to‐high concentration. 
This eluent, however, is not suitable for MS analysis, due to its high salt concentration. 
Furthermore, due to denaturation of tertiary structure and exposure of charged residues, 
highly charged mAb ions are produced, which results in the generation of complex MS 
[11]. 

Traditional ion exchange chromatography uses salt gradients of low‐to‐high concen‐
tration to elute proteins/mAbs, but when connecting to mass, the high concentrations of 
salt can be problematic, which is not recommended. Another limitation of this approach 
is denaturation of the protein/mAbs, resulting in the generation of complex mass spectra 
containing highly charged mAb ions due to the loss of tertiary structure and exposure of 
charged residues [12–15]. 

The ICH Q2 (R1) guideline, which is directly related to the validation of analytical 
methods  for conventional medications but can also be utilized with biopharmaceutical 
products, should be followed when qualifying analytical processes employed in the char‐
acterization of biopharmaceuticals products. The method qualification of a stability‐indi‐
cating parameter requires the analysis of stressed or force‐deteriorated samples to show 
that the method is suitable for active ingredient analysis in the presence of the degradation 
conditions. The method can be submitted  to  the appropriate regulatory agency  for ap‐
proval as part of the product license application if the qualification findings are satisfac‐
tory and within the limitations of ICH recommendations. The goal of this research is to 
create and validate a simple, precise, and robust pH gradient‐based IEX approach for de‐
termining charge variations in mAb samples that can be replicated in any lab. This method 
can be used in routine testing for quality control analysis, giving manufacturer’s confi‐
dence in the quality of their products. Furthermore, the approach can be used to track the 
stability of mAb in biopharmaceutical formulations under a variety of force‐degraded cir‐
cumstances. For regulatory data submission of biosimilar products, the analytical method 
must be qualified and validated for analysis. Thereby, in this study, the method is quali‐
fied as per ICH guidelines for quality control batch release use and regulated data sub‐
mission. 

Additionally, the aim of this work is to develop and qualify a mass spectrometry‐
based analytical method for charge variant analysis based on volatile pH‐based buffers 
with low  ionic strength. This allows for on‐line mass spectrometric detection of charge 
variants in different mAbs/Proteins. Low ionic strength eluents, which are employed for 
MS detection and have a low buffering capacity, are a feature and quality of this approach. 
A sufficient amount of data can be acquired from a single chromatographic injection with‐
out the need for any sample preparation operations, which would ordinarily necessitate 
many phases of analysis and various sample preparation procedures [13,14]. As a result, 
the charge variant analysis‐MS technique will enable the monitoring of many quality pa‐
rameters at the intact protein level, which will aid in process optimization both upstream 
and downstream. It is also possible to investigate new information on protein heteroge‐
neity and breakdown ability, which may have implications for the launch of prospective 
biosimilar products in the future. 

2. Materials and Methods 

2.1. Materials 

Ammonium bicarbonate, water (mass grade, JT Baker, Phillipsburg, NJ, USA), am‐
monium hydroxide solution, and acetic acid (ACS mass grade) were used for analysis. 
MAbs (Bevacizumab) was kindly provided from the university. It has a molecular weight 
of about 149 kDa and pI around 8.3. Bevacizumab is a humanized monoclonal IgG1 anti‐
body, and inhibits angiogenesis by binding and neutralizing VEGF‐A. The concentration 
of IgG1 is claimed as 25 mg/mL. 
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2.2. Method 

CEX‐UPLC analyses of untreated Bevacizumab was carried out on an UPLC system 
(Binary, Waters). Separation was performed on a MAbPac SCX‐10 RS 5 μm, 2.1 × 50 mm 
column (Thermo Fisher Scientific, Sunnyvale, CA, USA) using a mobile phase A compris‐
ing 25 mmol∙L−1 ammonium bicarbonate and 30 mmol∙L−1 acetic acid in water (pH 5.3) and 
a mobile phase B comprising 10 mmol∙L−1 ammonium hydroxide in water (pH 10.9). A pH 
gradient was applied consisting of 35 to 60% mobile‐phase B in 7 min followed by a flush‐
ing step with 90% B and a re‐equilibration step with 35% B for 5 min, flowrate 400 μL 
min−1, T 25 °C, and UV detection at 280 nm. Per run, 30 μg of IgG1 antibody was injected. 
Result: Based on Table 1, the system parameters program, CEX UPLC run was performed 
using Bevacizumab IgG1 antibody sample with a 30 microgram injection volume on the 
column. Total run time was 20 min. The representative chromatogram is shown as below. 

Table 1. Representative CEX UPLC method run program with Mobile phase A and B gradient com‐
position. These system parameters are applicable for waters Binary UPLC system. 

UPLC Gradient Time (min) 
Flow Rate 

(mL/min) 
% B Mobile Phase 

UPLC System Curve 

Value 

0 

0.4 

35  6 
3  35  6 
10  60  6 
12  90  6 
12.5  90  6 
15  35  6 
20  35  6 

As per Figure 1 chromatogram, main peak which is obtained around 7 min represent 
IgG1 purity having charge variants as pre peak (acidic variants) and post peak (basic var‐
iants). Those charge variants are present due to PTMs. From this it is very clear that the 
method is producing quite good resolution in acidic and basic variants separation using 
volatile mobile phase gradient. Additionally, the method run time is short, around 20 min, 
which shows that the method is compact and provides a platform to characterize charge 
variant at intact level within a short time period. 

 
Figure 1. Representative chromatogram of IgG1 antibody using pH based CEX UPLC method. The 
gradient program and mobile phase information is mentioned in Section 2. 

2.3. Method Qualification 

Transfer of analytical qualified method to the quality control lab of mAbs/proteins is 
a crucial final step in the acceptance of this method, which has quality attributes parame‐
ters that are under a good scan. Method qualification is a systematic approach that states 
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with assurance that a specific process will meet its pre‐defined acceptance criteria. Addi‐
tionally, an effective analytical method qualification will improve the precision and accu‐
racy of the previously developed chromatographic methods and decrease their errors. De‐
velopment of a qualified ion exchange method will help to avoid time‐consuming exper‐
iments and product developmental and manufacturing cost. In analytical approach, be‐
fore a developed chromatographic method can be  implemented  into quality system,  it 
must first be qualified and validated and shown that it is a suitable method for the report‐
ing critical quality data generation. If the qualified analytical method data are acceptable, 
the method can be send to the appropriate regulatory authority for approval of product 
license application. Validation of analytical methods used in the characterization of bio‐
pharmaceuticals  industries  should be performed  in  compliance with  the  ICH Q2  (R1) 
guideline, which outlines the validation of analytical procedures. The qualification of a 
stability‐indicating method requires analysis of stressed samples to show that the method 
is capable of analyzing pure protein in the presence of the degradation of products. 

3. Qualification Parameters Evaluation 

3.1. Linearity 

The linearity of an analytical method is its ability to obtain test results which are di‐
rectly proportional to the amount/concentration of analyte in the protein sample within a 
specified range. Linearity of the CEX method was performed up to 3.6 mg/mL. For this 
study, mAb RMP Bevacizumab working standard solutions of 2.4, 2.7, 3.0, 3.3 and 3.6 
mg/mL were prepared in duplicate from 25 mg/mL and injected into the Waters UPLC 
instrument. A  calibration  curve was  plotted  for main  peak  area  vs.  drug  concentra‐
tion/amount and a coefficient of determination  (R2)  is calculated by  linear  least‐square 
regression mathematical analysis. 

Observation: As per chromatogram in Figure 2, calibration curve obtained from Fig‐
ure  3  and  compiled data obtained  from Table  2,  it  can be  concluded  that CEX UPLC 
method has load amount linearity from 80 to 120%, with respect to main peak area. It also 
shows R2 0.99 with % recovery between 95 and 105%, suggesting that the method is linear 
within 10% of recovery. 

 
Figure 2. Representative CEX UPLC analysis data stacked overlay chromatogram for load linearity 
data from load ranging from 80 to 120%. This shows that the method is linear with good resolution 
in pre and post peaks from 80–120% of sample loading amount on column. X‐axis represent time in 
mins. Additionally, Y‐axis represents signal in mAU. 
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Figure 3. Slope and  intercept calculation using  loading amount versus main peak area obtained 
form 80–120% of loading amount. 

Table 2. Compiled linearity set data in duplicate injection with loading amount of IgG1 sample from 
80 to 120%. Slope and intercept are taken from Figure 3. 

      Intercept  3284.17    Slope  365.40   

Loading 

Amount of 

IgG1 (mg/mL) 

Loading 

Amount 

% 

Main Peak 

Area 

(mAu×s) Inj. 

1 

Main Peak 

Area (mAu*s) 

Inj. 2 

Average 

Area 

(mAu*s) 

SD  % RSD 
Back Calcula‐

tion Conc. (mcg) 
% Recovery 

3.60  120  12021  12027  12024.00  4.24  0.04  3.49  97 
3.30  110  11275  11221  11248.00  38.18  0.34  3.19  97 
3.00  100  10460  10487  10473.50  19.09  0.18  2.89  96 
2.70  90  9228  9261  9244.50  23.33  0.25  2.59  96 
2.40  80  8097  8102  8099.50  3.54  0.04  2.29  95 

3.2. Limit of Detection(LOD) and Limit of Quantification(LOQ) 

The limit of detection for analytical method is the lowest amount of analyte/protein 
in a sample which can be detected but not exactly quantitated as a reporting value. The 
limit of quantitation for analytical procedure is the lowest amount of analyte/protein in a 
sample which can be quantify with accuracy and precision. The LOQ limit is a parameter 
of quantitative value for low levels of compounds/impurities in sample matrices. It is used 
for the determination of impurities for force degradation products. The LOQ or LOD is 
reported by either signal‐to‐noise ration or impurity level area determination. For LOD 
and LOQ determination, Bevacizumab RMP was injected at 5% loading amount, which is 
0.15 mg/mL on  the column. Back‐calculated recovery was determined using slope and 
intercept. 

Observation: Based on above chromatography data obtained from Figures 4–6 and 
data Table 3, it is concluded that LOQ of the method is 5% of loading sample amount out 
of 100% which is 0.15 mg/mL. This method can detect LOD <5% of loading sample amount 
but this cannot be quantitated. 
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Figure 4. Overlay representative chromatogram for IgG1 sample loading of 10% and 5%, i.e., 0.30 
mg/mL and 0.15 mg/mL from 100% standard injection amount, i.e., 3.0 mg/mL for LOQ calculation. 

 
Figure 5. Representative chromatogram for IgG1 sample loading of 5%, i.e., 0.15 mg/mL from 100% 
standard injection amount, i.e., 3.0 mg/mL for LOD calculation. 

 
Figure 6. Slope and  intercept calculation using  loading amount  (mg/mL) versus main peak area 
(mAU) obtained from 1.5 mg/mL to 0.15 mg/mL. 

   

y = 3414.6x + 51.199
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Table 3. % Recovery calculation from loading amount of 1.5 mg/mL to 0.15 mg/mL IgG1 sample on 
column. This data ensure that at 0.15 mg/mL of sample injection % recovery is 90%, which indicates 
the high sensitivity of the CEX UPLC method. 

      Intercept  3414.6000    Slope  51.199   

Loading 

Amount(mg/m

L) 

Loading 

Amount 

% 

Area (mAu×s) 

Inj. 1 

Area (mAu*s) 

Inj. 2 

Average Area 

(mAu*s) 
SD  % RSD 

Back Calcula‐

tion Conc. 

(mcg) 

% Recov‐

ery 

1.50  50  5077  5264  5170.50  132.23  2.56  1.49  99 
0.30  10  1073  1124  1098.50  36.06  3.28  0.29  95 
0.15  5  544  542  543.00  1.41  0.26  0.14  90 

3.3. Precision and Accuracy 

The precision of an analytical method is based on the closeness of agreement (degree 
of scatter) between a linear series of measurements taken from multiple concentrations of 
the same sample under the defined conditions. Precision can be determined at three levels: 
repeatability, reproducibility and intermediate precision. 

Repeatability: Repeatability provides information for the precision under the same 
operating conditions with a short time interval. Repeatability can also be named as intra‐
assay precision. 

Reproducibility: Reproducibility provides the precision between labs. 
Intermediate precision: Intermediate precision provides data regarding within‐labor‐

atories variations: different days, different analysts, different equipment, different column 
and different mobile phase preparation variation. 

The accuracy of an analytical method is closeness of agreement between the value 
which is accepted as a true value or an accepted reference value and the value obtained. 
Accuracy is defined as the closeness of the measured value to the actual value. The deter‐
mination of accuracy was carried out with calculation of the average recovery value by 
analyzing  three  standard  solutions  triplicates  at  three  concentration  levels  high  (2.00 
mg/mL), the medium (0.50 mg/mL), and the low (0.12 mg/mL) of the linear range of the 
calibration curve. 

The precision of the method was performed as the intra‐day and inter‐day precision, 
which represent repeatability and intermediate precision, respectively. It is defined with 
given as relative standard deviations (RSDs). Intra‐day precision was determined using 
12 samples with same concentration levels of 3.0 mg/mL injected on UPLC system. These 
samples were prepared and injected into the chromatography system on different days 
with different system, different column, and different analyst. 

Observation: Based on above Figures 7 and 8 and Tables 4–7 data, it  is found that 
repeatability data % RSD of six different injections for analyst 1, analyst 2 and intermedi‐
ate precision data for a combined 12 injections with respect to main peak and total peak 
area is found to be RSD < 5.0%. This data shows that the method can be precise for the 
purpose of reporting charge variants percentage with precision of 95–105%. 

Table 4. Qualification data set  for repeatability set 1 experiment using 6 different samples of 3.0 
mg/mL concentration. 

No. of Preparations  Main Peak Area  Total Area 
Prep 1  10715  14898 
Prep 2  10662  14887 
Prep 3  10633  14891 
Prep 4  10547  14798 
Prep 5  10509  14718 
Prep 6  10458  14640 
Average  10587  14805 
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SD  98.44  107.34 
% RSD  0.93  0.73 

Table 5. Qualification data set  for repeatability set 2 experiment using 6 different samples of 3.0 
mg/mL concentration. 

No. of Preparations  Main Peak Area  Total Area 
Prep 1  10,355  15,549 
Prep 2  10,360  15,635 
Prep 3  10,330  15,595 
Prep 4  10,328  15,765 
Prep 5  10,436  15,536 
Prep 6  10,344  15,326 
Average  10,359  15,568 

SD  39.93  144.20 
% RSD  0.39  0.93 

Table 6. Intermediate precision data compilation based on set 1 and set 2 repeatability experiments. 

  Main Peak Area  Total Area 
TOTAL AVERAGE  10,473  15,187 

TOTAL SD  139.17  416.16 
TOTAL % RSD  1.3  2.7 

Table 7. Recovery calculation for accuracy data set. 

  Intercept  5098.2000  Slop

e 
550.5 

Loading 
Amount 
(mg/mL) 

Loading 
Amount 

% 

Area 
(mAu×s) 
Inj. 1 

Area 
(mAu×s) 
Inj. 2 

Average 
Area 

(mAu×s) 
SD  % 

RSD 

Back Calcu‐
lation Conc. 

(mcg) 

% Recov‐
ery 

4.50  150  22214  22612  22413.00  281.43  1.26  4.61  102 
3.00  100  14696  14705  14700.50  6.36  0.04  3.11  104 
1.50  50  6989  7248  7118.50  183.14  2.57  1.61  107 

Table 7 accuracy experiment data show that it is falling 50 to 150% of analyte loading 
amount with <±10% recovery. 

 
Figure 7. Chromatographic overlay for repeatability experiment using 6 different sample prepara‐
tions of IgG1 sample 3.0 mg/mL concentration. 
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Figure 8. Accuracy data chromatogram with 50, 100 and 150% of loading amount. 

3.4. Specificity and Stability Indicating Property 

Specificity is defined as two major qualification parameters evaluation as Matrix in‐
terference and selectivity. It is the ability to assess and measure accurate and specific an‐
alyte of interest in the presence of other additives, including impurities, degradants, ma‐
trix, etc. It must be demonstrated that our analytical method is not affected by any impu‐
rities or excipients. For the specificity experiment, an IgG1 antibody concentration of 3.0 
mg/mL injected with buffer blank was used to check whether any buffer peak has inter‐
ference with the elution time of the Bevacizumab peak. 
Observation: As per Figure 9 chromatography overlay data the matrix components did 
not interfere with the signal obtained for the analyte and thus there was no matrix inter‐
ference. The method is therefore specific for evaluating the identity of the BevacizumAb 
sample. 

 
Figure 9. Representative chromatographic overlay data for IgG1 sample and buffer blank run. These 
data show that the method is specific enough to claim charge variants analysis and that it has no 
matrix interference at IgG1 peak elution. 

3.5. Robustness 

The robustness is defined as a measure of a method’s capacity to remain unaffected 
by small but deliberate changes in procedural parameters. Examples of typical variations 
are stability of analytical solutions, variations in pH of solvents, column temperature, auto 
sampler temperature, and flow rate variation. For this study, mAb/protein at a concentra‐
tion of 2.00 mg/mL was analyzed to evaluate the impact of each modified condition on 
the data results. Bevacizumab sample was run on UPLC system at initial time point and 
after 48 h kept in an auto sampler (2–8 °C) to check the sample stability. 

Observation: With the Figure 10 robustness data it can be concluded that the mAb 
sample which is kept in an auto sampler and the same mobile phase can be used for up to 
48 h after preparation. 
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Figure 10. Robustness experiment overlay of Bevacizumab sample (3.0 mg/mL concentration) on 
CEX UPLC system at 0 time point and 48 h kept in auto sampler with the same mobile phase. 

4. Discussion 

This method can be used for charge‐related variant analysis of mAbs/proteins and 
can be used for on‐line mass detection, in terms of characterization process, to address 
acidic and basic PTMs. Using Bevacizumab as an example, we showed  that chromato‐
graphic gradient optimization will result in separation and identification of charge‐related 
impurities that are chromatographically resolved on the UPLC system. 

We have also shown the method qualification data, which state that the method is 
effective for use in QC testing for routine analysis for the biopharma industry. 

5. Conclusions 

In this characterization study, a simple, accurate, robust and precise pH gradient CEX 
chromatography method was developed and qualified for the characterization of a thera‐
peutic native mAb. The results of method qualification on UPLC studies showed that the 
developed ion exchange method was linear (R2 = 0.99) in linearity data with % RSD less 
than 10% with concentration range (0.3–4.50 mg/mL), in which the method was able to 
separate charge‐related variants of mAb and quantify  it with specificity. The accuracy, 
precision, and robustness of the CEX method meet the criteria of the biopharmaceutical 
industry therapeutic protein characterization analysis. This method is stability‐indicating 
and informative for Mab/proteins, which can be quantified without interference. As per 
our knowledge, this is the first study to qualify a CEX method to characterize therapeutic 
mabs/proteins  according  to  the  ICH guideline which  can be  reproduced  in  a QC  lab. 
Method qualification  is an essential step  in  introducing IEX methods to quality control 
laboratories  in  the biopharma  industry  for batch release. Therefore,  the method can be 
used for the routine analysis of MAb/proteins, evaluation of stability samples, and quality 
control of  in‐process, drug substance, drug product samples of mAb  in  the biopharma 
industry. 
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Abstract: AIM: To study the optic disc and retinal vessel morphology using both indirect ophthalmoscopy and 
optical coherence tomography in children with surgically treated hydrocephalus. Methods: A cross-sectional 
study was performed with 50 children of surgically treated hydrocephalus as cases and compared them with 50 
age matched controls. All children were examined by indirect ophthalmoscopy and optical coherence 
tomography for the evaluation of optic disc and retinal vessel changes. Results: Optic atrophy was found in six 
out of the fifty children (12%) tested. In comparison with the reference group, median optic disc area was 
significantly smaller (p<0.0001) in children with hydrocephalus. There was not much difference in cup area, 
but the rim area was smaller (p<0.0001) in children with hydrocephalus. On indirect ophthalmoscopy children 
with hydrocephalus had optic atrophy and abnormal retinal vascular pattern. Conclusion: Children with 
surgically treated hydrocephalus were found to have subnormal optic disc and neuro-retinal rim areas with 
abnormal vascular pattern. The importance of diagnosis of these optic disc and retinal vessel changes in 
children with surgically treated hydrocephalus by OCT imaging and follow up at regular intervals to look for 
any additional changes can help us to prevent further damage to the optic nerve. 
Keywords: Hydrocephalus, Disc area, Rim area, Cup area, Optical coherence tomography. 

 
 

Introduction 

Hydrocephalus is a condition characterised by 
increased ventricular size due to increased 
production or reduced absorption of cerebrospinal 
fluid [1]. Systemic symptoms such as nausea, 
vomiting, headache, fatigue, irritability and 
increased head circumference are helpful to 
diagnose hydrocephalus [2]. Medical and surgical 
management are the two treatment options 
available to restore the intracranial pressure to 
optimum levels [3]. Both anterior and posterior 
visual pathways may be affected in children with 
hydrocephalus resulting in mild to marked loss in 
visual acuity [1]. The incidence of hydrocephalus 
during the first year of life is around 1 in 1000 
[4]. 
 
Ophthalmological manifestations in children with 
hydrocephalus include reduced vision, double 
vision, grey-outs, misaligned eyes and visual field 
defects [4-5]. Papilledema is one of the most 

important signs of hydrocephalus; if 
undetected, it can lead to irreversible damage 
such as optic atrophy [2]. However in infants 
and young children papilledema is rare or 
absent probably due to the open fontanelle 
permitting the head to enlarge in response to 
an increased intracranial pressure. It was 
reported that the hydrocephalus might also 
cause cognitive visual problems such as 
decreased depth perception, impaired 
recognition, impaired motion perception and 
simultaneous perception [4]. Hence, every 
individual either child or adult diagnosed with 
hydrocephalus must undergo baseline 
ophthalmic evaluation. 
 
Previous research has reported that the 
hydrocephalus affects the neural tissue 
resulting in less than normal optic disc and 
rim areas and also an abnormal vascular 
pattern, indicating a pre/perinatal influence on 
the development of neural and vascular tissues 
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in children [1]. The OCT provides an assessment 
of the optic nerve head by passing a near - 
infrared illumination (840 nm) beam into the eye 
and studying its reflectivity patterns by computer- 
assisted software [6)]. Moreover, in India, no 
population based morphometric study has been 
performed on the ocular fundus findings in 
children with surgically treated hydrocephalus. 
The present study was therefore intended to 
detect and quantify optic disc and retinal vessel 
changes in children who have received surgical 
treatment for hydrocephalus by using Optical 
Coherence Tomography. 
 

Material and Methods 

Study design and setting: This cross-sectional 
study was conducted from September 2018 to 
August 2019 at the Department of 
Ophthalmology of a Tertiary Care Hospital and 
Research Centre in Belagavi, after obtaining the 
ethical clearance from the Institutional Review 
Board. The study protocol adhered to the tenets of 
the Declaration of Helsinki and all the 
parents/guardians of the 50 children included in 
the study group and 50 children in reference 
group were briefed regarding the study in detail 
and informed written consent was documented.  
 
Study population: Children who were referred to 
the ophthalmology OPD in the age group of 1-14 
years, with head circumference > 2 standard 
deviation score (SDS)greater than body length 
SDS, enlarged ventricles present at birth, or 
developed during the first year of life who 
underwent surgical intervention were included in 
the study. Children who did not fit the above-
mentioned criteria, did not survive during or post-
surgery or whose parents/ guardian were 
unwilling to participate were excluded from the 
study. 
 
Sample size: Sample size was calculated using G* 
Power software version 3.1.9.7. Sign test 
procedure was used for sample size calculation. 
We assume the effect size as 0.2 and with 80% 
power, 5% level of significance, minimum 
samples required for the study was 49 subjects. 
 
Reference group: 50 healthy Indian children 
between the age group of 1-14 years, who 
presented to the ophthalmology OPD for routine 
ophthalmic evaluation were constituted as a 
reference group for the evaluation of ocular 

fundus morphology by optical coherence 
tomography. 
 
Study Procedure: All the consecutive 
surgically treated hydrocephalus children who 
came for follow up were included in the study 
by consecutive sampling technique. Detailed 
history regarding demographic data, clinical 
and family history of the children was 
recorded. Maternal history including date of 
last menstrual cycle, number of antenatal 
visits, gestational age, the mode of delivery, 
iron and folic acid supplementation was also 
recorded. Neonatal characteristics such as 
birth weight, head circumference, history of 
NICU admission and duration of hospital stay 
were noted by retrospective review of medical 
files (fig-1) 
 
Fig-1: Response for maternal and neonatal 
characteristics 
 

 
 
All the children underwent thorough ocular 
examination including anterior and posterior 
segment evaluation. Optic disc and retinal 
vessel evaluation was done by indirect 
ophthalmoscopy. All the children also 
underwent optic disc evaluation with the 
Optical Coherence Tomography (TOPCON) 
using the 3D disc mode in glaucoma protocol 
in standard steps [6]. Optic disc area, cup area, 
rim area, horizontal and vertical disc diameter 
were recorded. It was difficult to record OCT 
in very young children in whom we used the 
head band attached to the head rest to steady 
the head and parents were allowed to be near 
the children which increased their comfort and 
confidence to cooperate for OCT (fig-2 to 4). 
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Fig-2: Comparison of optic disc area between groups. 

 
 
 

Fig-3: Comparison of rim area between groups. 
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Fig-4: Comparison of cup area between groups. 

 
 
 
Statistical Analysis: Data is analysed using 
statistical software R version 3.5.1 and Microsoft 
Excel. Continuous variables are given in the form 
of mean ± SD/Median (Range). Categorical 
variables represented using frequency 
(percentage). Sign test used to compare the 
median values of different parameters of study 
group with reference group values. P-value less 
than or equal to 0.05 indicates statistical 
significance. 
 

Results 

Demographic data: The study population 
consisted of 50 children, 16 boys and 34 girls of 
median age 4 [1.5, 14] (in years). Strabismus was 
noted in eight out of fifty children (16%) out of 
which six had exotropia and two had esotropia.  
 
On retrospective review of the medical files, the 
mean gestational age at birth was 36.04 weeks 

with a range of 30 to 39 weeks and the mean 
birth weight was 2.19 kg with a range between 
1 to 3 kg in the study group. 20(40%) children 
in the study group had history of NICU 
admission (Table 1). 
 

Table-1: Demographic details of the case 

group 

Parameters Mean ± SD 
Median 

[Range] 

Age (in years) 5.32 ± 4.09 4 [1.5,14] 

Birth weight (in 
kg) 

2.19 ± 0.66 2.5 [1,3] 

Gestational Age 
(in weeks) 

36.04 ± 3.17 37 [30,39] 

 
Optic-nerve morphology: Optic disc variables 
for children with hydrocephalus and reference 
group are shown in Table 2.  
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Table-2: Optic disc variables for children with hydrocephalus and reference group 

Par Parameters Study Group (median) Reference Group (median) p-value 

Optic disc Area (mm2) 2.39 [1.86,3.04] 2.42 0.0012 

Cup Area (mm2) 0.31 [0.25,0.34] 0.31 0.766 

Rim Area (mm2) 2.01[1.32,2.25] 2.07 0.0002 

Horizontal Disc Diameter (mm) 1.42 [0.74,2.11] 1.66 0.0002 

Vertical Disc Diameter (mm) 2.01 [1.80,2.98] 2.04 0.0114 

 
 

Using sign test, the study gathered that the 
children with hydrocephalus had a smaller 
median optic disc area of 2.39mm2 than the 
reference group of healthy children, 2.42mm2 
(p<0.0012). Neuroretinal rim area was 2.01 
mm2in the study group which was smaller 
compared to 2.07mm2 of the reference group. 
Median of horizontal D.D. and vertical D.D. was 
1.42mm and 2.10mmin the study groupwhich was 
significantly different from 1.66 mm and 2.04 
mm in reference group respectively. It was 
observed that, there was no significant difference 
in the median value cup area of study group when 
compared with reference group (Table 2). 
 
On indirect ophthalmoscopy six out of fifty 
children (12%) showed optic atrophy and 
abnormal retinal vascular pattern like straighter 
retinal arteries and central vessel branching points 
in the study group as compared to reference 
group. 
 

Discussion 

Children with hydrocephalus were found to have 
abnormal optic disc morphology in comparison 
with the reference group, illustrated by smaller 
optic disc and rim areas with abnormal retinal 
vascular pattern. Neuroretinal rim area had a 
significant difference between hydrocephalus 
children and the reference group. These findings 
were consistent with a study by Anderson et al 
[1]. This study did not show a significant 
difference in the vertical and horizontal disc 
diameter when compared to the reference group. 
 
The smaller disc areas may reflect a reduced 
number of optic nerve axons, as indicated in other 
clinical studies [7] that the size of the disc is 
related to the number of axons. So we can 
speculate that the reduced optic disc and rim 
areas in children with hydrocephalus could be of 
a prenatal origin [1]. 

Variation in optic disc morphology has been 
suggested to be caused by a lot of other 
factors such as secondary degeneration of 
ganglion cells and their fibres (retrograde, 
transsynaptic or non-transsynaptic), defective 
trophic mechanisms or deficient myelinisation 
[1]. A study by McLoone et al showed no 
significant association between disc 
morphology and the timing of the cerebral 
insult [8]. Also in a similar study in the past, 
no correlation had been found between 
aetiology of hydrocephalus and ocular fundus 
variables [1]. The study results correlated with 
the results of the studies mentioned above. 
 
Raised intracranial pressure causes 
compressive optic neuropathy at the junction 
of lamina cribrosa and optic nerve sheath 
leading to blockage of the axoplasmic flow in 
retinal ganglion cell axons causing their loss 
resulting in pale optic disc and optic atrophy. 
Histologically optic nerve head is 
characterised by a reduction in both number of 
axons and optic nerve diameter [1].  
 
In the present study six out of fifty children 
(12%) had optic atrophy. In another study 
done by Andersson et al showed optic atrophy 
in 14% of children with hydrocephalus which 
was similar to the findings of our study [1]. 
Similar incidence of optic atrophy of 17% was 
found in the study done by Gaston [9].  
 
In another study done by Akinsola F B et al 
optic atrophy was found in 30% of children 
with hydrocephalus which was slightly higher 
compared to our study [10]. 20% of children 
with hydrocephalus had optic disc 
abnormalities in another study done by S 
Akca Bayar et al [11]. Optic disc changes in 
the form of optic atrophy was noted in study 
done on large series of 200 consecutive cases 
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by S Ghose et al [12]. The hydrocephalus was 
found to be third most frequently observed 
etiology in children < 16 years of age with 
unilateral or bilateral optic atrophy [13]. 
 
A non-specific response to the neurological insult 
was found in the form of strabismus, eight out of 
fifty children (16%) had strabismus, among 
which six had exotropia and two had esotropia. In 
study done by S Akca Bayar et al, 51.2% of 
children showed strabismus [11] which was 
similar to study done by S Andersson [1] where 
strabismus was noticied in 72% of children. 
Another study by Ozgul Altintas et al also found 
that 40% of children were having strabismus in 
his study [14].  
 
In another study strabismus was found in 68.9% 
of children with hydrocephalus treated surgically 
before 1 year of age [15] which was similar to 
another study by Andersson et al where 
strabismus was noted in 69% of children with 
surgically treated hydrocephalus [4]. All these 
studies showed a very high prevalence of 
strabismus in children with hydrocephalus who 
underwent shunt surgery which did not correlate 
with the findings of our present study. None of 
the children with hydrocephalus who presented to 
the OPD had nystagmus or epilepsy. 
 
 

Conclusion 

Hydrocephalus in children is known to affect 
neural tissues resulting in an abnormal disc 
morphology, smaller disc area, rim area and 
abnormal vascular pattern as observed in this 
study. These abnormal findings indicate pre or 
perinatal influence on neural and vascular 
tissue development in children with 
hydrocephalus. Hydrocephalus has also been 
associated with optic atrophy and strabismus 
which was noted in our study. The importance 
of diagnosis of these optic disc and retinal 
vessel changes in children with surgically 
treated hydrocephalus by OCT imaging and 
follow up at regular intervals to look for any 
additional changes can help us to prevent 
further damage to the optic nerve.  
 
The OCT imaging in these children will help 
us to correctly assess the changes in optic disc 
morphology more accurately than indirect 
ophthalmoscopy. The OCT is useful tool to 
assess the optic disc changes in children with 
surgically treated hydrocephalus. The 
ophthalmologist also has an established role 
along with paediatric neurologist and 
paediatric surgeon in the long term 
management of children with hydrocephalus if 
risk of blindness is not to be added to their 
physical disabilities. 
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ABSTRACT 
Urine cytology is used for screening of exfoliated bladder cells from voided urine but lacks sensitivity. This study aims to 
check the efficacy of 5-aminolevulinic acid (5- ALA) fluorescence cytology and establish a high sensitivity approach in 
detecting flat, in-situ and/or small lesions that are hardly visible under conventional cystoscopy. Intracellular PPIX allows 
red fluorescence detection. In this study, 5-ALA fluorescent cytology using urine was compared with conventional 
cytology in the diagnosis of bladder tumors.  In this prospective study, we compared the sensitivity and specificity 
between conventional cytology, 5-ALA fluorescent cytology and FDA approved commercially available kits (NMP-22 
and BTA). The percentage of Protoporphyrin IX facilitated by 5-ALA was amplified in cancer urothelial cells compared 
to normal urothelial cells. The sensitivity of conventional cytology and 5-ALA fluorescent cytology was 64% and 96% 
respectively, whereas the specificity was 92% and 98.67% respectively. In conclusion, 5-ALA induced fluorescent urine 
cytology demonstrated promising outcomes in the detection of bladder carcinoma cells. Furthermore, low grade and low 
stage tumor cells as well as flat lesions were also positively and accurately interpreted using 5-ALA fluorescent cytology.  
 

Keywords: Bladder cancer, Non-invasive diagnosis, 5-Aminolevulinic Acid, Nuclear Matrix Protein, Bladder Tumor 
Antigen. 
 

1. INTRODUCTION  
Bladder cancer is one of the most common urological 
cancers. Bladder cancer is generally diagnosed by 
urethra-cystoscopy, which permits direct imagining of 
tumours and confirmation by biopsy and pathological 
analysis [1]. Nevertheless, Cystoscopy and voided urine 
cytology are effective diagnostic methods for 
investigation of superficial bladder cancer. Flexible 
cystoscopy being an invasive procedure has made 
cystoscopy more acceptable to patients [2]. Voided urine 
cytology remains the method of choice for the non-
invasive detection of bladder cancer, yet whilst it has a 
specificity of 93%, its sensitivity is only 25-40%, 
especially for low-grade and T-stage tumours. Bladder 
cancer in males is 7th most common carcinoma as of 
2020, and it has affected around 8.5 males and 3.2 

females in every 100000 cases, around the globe. The 
bladder invariably comes in contact with the environment 
making it sensitive to environmental carcinogens and 
inflammation. Tobacco smoke containing aromatic 
amines, which when hydroxylated, lead to DNA damage 
[3]. 
Environmental carcinogens have been implicated in BC 
with a rising trend in the past decade due to increase in 
smoking habits. About 70-80% of the BC is diagnosed as 
non-muscle invasive (NMIBC) and 20-30% as muscle 
invasive (MIBC). An early diagnosis and detection of 
recurrence is of utmost importance as 10-30% of NMIBC 
progress to MIBC [4]. Cystoscopy and biopsy remain the 
gold-standard tests for the diagnosis of bladder cancer 
and enable the urologist to identify and resect all visible 
tumors. Cystoscopy has an overall sensitivity of 62-84% 
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and specificity of 43-98%, is cost-intensive, invasive and 
operator-dependent and has limited ability to pick small 
papillary tumors, low-grade urothelial neoplasms 
(LGUN) and in-situ tumours (CIS) [5]. The clinical 
spectrum at present can be divided into those with (i) 
non-muscle invasive bladder cancer, (ii) muscle-invasive 
bladder cancer, and (iii) metastatic disease. The muscle-
invasive bladder cancer has a high recurrence rate of 50-
70% as it reoccurs despite conservative measures such as 
transurethral of bladder tumor (TURBT) and intravesical 
therapy. However, screening individuals who are at high 
risk for bladder cancer, with a history of tobacco, 
occupational exposure, cyclophosphamide exposure, or 
pelvic radiation, may be helpful for the early detection of 
bladder cancer [6]. 
A wide range of alternative procedures and markers have 
been proposed and studied for the detection of recurrent 
bladder tumours. These include 5-Aminolevulinic Acid 
(5-ALA) cytology [7], nuclear matrix protein 22 (NMP-
22) [8], BTA test [9] etc. The European Association of 
Urology in 2006 approved in using 5-Aminolevulinic 
Acid (5-ALA) for photodynamic diagnosis (PDD) of 
bladder tumor by cystoscopy as an effective procedure in 
detection and treatment for various cancer such as skin 
tumor, brain tumor, and oesophageal tumors. The 
principle behind 5-ALA fluorescence cytology is based on 
the metabolism of heme biosynthesis. 5-ALA being the 
precursor of heme metabolism will selectively get 
accumulated as protoporphyrin IX (PPIX) in tumor cells. 
The accumulation of ALA mediated PpIX was earlier 
reported to be 17 times higher than in normal mucosa. 
Moreover, ALA is impermeable through lipid bilayers 
and the metabolism of heme occurs both in cytosol and 
mitochondria, hence the efficacy of ALA dependent PDD 
is limited by cellular uptake of ALA and additional 
accumulation of photosensitizer PpIX [10, 11]. This 
occurrence is due to the numerous facts such as increased 
uptake of ALA in tumor cells, mitochondrial properties, 
and modification of enzyme activity in enzymes such as 
porphobilinogen deaminase and ferrochelatase activity 
and storage of PPIX in malignant cells. The sensitivity of 
PDD with 5-ALA for Transurethral resection of bladder 
tumor (TURBT) is higher compared to routine white 
light cystoscopy [12]. 
However, cystoscopy with 5-ALA has a higher false-
positive rate than white light cystoscopy. In contrast, Use 
of Aminolevulinic Acid provides great benefits compared 
to conventional cytological procedures. Previous reports 
have investigated the feasibility and usefulness of urine 

base tests taking advantage of ALA-fluorescence [13]. 
Furthermore, the detection modalities are based on 
fluorescence cytology, fluorescence spectrophotometry, 
and flow cytometry. However, detection modalities such 
as spectrophotometry and flow cytometry require 
cumbersome procedures and costly equipment. In the 
search for a highly specific, sensitive, and objective 
method for detection for urothelial tumor cells, we have 
utilized the ability of fluorescence using 5-ALA for the 
diagnosis of urothelial tumor cells [14]. 
For quantitative analysis, FDA approved commercial test 
were used which follows the principle of enzyme linked 
immunoassay. First test include NMP-22, it is a nuclear 
mitotic apparatus protein is present in the nuclear matrix 
of all cell types and located in the mitotic spindle during 
mitosis is involved in the proper supply of chromatin to 
daughter. In bladder cancer, NMP-22 is twice as sensitive 
as cytology in detecting early T-stage cancers, and up to 
90% sensitive and 99% specific [15]. Similarly, BTA has 
been identified as a human complement factor H related 
protein (hCFHrp), which is produced by bladder tumour 
cells in cell cultures and not by any other epithelial cell 
lines. BTA is released into the urine of patients with 
bladder cancer as the tumour invades the stroma. Initial 
reports indicated that BTA test had higher sensitivity and 
lower specificity than cytology [16]. The present study 
aimed to detect urothelial bladder carcinoma using 5-
ALA and its comparison with conventional cytology, 
NMP-22 and BTA TRAK quantitative test to estimate 
activity in the urine of the patients with bladder cancer in 
a trial to assess their value in the detection of the tumours 
and to find a reliable non-invasive technique for the 
diagnosis of cancer bladder. Sensitivity and specificity of 
these tumour markers was compared to conventional 
cytology in bladder cancer. 
 
2. MATERIAL AND METHODS 
2.1. Patients 
The study was conducted between September 2019 and 
February 2022 at the Urology clinic in a tertiary care 
centre of South India. The study was reviewed and 
approved by the institutional ethics committee 
(KAHER/EC/20-21/001/05). A total of 250 patients 
with 128 Bladder carcinoma (Cases) and 122 non-
cancerous (Controls) were studies. Patients with signs or 
symptoms suggestive of bladder cancer and patients 
followed up for a past history of treated bladder cancer 
were included in the study. Furthermore, patients with a 
history of renal involvement (e.g. calculi, nephritis or 
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renal cancer); as these conditions may affect bladder 
cancer antigen detection; recent trauma of the bladder 
(e.g. cystoscopy, vesical washing, biopsy, or surgery); 
radiotherapy in the last 3 months; systemic chemotherapy 
in the last month; gross haematuria in the sample and 
urine infection formed the control group. 
 
2.2. Collection of voided urine sample 
Pre-operative urine sample of 150 cc was collected and 
samples were divided into four different groups, and the 
following procedures were performed within 1 h for 
pathological examination. We separated these samples for 
the conventional cytology [18], ALA-induced fluorescent 
cytology [10], NMP-22 and BTA-TRAK (Fig. 1). 
 
2.3. Evaluation of ALA based cytology 
Two ml of Minimum Essential Medium (MEM 
11095080, GibcoTM, Thermo Fisher Scientific, 
Waltham, MA, USA) was added to the urine sediment. 
5-ALA (5-Aminolevulinic Acid Hydrochloride, Sigma-
Aldrich, ©Merck KGaA, Darmstadt, Germany, 2020) 
was added to the cell suspension to 200μg/ml and 
incubated for 2 hours at 37°C in a light-shielded 
incubator. Then, centrifuged the mixture again (1500 
rpm for 5 min). The cell suspension was loaded on a slide 
and was observed using a fluorescence microscope 
(Nikon ECLIPSE Ni; Nikon Corporation, Tokyo, Japan)  

loaded with a 400-440 nm bandpass filter for excitation 
and a 610 nm long-pass filter for absorption, and the 
presence of fluorescent and reddish urothelial epithelial 
cells was diagnosed. The brightness and contrast of the 
fluorescence microscope were set to the recommended 
default settings for fluorescent urine cytology (Fig. 2). 
 

 
Total subjects enrolled in the study were divided into two sub-groups 
i.e. cases and controls. Voided urine samples were subjected to urinary 
test such as conventional cytology, 5-ALA based cytology, NMP-22 
test and BTA TRAK test. ALA- Aminolevulinic acid; NMP22-Nuclear 
matrix protein; BTA-Bladder tumour antigen. 
 

Fig. 1: Samples for different tests 
 

 
 
Fig. 2: The protocol of the 5-Aminolevulinic acid fluorescence detection assays. MEM- Minimum 
essential media 
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The cells with faint red or pink colour and histogram 
depicting peaks with low intensity versus frequency 
were considered as negative for malignancy. Cells 
showing bright red fluorescence against black 
background and its histogram depicting peaks (>200, 
10K) of high intensity versus frequency were considered 
malignant (Fig. 3 & 4). 

Cells were incubated with 5-ALA for 1 hr. The 
sediments were observed under fluorescence 
microscope. For Fig. (a & c), cells showed light red or 
pink colour against black background suggesting benign 
urothelial cells. (200X). For Fig. (b & d) the histogram 
showed intensity (x-axis) vs frequency (y-axis) to be 
minimum or normal. 

 

 
 

Fig. 3: Effect of 5-ALA on voided urine 
 

 
 

Fig. 4: Effect of 5-ALA on voided urine 
 
Cells were incubated with 5-ALA for 1 hr. The 
sediments were observed under fluorescence 

microscope. For Fig. (a & c), cells showed bright red or 
dark red colour against black background suggesting 
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malignant urothelial cells. (200X). For Fig. (b & d) the 
histogram showed intensity (x-axis) vs frequency (y-
axis) to be increased. 
 
2.4. Evaluation with commercially available KIT 

methods 
The cell free urine partwas used to evaluate NMP-22 
and BTA TRAKby an enzyme immunoassay (EIA) 
employing two monoclonal antibodies that were specific 
for the NMP-22 antigen moiety of nuclear mitotic 
apparatus protein, were used to determine NMP-22 
levels in stabilized voided urine (MyBiosource NMP22® 
test kit, South California, USA). Assay sensitivity, i.e. 
the lowest concentration of NMP22 antigen that can be 
measured reliably, is 0.156ng/ml.; within- and 
between-run coefficients of variation were 4.9 and 
9.5%, (Detection Range: 0.156 ng/ml-40 ng/ml.) 
according to manufacturer. The BTA TRAK assay 
(MyBiosource NMP22® test kit, South California, 
USA) is an immunoenzymatic assay (IEMA) utilizing 
monoclonal antibodies to bind specifically to bladder 
tumor antigen in urine. The lowest concentration of 
BTA detectable was estimated to be 19ng/mL. Assay 
reproducibility as indicated by kit purchaser yielded 5 
and 10% variation in intra- and extra-series tests, 
respectively (Detection Range: 0.31-20ng/mL). 
 
2.5. Analysis of results 
Average o fthe duplicate readings for each standard and 
samples was calculated, then subtracted the average zero 
standard optical density. a four-parameter logistic curve 
on log-log graph paper was plotted, with standard 
concentration on the x-axis and OD values on the y-
axis. If the samples have been diluted, the concentration 
calculated from the standard curve must be multiplied 
by the dilution factor. If the OD of the sample surpasses 
the upper limit of the standard curve, a re-test must be 
done with an appropriate dilution. The actual 
concentration is the calculated concentration multiplied 
by the dilution factor. 
 
2.6. Statistical Analysis 
Data were compared using the Wilcoxon test or Chi-
square test. Differences were considered statistically 
significant when p<0.05. Statistical analyses were 
performed using SPSS 22.0. 
 
3. RESULTS 
Table 1 shows the patients’ clinico-pathological 
characteristics. The group with UC was older (median 

age 54 years old) than the non-cancer group (median 
age 53 years old)(p < 0.01). The UC group included 
128 patients with BT. The non-cancer group included 
58 patients with BPH, 45 with urinary stones, 13 with 
UTI, and 6 with other with urological diagnosis. In the 
cancer group, 115 patients had cancer of pT1 or less 
(40, 18, and 57 patients with pTa, pTis, and pT1, 
respectively), 13 had cancer of pT2 or more, 57 had a 
low-grade tumor, and 70 had a high-grade tumour 
(Table 2). 
The comparison of conventional cytology, 5-ALA 
cytology, NMP-22 test and BTA TRAK testwith respect 
to sensitivity in all specimens are presented in (Table 2). 
In subgroup analysiswe found that 5-ALA-induced 
fluorescent cytology tended to be more sensitive than 
conventional cytology and other kit based biomarkers 
regardless of patient age (classified by the median age of 
54 years old) and sex. The sensitivity was significantly 
higher for 5-ALA-induced fluorescent cytology (91%) 
versus that for conventional cytology (55%), NMP-22 
test (60%) and BTA TRAK test (64%). Similar trends 
were seen in both low grade (82%) and high grade 
(97%) tumours for 5-ALA cytology. Out of 115 BT 
cases pT1 104 cases were positive for 5-ALA cytology 
(90%) and for pT2 or more the sensitivity was 
significant higher compared to other biomarkers (92%, 
<0.0001). 
However, in (Table 3), the specificity (98.2% vs. 
95.6% vs 89.21 vs 92.10, p = 1.0) and positive 
predictive value (97.22% vs. 95.08%, vs 85.56 vs 
89.13p = 0.57) were equivalently high between 5-ALA-
induced fluorescent cytology and other biomarkers. In 
conventional cytology, false positives were found in two 
patients: one with Bladder prostate hyperplasia (BPH), 
and one with urinary tract infection (UTI). In 5-ALA-
induced fluorescent cytology, false positives were found 
in six patients: two with BPH, two with UTI, and two 
with urinary stones. In NMP-22 test, false positives 
were found in thirteen patients: six with BPH, three 
with UTI, two with urinary stones and two in 
radiological cystitis. Similarly, for BTA TRAK test ten 
cases shown false positive results. 
In cases judged as false positive by the conventional 
cytology or 5-ALA-induced fluorescent cytology, 
transurethral bladder random biopsy, selective upper 
tract urine cytology, and contrast-enhanced CT were 
performed to examine the urinary tract tumor. There 
were no findings to indicate UC either by additional 
imaging or pathological examinations, or in the 
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subsequent follow-up of all patients, urine cytology was 
re-examined every 3 months for over 1 year and 
confirmed to be negative. These results suggested that 
ALA-induced fluorescent cytology may be a superior 
tool to conventional cytology in clinical practice. When 
compared among all test, 5-ALA induced fluorescence 
cytology showed highest Cohen’s Kappa (K) of 0.8745 
complying to near perfect strength of agreement.For 
this study, therespective sensitivity and specificity of 
rangedfrom 40-70% for the conventional cytology, 80-
95% for the 5-ALA based cytology, 40-60% for the 
nuclear matrix protein (NMP) 22 test, and 50-65% for 

the bladder tumor-associated antigen (BTA) test. The 
time taken for the examination of one urine specimen is 
about 1-2 days for conventional cytology, 180 min for 
5-ALA based cytology, 300 min for NMP 22 and 240 
min for BTA. In addition, the cost of one test is INR 
350-400 for conventional cytology, INR 250 for ALA-
induced fluorescent cytology andINR 1000-1500 for 
both NMP 22 and BTA TRAKas described above, 5-
ALA-induced fluorescent cytology showed high 
sensitivities within a short period of time and at much 
lower cost compared with these other urinary 
biomarkers (Table 3). 

 
Table 1: Characteristics of Study Subjects 

Parameters Bladder Cancer (%) (n=128) Controls (%) (n=122) 
Mean Age (Range, Years) 54.14 (29-85) 53.34 (24-90) 

Male: Female (114:14) (105:17) 
Comorbidity 

Hypertension 32 (25) 16 (13) 
Type- I DM 2 (2) 1 (1) 
Type- II DM 24 (19) 15 (12) 

Chronic Kidney Disease 11 (9) 3 (2) 
Ischemic Heart Disease 8 (6) 4 (3) 

Thyroid Disorder 2 (2) 0 
Multiple comorbidity 11 (9) 7 (6) 

None 38 (30) 76 (62) 
Diagnosis 

Bladder Carcinoma 128 (100) 0 
BPH - 58 (48) 

Urolithiasis - 45 (37) 
Infection - 13 (11) 
Others - 6 (5) 

Occupational Exposure 
YES 79 (62) 47 (39) 
NO 49 (38) 75 (61) 

Family History of Any Cancer 
YES 21 (16) 8 (7) 
NO 107 (84) 114 (93) 

History of Urological Infection 
YES 60 (47) 36 (30) 
NO 68 (53) 86 (70) 

 
Table 2: Diagnostic Sensitivity Comparison Between Urinary Biomarkers 
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Table 3: Sensitivity, Specificity, Inspection Time, and Cost of Urinary Biomarkers 

Variables Conventional 
Cytology 

5-ALA 
Cytology 

NMP-22 
TEST 

BTA TRAK 
TEST 

Sensitivity 55% 91% 60% 64% 
Specificity 98% 95% 89% 92% 

Positive Predictive Value (PPV) 97% 95% 86% 89% 
Negative Predictive Value (NPV) 67% 91% 68% 71% 

Accuracy 76% 93% 75% 78% 
Cohen's KAPPA (K) 0.4561 0.8745 0.4214 0.4917 

Inspection Time 1-2 days 180 min 300 min 240 min 
Cost (INR) 350-400 250 1000-1500 1000-1500 

 
4. DISCUSSION 
Although numerous new urine based test for the 
detection of bladder cancer are available. Invasive 
approach like cystoscopy is the number one diagnostic 
modality for the diagnosis new or recurrent bladder 
carcinoma.Non-invasive methods likevoided urinary 
cytology remains the most established non-invasive 
method for detecting bladder cancer. However, this 
method has several drawbacks including low sensitivity, 
low-cost effectiveness, a lack of inter observer 
variability, and technical instability [17]. Moreover, its 
sensitivity is low: between 11% and 76% in various 
studies [18]. Several factors affect the sensitivity of 
cytology, including specimen quality, number of 
exfoliated cells and pathologist expertise. The overall 
low sensitivity of cytology is due to its low sensitivity in 
detecting low-grade bladder tumours. Non-invasive 
urine markers can offer an alternative to the standard 
mode of detecting bladder cancer or they can be used as 
an adjunct to cystoscopy [19]. In addition, cytological 
evaluation is subject to the pathologist’s experience. 
The limitations of both techniques led to the 
development of several urine-bound tests for the early 
diagnosis of bladder cancer [20]. For this purpose, new 
bladder cancer markers have recently been introduced 
into clinical practice. 
Currently, 5-ALA is approved as a photosensitizer of 
photo dynamic diagnosis (PDD) for carcinoma around 
the world. For example, ALA as an optical imaging 
medicine was approved to enhance intraoperative 
detection of malignant glioma and also to detect bladder 
cancer [21]. A recent report on 5-ALA staining of urine 
specimens in an extracorporeal exposure showed PDD 
sensitivity to be effective compared with conventional 
cytology in BT (82% vs. 49%, respectively), 
particularly in low-grade and low-stage tumors, and to 
have comparable specificity (80% vs. 100%, 
respectively) [14]. However, they studied a small 

number of patients (61 with BT only), and there were 
some limitations in that conventional cytology for low-
grade BT had very low sensitivity (18%), and the details 
of the non-cancer group were not described. For NMP-
22 test, Research has found that patients with bladder 
cancer may have urinary levels of NMP22 that are 25-
fold greater than levels in healthy subjects [22]. 
Similarly, BTA TRAK assay have so far been promising, 
with the finding of an overall sensitivity of about 70%. 
Conversely, urine cytology sensitivity is much lower in 
the same authors’ experience, never exceeding 44% 
[23]. 
The present study included more patients (n = 250). 
Our results indicated that the sensitivity of 5-ALA-
induced fluorescent cytology was significantly higher 
than that of conventional cytology, NMP-22 test and 
BTA TRAK test, especially for tumours of pTa stage and 
low-grade tumors. In Low and High Grades and Ta, T1 
stages, the sensitivity between 5-ALA cytology and the 
other two tests is more evident, not only in our series 
(sensitivity 95% in Ta and 95% in T1; 82% in LG and 
97% in HG with 5-ALA cytology) but also in the studies 
by Yamamichi et al.7In all the three tests, a gradual 
improvement in the sensitivity with increasing grade 
and stage was noted, as similar to other comparison 
studies [24,  25]. 
Some reports indicated that the false-positive findings of 
5-ALA cytology can be induced by several factors such 
as infection, inflammation, hyperplasia, and 
inexperience [26]. There were only six cases of false 
positives by 5-ALA cytology in the present study, 
probably because of inflammation associated with 
infection and calculi. There are couple of possible 
reasons for this, the first cellular components in the 
voided urine specimen, and the second being that 
urinary cellular components together with the cancer 
cells expired out over the passage of time from sample 
pooling to pathological examination. In this case, those 
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most cancers cells can notably lose their mitochondrial 
metabolic action, and therefore, 5-ALA cannot be 
metabolized. To prevent the death of these cancer cells 
in the present study, we treated the extracorporeal ALA 
culture within 1 h of collecting the urine samples. 
There are some limitations in this study. Our study is a 
prospective study of patients from a single institution, 
and thus, the present results need to be validated in 
other cohorts to definitively identify the high diagnostic 
efficacy of 5-ALA-induced fluorescent urine cytology 
for UC. With an objective to find reliable, non-invasive 
technique for the diagnosis of bladder cancer, all the 
voided urine samples of patients were evaluated for 
NMP-22, BTA-TRAK, conventional cytology, and 5-
ALA cytology. When the clinical history and 
examination is suspicious/suggestive of bladder cancer, 
a non-invasive diagnostic procedure may lead to an 
immediate diagnosis surpassing the need of cystoscopy 
and biopsy. In the follow-up of superficial bladder 
cancer patients, the ability of a urine test to detect a 
tumor recurrence could be a useful tool for the 
selection of cases to be submitted for control 
cystoscopies [25]. 
There is an unmet need for a simple reliable test that can 
screen a patient, serve as a diagnostic test, reduce the 
number of unnecessary biopsies creating less morbidity, 
decrease the healthcare costs and play a vital role in the 
determination of the effectiveness of therapeutic 
interventions. An ideal biomarker to detect bladder 
carcinoma should be (i) cost-effective, tangible, fast to 
process, and easy to interpret, with high sensitivity and 
specificity (ii) reduce the need for frequent invasive 
procedures; (iii) exclude recurrence; (iv) detect 
progression towards invasive disease; (v) predict 
effective treatment response [28, 29]. From our study 
we have clearly seen that the sensitivities and NPVs of 5-
ALA induced cytology is higher than the conventional 
methods such as urine cytology, detection of BTA-
TRAK and NMP-22. Our results are comparable with 
those obtained by other investigators. Our study with 5-
ALA cytology is simple, reliable, feasible and efficient 
way to diagnose BC and can easily be done in most of 
the centres dealing with patients of BC. 
 

5. CONCLUSION 
In conclusion, 5-ALA based fluorescent cytology in the 
detection of bladder cancer in voided urine sample 
represents a set of novel diagnostic assays that can be 
employed for an early and accurate detection of BC, 

with highest sensitivity as compared to other routine 
methods. These can also efficiently detect low-grade 
urothelial tumors by showing positivity in different 
filters. Our study was a single-centred assessment and 
needs to be validated in other cohorts & multiple 
centres. We suggest validation and inscription of these 
markers in urine as independent diagnostic tests or in a 
panel to be recommended as these may play a vital role 
in early detection and diagnosis of bladder cancer.  
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Abstract---Background: The knee being the largest joint in the human 

body withstands complex forces which are exerted during various 

activities, rendering it prone to a number of acute and chronic 
injuries.  It is also one of the most frequently injured joints, whether 

as an isolated injury or as a component in a multiple trauma patient.  

Aim and. Objectives: The objective of the present study was to 

evaluate the incidence of various ligamentous and meniscal injuries of 

post-traumatic knee joint. Materials and Methods: Once a patient 
fulfilled the inclusion criteria for this study he / she was administered 

the predesigned / pretested proforma. Demographic characteristics of 

the study population such as age, sex were obtained through an 

interview. The patients were then briefed about the procedure i.e. 

about the noise of the gradient coils and need to control the body 

movements for successful image acquisitions. The patient is asked to 
lie in supine position with the knee in close relation to the knee coil.  

The knee is then externally rotated 15-20° and is also minimally flexed 

5-10°. Statistical Analysis: The data obtained was coded and entered 

into Microsoft Excel Worksheet.  The categorical data was expressed 

as rates, ratios, proportions and percentages. Results: We found that 
the Anterior cruciate ligament was the most commonly torn ligament, 

77.5 % (n = 62), among the menisci the medical menisci (MM) tears 

were more common as compared to lateral menisci (LM), grade III tear 

was more common in both LM and MM, Medial Cruciate Ligament 

(MCL) was more commonly injured as compared to Lateral Cruciate 

Ligament (LCL), osseous/ osteochondral lesions were noted in 44 
patients (55%) majority of which were bony contusions and majority of 

the injuries were a combination of two or more injured components.  

https://doi.org/10.53730/ijhs.v6nS4.10899
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Discussion & Conclusion: Magnetic resonance imaging is valuable 

non-invasive, radiation free tool with multiplanar capabilities which 

not only provides precise information in localizing and characterizing 
the internal derangements among the patients with trauma around 

the knee joint but is also helpful in identifying the exact extent of the 

injury and any other associated findings thus helping in the further 

management of the patient. We found that the Anterior cruciate 

ligament (ACL) was the most commonly torn ligament, 77.5 % (n = 

62), among the menisci the MM tears were more common as 
compared to LM, grade III tear was more common in both LM and 

MM, MCL was more commonly injured as compared to LCL, osseous/ 

osteochondral lesions were noted in 44 patients (55%) majority of 

which were bony contusions and majority of the injuries were a 

combination of two or more injured components. 
 
Keywords---post traumatic knee joint, ligament injuries, magnetic 

resonance imaging, meniscal injuries. 

 
 

Introduction  
 

The knee being the largest joint in the human body withstands complex forces 

which are exerted during various activities, rendering it prone to a number of 

acute and chronic injuries.  It is also one of the most frequently injured joints, 

whether as an isolated injury or as a component in a multiple trauma patient1. 
Trauma to the knee is a substantial cause of disease in the young, active 

individuals particularly amongst military personnel’s and athletes.  A precise 

diagnosis concerning the extent and type of injuries is indispensable for early 

non-operative as well as operative treatment.  This necessitates a precise clinical 

history, a thorough physical examination, and corresponding diagnostic tools.  

With the availability of enhanced surgical possibilities, precise imaging of the 
knee becomes all the more important2. 

 

MRI and arthroscopy are the most extensively used diagnostic modalities to 

evaluate the joint injury.  Arthroscopy, nonetheless accurate, is invasive and may 

cause complications3, 4.  Magnetic resonance imaging (MRI) has now been 
recognized as the unsurpassed imaging modality for non-invasive assessment of 

knee injuries. It has been reported to have an extraordinary diagnostic precision 

without involvement of ionizing radiation5. Since its induction for clinical use in 

the role of MRI in the analysis of knee injuries has been well recognized. MRI has 

proved consistent, safe and offers several benefits over diagnostic arthroscopy, 

which is at present looked upon as the reference standard for the diagnosis of 
internal derangements of the knee6. In the setting of trauma, post-traumatic 

inadequate range of motion and mechanical knee symptoms MRI is usually 

considered a valued diagnostic tool7.  It has made it possible to evaluate an 

injured knee non-invasively, subsequently evading invasive procedures and 

additional morbidity8. 
 

MRI is the best imaging modality for assessment of acute traumatic musculo-

tendinous injuries to the knee.  It can provide valuable information regarding the 
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extent and location of the injury along with related bone, meniscal, and 

ligamentous irregularities in patients with these traumatic lesions9. Knee joint is 

a compound type of synovial joint and owing to the absence of bony support, 

stability of the joint is vastly reliant on its supporting ligamentous structures, and 
consequently injuries of ligaments and menisci are exceedingly common10. The 

present study was an attempt to assess the types and incidence of injuries in 

traumatic knee joint by MRI. 

 

Aim & Objectives 

 
The objective of the present study was to evaluate the incidence of various 

ligamentous and meniscal injuries of post-traumatic knee joint. 

 

Materials & Methods 

 
Sample Size: A total of 80 patients fulfilling the selection criteria were studied. 

Patients who present with the history of trauma around the knee coming for MRI 

examination during the study period were enrolled. 

Sampling Procedure: A minimum sample of 60 patients who fulfill the selection 

criteria and advised to undergo MRI knee joint for evaluation of internal 

derangements of the knee during the study period was planned.  However, 80 
patients fulfilled the selection criteria and were enrolled in the study. 

Inclusion Criteria: All patients, of different age groups presenting with history of 

trauma to the knee joint, who are sent for magnetic resonance imaging of the 

knee. 

 
Exclusion Criteria: 

 

• Post-operative cases. 

• Patients with ferromagnetic implants, pacemakers and aneurysm clips. 

• Patients with major injuries like liver / splenic rupture and flail chest and 

patients with unstable vital parameters especially in the setting of trauma. 

 

Informed Consent: Patients fulfilling the selection criteria were informed about the 

purpose and nature of the study and were enrolled after obtaining a written 
informed consent. 

 

Data Collection 

 

Once a patient fulfilled the inclusion criteria for this study he / she was 

administered the predesigned / pretested proforma.  Demographic characteristics 
of the study population such as age, sex were obtained through an interview. The 

patients were then briefed about the procedure i.e. about the noise of the gradient 

coils and need to control the body movements for successful image acquisitions. 

The patient is asked to lie in supine position with the knee in close relation to the 

knee coil.  The knee is then externally rotated 15-20° (for better evaluation of ACL 
on sagittal images) and is also minimally flexed 5-10° (for better visualization of 

the patella-femoral compartment). 
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Imaging 

 

All patients underwent MRI of the knee joint using a using a dedicated knee coil 
on a Siemens 1.5 Tesla Symphony Magnetom class-MRI. An axial acquisition 

through the patella-femoral joint is used as the localizer.  The field of view is 

variable ranging from 14 to 16cms depending on patient’s size. The scan was 

carried out for all the patients using T2 PD Coronal / sagittal (TR: 4250 & TE 

107); T2 Axial (TR: 6680 & TE 115); TIRM Coronal (TR: 5240 & TE 70); T1 SE 

Coronal/Sagittal (TR: 600 & TE 15) ; STIR Coronal; STIR Axial; MEDIC FAT SAT 
Sagittal (TR: 1430 & TE 18), PD FAT SAT coronal / sagittal / transverse (TR: 2000 

& TE 18) sequences to evaluated the knee joint.  All the images were acquires 

with a slice thickness of 3.0mm. Statistical Analysis: The data obtained was coded 

and entered into Microsoft Excel Worksheet.  The categorical data was expressed 

as rates, ratios, proportions and percentages.  
 

Results 

 

We included a total of 80 patients based on inclusion and exclusion criteria were 

enrolled.  

 
Graph 1: Shows Gender wise distribution of subjects 

 

 
 

In the present study, majority were males 87.5 % (n = 70). The male to female 

ratio was 7:1 

 
Graph 2: Shows Side wise distribution of Subjects 
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Graph 3: Shows Age wise distribution of Subjects 

 

 
 

In this study, the maximum number of patients were in the age group between 

21-30 years 40% (n = 32) followed by age group 31-40 years 23.75%(n = 19). The 
mean age was 32 ± 9.4 years. 

 

Graph 4: Shows Duration of trauma of Subjects 

 

 
 

In this study maximum number of patients presented with an acute history of 
trauma to the knee i.e. 37.5% (n =30) belonged to less than week duration 

trauma. The second highest patient belonged to 1-2 weeks 21.25% (n = 17) 

followed by patients presenting after 6 months of trauma 17.5% (n = 14). 

 

Table 1: Shows spectrum of MRI findings 
 

MRI finding Number (Positive) Percentage (%) 

Joint Effusion 70 87.5 

ACL 62 77.5 

PCL 3 3.75 

MM 37 46.25 

LM 11 13.75 

MCL 14 17.5 
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LCL 12 15 

Osseous/ Osteochondral 

Lesion 

44 55 

 

In the present study, we see that the tear of anterior cruciate ligament was most 

frequently encountered, n= 62 followed by the tear of medial meniscus n=37. The 
medial meniscus is also the more commonly torn / injured menisci of the two. 

 

Table 2: Shows Combined / Multiple Injuries 

 

Number of injuries Number Percentage (%) 

One 31 38.75 

Two 20 25 

Three 18 22.5 

Four 7 8.75 

Five 4 5 

 

In the present study, single ligamentous injury was most commonly encountered 
38.75% (n=31) followed by injury two structures 25% (n=20). The least common 

injury was simultaneous injury to five structures 5% (n=4). 

 

Discussion 

 
Injury to the knee joint is an important cause of morbidity in the population 

affecting particularly the young active individuals.  Hence, a precise diagnosis 

concerning the type and extent of the injuries is mandatory for early operative or 

non-operative intervention.  This essentially requires a comprehensive clinical 

history coupled with a thorough physical examination and a complementary 

imaging tool.  
 

Conventionally, the injuries around the knee joint were assessed clinically, and 

were subjected to radiographs.  In modern times, MRI with or without a 

subsequent arthroscopic procedure has become the state of the art imaging 

modality.  The knee can be imaged with many different imaging modalities: 
radiography, ultrasound, bone scintigraphy, CT scan, arthroscopy & MRI.  The 

MRI is being used as both a pre and post-operative evaluative method.  Since the 

1990’s MRI has been the modality of choice for imaging the internal 

derangements of the knee joint. MRI has become a valuable tool in the 

determining the treatment plan in 18% of patients and therefore permitting earlier 

surgical intervention based on the diagnosis obtained. Development of newer 
sequences have contributed to an improved SNR (signal to noise ratio) along with 

higher resolution and reduced artifacts as well as shorter imaging times, 

accentuating the diagnostic accuracy.  The traditional algorithm for diagnosis of 

knee joint pathology has been changed by the use of MRI.  Because of MRI it is 

possible to visualize into the injured knee noninvasively hence evading invasive 
procedures and additional morbidity. 

 

In the present study, males outnumbered females i.e. 87.5% of the patients were 

males and 12.5% were females with male to female ratio as high as 7:1.  These 

ratios are alike to the ones in the study conducted by Clayton et al.11 The 
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probable reason for male predominance over the females can be credited to 

increased tendency of road traffic accidents and more sports related activities.  

The left knee joint was more commonly affected 56.5% whereas the right knee 

was affected in 43.5% of the study group. The age distribution analysis showed a 
wide range with the youngest patient 17 years of age and the eldest of 65 years of 

age.  The maximum numbers of patients were ranging between 21 to 30 years of 

age while the second largest group of patients belonged to the age group between 

31 - 40 yrs.  The age distribution in our study is similar to the results of 

previously carried out studies by LaPrade et al12, Incesu et al13 with a mean age of 

24 - 36 years.  This can be attributed to the fact that young individuals have a 
relatively more active life style and hence have a higher risk of sustain an injury 

to the knee joint.  

 

Joint effusion was the most common finding, with as many as 87.5% of the study 

group being affected by it.  Of the ligamentous and meniscal injuries, the anterior 
cruciate ligament was the most commonly injured (in 61 patients out of 80: 

76.25%) and medial meniscus was the second most commonly injured (in 37 

patients out of 80: 46.25%) with grade III injury being the most common subtype.  

Cruciate ligament Injury: The ACL was the most commonly injured ligament in 

our study with a total of 62 patients out of 80 (77.5%) sustaining ACL tear which 

is consistent with a study by Singh JP et al. In our study, partial tear of the ACL 
was more commonly encountered 53.25% as compared to the complete tear 

47.6% which is in accordance to the previous studies conducted by Singh JP et 

al14 and Berquist et al15 which had 66.6% and 90.0%, respectively, of partial ACL 

tears in all the patients sustaining ACL tear in their studies.  The higher ratio of 

complete ACL tear in our study could be attributed to the increased severity of the 
injury from the road traffic accidents. The posterior cruciate ligament injury is 

less common as compared to the ACL because it is the stronger and thicker of the 

two.  In our study posterior cruciate ligament injuries were comparatively 

uncommon, in our study it was seen in only 3 patients (3.75%).  Of the 3 patients 

one had a partial tear with intra substance hyper intensities whereas two patients 

had a full thickness tear with non-visualization of its either attachment.  The 
findings in our study are in agreement to the study conducted by Sonnin et al. 

 

Collateral ligaments injury: In our study, MCL tears (17.5%) were found to be 

more common than the LCL tear (15%).  All but two cases were supplementary 

with multiple musculo-tendinous injuries which recommends presence of a 
solitary injury ought to prompt the examiner to evaluate for other delicate 

associated injuries, which is in accordance to the findings made by Mink JH et 

al.16 The medial collateral ligament tear is in agreement with the results of Adil I 

N17 which showed MCL tear in 18% of the patients in study group of 50 patients. 

Medial collateral ligament tear was noted in 14 patients, out of which 5 (35.7%) 

had grade I tear, 7 had (50 %) grade II tear and 2 had (14.3 %) grade III injury, 
this is in agreement with study by Schweitzer M et al18 on 76 patients, who found 

out that maximum number of medial collateral ligament tear belonged to grade II.  

 

Menisci Lesions 

 
In our study, there is preponderance of medial meniscal tears, 46.25% over lateral 

meniscal tears, 13.75% which is well correlated with the study conducted by 
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Singh JP et al, in a series of 173 cases of which they found 57 (38.23%) patients 

having MM tear and 28 (29.41%) patients having LM tear. Similarly in our study, 

medial meniscal tears were found in 37 patients (46.25%) with no patients of 
Grade I tear, Grade II tear in 3 patients (8.1%) and Grade III in 34 patients 

(87.8%) and lateral meniscal tear in 11 patients (13.75%) with Grade I tear in 1 

patient (9.1%), Grade II tear in 3 patients (27.3%) and Grade III in 7 patients                     

(63.4%).  Grade III tears being more common in both the menisci which can 

attributable to the severity of trauma and more number of cases due to road 

traffic accidents.  In our study, the posterior horns of both medial and lateral 
meniscus were more frequently injured as compared to the anterior horn. 

 

Osseous and Osteochondral Injuries 

 

Our study showed Osseous/Osteochondral lesions in 44 patients (55.0%).  
Majority of the lesions were bony contusions involving the femoral and tibial 

condyles.  Osteochondral lesions are seen in 12 patients. Hemarthrosis and 

lipohemoarthrosis was associated in five cases, three of with had comminuted 

fractures.  These findings are in correlation with the findings described by 

Thomas H. Berquist.  

 
Combined Injuries 

 

In our study, we observed 49 cases of combined injuries and 31 cases of isolated 

injuries.  The leading pattern is ACL tear with MM tears (22); trailed by ACL tear 

with LM tear (11), which is well in correlation with a study by Ali Akbar Esmaili 
Jah et al, in a series of 17 cases of concomitant injuries at MRI and arthroscopy.  

The predominant pattern was anterior cruciate ligament rupture and medial 

meniscus tear (5 patients), followed by anterior cruciate ligament and lateral 

meniscus (4 patients), or anterior cruciate ligament + medial meniscus + lateral 

ligament (4 patients). The present study showed the capability of magnetic 

resonance imaging in assessment of the various internal derangements, together 
with their detection, localization, characterization and evaluation of extent of 

damage, hence, confirming the value of MRI in assessing internal knee structures.  

 

Conclusion 

 
Magnetic resonance imaging is valuable non-invasive, radiation free tool with 

multiplanar capabilities which not only provides precise information in localizing 

and characterizing the internal derangements among the patients with trauma 

around the knee joint but is also helpful in identifying the exact extent of the 

injury and any other associated findings thus helping in the further management 

of the patient. We found that the Anterior cruciate ligament was the most 
commonly torn ligament, 77.5 % (n = 62), among the menisci the MM tears were 

more common as compared to LM, grade III tear was more common in both LM 

and MM, MCL was more commonly injured as compared to LCL, osseous/ 

osteochondral lesions were noted in 44 patients (55%) majority of which were 

bony contusions and majority of the injuries were a combination of two or more 
injured components. 
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Abstract 

 
Introduction: Postpartum haemorrhage (PPH) is a preventable cause of maternal mortality 

and Active management of the third stage of laborious considered a gold standard for the 

management and prevention of PPH. Oxytocics like Oxytocin, Carbetocin, Methergin and 

Misoprostol are the mainstays of the management of PPH. When medical methods fail 

intrauterine balloon, tamponade has been suggested as an effective uterine conserving 

procedure, minimally invasive and requires less skill. The purpose of this study was to 

determine the indications, complications and effectiveness of Bakri balloon insertion 

performed at the tertiary care teaching hospital. 

Patients and Methods: All cases of Bakri balloon insertion done between 1-01-2020 to 31-

12-2021 at the Department of Gynecology and Obstetrics were retrospectively collected. The 

study group included women for whom the balloon was inserted vaginally and after caesarean 

delivery when medical methods fail to control PPH and PPH following Placenta previa. 

Demographic data, clinical characteristics, indications of Bakri balloon, amount of normal 

saline used, duration of Bakri balloon inside uterus, complications and effectiveness of Bakri 

balloon were studied. 

Results: There were 24 patients who underwent Bakri balloon insertion. 14 patients were 

delivered by Cesarean section and 10 patients were delivered by vaginal delivery. 16 were 

multigravida and the majority were from the rural population. The most common indication 

for a Bakri balloon in our study is the Atonic uterus. The Bakri balloon was effective in 

83.33%. (20/24). Out of 4 women, two women required emergency peripartum hysterectomy 

and 2 women expired. 

Conclusion: The Bakri balloon was highly effect vein our study and can be used when 

medical management fails. It reduces the need for peripartum hysterectomy and saves woman 

reproductive function. It avoid sun necessary blood product transfusion and reduces the 

duration of hospital stay. 

 

Keywords: Bakri balloon, postpartum haemorrhage, Cesarean section, vaginal delivery 
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Introduction 

 

According to LAQSHYA guidelines, Postpartum haemorrhage (PPH) is defined as blood loss 

of more than 500 ml in vaginal delivery and 1000ml in Cesarean section or one pad soaked in 

5 minutes or any bleeding sufficient to cause signs of hypovolemic shock. PPH is an obstetric 

emergency that can complicate vaginal or cesarean deliveries and accounts for 25% of all 

maternal deaths worldwide [1]. PPH is a preventable cause of maternal mortality and Active 

management of the third stage of labour is considered a gold standard for the management 

and prevention of PPH. Oxytocics are the mainstay of the management of PPH. The most 

effective oxytocic used for medical management are Oxytocin, Carbetocin, Methergine, 

Misoprostol and Carboprost. Failed medical management define as PPH failure to respond to 

the medical management and requires second-line treatment in the form of balloon 

tamponade, compression sutures, step-wise devascularization of uterine artery and peripartum 

hysterectomy [2]. 

Intrauterine balloon tamponade has been suggested as an effective uterine conserving 

procedure, minimally invasive and requires less skill. It can save the patient from surgical 

intervention and may temporarily stop the bleeding while transferring the patient to a tertiary 

hospital [3]. LAQSHYA guidelines for the management of PPH also recommend the use of 

Intrauterine balloon tamponade for atonic PPH or refractory PPH when medical management 

fails [4]. In India there is a smaller number of studies on the Bakri balloon because of its cost. 

The purpose of this study was to determine the indications, complications and effectiveness 

of Bakri balloon insertion performed at the tertiary teaching hospital and to compare the 

results with literature data. 

 

Patients and Methods 

 

All cases of Bakri balloon insertion done between 1-01-2020 to 31-12-2021 at Department of 

OBG, at our center were retrospectively collected. Our hospital is a tertiary facility that serves 

as a reference centre for obstetric complications. We have got institutional ethical clearance. 

The study group included women for whom the balloon was inserted vaginally and after 

caesarean delivery. 

 

Inclusion criteria 

 

All patients having atonic PPH with failed medical management and PPH following placenta 

previa.  

 

Exclusion criteria 

 

1. Traumatic PPH 

2. Coagulation disorder 

3. Uterine anomaly 

4. Infection of the genital tract. 

 

If it is a vaginal delivery balloon that was inserted into the uterine cavity with a sponge 

holding forceps after the introduction of Sim’s speculum into the vagina and holding the 

anterior lip of the cervix with sponge holding forceps. Vaginal packing was done and Normal 

saline 250 to 500 ml was inserted till bleeding was arrested. During the cesarean section, the 

balloon was inserted through the uterine incision, uterine closure was done and then normal 

saline was inserted 200ml to 400 ml after packing the vagina. The balloon drainage end was 

connected to a fluid bag to monitor blood loss. The procedure was successful if the bleeding  
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is stopped after the balloon was inflated. After 12 to 24 hours Bakri’s balloon slowly deflated 

and was removed. The balloon was deflated slowly at a rate of 50 ml in 30 minutes. After 

deflating completely Bakri balloon and vaginal packing were removed. Antibiotic coverage is 

given to all women. Blood transfusion was given whenever there is a requirement. All 

patients were kept in a high dependency unit or Obstetric intensive care depending on the 

condition. All patients were catheterized with Foley's catheters. Demographic data, clinical 

characteristics, indications for Bakri balloon, amount of normal saline used, duration of Bakri 

balloon inside uterus, complications and effectiveness of Bakri balloon were studied. The 

data were entered into Microsoft Excel and statistical analysis was done using SPSS software 

version 20.0 Chicago, Armonk, NY, USA. 

 

Results 

 
Table 1: Demographic characteristics 

 

Characteristics No of Patients % of Patients 

Age group 

< 20 yrs. 02 8.33 

20-24 yrs. 11 45.83 

25-29 yrs. 09 37.5 

30+ yrs. 02 8.33 

Parity 

Primigravida 08 33.33 

Multigravida 16 66.66 

Location 

Rural 15 62.5 

Urban 09 37.5 

 
Table 2: Indications for Bakri balloon 

 

Indication No of Patients % of Patients 

Atonic uterus 20 83.33 

Placenta previa 3 12.5 

Inversion of uterus 1 4.16 

 
Table 3: Risk factors for PPH 

 

Risk factors No of Patients % of Patients 

Abruption 06 25 

Pregnancy-induced hypertension 05 20.83 

Prolonged labour 05 20.83 

Previous LSCS 03 12.5 

Placenta previa 03 12.5 

Instrumental delivery 01 4.16 

Inversion of uterus 01 4.16 

 
Table 4: Mode of delivery 

 

Mode of delivery No of Patients % of Patients 

Cesarean section 14 58.33 

Vaginal delivery 10 41.66 
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Table 5: Demographic of the subjects 
 

Parameters Vaginal delivery Cesarean section 

Amount of Normal saline inserted 
375-ml 

(range 250 ml to 500 ml) 

314.28 ml 

(Range 200 ml to 400 ml) 

Duration of Bakri balloon inside uterus 
21.1 hrs. 

(Range 12 hrs. to 24 hrs.) 

20.8 hrs. 

(Range 14 hrs. to 24 hrs.). 

Duration of hospital stay 4 (3-7Day) 7 (7-14Day) 

Mean Hb 8.2 gm/dl 7.3 gm/dl 

 

In the study period from 1-01-2020 to 31-12-2021, there were a total of 8419 deliveries. 

There were 24 patients who underwent Bakri balloon insertion. The mean age of the patient 

was 23.83 (range 19 to 35 years) 16 were multigravida and the majority were from the rural 

population. The mean gestational age was 37.6 weeks (range from 36 weeks to 41 

weeks).The demographic profile is shown in Table 1. The most common indication for a 

Bakri balloon in our study is the Atonic uterus. Table 3 shows Risk factors for PPH. The most 

common risk factors were Abruption, Pregnancy-induced hypertension and prolonged labour. 

Table 4 shows the mode of delivery. 14 patients were delivered by Cesarean section and 10 

patients were delivered by vaginal delivery. 

 

 
 

Fig 1: Transfusion of blood products 

 

Figure 1 shows the transfusion of blood products. 16 patients received PRBC and 8 patients 

did not require any blood products. Table 5, the mean normal saline used in our study is 

344.64 ml. The mean volume of normal saline used in vaginal delivery-375-ml (range 250 ml 

to 500 ml) and in the Cesarean section is 314.28 ml (range 200ml to 400 ml). Duration of 

Bakri balloon in vaginal delivery 21.1 hrs. (Range 12 hrs. to 24 hrs.) And in Cesarean section 

20.84 hrs. (Range 14 hrs. to 24 hrs.). The duration of hospital stays is less in vaginal 

deliveries. Complications associated with the Bakri balloon were spontaneous expulsion in 

one patient and sepsis in two patients. Outcome- According to our definition effectiveness is 

defined as the control of PPH not requiring any further surgical intervention. The Bakri 

balloon was effective in 83.33%. (20/24). Out of 4 women, two women required emergency 

peripartum hysterectomy and 2 women expired. One woman died due to Hypovolemic shock 

with multi-organ failure and the other woman died because of disseminated intravascular 

coagulation. 
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Discussion  

 

In our study, a Bakri balloon was inserted by a trained obstetrician and all women were 

treated with a Bakri balloon donated by the jivadaya foundation (Cook medical company, 

USA). 

The majority of women who had Bakri balloon insertion was less than 25 years and the mean 

age is 23.83 (range 19 to 35 years) This was similar to a study done by Rajat Sharma et al. [5] 

The mean gestational age in our study was 37.6 weeks whereas the study done by Rajat 

Sharma et al. Mean gestational age was 35.3 weeks [5]. The common indication for Bakri 

balloon insertion in our study is uterine atony (83.33%) and uterine atony was the underlying 

cause of PPH in 75% (9/12) of studies in the review study done by Cara. E. Wright Ms et al. 
[6]. It is different from a study done by Laura et al. where from placental implantation site and 

bleeding from lower segment were common indications [7]. 

The mean volume of normal saline is 344.64 ml (range from 200 ml to 500 ml) which is 

similar to the study done by Rajat Sharma et al. and Alouini et al. [5, 8]. In our study majority 

of cases were after the caesarian section (14/24) and it was observed similarly in a study done 

by Laura et al. where it was observed in 19 cases [7]. In a review study done by Ahmed Said 

Ali et al. they have given a Bakri balloon a less effective tool for the management of PPH 

either after normal or caesarian delivery [3]. In our study it was highly effective (83.33%) 

which is different from Yoong et al. and Nelson et al. where it is 100% when they have used 

uterine compression sutures with Bakri balloon [9, 10]. 8.33% Required surgical intervention in 

the form of peripartum hysterectomy (in both cases blood loss of more than 500ml in the 

drainage bag) which was different from the study done by Rajat Sharma et al. where it was 

15.38% and required surgical intervention like uterine devascularization and compression 

sutures [5]. Maternal mortalities in our study were 8.33% where as it is Nil in a study done by 

Yoong et al. and Nelson et al. [9, 10] The intrauterine balloon is less invasive, faster and more 

straightforward to perform; all of these features make this method a useful option as a first 

step in the conservative management of PPH [7]. Limitations of our study are it was a 

retrospective study and includes small sample size. 

 

Conclusion 

 

The Bakri balloon was highly effective and can be used when medical management fails. 

Along with Bakri balloon insertion, blood product transfusion and intensive care monitoring 

were associated with good maternal outcomes. It reduces the need for peripartum 

hysterectomy and saves woman reproductive function. It avoids unnecessary blood product 

transfusion and reduces the duration of hospital stay. It can be inserted by nursing officers 

after vaginal delivery after training and can be used as a temporary method while shifting 

patients from the periphery to the higher centre. Regular practice training for Bakri balloon 

insertion should be undertaken in order to prevent PPH-related maternal mortality. Hence it is 

a life-saving procedure. 

 

Compliance with ethical standards 

Conflict of interest 

 

The authors declare a conflict of interest as none. 

 

References 

 

1. World Health Organization. Attending to 136 million births, every year: make every 

mother and child count: The World Report 2005. Geneva, Switzerland: WHO. 2005;3:62. 



2584 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 02, 2022 ISSN 2515-8260 

 
 
 
 
 

  

 

 
 

2. WHO recommendations for the prevention and treatment of post-partum hemorrhage. 

2012. Available from 

http:/apps.who.int/iris/bitstream/handle/10665/75411/9789241548502-eng.pdf; 

jsessionid=F644CEAFE698307A56B913BBDB23EE9/sequence=1 

3. Said Ali A, Faraag E, Mohammed M, Elmarghany Z, Helaly M, Gadallah A, et al. The 

safety and effectiveness of Bakri balloon in the management of postpartum haemorrhage: 

A systematic review. The Journal of Maternal-Fetal & Neonatal Medicine. 2021 

Jan;34(2):300-7. 

4. Guidance note on prevention & management of postpartum hemorrhage pdf. 2021. 

Available from http://nhm.gov.in/images/pdf/programmes/maternal-

health/guidelines/guidance_note_on_prevention_&_management_of postpartum 

hemorrhage 

5. Sharma R, Sirsam SS, Koranne PS, Wahane AR. Balloon Tamponade: A Novel 

Innovation in the Management of Refractory Postpartum Hemorrhage at Tertiary Care 

Center: A Study from Central India. Journal of South Asian Federation of Obstetrics and 

Gynaecology. 2021 Jul;13(4):222. 

6. Wright CE, Chauhan SP, Abuhamad AZ. Bakri balloon in the management of postpartum 

hemorrhage: A review. American journal of perinatology. 2014 Nov;31(11):957-64. 

7. Aibar L, Aguilar MT, Puertas A, Valverde M. Bakri balloon for the management of 

postpartum hemorrhage. Acta Obstetricia et Gynecologica Scandinavica. 2013 

Apr;92(4):465-7. 

8. Alouini S, Bedouet L, Ramos A, Ceccaldi C, Evrard ML, Khadre K. Bakri balloon 

tamponade for severe post-partum haemorrhage: efficiency and fertility outcomes. Journal 

de Gynecologie, Obstetrique et Biologie de la Reproduction. 2014 Jun;44(2):171-5. 

9. Yoong W, Ridout A, Memtsa M, Stavroulis A, AREF‐ADIB ME, RAMSAY‐

MARCELLE ZE, et al. Application of uterine compression suture in association with 

intrauterine balloon tamponade (‘uterine sandwich’) for postpartum hemorrhage. Acta 

obstetricia et gynecologica Scandinavica. 2012 Jan;91(1):147-51. 

10. Nelson WL, O’Brien JM. The uterine sandwich for persistent uterine atony: combining 

the B-Lynch compression suture and an intrauterine Bakri balloon. American journal of 

obstetrics and gynecology. 2007 May;196(5):e9-10. 
 
  

Accepted on 24/05/2022 



3324 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 04, 2022 ISSN 2515-8260 

 
 
 
 
 

 

Original Research Article 
 
 

COMPARISON OF FRACTIONATED DOSE VERSUS BOLUS 

DOSE INJECTION OF HEAVY BUPIVACAINE WITH 

FENTANYL IN SPINAL ANAESTHESIA FOR PATIENTS 

UNDERGOING ELECTIVE CAESAREAN SECTION: ONE 

YEAR RANDOMIZED CLINICAL TRIAL 
 

1
Dr. Ashwini K, 

2
Dr. Lakshmi KS, 

3
Dr. Kedareshvara KS

 

 
1
Registrar in Apollo, First Med Hospital, Chennai, Tamil Nadu, India 

2
Assistant Professor, Department of Obstetrics and Gynaecology, Belagavi Institute of 

Medical Science, Belagavi, Karnataka, India 
3
Professor, Department of Anaesthesia, Jawaharlal Nehru Medical College, KLE Academy of 

Higher Education and Research University, Belagavi, Karnataka, India 

 

Corresponding Author:  

Dr. Ashwini K 

 

Abstract 

 
Background and Aim: Maternal hypotension is the common complication encountered after 

subarachnoid block (SAB). 

This needs attention and treatment for the better maternal and foetal outcome. Administration 

of SAB with bolus dose of local anaesthetic produce faster onset and precipitate maternal 

hypotension. Injecting fractionated dose provides dense block and haemodynamic stability. 

Aim of this study was to compare fractionated and bolus dose of SAB in terms of 

haemodynamic stability and duration of analgesia. 

Methodology: Eighty parturients undergoing caesarean delivery under SAB were included in 

the study. They were divided into Group B or F according to computer randomization. Group 

B parturients received bolus dose SAB with 2ml of 0.5% hyperbaric bupivacaine and 10µg of 

fentanyl. Group F parturients received fractionated dose of 2ml of 0.5% hyperbaric 

bupivacaine and 10µg of fentanyl. In which, from the total dose two-third was given initially. 

After 90 sec remaining one third of the dose was injected. Haemodynamic parameters and 

analgesia period were analyzed using Student’s unpaired t‑ test.   

Results: The haemodynamic parameters were better in group F than group B. The number of 

patients required vasopressor in group F were six and group B were seventeen. There was a 

prolonged analgesia period in group F than group B (214.40 + 15.48 and 195.95 + 8.98 min 

respectively). 

Conclusion: The patients in fractionated dose group were haemodynamically better with 

longer analgesia period than bolus dose group. It is a newer technique to prevent maternal 

hypotension after SAB. 

 

Keywords: Fractionated-dose, hypotension, caesarean section 
 

Introduction 

 

The subarachnoid block (SAB) is the preferred anaesthetic technique used in pregnant women 

undergoing lower segment caesarean session (LSCS). It is the most used method because of 

its rapid onset and postoperative analgesia. Pregnant women have profound hypotension with 

spinal anaesthesia because of anatomical and hormonal changes in pregnancy. Incidence of 

hypotension among pregnant women is 92%-94% without any preventive measures 
[1]

. 

Maternal hypotension compromises uteroplacental blood flow leading various complications 
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in the foetus 
[2, 3]

. 

In SAB, administration of hyperbaric bupivacaine in bolus dose cause high sympathetic block 

and produce profound hypotension. Whereas administration of hyperbaric bupivacaine in 

fractionated dose provide dense block with better haemodynamic stability 
[4]

. 

In LSCS, adding opioid like fentanyl to intrathecal injection reduces the volume of hyperbaric 

bupivacaine and improves the intensity and quality of spinal anaesthesia. The combined 

effect of fentanyl and bupivacaine provides prolonged analgesia 
[5, 6]

. 

The present study is to compare haemodynamic changes and postoperative analgesia of 

fractionated dose versus bolus dose with hyperbaric bupivacaine and fentanyl in SAB for 

patients undergoing elective LSCS. 

 

Materials and Methods 

 

After obtaining the departmental research committee and institutional ethical board approval, 

written informed consent was taken from 80 patients undergoing elective c-section delivery 

under SAB. Parturients of ASA physical status-I and II, age between 18-40 yrs and height 

from 140-170 cm were included into the study. Multiple pregnancy, PIH, eclampsia and 

contraindication for SAB were excluded from the study. They were separated into groups B 

and group F using a computer-generated random number table.   

In preoperative holding area, 18-Gauge intravenous (IV) cannula was secured. Patient was 

administered with ranitidine 1mg/kg and ondansetron 0.1mg/kg. Preloading was done with 

ringer lactate 10-15 ml/kg. After shifting inside operation theatre standard non-invasive 

monitors like blood pressure (BP), pulse oximeter and ECG were attached. Baseline blood 

pressure, heart rate (HR) and oxygen saturation were measured.  

Patient was positioned in left-lateral position. Under sterile aseptic precaution, L3-L4 

intervertebral space identified. Skin was infiltrated with local injection with lignocaine 2%. 

Using 23 gauge Quincke spinal needle 2ml of 0.5% hyperbaric bupivacaine plus 0.2ml 

(10µg) of fentanyl was injected into L3-L4 subarachnoid space according to group B or group 

F. For group B patient drug was administered intrathecally as continuous bolus dose for 

10sec. Group F patient received the drug in fractionated dose. In which from total dose two 

third of the drug was given initially. Patient was maintained in same lateral position with 

spinal needle in situ, after 90 sec remaining one third of the drug was administered. Both the 

doses of drug were injected at the rate of 0.2 ml/sec. 

After injection of the drug, patient was put in supine position. Left uterine displacement was 

done by keeping pillow under right hip. Supplied with oxygen through face mask at 5L/min. 

The onset and level of motor and sensory block assessment were done. The sensory block 

level was assessed by performing pin prick test at mid axillary line. The sensory block onset 

was taken from the time of administration of the drug intrathecally to highest sensory level 

achieved. The motor block level was assessed with modified bromage scale. The motor block 

onset was taken as time to achieve bromage score of 3 from the time drug injected into 

intrathecal space. 

The procedure was converted to general anaesthesia if desired sensory or motor level fails to 

achieve and patient was excluded from the study. The blood pressure and heart rate were 

recorded immediately after giving spinal anaesthesia. There after it was recorded every 2 min 

for 10 min and then every 5min till 50 min. Hypotension was considered if blood pressure 

falls more than 20% from baseline reading and was treated with IV ephedrine 6mg. For each 

patient, the usage of ephedrine and episodes of hypotension were noted. Bradycardia was 

treated with 0.6mg of IV atropine. 

Immediately after baby delivery, 10U of IM oxytocin was given and another 10U of IV 

oxytocin was given in 500 ml of normal saline. Apgar score was noted at 1 and 5 min after 

baby delivery. Developments of side effects like shivering, pruritus, respiratory depression, 

nausea, vomiting and urinary retention were observed.   

Post operatively, vitals were recorded. The duration of motor, sensory block and analgesia 

were noted. The sensory block duration was considered from the time drug was injected 
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intrathecally to S2 segment regression. Motor block duration was taken from the time drug 

was injected into subarachnoid space till the time to achieve bromage score zero. Visual 

analogue scale (VAS) was used assess the pain. Duration of analgesia was time interval from 

local anaesthetic injected into subarachnoid space till the requirement of rescue analgesia. 

Intravenous 75mg of diclofenac was used as rescue analgesia. 

 

Results 

 
Table 1: Mean of age, height, weight 

 

 
GR OUP F G ROUP B 

P Value 
Mean Standard Deviation mean Standard Deviation 

Age (Years) 27.48 3.77 26.65 3.45 0.3105 

Height (cm) 152.85 3.68 151.80 3.11 0.1721 

Weight (kg) 60.38 5.24 60.65 6.07 0.8289 

  

The demographic profiles among the both groups were comparable. Group F patients, onset 

of sensory block was earlier than group B patients (3.45 + 0.96 min and 5.66 + 0.69 min 

respectively). 

This was statistically significant with P value of < 0.001. Motor block onset in group F was 

4.70 + 0.80 min and in group B was 7.80 + 0.78 min (p<0.001). Patients in group F were 

haemodynamically stable than group B. The mean arterial pressure values in group F were on 

higher range than group B but they were statistically not significant. The number of patients 

requiring intraoperative ephedrine in group F and group B were 6 and 17 respectively with P= 

0.0066. The time taken for sensory and motor block regression in group F (182.93 + 6.34 min 

and 172.25 + 7.86 min) were delayed than group B (174.85 + 8.36 min and 165.95 + 8.27 

min) with was highly significant. Group F and group B had duration of analgesia of 214.40 + 

15.48 and 195.95 + 8.98 min respectively (p<0.0001). APGAR score at 1 and 5 min was not 

statistically significant in both the group. The adverse effects like respiratory depression, 

pruritus and headache were not observed in both the groups. 

 
Table 2: Characteristics of sensory and motor block 

 

 Group F Group B  

 Mean 
Standard 

Deviation 
Mean 

Standard 

Deviation 

P 

Value 

Onset of sensory block (min) 3.45 0.96 5.66 0.69 <0.001 

Onset of motor block (min) 4.70 0.80 7.80 0.78 <0.001 

Sensory regression (min) 182.93 6.34 174.85 8.36 <0.001 

Motor regression (min) 172.25 7.86 165.95 8.27 0.0008 
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Graph 1: Comparison of Mean arterial pressure (MAP) at different time intervals (mm of Hg) 

  

 
 

Graph 2: Number of patients requiring ephedrine 
  

 
 

Graph 3: Duration of analgesia (min) 

  
 

 
 

Discussion 

 

The subarachnoid block is the anaesthetic method of choice for pregnant women undergoing 

LSCS. It provides a quicker onset of action with adequate sensory and motor block. But the 

main disadvantage of this technique is maternal hypotension with adverse neonate outcome.
 

Various non-pharmacological and pharmacological methods were studied to prevent 

hypotension in the mother after SAB 
[7]

. 

Our study was conducted to analyze the haemodynamic stability with single bolus dose of 

bupivacaine in SAB to the divided dose (fractionated dose) of bupivacaine along with 

fentanyl for pregnant women undergoing LSCS and the quality of sensory and motor block 

among them.  

Badheka JP et al. 
[8]

 conducted a study comparing fractionated and bolus dose injection of 

spinal anaesthesia in pregnant women. He found that patients in fractionate group were 

haemodynamically more stable than bolus dose group patients. Five patients required 
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vasopressor in fractionated group whereas fourteen patients needed the same in bolus dose 

group. The study concluded that giving bupivacaine in divided dose provides dense block 

leading to haemodynamic stability in fractionated group.   

In a study conducted by Monika Gandhi et al. 
[9]

 haemodynamic parameters were analyzed 

between fractionated and bolus dose injection of bupivacaine in SAB. They concluded that 

patients were haemodynamically more stable in fractionated group than bolus dose group. 

The numbers of people requiring vasopressor in fractionated and bolus dose group were 15 

and 39 respectively. Another randomized control trial was conducted by Ramasali Manjula V 

et al. 
[10]

 compared haemodynamic parameters like HR, BP and MAP between fractionated 

group and bolus dose group. The study was done on 60 patients undergoing elective LSCS. 

They concluded that HR, BP and MAP of the patients in fractionated group were on a higher 

range than bolus group. 

Fahmy et al. 
[4]

 conducted a study comparing circulatory effect and duration of analgesia in 

divided dose and single-dose subarachnoid block. From the study, they obtain that patient in 

divided dose group have a better circulatory effect than single-dose group. The duration of 

analgesia was longer in fractionated group. 

In our study, pregnant women in fractionated group were haemodynamically more stable than 

in bolus dose group. Even though it was not statistically significant, the blood pressures in 

fractionated group were on higher range. Six persons required vasopressor in fractionated 

group whereas in bolus group seventeen persons required the same. Injecting local 

anaesthetic in divided dose into subarachnoid space provides dense block. This explains the 

haemodynamic stability in fractionated group. 

The onsets of sensory and motor block were faster in our study. The onset of sensory block in 

fractionated and bolus dose was 3.45 + 0.96 min and 5.66 + 0.69 min respectively. The onset 

of motor block was 4.70 + 0.80 and 7.80 + 0.78 min in fractionated and bolus dose group 

respectively. This result correlates with the study performed by Monika Gandhi et al. 
[9]

 The 

onset of sensory block was early in fractionated group (71.53 + 5.66 sec) than bolus group 

(88.950 + 4.51 sec). The onset of motor block was also early in fractionated group than bolus 

group (88.95 + 4.51 sec and 116.20 + 2.56 sec respectively). 

The time taken for sensory regression in our study was 182.93 + 6.34 min in fractionated 

group which was delayed than bolus group (174.85 + 8.36 min). In Badheka JP et al. 
[8]

 study, 

the sensory regression was delayed in fractionated group (236 + 42 min) than bolus dose 

group (161 + 29 min). In another study conducted by Deepak K et al. 
[11]

 found a delay in 

sensory regression in fractionated group than bolus group which was significant statistically 

(p<0.00001). 

In a study conducted by Nugroho AM et al. 
[12]

 haemodynamic effect and the level of sensory 

block were compared between fractionated and single-dose SAB for patients with 

hypertension associated with pregnancy. No difference was found in the MAP between the 

groups. The level of sensory block in fractionated group and single dose group were 52.4% 

and 42.9% respectively (not significant). This was explained by excessive vasoconstriction 

and vascular resistance in preeclampsia patients due to increased activation of inflammatory 

cytokines. In these patients, BP was maintained by excessive vasoconstriction despite of 

sympatholytic activity after SAB. So fractionated dose effect was limited here.  

Adding adjuvant like an opioid to bupivacaine in SAB provides longer duration of analgesia. 

It even reduces the dose of bupivacaine and maintains the volume of drug to achieve an 

adequate level of block. 10 to 25 µg of intrathecal fentanyl produce prolong sensory block 

and analgesia 
[13]

. Bupivacaine and fentanyl produce synergic action on intrathecal injection 
[5]

. Fentanyl blocks the nociceptive impulse by acting on a specific opioid receptor in the 

spinal cord. It modulates the C and A-delta fibers by opening potassium channel and causes 

hyperpolarization. Bupivacaine acts by blocking Na
+
 channel in the axon. The combined 

action of these drugs on nerve fibers produce an enhanced sensory block and increase the 

duration of analgesia with minimal side effects. This also reduces the volume of bupivacaine 

and produce haemodynamic stability 
[13]

. 

In our study, adding fentanyl to bupivacaine in both the groups increased the duration of 
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analgesia. In fractionated group, the duration of analgesia was longer than bolus dose group 

(214.40 + 15.48 min vs 195.95 + 8.98 min respectively). The longer duration of analgesia in 

the fractionated group was explained by the combined action of dense block produced by 

fractionated dose and intrathecal fentanyl. Lakshmi sowmya N et al. 
[13]

 compared duration of 

analgesia in fractionated and bolus dose group patients undergoing lower limb surgery. They 

found that fractionated group had prolonged duration of analgesia than bolus dose group. 

Sowmya N et al. 
[15]

 conducted a study, comparing two different doses (10 µg and 15 µg) of 

fentanyl with 10mg of heavy bupivacaine for caesarean section. They concluded that 15µg of 

intrathecal fentanyl produce the quicker onset of sensory block and prolonged analgesia. In 

our study, we decided to use 10µg of intrathecal fentanyl to avoid possible adverse effects 

related to them. 

In a study done by Jain K et al. 
[16]

 compared different dose of fentanyl with bupivacaine in 

pregnant women with pregnancy induced hypertension (PIH). The longer duration of 

analgesia was found in the group which received 20µg of intrathecal fentanyl. The side 

effects like respiratory depression, pruritis, nausea and vomiting were less in both 10µg and 

20µg of intrathecal fentanyl. In our study, no side effects occurred to 10µg of intrathecal 

fentanyl. 

There was no difference in the Apgar score at 1 and 5min between the groups, in our study. 

This was supported by the study conducted by Maayan-Metzger A et al. 
[17]

. They studied the 

effects of maternal hypotension on the fetal outcome and found no difference in the outcome 

of the fetus born to a hypotensive mother. This assures that hypotension for a short duration 

does not have any effect on the newborn. 

 

Conclusion 

 

To conclude, this study demonstrated that giving subarachnoid block in fractionated dose is 

better than single-bolus dose for pregnant women undergoing elective caesarean section 

delivery in terms of providing better haemodynamic parameters like HR, blood pressure, 

MAP and faster onset of motor and sensory block. Adding opioid like fentanyl to bupivacaine 

increases the analgesia period. It provides prolongs postoperative pain-free periods and 

decreases the need for rescue analgesia. This newer technique is better than the usual method 

in preventing maternal hypotension after spinal anaesthesia.   
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INTRODUCTION

Neonatal diabetes mellitus (NDM) is defined as diabetes diagnosed within 6  months of age. 
It is a rare condition with an estimated incidence of one in 90,000–160,000 live births.[1] With 
advancement in molecular genetics, pathogenic variants in more than 30 genes have been found 
to cause neonatal diabetes.[2] Genetic mutations causing NDM may result in abnormal pancreatic 
development, β-cell function, or destruction, which cause either transient or permanent NDM.[1] 
Early diagnosis of neonatal diabetes helps predicting the clinical course and outcome.

The GLIS3 (Gli-similar 3) gene is located on chromosome 9p24.2 in humans. It has 11 exons, 
with only 2–10 being coding regions. The GLIS3 gene encodes a factor belonging to the family 
of Krüppel-like zinc finger transcription factors. The GLIS3 protein either represses or enhances 
the expression of various target genes in different organs including pancreas, thyroid, eyes, liver, 
and kidneys.[3] In the pancreas, GLIS3 has a critical role in β-cell development and its endocrine 
function. It also binds to the insulin (INS) promoter region and enhances its transcription.[4]

GLIS3 mutations causing NDH syndrome (autosomal recessive inheritance) were first reported in 
2006, in a family from Saudi Arabia. Taha et al. in 2003 described two siblings who had intrauterine 
growth restriction (IUGR), NDM, congenital hypothyroidism, facial dysmorphism, congenital 
glaucoma, progressive hepatic fibrosis, and renal cystic dysplasia.[5] They expired in early childhood. 

ABSTRACT
Neonatal diabetes mellitus with congenital hypothyroidism (NDH) syndrome (OMIM: 610199) caused by GLIS3 
gene mutations is a multisystem disorder. To date, only 23 cases of NDH syndrome have been reported worldwide. 
We report a child diagnosed on day 24 of life with neonatal diabetes, congenital hypothyroidism, congenital 
glaucoma, and dysmorphic facial features. Genetic analysis revealed a homozygous pathogenic frameshift variant 
(p.Gln361Profs*193) in the GLIS3 gene, located on chromosome 9p24.2. Our report confirms that infants with 
neonatal diabetes and congenital hypothyroidism along with facial dysmorphism should be screened for GLIS3 
mutations.
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Three years later, Senee et al. found homozygous GLIS3 
mutations as the cause of NDH syndrome in the original 
family and two other families from Saudi Arabia.[6] To date, 
23  patients with GLIS3 pathogenic variants (homozygous or 
compound heterozygous) have been reported worldwide. 
(PMID: 35410112).

Herein, we present a case of neonatal diabetes caused by a 
GLIS3 mutation. This is, to the best of our knowledge, the 
first report of GLIS3-NDH from India.

CASE REPORT

A baby boy was brought to our hospital on day 11 of life, 
in view of poor weight gain and hyperglycemia. He was the 
second child of a second degree consanguineously married 
couple. Anomaly scan in third trimester revealed dilated 
left renal pelvis (14 mm) with a single umbilical artery. He 
was born at term (38 + 3 weeks) by vaginal delivery, with no 
neonatal asphyxia. Birth weight was 1.8  kg. As the mother 
had reduced milk secretion, diluted cow’s milk was started 
on day 4 of life at home. The baby became lethargic on day 
5 of life, hence was admitted in a private hospital for the 
management of hyperglycemia (296 mg/dL).

At admission to our hospital, the baby was lethargic and 
dehydrated with normal vital signs. His weight was 1.68 kg, 
length was 43 cm, and head circumference was 33.5 cm. He 
had severe wasting, wide open anterior and posterior fontanels 
with corneal clouding, thin upper lip, long columella, large 
bulbous nose, and left cryptorchidism [Figure 1a]. Systemic 
examination was otherwise unremarkable. Random blood 
glucose reading was 195 mg/dL. Urine ketones were negative. 
Initial resuscitation was done with normal saline bolus 

10  mL/kg, followed by maintenance fluids and first line 
antibiotics.

Laboratory investigations revealed negative septic screen with 
deranged renal functions (urea/creatinine – 68/1.1  mg/dL). 
Urine output improved with fluid replacement, but creatinine 
remained persistently high (ranging from 1.14–1.56 mg/dL). 
The liver function tests and serum electrolytes were normal. 
High blood glucose levels were noted only on four occasions 
during the initial 10 days of NICU stay (ranging from 140–
390  mg/dL), requiring subcutaneous regular insulin. After 
the baby was stabilized, breast milk and formula feeds were 
reinitiated, with blood glucose values remaining within 
normal limits (60–120 mg/dL).

Increased corneal diameter (megalocornea) (11 mm) [Figure 1b] 
and high intraocular pressure of 37 and 40  mm of Hg (iCare 
tonometer) were noted in the right and left eye, respectively. 
Hence, he was treated with timolol eye drops (0.25%).

Cranial ultrasonogram (USG) was normal. Abdominal 
USG revealed normal liver and bulky kidneys with mildly 
prominent left renal pelvis (6  mm). Thyroid screening was 
suggestive of congenital hypothyroidism, with high TSH 
(>150  mIU/L) (normal 1.19–10.72  mIU/L) and low free 
T4 of < 0.1 ng/dL (normal – 1.18–2.49 ng/dL).[7] Treatment 
was initiated with levothyroxine in a dose of 25 µg during 
hospital stay (15  µg/kg/day). After 2  weeks, the dose was 
increased to 37.5 µg (22 µg/kg/day) as repeat free T4 was still 
low (0.55 ng/dL) with TSH being 40 mIU/L.

On day 24 of life, blood glucose levels were persistently high; 
hence, injection glargine was started. HbA1C was noted 
to be 6.9% (HPLC Biorad 10). Maintaining euglycemia 
was a difficult task due to fluctuating hypoglycemia and 
hyperglycemia (GRBS ranging from 48 to >500  mg/dL). In 
view of the frequent hypoglycemia, the dosage interval of 
glargine was changed from 24 to 36 h.

Considering the classical features of persistent hyperglycemia 
with congenital hypothyroidism and congenital glaucoma, 
the diagnosis of NDM with congenital hypothyroidism 
(NDH) syndrome (secondary to GLIS3 mutation) was 
suspected, as other genes have not been reported for above 
association. After taking the informed consent from parents, 
genetic analysis was performed.

The baby was discharged home on day 40 of life with a weight of 
1.755 kg, with insulin analog therapy and regular home blood 
glucose monitoring. Parents could not come for follow-up 
due to the COVID-19 pandemic. However, regular telephonic 
follow-up was done. At home, the mother had given glargine 
only on four occasions in a month, as the blood glucose levels 
were normal even without glargine. Hypoglycemic episodes 
were managed with parenteral correction once and later 
by oral glucose and breastfeeds at home. Later, the mother 
discontinued glargine due to frequent hypoglycemia.

Figure  1: (a) Patient with generalized wasting, with corneal 
clouding, thin upper lip, long columella, large bulbous nose, and 
left cryptorchidism. (b) Photograph of the face showing increased 
corneal diameter (megalocornea) (11 mm).

ba



Pachapure, et al.: Endocrine manifestations of GLIS3 mutation

Journal of Pediatric Endocrinology and Diabetes • Volume 2 • Issue 2 • May-August 2022 | 88

At 3  months of age, he was taken to a nearby hospital for 
episodes of loose stools and hurried breathing when his 
weight was recorded as 1.9 kg. He succumbed to the illness 
after 2 days.

Genetic testing was performed by the Exeter Genomics 
Laboratory. DNA was extracted from blood samples and 
analyzed using a custom targeted next generation sequencing 
assay as previously described (ref PMID: 23771172). This assay 
allows analysis of the coding regions and conserved splice sites 
of the ABCC8, AGPAT2, BSCL2, CISD2, CNOT1, COQ2, COQ9, 
EIF2S3, EIF2AK3, FOXP3, GATA4, GATA6, GCK, GLIS3, 
HNF1B, IER3IP1, IL2RA, INS, INSR, KCNJ11, LPL, LRBA, 
MNX1, NEUROD1, NEUROG3, NKX2-2, PDX1, PTF1A, 
RFX6, SLC2A2, SLC19A2, STAT3, WFS1, and ZFP57 genes and 
can also detect partial/whole gene deletions and duplications. 
Variants are classified using the ACMG/AMP guidelines (Ellard 
et al. 2020 https://www.acgs.uk.com/media/11631/uk-practice-
guidelines-for-variant classification-v4-01-2020.pdf; Richards 
et al 2015 PMID: 25741868).

The genetic analysis confirmed that the baby was homozygous 
for a pathogenic GLIS3 frameshift p.Gln361Profs*193 variant 
predicted to result in mRNA degradation through nonsense 
mediated decay. Both parents were heterozygous carriers. 
This result confirmed the diagnosis of NDH in this family 
(OMIM: 0610199).

DISCUSSION

Here, we describe the first Indian case with a homozygous 
mutation in the GLIS3 gene. The baby presented with NDM, 
congenital hypothyroidism, congenital glaucoma, and typical 
facial features. GLIS3 plays a key role in early embryogenesis 
and also cell regulation by functioning as repressor or 
activator of transcription.[8] Recently, the role of GLIS3 in 
type 1 and type 2 diabetes mellitus has also been investigated, 
providing new insights into pathogenesis.[9]

The onset of diabetes in NDH syndrome occurs within the 
first few weeks of life. Various case reports observed onset 
ranging from day 1 to 31  days of life. All patients required 
insulin. Fluctuating blood glucose levels were noted in our 
child similar to other reported cases.[10] The possible causes 
of hypoglycemia could be attributed to the role of GLIS3 in 
insulin secretion.[10]

Levothyroxine requirements are on the higher side in NDH 
syndrome than other causes of congenital hypothyroidism. 
Persistent high TSH has been noted in spite of high doses up 
to 20–35 µg/kg/day.[11,12] GLIS3 plays a role in the early stages 
of thyroid development from the pharyngeal endoderm 
and also in TSH receptor signaling and proliferation of 
follicles later.[3,13] Hence, NDH patients show varying thyroid 
anatomy on ultrasonography ranging from aplasia to normal 
size.[12,14,15]

Facial dysmorphism in our patient was similar to those 
reported by various authors and included low set ears, 
prominent eyes, epicanthal folds, flat nasal bridge, long 
philtrum, and thin upper lip.[10,11,16] The facial features were 
more evident with advancing age.[14]

Dimitri et al. reported osteopenia, thoracolumbar lordosis, 
bilateral sensorineural deafness, exocrine pancreatic 
dysfunction, hepatitis, hepatic fibrosis, and cirrhosis in 
various families further extending the clinical spectrum 
caused by GLIS3 mutations.[16,17] Exocrine pancreas functions 
were not evaluated in our patient due to financial constraints.

The varying phenotype is attributed to the tissue expression 
of variable length transcripts of the GLIS3 gene. Being a rare 
condition, further information is required for correlating 
genotype and phenotype variability. The cause for mortality 
in the previous case reports was pneumonia, respiratory 
failure, sepsis, and hepatic dysfunction. Few affected 
individuals are still alive, which may be explained by the 
absence of major organ involvement.

CONCLUSION

NDM is caused by single gene defects affecting the pancreatic 
β-cells and many systems. Identification of the genetic 
mutation, even in cases which cannot lead to effective 
treatment, guides us in finding other associated problems 
in syndromic cases and is important for genetic counseling. 
Further studies involving the role of GLIS3 in pancreas may 
help in therapeutic strategies.
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Abstract 

 
The association between age of the woman and reduced fecundability has been well 

documented. This decline in fecundability beginning in the early thirties and accelerates in 

the late thirties and early forties. The age related decline in fertility appears to be attributable 

to cocyte depletion. Another factor which contributes to reduced female fecundability. Is age-

related decline in male fertility? A retrospective comparative study was done at Tertiary 

Institute. There were 85 Primigravida above 35 years of age (Group III) admitted during this 

period in the obstetric units of tertiary hospitals. These women were compared with two 

control groups comprising of 85 Primigravida in each groups aged between 20 to 25 years 

(Group I) and 30 to 34 years (Group II) of age by a random selection of consecutive 

Primigravida admitted during the same period. Rate of caesarean section was high (47.06%) 

in Group III and 37.65% in Group II and 15.29% in Group I. The difference is statistically 

significant (p<0.01). New born admission to intensive care unit was highest (28.24%) among 

babies born to group II mother, (17.65%) babies in group III and (9.41%) babies in group I 

required NICU admission. 

 

Keywords: Elderly primigravida, caesarean section, NICU admission 

 

Introduction 

 

The past decade has seen a remarkable shift in the demographics of childbearing in the world. 

In formatter days, pregnant women aged 35 and over tended to have several, unplanned 

children, whereas today there is a growing proportion of first births to elderly pregnant 

women. 

In several studies, chronic hypertension complicates 10 to 20% of pregnancies over 35 years. 

Type II diabetes also increases in frequency with age, and there is a much higher incidence of 

gestational as well as overt diabetes in older women than in younger women. In addition, the 

frequency of a formidable number of medical and surgical complications of pregnancy 

increases with maternal age. Those include cardiovascular, neurologic, connective-tissue, 

renal and pulmonary disease. Thus it is not surprising that antepartum hospital admissions are  
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substantially more frequent among elder women than younger women [1]. 

The association between age of the woman and reduced fecundability has been well 

documented. This decline in fecund ability beings in the early thirties and accelerates in the 

late thirties and early forties. The age related decline in fertility appears to be attributable to 

cocyte depletion. Another factor which contributes to reduced female fecundability [2]. 

The chances of spontaneous abortion are higher with advancing age, third trimester bleedings 

includes placenta previa, abruption placentae and uterine bleeding of unknown etiology 

which is noted in elderly primigravida. The risk of placental abruption was increased because 

other associated complications in older women like PIH and third trimester bleeding Natural 

ageing of the maternal uterine environment of maternal vascular and endocrine systems, may 

lead to a progressive deterioration in the transfer of nutrients to the fetus IUGR is an 

important cause of low birth weight Although the risk of placenta previa increases with 

multiparity as well as advancing age, it is arguable which of these two is more important [3]. 

Malpresentations are reported to be higher. This may be due to factors like increased rates of 

preterm delivery in older women, presence of associated leiomyoma, etc. There are numerous 

reports which say that the rate, of caesarean delivery is increased among the mature women. 

Om women having vaginal delivery, the rates of operative vaginal delivery like vacuum or 

forceps delivery is increased [4]. 

Pregnancy in women > 35 years is regarded as “Premium Pregnancy”. The reasons suggested 

for the increase in the rates of caesarean delivery (CD) include risk of malpresentation with 

advancing maternal age and the normal progress of cervical dilatation may differ in subtle 

ways from younger women leading to increased dysfunctional labour or labour abnormalities. 

Labour abnormalities may also be due to relative inefficiency of the ageing myometrium.  

 

Associated obstetric 

 

Complications like hypertension, placental accidents, preterm labor, diabetes and leiomyoma 

may also account for increased caesarean births. 

The chances of abruption and atonic uterus due to increase in hypertension, placenta previa, 

associated leiomyoma of uterus are more in a response which could cause PPH and the rates 

of PPH may be increased due to instrumental delivery or operative delivery [5]. 

Chromosomal anomalies in the baby is known to increase as maternal age increases. This 

leads to fetal malformations. At around the age of 40 years chromosomal aberrations 

especially aneuploidies occur at a frequency in 50 years women. Advanced paternal age, 

which is frequently associated with maternal age, increase the risk of autosomal dominant 

diseases, such as achondroplasia and marfan’s syndrome, that appear to result from genetic 

mutations. 

Perinatal morbidity and mortality is generally higher in babies born to older women. This is 

reflected in higher neonatal intensive care unit (NICU) admissions and prolonged stay. The 

higher rates of perinatal morbidity may be due to preterm birth, low-birth weight, IUGR, 

infections, etc. Maternal factors like prolonged labour, instrumental delivery may, also be 

contributory [6]. 

Low-birth weight babies, weighing < 2.5 kg are reported to be more common in elderly 

mothers. The causes of this include increased spontaneous or induced preterm deliveries, 

IUGR other factors are, poor nutrition, smoking, pregnancy complications, etc. Advancing 

maternal age is associated with a decreased potential for fetal growth, due to biologic ageing 

of maternal tissues and systems (e.g., maternal uterine environment, vascular or endocrine 

systems) leading to decreased transfer of nutrients to the fetus. 
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Methodology 

 

A retrospective comparative study was done at Tertiary Institute. There were 85 

primigravidas above 35 years of age (Group III) admitted during this period in the obstetric 

units of tertiary hospitals. These women were compared with two control groups comprising 

of 85 Primigravidas in each groups aged between 20 to 25 years (Group I) and 30 to 34 years 

(Group II) of age by a random selection of consecutive primigravidas admitted during the 

same period. 

As there is a different opinion as to whom to call a woman as elderly primigravidas, we have 

taken 2 groups (20-25 yrs and 30-34 yrs) for comparisons of pregnancy and labour outcome. 

The observations are presented in tabular, graphical forms to highlight the difference clearly. 

Our observations are compared with observations done by other authors in past 50 years. 

The appropriate test of significance was applied to detect the difference observed among 

three groups are of any statistical significance or not. 

 

Results 

 
Table 1: Obstetric disorders associated with pregnancy 

 

Obstetric Complications 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

PROM - 6(7.06%) 9(10.59%) 

Preterm  14(16.47%) 16(18.82%) 

Malpresentation - - 3(3.53%) 

APH - - 2(2.35%) 

Oligohydramnios 2(2.35%) - 5(5.88%) 

IUGR - - - 

Post datism 1(1.18%) 1(1.18%) 8(9.41%) 

Normal 83(97.65%) 64(75.29%) 42(49.41%) 

P Value = p<0.01. 

 

More than half of elderly primigravidas (5.59%) had an obstetrics complications when 

compared to Group II (24.71%) and (2.35%) in Group I. The common complications during 

pregnancy were malpresentation, oligohydramnios, premature rupture of membranes, preterm 

delivery rate was relatively high (18.82%) among elderly primigravidas (Group III) and 

16.47% in Group II and nil from Group I. 

Similarly obstetrics complication of pregnancy crossing due date was seen in Group III 

(9.41%) and (1.18%) in Group II and nil in Group I. 

P value (p<0.01) is statistically significant which suggest association between age groups 

obstetric complications. 

 
Table 2: Type of labour among primigravida 

 

Type of labour 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Spontaneous 77(90.59%) 63(74.12%) 56(65.88%) 

Induced 2(2.35%) 9(10.59%) 9(10.59%) 

Augmented 2(2.35%) 7(8.29%) 2(2.35%) 

Not in labour 4(4.71%) 6(7.06%) 18(21.18%) 

P Value = p<0.01. 

 

90% women in group I had spontaneous labour, 74% in Group II and 66% in Group III. This 

shows declining trend of onset of spontaneous labour with increasing maternal age at  
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pregnancy is statistically significant (p<0.01) 

The need of induction of labour was higher among Group II (10.59%) and Group III each 

when compared to Group I (2.35%). 

21.18% of women in Group III did not experience labour as they were taken up for elective 

caesarean section, this was 3 to 4 times higher than Group III and Group I respectively. 

 
Table 3: Mode of delivery among primigravidas 

 

Mode of Delivery 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Vaginal 67(78.82%) 40(47.06%) 40(47.06%) 

El LSCS 1(1.18%) 4(4.71%) 18(21.18%) 

Em. LSCS 12(14.12%) 28(32.94%) 22(25.88%) 

Instrumental 5(5.88%) 13(15.29%) 5(5.88%) 

P Value = p<0.01  

 

As shown in previous table 10, the need of induced and accelerated labour was higher in 

Group II and Group III, So is reflected in the need for caesarean section. These sections were 

(Table 11) done either for failed induction, failure to progress due to CPD or for foetal 

distress.  

Rate of caesarean section was high (47.06%) in Group III and 37.65% in Group II and 

15.29% in Group I. The difference is statistically significant (p<0.01). 

 
Table 4: Indications for LSCS 

 

Indications for LSCS 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Foetal Distress 5(5.88%) 21(24.75%) 9(10.59%) 

CPD 3(3.53%) 3(3.53%) 4(4.71%) 

PIH 3(3.53%)ಟ 6(7.06%) 13(15.29%) 

Oligohydramnios 1(1.18%) - 2(2.35%) 

IUGR - - - 

Non progress of labour - 1(1.18%) 6(7.06%) 

Malpresentation - 1(1.18%) 2(2.35%) 

APH  - 4(4.71%) 

others - - - 

P Value = p<0.05. 

 

Most common indications for caesarean section was pregnancy induced hypertension (PIH) 

which was relatively more in elderly primi with 15.29% and 3.53% in Group I and 7.06% in 

Group II. Foetal distress with Group I (5.88%). Group II (24.75%) and Group III (10.59%). 

Other common indications for LSCS were uterine inertia [(7.06%) in Group III and 1.18% in 

Group II)]. Pregnancy induced hypertension CPD was equally prevalent among all 3 groups 

and accounted for 3 to 4% for LSCS Accidental Haemorrhage (probably following PIH) 

required caesarean section for Group III was 4.75% which has a relatively low significance 

statistically (p >0.05). 

 
Table 5: Birth weight f neonates at birth among primigravida 

 

Birth weight 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

<2000 gms 6(7.06%) 7(8.24%) 5(5.88%) 

2000-2500 gms 26(30.59%) 31(36.47%) 25(29.41%) 

2600-3000gms 39(45.88%) 35(41.12%) 44(51.76%) 
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3000gms 14(16.47%) 12(14.12%) 11(12.94%) 

P Value = p<0.05. 

 

Birth weight of babies is significant factor for assessment of fetoplacental function. Babies 

weighing more than 2.5kg were higher in Group III (64.71%) against 62.33% in Group I and 

55.29% in Group II. However, babies born with more than 3 kg were seen in young Primis 

16.47%. Difference in prevalence of low birth weight (LBW) or average birth weight (ABW) 

or high birth weight (HBW) was not significant (p > 0.05) statistically. 

 
Table 6: Neonatal outcome immediately after birth 

 

Neonatal Outcome 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

with mother 56(65.88%) 42(48.83%) 55(64.71%) 

Warm Cubic 21(24.71%) 19(22.09%) 14(16.47%) 

NICU admission 8(9.41%) 24(27.91%) 15(17.65%) 

Intrapartum 0(0%) 1(1.18%) 1(1.18%) 

P Value = p<0.01  

 

Though maximum babies among all groups wer kept with mother after birth, the babies 

required NICU admissions were due to maternal high risk factors or for birth being precious 

to elderly Primi. It was observed (Table 14) that babies born to Group II women, had higher 

NICU admission or required warm cubicle. P value (p<0.01) is statistically significant. 

There was one intrapartum fetal death among mothers in group II and group III each. 
 

Table 7: Neonatal Mortality (NICU Admission) 
 

Neonatal Outcome 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

NICU ADMISSION 8(9.41%) 24(28.24%) 15(17.65%) 

Neonatal death 0(0%) 6(25%) 2(13.33%) 

P Value = p<0.05  

 

New born admission to intensive care unit was hight (28.24%) among babies born to group II 

mother, (17.65%) babies in group III and (9.41%) babies in group I required NICU 

admission. 

Neonatal mortality was higher in Groups II (25%) when compared in Group III (13.33%) and 

nil in Group I P value is not significant, statistically (P > 0.05). 

 
Table 8: Lactation 

 

Types of lactation 
Group I (n=85) Group II (n=85) Group III (n=85) 

20-25 yrs. 30-34 yrs. >35 yrs. 

Normal 84(98.82%) 82(96.47%) 77(90.59%) 

Delayed 1(1.18%) 2(2.35%) 6(7.06%) 

Medically Suppressed - 1(1.18%) 1(1.18%) 

Failure - - 1(1.18%) 

P Value = p<0.05  

 

Desire to breast feed the baby is natural but delayed lactation was seen in 7.06% of women in 

Group III against 2.35% in Group II and 1.18% in Group I. Though this difference is not 

significant (P > 0.05) statistically, chance of failed induction was seen to follow linear 

relationship with maternal age. 
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Discussion 

 

54.12% of obstetrics complications constituted in group III of our study was substantially 

high when compared to other two groups. The increased frequency of medical complications 

among elderly mother causes higher rate of preterm birth, IUGR oligohydramnios, perinatal 

mortality and serious neonatal morbidity. 

Even though oligohydramnios is said to be associated with advancing age, probably due to 

poor function of placental unit at cellular level, leads to Intra uterine growth retardation 

(IUGR), post term pregnancy, abruption, hypertension, preeclampsia, diabetes. 

Our study had only 5.88% of oligohydramnios is elderly primi, but surprisingly there were no 

cases with intra uterine growth retardation (IUGR) in elderly primi. 

Natural ageing of the maternal uterine environment or maternal vascular and endocrine 

systems, may lead to early diminution in the transfer of nutrients to the foetus14 IUGR is an 

important cause of low birth. 

Third trimester bleeding includes placenta previa, abruption placentae and uterine bleeding of 

unknown etiology [7]. 

Annanth et al. reported that there was a 26 fold increased risk for placenta previa in elderly 

women when compared to young prim is and who found abruption to be more related to party 

than age. Waters and Wagers had reported a higher incidence of antepartum haemorrhage 

among elderly primis, but O’Sullivan and Yound failed to confirm it. 

Mehreen and Naqui reported 12.82% of Antepartum haemorrhage (APH). 

However our study had 5.88% of APH cases in elderly primi. Relationship with malnutrition 

in elderly primi seems to be greatly related to chronic hypertension and PIH. 

Although the risk of placenta previa, Increases with multiparity as well as advancing age, it is 

arguable which of these two is more important. 

Other biologic mechanisms postulated for the increased frequency of uteroplacental bleeding 

disorders with age include a decrease in the uterine blood flow to the placenta as age 

advances [8]. 

High incidence of malpresentation was reported by Miller in 1932 (12%) Mehreen an Azra 

reported 12.82%. 

But in our study malpresentation was seen in 3.5% mainly as breech. 

Premature rupture of membrane (PROM) the second common obstetric complication (10.5%) 

found in elderly primi in our study (Table 10) was associated with Edge and Laros who 

reported risks of PROM (3.8%) in elderly women. Whereas Bekowitz et al. and Bianco et al. 

found no difference between older and younger primis [9]. 

In our study, 65.88% of elderly primigravidae were found to have spontaneous deliveries 

compared to higher rate in other two group Even though most of the primis delivered at term 

relatively there was high prevalence of preterm birth among (18.82%) and post maturity 

(9.41%). Preterm birth continues to be one of the most important obstetrics problems in the 

world, contributing to non-anomalous perinatal mortality ranging between 38 to 52%. 

Our study had a relatively high prevalence of preterm deliveries compared to other authors. 

The problem of the pregnancy that is prolonged past term has been the subject of some 

controversy with reference to the elderly primigravida Donald 5 in his text book, advocates 

delivery no later than a week past term, and other authorities consider fetal risk is increased 

past term. 

Our study group had 9.41% of post term pregnancy where as Mehreen and Azra noted 7.69% 

of postdates pregnancy. 

We too agree with other authors that prolonging pregnancy past term increases the hazard to 

the foetus. 

The risk of allowing the patient to go beyond dates could then be intelligently balanced for 

the risks of induction and elective section at term. Certainly, it would be within accepted  
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obstetric principles to recommend that all elderly primigravidas should have the benefit of 

careful assessment at term with a view to deliver at that time [10]. 

Induction of labour was done in 31.76%, among them 21.18% elderly primi were taken up for 

elective caesarean section. 

It was not surprising that the rates of both induction and prolonged labour were not a high in 

elderly primigravida as caesarean section was resorted to more readily. 

Stewart and Bernard found that labour became more difficult with advancing age and 

suggested that this might be due to increased rigidity of the pelvic floor ligaments and less 

reserve of power in the uterus. 

The rate of vaginal deliveries in our study among elderly primgravida is significantly low 

(47.06%) when compared to young primi. Almost one third of vaginal deliveries required 

rotation or extraction at the midpelvic level. 

Mehreen and Azra reported 30.76% of caesarean section 28.84% vaginal deliveries, forceps 

(11.53%) vacuum (8.97%). 

The Caesarean section rate was 47% in our study, almost equal to vaginal delivery rate. 

Antenatal medical or obstetrical complications were common indications for caesarean 

section rather than intrapartum complications. The association of advancing age with an 

increased need for caesarean delivery in our population seems, therefore to result from 

combination of factors, some physiological and some practice related. 

Pregnancy is a women above 35 years of age is regarded as “Premium Pregnancy” Pipert J F. 

Nulliparous women of advanced age have reached their first pregnancy at the time of age 

related decreasing fertility often after years of infertility. This may in turn influence decision 

making in an attempt to reduce the risks of outcomes. 

The ‘Physician bias’ that has been suggested to contribute to the increased caesarean rate in 

elderly primi was not clear in our study. 

It should be noted that the indications for caesarean section in our study were only the 

primary indications. In almost every instance the age of the patient was listed as a secondary 

reason for caesarean section. Foetal distress was the commonest indications for LSCS among 

all three groups (41.67%). Which was high in group II (24.71%). Than 10.59% in group III 

and 5.88% in group I. 15.29% of primi in group III were taken up for caesarean section with 

PIH as a primary indication which is highly associated with elderly primi followed by 7.06% 

for non-progress of labour in elderly primi. 

Other indications for LSCS in our study in elderly primis were CPD, APH, non-progress of 

labour, olighydramios and malpresentation. 

Low birth weight babies weighing less than 2.5kg are reported to be more common in elderly 

mothers 15. The causes are preterm deliveries, IUGR etc., Advancing maternal age is 

associated with a decreased potential for foetal growth, due to biologic aging of maternal 

tissues and systems (e.g. Maternal uterine environment, vascular or endocrine systems) which 

may lead to decreased transfer of nutrients to the foetus independent of disease or a 

cumulative effect of diseases. 

However it was surprising to note from our study that the majority of elderly primis delivered 

babies with more than 2.5kg (64.71%) when compared to other two groups, 35.29% of 

elderly primis delivered babies below 2.5kg. 

There were 25% of neonatal death in group II and 13.33% in group III Higher neonatal 

mortality rate in Group II is seen in mothers who had instrumental delivery. Perinatal 

mortality among preterm Indian babies has been reported to be 2 to 7 times higher than babies 

born at term [4]. 

K.S. Joseph reported 1.46% of perinatal mortality, where as in Lehman D K‘s study it was 

increased. Our study stands out in the comparison of perinatal mortality rate with others, 

which is relatively high [8]. 

In our study breast feeding was encouraged, all the three group mothers had substantially  
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normal lactation. While 7.06% had a delayed lactation among elderly women and 1.18% were 

medically suppressed, whereas failure of lactation was seen in only 1.18% of elderly mothers. 

 

Conclusion 

 

 Rate of caesarean section was high (47.06%) in Group III and 37.65% in Group II and 

15.29% in Group I. The difference is statistically significant (p<0.01). 

 New born admission to intensive care unit was hight (28.24%) among babies born to 

group II mother, (17.65%) babies in group III and (9.41%) babies in group I required 

NICU admission. 

 Neonatal mortality was higher in Groups II (25%) when compared in Group III (13.33%) 

and nil in Group I P value is not significant, statistically (P>0.05). 

 

References 

 

1. Adams MM, Oakley GP, Marks JS, Maternal age and births, in the 1980s, JAMA. 

1982;247:493-94. 

2. National centre for health statistics, Ventura S.J. Trends and Variations in first birth to 

older women, 1970-86, Vital and Health statistics series 21, No. 47 Washington DC, 

Govt. Printing office, DHHS Publication no. (PHS), 1989, 89-1925. 

3. Lehman DK. Chism J: Am J Obstet Gynecol. 1987;157:738-42. 

4. Kirz DS. Dorchester W. Freeman RK; Advanced maternal age-The mature gravid, Am J 

Obstet Gynecol. 1985;152:7-12. 

5. Donaid I. Special cases-Practical obstetrics problems, 1997; 5th edn. Singapore PG 

Publishing, 1997, 133-147. 

6. Baird D. Brit Med J. 1958;1:14-77. 

7. Baird D, Hytten FE, Thomson AM. Am J Obstet and Gynaec, Brit emp. 1958;65:865. 

8. Dutta P C: J obstet Gynec Brit Emp. 1948;55:68. 

9. Higdon AL. Pregnancy in the women after forty; Am J Obstet Gynecol. 1960;80:38. 

10. Genesis: 17; 17, Holy Bible, Revised Edition: New York, 1952. 

Accepted on 09/05/2022 















ORIGINAL RESEARCH PAPER

OCULAR MANIFESTATIONS OF GENODERMATOSES

Dr Nagbhushan 
Chougule

Assistant Professor, Department of Ophthalmology, Jawaharlal Nehru Medical College, 
Belagavi

Dr Mitali Mangoli*
III year Post Graduate student, Department of Ophthalmology, Jawaharlal Nehru Medical 
College, Belagavi. *Corresponding Author

Dr Dhruv Goyal
III year Post Graduate student, Department of Ophthalmology, Jawaharlal Nehru Medical 
College, Belagavi

Dr Bhavana Doshi
Professor and Head, Department pf Dermatology, Jawaharlal Nehru Medical College, 
Belagavi.

Dr Kishan Pal
II year Post Graduate student, Department of Dermatology, Jawaharlal Nehru Medical 
College, Belagavi.

Dr Shivanand C. 
Bubanale

Professor and Head, Department of Ophthalmology, Jawaharlal Nehru Medical College, 
Belagavi.

Dr Smitha K.S Professor, Department of Ophthalmology, Jawaharlal Nehru Medical College, Belagavi.

INTRODUCTION 
Skin and eyes have a common embryological origin from the 
embryonic surface ectoderm. Ocular manifestations in dermatological 
diseases are common and have diagnostic value. Genodermatoses or 
genetic diseases of the skin are a group of inherited disorders with 

1cutaneous and systemic signs and symptoms; Deepika Pandhi  
Genetic skin diseases often have extracutaneous manifestations. 
Ocular ndings are one of the most common associations and can be 
the initial presenting sign of dermatological diseases. These 
manifestations may have signicant clinical implications like visual 

2disturbance and ocular discomfort , Jen M et al  Manifestations like 
corneal opacities seen in X-linked ichthyosis are asymptomatic but 
characteristic of a particular genodermatoses.

The rarity of the conditions and the lack of awareness are the cause of 
major hurdles in the management and the planning of research in this 

1specialty, Deepika Pandhi  Early recognition of the ocular 
involvement of dermatological diseases is helpful in reaching the 
diagnosis and managing the patient properly for a better outcome; 

3Lamia S et al 

At present there are very few studies that emphasize the ocular 
manifestations of these dermatological diseases. Hence this study aims 
at understanding the occurrence and severity of ocular manifestations 
in genetic dermatological diseases.

MATERIALS AND METHODS
This is a cross sectional study. The study was conducted on patients 
diagnosed with genodermatoses at a tertiary care hospital in Southern 
India. The study was conducted on patients in the age group of 16-60 
years who came to the Dermatology OPD, were diagnosed with 
genodermatoses and referred to the Ophthalmology OPD for further 
evaluation.

All the patients diagnosed with genodermatoses, underwent a 
complete ophthalmic examination, that is, assessment of visual acuity, 
Anterior segment examination, intraocular pressure assessment and 

posterior segment examination and the ndings were noted.

The research was approved by the institutional review board (IRB) and 
informed consent was obtained from the subjects after explanation of 
the nature and possible consequences of the study.

RESULTS
The most common condition noted was NF 1(23 cases) and NF 2 (18 
cases). Other diseases seen were Dariers disease (1 case) Lamellar 
ichthyosis (Fig 4) (7 cases) and Epidermal nevus syndrome (1 case).

10 cases out of 23(43.47%) having NF1 showed eyelid neurobroma, 
13(56.52%) showed Lisch nodules and 1(4%) showed optic nerve 
glioma (Fig 2,3,5)

In patients with NF2, 2 cases (11.11%) showed cataracts (Fig 6). 
Among patients with lamellar ichthyosis, 1 case (14.28%) had 
xerophthalmia and 4 cases (57.14%) had conjunctival congestion. In 
the patient with Epidermal nevus syndrome, rod – cone dystrophy was 
seen with pigment epithelium changes (Fig 1). No ocular nding was 
seen in the patient with Dariers disease.

DISCUSSION
Genodermatoses have signicant ocular ndings. In our study we 
came across patients with Neurobromatosis 1 and 2, Lamellar 
ichthyosis, Darier's disease and Epidermal nevus syndrome. These 
diseases are rarely found and so are the ocular ndings seen in these 
patients.

Neurobromatosis is an autosomal dominant disorder secondary to 
mutation in the neurobromin gene. NF 1 is characterized by 

3cutaneous, CNS and ocular manifestations; Lamia S et al . The most 
commonly seen ocular nding in NF 1 is the presence of Lisch nodules 
which was seen in 56.52% patients diagnosed with NF1. NF 2 is less 
common than NF 1 and the most common ocular nding seen in NF 2 is 
cataract.

Lamellar ichthyosis is an autosomal recessive disorder characterised 
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ABSTRACT
PURPOSE:  METHODS:To evaluate the Ocular manifestations in patients with genodermatoses.  49 cases in age group 16-60 years, with a 
diagnosis of genodermatoses were included in the study. All the patients underwent a complete ophthalmic examination, the ndings were noted. 
RESULTS: The most common condition noted was NF 1(23 cases) and NF 2 (18 cases). Other diseases seen were Dariers disease (1 case) 
Lamellar ichthyosis (7 cases) and Epidermal nevus syndrome (1 case). 10 cases out of 23(43.47%) having NF1 showed Lisch nodules, 13(56.52%) 
showed eyelid neurobromas and 1(4%) showed optic nerve glioma. In patients with NF2, 2 cases (11.11%) showed cataracts. Among patients 
with lamellar ichthyosis, 1 case (14.28%) had ectropion. In the patient with Epidermal nevus syndrome retinal pigment epithelium changes were 
seen. No ocular nding was seen in the patient with Dariers disease.  Genodermatoses have signicant ocular ndings. These CONCLUSION:
conditions are rare and hence it is essential to have a complete assessment of these patients with respect to ophthalmological manifestations for 
better diagnosis and earlier management.
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3by large plate-like scales, Lamia S et al. . The most common ocular 
manifestation is cicatricial ectropion but it also manifests with changes 
such as xerophthalmia, exposure keratopathy, and conjunctival 
congestion. 

Darier disease (DD) is a rare autosomal dominant inherited skin 
disease characterized by hyperkeratotic papules and plaques, 
prominent nails, and mucous membrane involvement; Helwe 

4Hammad et al . In a few studies patients with Darier's disease showed 
blepharitis and dry eye symptoms. A study by Helwe Hammad et al 
noted similar ndings of blepharitis but quoted that there was no 
correlation between the ophthalmologic ndings and disease severity 

4or body surface area involved; Helwe Hammad et al  .In our study we 
saw only 1 patient with Darier disease and no ophthalmic 
manifestations were noted.

The epidermal nevus syndromes (ENS) are a group of congenital 
syndromes comprising epidermal nevi in conjunction with central 
nervous system (CNS), ocular, musculoskeletal, and other organ 

5anomalies; Justin J et al  Various ocular ndings are a part of ENS 
which consist of eyelid nevi, coloboma, nystagmus and retinal 

5anomalies; Justin J et al . In our study we found nystagmus, rod- cone 
dystrophy and retinal piment epithelium changes in the patient of ENS.
The rarity of these conditions and lack of awareness are major 
obstacles in their evaluation and treatment. Therefore it is essential to 
have a complete assessment of these patients with respect to 
ophthalmological manifestations. It is important for the clinician to be 
alert to the possibility that the patient may be presenting for the rst 
time with one or more features of a genetic disease so that appropriate 
investigation and counselling can take place.

Tables : Ocular Manifestations Of Genodermatosis
TABLE 1: Total patients with genodermatosis

TABLE 2 : Ocular signs in Genodermatosis

Fig 1. Fundus changes in Epidermal Nevus Syndrome

Fig 2. Lisch nodules in Neurofibromatosis 1

Fig 3. Lesions in Neurofibromatosis 1

Fig 4. Lamellar Ichthyosis

Fig 5. Optic nerve glioma

Fig 6. Immature cataract in Neurofibromatosis 2

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Sr no Genetic skin disease Number of patients
1 Neurobromatosis 1 23
2 Neurobromatosis 2 18
3 Lamellar ichthyosis 7
4 Darier's disease 1
5 Epidermal nevus syndrome 1
TOTAL 50

Sr 
no

Genetic skin 
disease

Ocular signs No. of 
Patients with 
ocular signs

Percentage

1 Neurobromatosis 1 Eyelid 
neurobroma

10 43.47%

Lisch nodules 13 56.52%
Optic nerve 
glioma

1 4%

2 Neurobromatosis 2 Cataract 2 11.11%
3 Lamellar ichthyosis Dry eye 1 14.28%

Conjunctival 
congestion

4 57.14%

4 Darier's disease Nil 0 0
5 Epidermal nevus 

syndrome
Rod cone 
dystrophy

1 100%

Pigmentary 
epithelial 
changes

1 100%

Nystagmus 1 100%



REFERENCES
1.  Current status of genodermatoses: An Indian perspective. Pandhi D. Current status of 

genodermatoses: An Indian perspective. Indian J Dermatol Venereol Leprol 2015;81:7-
9.

2.  Jen M, Nallasamy S. Ocular Manifestations of Genetic Skin Disorders. :131. Jen 
Melinda, Nallasamy Sudha, Ocular Manifestations of Genetic Skin Disorders, Clinics in 
Dermatology (2015), doi: 10.1016/j.clindermatol.2015.11.008

3.  Ocular manifestations of dermatological diseases part II: genodermatoses. Al Akrash 
LS, Al Semari MA, Al Harithy R. Ocular manifestations of dermatological diseases part 
II: genodermatoses. Int J Dermatol. 2021 Feb;60(2):133-140. doi: 10.1111/ijd.15173. 
Epub 2020 Sep 18. PMID: 32946638.

4.  Ophthalmic Assessment in Patients With Darier Disease. Hammad H, Adler E, Yeshurun 
A, Abayev L, Vered S, Briscoe D, Ziv M, Dodiuk-Gad RP. Ophthalmic Assessment in 
Patients With Darier Disease. Am J Ophthalmol. 2021 Jul;227:139-142. doi: 
10.1016/j.ajo.2021.03.011. Epub 2021 Mar 15. PMID: 33737033.

5.  The epidermal nevus syndromes: Multisystem disorders. Vujevich JJ, Mancini AJ. The 
epidermal nevus syndromes: multisystem disorders. J Am Acad Dermatol. 2004 
Jun;50(6):957-61. doi: 10.1016/s0190-9622(02)61547-6. PMID: 15153903.

International Journal of Scientific Research 3

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 11 | Issue - 10 | October - 2022



Indian Journal of Orthopaedics Surgery 2022;8(1):86–90

 

 

Content available at: https://www.ipinnovative.com/open-access-journals

Indian Journal of Orthopaedics Surgery

Journal homepage: https://www.ijos.co.in/  

 

Case Report

Treatment of unstable bilateral slipped capital femoral epiphysis using modified
Dunn procedure along with cc screw fixation in a recurrent epileptic patient

Aayush Arora1,*, Somnath T Sanikop1, Ravi S Jatti1, Prathamesh Hanchnal1

1Dept. of Orthopaedic Surgery, KLE University, Belgaum, Karnataka, India
 

 

A R T I C L E I N F O

Article history:
Received 28-11-2021
Accepted 22-01-2022
Available online 24-03-2022

Keywords:
Slipped capital femoral epiphysis
Modified Dunn osteotomy
Grandmal epilepsy

A B S T R A C T

Introduction: Slipped capital femoral epiphysis (SCFE) is uncommon in daily practise, and diagnosis and
treatment are usually delayed. 1 In patients with severe slipped capital femoral epiphysis, the modified Dunn
method allows for the restoration of proximal femoral morphology and proper hip function (SCFE). The
purpose of this article is to outline the treatment management of unstable bilateral slipped capital femoral
epiphysis in an epileptic patient. 2

Case Report: A 9-year-old female, a known case of grandmal epilepsy, arrived in the outpatient department
with a severe SCFE. The patient underwent modified Dunn osteotomy and fixation of the epiphysio-
metaphysis junction with CC screw fixation. Since there is very little awareness regarding slipped capital
femoral epiphysis in an epileptic patient, this case report is very rare.
Conclusion: One should be vigilant about children suffering from uncontrolled epileptic attacks. A delay
in diagnosis can lead to an unsatisfactory treatment outcome and a poor prognosis.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The majority of cases present with stable slips, and in
situ fixing are the most widely used treatment worldwide.3

SCFE is a separation between the epiphysis and the
metaphysis of the proximal femur. The epiphysis remains
in the acetabulum and the femur rotates outwards and in
extension. The most prevalent hip condition in children aged
9 to 15 is SCFE. It has been associated with endocrine
abnormalities such as hypothyroidism, hypogonadism, and
hypopituitarism. SCFE treatment’s key goals are to prevent
additional slip progression, accomplish stabilisation and
restoration of hip function, and avoid early hip OA while
limiting the threat of avascular necrosis (AVN) and eventual
proximal femoral deformity.4

* Corresponding author.
E-mail address: ayush.arora52@gmail.com (A. Arora).

2. Case Report

A 9-year-old thin-built girl had a history of falls after an
episode of grandmal epilepsy while playing near her house
and presented to the outpatient department after one and a
half months with a chief complaint of pain in the bilateral
hip joints and was unable to bear weight since the day
of the trauma. She is a known case of epilepsy since she
was five months old and was on anti-epileptic medication.
She had repeated episodes of seizures after sustaining
trauma. On examination, Tenderness was present in both
hip joints. Range of motion was painful and restricted
with flexion, abduction, and external rotation deformity. X-
rays of the pelvis with bilateral hip joints (AP and lateral
views) were taken. In the AP view, there was a lateral or
outward displacement of the metaphysis and an inferior
displacement of the epiphysis noted (Figure 1), whereas in
the lateral view, the shaft was displaced anteriorly and the
head posteriorly (Figure 2) with posterior calcification of

https://doi.org/10.18231/j.ijos.2022.015
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epiphysis. Laboratory reports ruled out any endocrinopathy.
A CT scan and MRI were not performed as the patient was
restless and had severe pain on extension of the bilateral
lower limb.

Fig. 1: X-ray of pelvis with bilateral hip (AP view)

Fig. 2: X-ray of right hip (Lateral view)

Southwick angle were calculated bilaterally to grade the
displacement which turned out to be 89 degree on the right
side (Figure 3), and 96 degree on the left side in AP views
(Figure 4). Angle in the right lateral view was 40 degree
whereas in left lateral due to severe pain was not measured
(Figure 5). Klein line passed above the head of femur,
stating trethowan sign positive (Figure 6).

Fig. 3: Southwick angle of right hip (AP view)

Fig. 4: Southwick angle of left hip (AP view)
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Fig. 5: Southwick angle of right hip (Lateral view)

Fig. 6: Trethowan sign positive

3. Operative Management

The patient was positioned in the right lateral position and
an incision of 5-7 cm was made over the lateral aspect
of the thigh. The tensor fascia lata was cut and a plane
between the gluteus medius and maximus was created
(Gibson approach). On identifying the greater trochanter,
a trochanteric osteotomy was performed, and the abductor
muscles were lifted off. A Z-shaped incision was placed in
the capsule.

The callus obstructing the reduction was removed and
the neck was shortened by 2-3mm (Figure 7). The displaced

metaphysis was reduced back and stabilized by two 2mm k
wires (Figure 8).

Fig. 7: Metaphyseal callus removed

Fig. 8: K wire passed from metaphysis to epiphysis

4mm cortico-cancellous screws were passed through the
k-wire. The trochanter was placed back in its position
with two k-wires. Retinacular soft tissue flap was created
which included branch of medial circumflex femoral artery,
capsule, external rotators and the thick periosteum with aim
of preserving the blood supply the head (Figure 9). The
patient was positioned on the left lateral and similar steps
were performed on the other hip. There was absorption of
femoral neck noted on left side intra-operatively. The child’s
limbs were kept in flexion, abduction and external rotation.
Post-operative xrays were taken in AP and lateral views
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(Figure 10 (a), (b)).

Fig. 9: Retinacular soft tissue flap

Fig. 10: Post-operative x-ray a) AP view b) Lateral view

4. Post-Operative Protocol

The patient was placed in flexion, abduction, and external
rotation for a period of 4 weeks (Figure 11), after which
passive range of motion of the hip and knee joints was
started. Passive knee bending of 90 degrees was achieved at
the end of 11/2 months (Figure 12). Standing with the help
of support was possible at 2 months (Figure 13).

5. Discussion

Slipped capital femoral epiphysis is a under researched
complication of grandmal epilepsy in high risk cases. As
affected patients have a persistent change in their state of
consciousness or sedating adverse effects from antiepileptic
medications, clinical symptoms and signs of fractures as

Fig. 11: Flexion, abduction and external rotation attitude

Fig. 12: 90◦ knee bending

well as dislocations may be lacking or non-specific in the
post convulsion state. Acknowledgement of bony fractures
or metaphyseal displacement is complicated further by
the possibility that related symptoms are misconstrued as
postictal muscle aches.5 Fractures are more prevalent in
children with epileptic seizures, particularly those treated
with more than one anti-epileptic medication. Children with
grandmal epilepsy on anti-epileptic drugs have significantly
decreased calcium levels, reduced phosphate levels in their
blood, and greater phosphate levels in their urine.6 Matava
et al. discovered that patients with an early clinical signs
of knee pain had significantly greater diagnostic errors than
those who have hip pain. Since the large numbers of patients
are at first investigated by a general practitioner, these lead
to significant reduce in overall diagnostic delay.7 Huber et
al. discuss the benefits of close supervision of epiphyseal
blood flow while performing modified Dunn’s procedure.8
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Fig. 13: Standing with support

According to our findings, the modified Dunn procedure can
re-establish femoral neck anatomy and hip joint function.
Furthermore, the intra-articular pathology can be assessed
and managed during surgery.9

6. Conclusion

These fractures in children’s if poorly managed can lead to
severe consequences like chondrolysis, avascular necrosis
etc. In these cases, accurate diagnosis and treatment can
result in a satisfactory result.

7. Clinical Message

Children suffering from unrestrained epileptic seizures
should be monitored closely.

8. Consent

Patient had been informed and has given the consent
regarding this publication.
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Abstract 
Background: Knee injuries are more common in the modern era due to increase in the road traffic 

accidents and more involvement in sports related activities by young people. Anterior cruciate ligament 

is the often injured ligament around knee joint. Anterior cruciate ligament has a pivot role in function and 

stability of the knee joint, being the primary stabilizer preventing the anterior translation of tibia over 

femur. Arthroscopic anterior cruciate ligament reconstruction has become the gold standard in the 

management of these injuries. 

Objective of the study: To assess the functional outcome of anatomical reconstruction of ACL with 

quadrupled hamstring graft. 

Materials and Methods: Patients with post traumatic anterior cruciate ligament injury admitted to the 

Department of Orthopaedics at the Kle's Dr. Prabhakar Kore Hospital and Medical Research Centre and 

Charitable Hospital, Belagavi in between 1st January 2019 to 31st December 2019, over a period of one 

year – hospital based observational study. 

Results: The study group comprised of 30 patients. In our study the most common mode of injury was 

found to be Road traffic accident followed by sports. Abundant of the patients were in the age group of 

18-25yrs. In our study 13 patients had isolated ACL injury, 11 pts had medial meniscus injury, 4 patients 

had lateral meniscus injury and 2 patients had both the meniscus injured. It is found that 57% of them 

associated meniscal injury. Functional outcome was assessed using LYSHOLM and GILLQUIST 

SCORE. At the end of 9th month follow up 80% of the patient had excellent score which were 57% at the 

3rd month. 13% of patient had good score at the end of 9th month and 7% of patient had fair score. None 

of the patient had poor score. 

Conclusion: Anatomical reconstruction of ACL with quadrupled hamstring graft gives better clinical 

outcomes. The advantage of using hamstring graft are reduced donor site morbidity and less anterior knee 

pain in long term follow up. It has better subjective and objective functional outcome with low graft 

rejection or failure rate. 

 

Keywords: Arthroscopic ACL reconstruction, hamstring graft, endobutton, quadrupled hamstring graft, 

lysholm and gillquist score 

 

Introduction  

The knee joint is composite and prodigious joint which is contrived by three bones and 

immense network of ligaments and muscles. As Knee joint is one of the weight bearing joint, 

it plays a vital role in supporting the body in dynamic and static situation and is also subjected 

to tremendous forces during meticulous activities. Out of other joints in our body, knee is the 

often injured joint and ACL is commonly injured ligament. In this competitive world many 

teenagers and young adults who are obsessed with the sports and so the occurrence of ACL 

injury is more among them. The disruption of ACL will influence the normal kinematics of the 

knee leading to the instability of the knee during acceleration, deceleration and rotational 

activities which may end up in mechanical failure and swaying away.  

Until late 1890, ACL injury was considered as end of the career in a sports person. Therefore, 

reconstruction of ACL is necessary and techniques are crucial and have evolved over a few 

decades in terms of choice of the graft and in surgical techniques.  

http://www.orthopaper.com/
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ACL injuries are frequently associated with meniscus and 

osteochondral injuries which need to be considered during the 

surgical repair else the person will progress towards 

degenerative changes of the knee [1]. 

Open reconstruction of ACL which has complications like 

post operative knee pain, stiffness, prolonged period of 

rehabilitation. Considering these complications and time 

consuming procedure, Arthroscopic reconstruction of ACL 

has become the gold standard procedure in recent times [2]. 

If surgery is indicated for reconstruction of ACL, then the use 

of autologous tendon grafts for the substitution of the injured 

ligament is endorsed [3]. But the graft of choice is still in 

altercation.  

Arthroscopic ACL reconstruction, with both BPTG and 

hamstring graft has gained popularity in recent times.  

Rehabilitation following ACL reconstruction has emerged 

with time and is more emphasized on strengthening of the 

muscles and joint kinematics. An ACL deficient knee must be 

reconstructed to an ACL efficient knee by all means. 

 

Materials and Methods 

This observational study include 30 patients who had 

undergone Anterior Cruciate Ligament reconstruction using 

quadrupled Hamstring graft at Department of Orthopaedics, 

KLE’S Dr. Prabhakar Kore Hospital and Medical Research 

Centre, Belagavi. Period of study 1st January 2019 to 31st 

December 2019.  

 

Inclusion Criteria: Both genders above 18yrs of age. 1. 

Symptomatic unilateral ACL rupture 2. ACL injury associated 

with meniscus injury 3. Chondral lesion (type1&2).  

 

Exclusion Criteria: 1. ACL rupture associated with posterior 

cruciate ligament injury, 2. Lateral collateral ligament injury, 

previous ligament reconstruction, 3. Stage 3 & 4 chondral 

lesion and advanced osteoarthritis of knee, 4. Patient with 

history of concurrent fracture, 5. Patient with history of 

operation on either knee. After all pre-operative patient was 

taken to operation theatre, under combined spinal and 

epidural anesthesia patient positioned supine on a standard 

operating table with knee joint little further from the distal 

breakpoint of the table. 1 liter saline bottle is placed below the 

injured knee to allow easy mobilization during the procedure. 

Uninjured limb is placed on a well-padded support. The 

following tests are performed under anesthesia ADT, PDT, 

LT & PST. The tourniquet is placed on the upper thigh. The 

limb is then scrubbed from the foot till the tourniquet and 

drapped with sterile aseptic precautions. Illumination of the 

scope and monitor brightness ensured in advance before 

making a skin incision. Diagnostic arthroscopy was 

performed to detect any associated meniscal lesion. Before 

the harvesting of graft, diagnostic arthroscopy was done first. 

In 90 degrees of knee flexion, anterolateral port (viewing 

portal) is made using 11 number blade at the level of inferior 

pole of patella just lateral to the patellar tendon. After all the 

pathologies have been recorded, the anteromedial (working) 

portal is then established. The associated pathologies are dealt 

accordingly such as partial / total meniscectomy for meniscal 

tears and loose body removal. A 4cm skin incision is taken 

3cm medial to tibial tuberosity and 4cm below the joint line. 

Subcutaneous dissection done. Hemostasis achieved and 

insertion of pes anserinus is exposed.  

The superior and inferior border of Sartorius tendon is 

palpated and gracilis and semitendinous tendon are identified 

3-4 cm medial to tendinous insertion. 

A small incision is made in line with the superior border of 

the gracilis tendon and the underlying medial collateral 

ligament is protected with care. Staying in the same plane 

adequate exposure is maintained by retracting without 

injuring the saphenous vein and nerve. 

The tendons are identified and with aid of right angled artery 

forceps gracilis, semitendinous are released from its fibrous 

extension to gastrocnemius and semimembranous muscle. 

Keeping the knee in 90 degree flexion, dissection is done 

using finger upto musculo-tendinous junction, in order to 

release adhesion with persistent traction applied through the 

double loop knot in end of tendon with threads. 

Now the distal part of the tendon is dissected subperiosteally 

and released from its origin 

Before releasing the tendon with stripper, the tendon carefully 

palpated to ensure that it is free from any adhesions and 

fibrous extension, then the tendon is stripped with controlled 

traction. In the same manner semitendinous tendon is also 

stripped. 

The Harvested graft is then soaked in a saline bowl and its 

residual muscle fibres are carefully removed. 

The second graft is then folded and quadrupled and placed on 

graft master. The graft is then trimmed to same size, looped to 

form quadrupled graft and stitched together with whip stitch 

pattern. The graft length and diameter measured.  

Through Anterolateral port scope is inserted and shaver 

introduced through the anteromedial port. Joint is debrided of 

reflections of synovial fat and torn ACL. Femoral and tibial 

footprints are visualized and marked. 

To gain access to the medial aspect of lateral femoral condyle 

notchplasty is done. It has a significance in chronic ACL tear 

where osteophytes intrude the notch and it presents the 

impingement of graft in full extension of knee. Notchplasty 

restricted to anterior intercondylar notch, excess lateral 

notchplasty is refrained, else lateralization of graft will occur 

in the femoral attachement site.  

 

Femoral Tunnel Preparation: The native ACL footprint is 

marked keeping knee in 90 degrees of flexion and entry point 

is marked with aid of femoral offset aimer the marked point is 

drilled till the tip of guide wire pierces the lateral side of 

thigh. Now with drill bit the femoral tunnel is established by 

drilling both the cortices. Later the tunnel is reamed according 

to the diameter of the graft. The reaming is limited to 20mm 

from the far cortex. 

 

Tibial Tunnel: With the aid of tibial guide, the tibial tunnel is 

established by keeping the knee in 70-90 degree flexion. The 

tibial guide placed 55-60 degree to tibial plateau to obtain 

accurate angle of native ACL. For stable fixation it should 

have a minimum of 20mm bone to secure the graft. With the 

rasp the tunnel is contoured and confirmed the outer portion 

tunnel is free of any soft tissues.  

 

Graft Fixation: Graft is then passed through the femoral 

tunnel through arthroscopic guidance and the endobutton in 

flipped, cyclical tensioning of the graft is done by flexion and 

extension of the knee joint and then fixed with interference 

screw on the tibial side. The excess graft is trimmed and the 

stability of the knee is assessed by Lachman and pivot shift 

test. The incision is closed in layers.  

 

Postoperative Management: Rehabilitation protocol 

initiated from POD 1. Dressing done on POD 2, 5, 7 and 

suture removed on 12th day. The patients were evaluated by 
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ADT, PST & LT and Lysholm knee scoring scale. 

 

Results 

The youngest patient was 21 yrs and the oldest patient was 52 

years old. The maximum number of patients were in the age 

group of 18-25 (40%) followed by the age group 26-29yrs 

(27%). The mean age was 29.2yrs. In our series of 30 

patients, 25 patients (83%) were males and 5 patients (17%) 

female, (Male Predominance). It may be because of the 

involvement of males in outdoor activities like sports and 

motor vehicle accidents. Right knee was injured in 24 patients 

(80%) and left knee was injured in 6 patients (20%). Most of 

the ACL tears were caused by RTA (70%). Next common 

cause was sports activities (17%). Some patients (13%) got 

injured while doing daily activities like slip and fall. Majority 

of the patients who were operated had a time interval from 

injury to surgery between 6 weeks – 3 months (33%) followed 

by 3 months- 6months (30%). 40% Patients were having 

instability and 27% cases presented with knee pain. 13% gave 

history of locking of knee, 20% presented with instability and 

knee pain. Diagnostic arthroscopy prior to ACL 

reconstruction confirms the medial meniscal tear in 37% cases 

and 13% lateral meniscal tear. Both the menisci were injured 

in 7%. 43% were isolated ACL injuries. 5 patients (17%) had 

pain. Infection was present in 2 cases (7%). patients (7%) 

were having grade I laxity. 2 patients (7%) had flexion 

difficulty. 57% of patients were compliant to postoperative 

rehabilitation protocol and 43% were Non-compliant. 40% of 

the study population were actively involved in sports 

activities. At the 9th month follow up 80% of the patient had 

excellent score which were 57% at the 3rd month. 13% of 

patient had good score at the end of 9th month and 7% of 

patient had fair score. None of the patient had poor score. 
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Graph 1: Distribution of cases based on lysholm knee score 
 

 
 

Graph 2: Distribution of cases based on postoperative complications 
 

Table 1: Distribution of cases based on presenting symptoms 
 

Symptoms Number Percentage 

Instability 12 40 

Knee pain 8 27 

Locking 4 13 

Instability and knee pain 6 20 

Total 30 100 
 

Table 2: Distribution of cases based on associated injuries 
 

Number Associated injury Frequency Percentage 

1 Isolated ACL tear 13 43 

2 MM Tear 11 37 

3 LM Tear 4 13 

4 MM and LM tear 2 7 

 Total 30 100 
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Discussion 

In the past, ACL tear was contemplated to be of faintly a tiny 

importance to the extensive function of the knee. The concept 

of ACL reconstruction and evolution of the surgery over the 

period of years had made awareness among young surgeons 

and led to a riveting transformative path and now it is 

considered as one of the common procedures in Orthopaedics. 

As the technique of ACL reconstruction progressed in the last 

few decades and secured infallible results. Exchange of views 

on the choice of graft has become a altercation in the recent 

years. The options of graft for ACL reconstruction 

comprehend Hamstring auto graft, bone patellar tendon graft, 

quadriceps graft, allograft and various synthetic graft. Out of 

these frequently used grafts are Hamstring graft and bone 

patellar tendon graft. 

The use of hamstring graft had credence as panacea for the 

problems with bone patellar tendon graft and has advantage in 

spite of having a reduced strength of the native ACL. 

Our study is to assess the functional outcome of 

reconstruction of ACL using quadrupled HS autograft. This 

observational study was conducted in Jawaharlal Nehru 

Medical College, Dr. Prabhakar Kore Hospital, Belagavi to 

clinically assess the efficacy of arthroscopic reconstruction of 

ACL with quadrupled hamstring graft. The study group 

comprised of 30 patients. In our study the most common 

mode of injury was found to be Road traffic accident followed 

by sports. Among sports football was the commonest cause of 

ACL injury. Male form most part in our study. Abundant of 

the patients were in the age group of 18-25 (40%) patients 

underwent ACL reconstruction 6 weeks to 3 months after 

initial injury. 

Tetsuo Hagino et al. [4] commented that in acute group medial 

meniscus tear was found in 69.4%, lateral meniscus was 

10.8% and both meniscus in 19.9%, whereas in chronic group 

medial meniscus 33.9%, lateral meniscus in 24.7% and both 

the meniscus in 41.4%. The study concluded that meniscal 

tear associated with ACL injury is more in chronic cases and 

medial meniscus predominantly higher. In our study 

associated meniscal injury is found to be 50%. 13 patients had 

isolated ACL injury, 11 pts had medial meniscus injury and 4 

patients had lateral meniscus injury and 2 patients had both 

the meniscus injured. Commonly injured was isolated ACL 

which was in commiserating with the other studies [10]. In our 

study among the patients with meniscal injury 3 patients were 

treated by partial meniscectomy and meniscus repair was 

done for 6 patients and rest were managed conservatively. We 

have tried to avoid doing meniscectomy since that accelerates 

the degenerative changes the knee joint. So this in 

commiserate with the functional outcome of isolated ACL 

injury.  

All patients are evaluated with Lysholm and Gillquist scoring 

at the end of 6 months. The maximum score achieved was 100 

and minimum score was 80. Initial follow up at 3rd month, out 

of 30 only 17 (57%) patients had excellent score, at 6th month 

21 (70%) had excellent score, it improved to 80% at 9th month 

follow up. 13% of patient had good score at end of 9th month 

and 7% of patient had fair score. None of them had poor 

score. 

The fixation of the graft has been proved to be the site of 

failure rather than the graft itself irrespective of the type of 

graft especially in the early rehabilitation phase when the 

graft integration has not taken place and the fixation is of little 

significance after 8 to 12 weeks when graft has integrated 

with the bone as proposed by Dawn T Gulick [5]. There has 

not been a single graft failure in our study from early 

rehabilitative phase to 9 months of follow up [6].  

There was no significant patellofemoral pain noticed in the 

patients in our study. This is similar to the study by Railey et 

al. [8]. Who did not observe any clinically relevant 

patellofemoral pain in patients in whom arthroscopic ACL 

reconstruction using hamstring graft was done? 

Williams et al in their study of 2500 cases of arthroscopic 

ACL reconstruction, reported an infection rate of 0.3%. In our 

study 2 patients had superficial infection which subsided with 

IV antibiotics [7]. 

The rehabilitation programme followed in our study ensured 

from preventing the complication due to ACL reconstruction 

like pain, inflammation, swelling, restoring normal range of 

motion, preventing muscle atrophy [9]. 
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Fig 1: Tensioning the graft 
 

 
 

Fig 2: Graft fixation in tibia with interference screw 
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Conclusion 

Anatomical reconstruction of ACL with quadrupled hamstring 

graft gives better clinical outcomes. The advantages of using 

hamstring graft are reduced donor site morbidity and less 

anterior knee pain in long term follow up. It has better 

subjective and objective functional outcome with low graft 

rejection or failure rate. The success of the Anterior Cruciate 

Ligment Reconstruction depends of experience of the surgeon 

in arthroscopic technique, exact placement of the graft and 

patients compliance on rehabilitation protocol. 
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Abstract 

 
Introduction: Venous thrombo-embolism (VTE), which consists of deep vein thrombosis 

(DVT) and pulmonary embolism, is a potentially fatal condition. According to Western 

literature, DVT of lower limb veins is one of the most common complications following 

surgeries for lower limb. Few studies have been published from India on the subject and little 

is known about the true incidence of the DVT. Complications of DVT carry high mortality 

and morbidity. Thus, it is important to understand every aspect of DVT for which it is 

advisable to determine incidence of DVT by using proper diagnostic tools which have high 

sensitivity and specificity. 

Materials and Methods: A hospital based observational study was conducted in the 

department of orthopaedics after approval from the ethical committee. Data was collected 

from the admitted patients who were willing to take part in study according to selection 

criteria and willing to undergo colour Doppler evaluation for fractured lower limb. 42 

subjects were included in the study. Pre-operative and post-operative venous colour Doppler 

was done on 5th post-op day for fractured lower limb. 

Results: In the study there were 42 subjects, with average age of 51.12±20.09 years. There 

were 15 females and 27 males in the study. Post operatively 9 subjects had DVT. Incidence of 

DVT after major orthopaedic surgeries was observed as 21.4%. Diabetes, alcohol intake, 

smoking and obesity were independent risk factors for development of DVT. 

Conclusion: Results of our study and other previous studies show that DVT is more common 

in Indian population than it was thought. Among the major fractures of the lower limb, hip  
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fractures were more commonly associated with DVT. Therefore, we suggest that colour 

Doppler should be used as a screening tool after major orthopaedic surgeries especially in 

elderly age group in whom risk factors and co-morbid conditions are present. 

 

Keywords: Major orthopaedics surgeries, hip fracture, DVT-Deep vein thrombosis, PE-

pulmonary embolism, VTE-venous thromboembolism 

 

Introduction 

 

Deep-vein thrombosis (DVT) is a common clinical condition which is associated with 

considerable morbidity and mortality. Major medical problems associated with DVT include 

death, post-thrombotic syndrome, right ventricular dysfunction, increased right arterial 

pressures and the risk of recurrent DVT. The risk factors for DVT include pregnancy, 

hormone replacement therapy, prolonged immobility, obesity, increasing age, long bone 

trauma, post-phlebitic syndrome which is associated with chronic leg swelling, pain, and 

sometimes skin ulceration. There are sporadic reports concerning the incidence of DVT but a 

systematic basis for diagnosing and preventing these complications has not been established. 

The venogram and ultrasound has been verified as the benchmark for detecting DVT [5]. Deep 

Vein Thrombosis (DVT) is defined as formation of thrombus in one of the veins in body [6]. 

DVT can lead to various complications which can be life threatening like Pulmonary 

Embolism (PE), Post thrombotic syndrome (PTS), chronic venous ulceration.  Virchow first 

described the pathological basis regarding formation of thrombus in 1856. There is enough 

data available in western world regarding incidence of DVT. In India we don’t have enough 

data about the incidence of DVT due to various reason like lack of availability of diagnostic 

modalities, unawareness among doctors. The clinical signs and symptoms are not specific to 

diagnose DVT as pain and tenderness in the calf muscles can be due to injury per se so we 

need to study about incidence of DVT after major orthopaedic surgeries in Indian scenario to 

establish guidelines which can reduce mortality and morbidity among patients by the 

diagnostic modality which is readily available, has high sensitivity and specificity and doesn’t 

have major limitations. Contrast Venography is the gold standard to diagnose DVT but it has 

various complications like contrast related anaphylactic reactions, acute renal failure. Its 

major disadvantage is that it is invasive method. In this study we have done pre and post-

operative colour Doppler which has high sensitivity and specificity and it is non-invasive 

method. By conducting this study we want to establish that if colour venous Doppler be made 

as screening tool after every major lower limb orthopaedic surgery. 

 

Methodology 

 

A prospective hospital-based study was conducted over a period of one year from January 

2020 to December 2020 after institutional ethical approval. Diagnosis was confirmed based 

on Colour Venous Doppler study of fractured lower limb pre-operatively and post-operative 

5th day. A total of 42 patients were enrolled based on selection criteria. 

 

Selection criteria 

 

Adult male and female patients with acute lower limb fractures that require surgical treatment 

and those who stayed in the hospital for minimum of 5 days were included in the study. 

Patients diagnosed with pathological fractures, tumour/carcinoma or any haematological 

disease were excluded. Patients with pre-operative DVT or having DVT in the past or those 

on oral anticoagulants or oral contraceptive pills were also excluded. 
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Study design 

 

In this observational study 42 subjects were included after taking consideration of inclusion 

and exclusion criteria. Informed consent was taken from all the participants in their own 

vernacular language. Approval of ethical committee was obtained. All the study subjects 

underwent pre-operative and post-operative venous Doppler ultrasonography for the 

diagnosis of DVT. Post-operative colour Doppler was done on 5th post-operative day. Colour 

Doppler was used as diagnostic modality because it offers many advantages like it is non-

invasive in nature, has sensitivity of 89%, a specificity of 100% and an accuracy of 94%.  

 

Results 

 

Out of 42 subjects there were 15 females and 27 males with mean age of 51.12±20.09. 

Among 42 subjects 9 patients were diagnosed to have DVT with incidence of 21.4%. All 

DVT patients received prophylactic treatment according to latest guidelines. Among 9 DVT 

patients 7 were smokers, 7 were diabetics, 8 had BMI >25, 6 had history of alcohol intake 

concluding that diabetes, alcohol intake, smoking and obesity are independent risk factors for 

development of DVT. Among fracture patterns DVT was most common in case of fractures 

around hip joint. Out of 9 fracture patterns 3 patients had Intertrochanteric fracture (IT), 2 

patients had neck of femur fracture, 1 had subtrochanteric fracture, 1 had patella fracture, 1 

had acetabulum fracture. 

 

 
 

Summary of variables 

 
Variables Sub-category Number of subjects 

Age (in years) 

≤ 30 12 

31-40 4 

41-50 2 

51-60 7 

61-70 9 

71-80 6 

≥ 81 2 

Sex 
Female 15 

Male 27 

Smoking 
No 31 

Yes 11 

Alcohol 
No 33 

Yes 9 
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DM 

Absent 33 

Present 9 

Present 12 

BMI (Kg/m2) 
< 25 24 

≥ 25 18 

Diagnosis 

Fractures around Hip joint 18 

Fractures femur shaft 7 

Fractures around Knee joint 4 

Fractures Tibial Shaft 10 

Fractures around Ankle joint 2 

Fractures around Pelvis 1 

Type of Operation 

CRIF with IMIL 27 

ORIF with plating 5 

Tension band wiring 1 

Hemiarthroplasty 5 

External fixation with external fixator/LRS 3 

ORIF with DHS 1 

Pre-Operative 

Doppler Evaluation 

Normal Doppler Study 41 

Superficial Thrombophlebitis 1 

Post-Operative 

Doppler Evaluation 

Deep Vein Thrombosis 9 

Normal Doppler Study 32 

Varicose Veins 1 

 

Discussion 

 

The incidence of DVT after major orthopaedic surgeries was 21.4% in our study. Out of 9 

DVT patients 5 were diagnosed with hip fractures. An observational study with colour 

doppler on patients with neck of femur fractures by Ya-Hui Fu et al. found that the incidence 

of DVT preoperative and postoperative were 32% and 56%, respectively. Blood loss, diabetes 

and open reduction internal fixation were independent risk factors for DVT. Lim Y W et al.  

Studied 104 patients with intertrochanteric fracture, subtrochanteric fracture and neck femur 

fractures. The colour-Doppler was performed on 5th day post-operatively. They concluded 

DVT incidence to be 8%. Singh R et al. did similar study and determined DVT incidence to 

be around 18.13 percent. Colour Doppler was performed after orthopaedic surgeries around 

hip and knee. The findings of our study are consistent with this study. 

Our study revealed that smoking, alcohol intake, DM, hypertension, BMI >25 are found to be 

the self-determining risk factors for DVT. Out of 9 DVT patients 7 had history of smoking, 6 

had history of alcohol intake, 8 had BMI > 25, 7 had history diabetes mellitus. In the study of 

2468 thromboembolic subjects by Gregory Piazza et al. , 476 had history of diabetes mellitus 

hence it was concluded that diabetes mellitus is the independent risk factor for developing 

DVT. This finding is consistent with finding of our study. Yun-Jiu Cheng et al. conducted a 

study to evaluate smoking as a risk factor for development of DVT using literature search and 

concluded that smoking increases the risk for development of DVT. 

KAL Darvall et al. conducted study to find association of DVT with obesity by using 

Cochrane library database and concluded that obesity is the independent risk factor for 

development of DVT. This finding is consistent with finding of our study. 

 

Conclusion 

 

In conclusion, the incidence of DVT after major orthopaedic surgeries was 21.4%. Diabetes, 

alcohol intake, smoking and obesity are independent risk factors for development of DVT.  
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Among the fracture patterns, DVT was most common in case of fractures around hip joint.  

Results of our study and other previous studies show that DVT is more common in Indian 

population than it was thought. Therefore, we suggest that colour doppler should be used as a 

screening tool after major orthopaedic surgeries especially in elderly age group in whom risk 

factors and co-morbid conditions are present so that the devastating complications like 

Pulmonary embolism, post thrombotic syndrome can be prevented and mortality and 

morbidity of the patient can be reduced. 

 

Limitations of the study 

 

Sample size of our study was small. To confirm the findings of this study, larger pool of 

patients is needed. 

 

Recommendations 

 

1. To conduct large scale studies to find out true incidence of DVT in Indian population 

after major orthopaedic surgeries. 

2. To make colour Doppler as a screening tool for DVT after major orthopaedic surgeries 

especially in elderly age group in whom risk factors and co-morbid conditions are present. 
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ABSTRACT

Background & objec ves: Bacterial vaginosis (BV) is a
Reproduc ve tract infec on (RTI) among young sexually
ac ve women with high prevalence. It is associated with
complica ons related to pregnancy and an increased risk
of acquiring STDs. This poses a need for cost-effec ve
detec on of BV in low resource se ngs. Hence, we propose
to study the u lity of vaginal pH determina on for the
detec on of BV.

Material & Methods: This is a single center, 1 year
cross-sec onal study. Swabs were collected from 250
non-pregnant women a ending the out-pa ent department
of Obstetrics and Gynecology with vaginal discharge as
a predominant symptom with or without backache and
abdominal pain. Vaginal pH determina on, Gram stain, wet
mount, Whiff test, and Amsel’s criteria were used for BV
detec on.

Results: 250 study par cipants with vaginal discharge
sugges ve of BV were analyzed. Vaginal pH was significantly
higher in women with BV with the mean pH being 6.2.
Vaginal pH >4.5 had a sensi vity of 85% and specificity of
66% to detect BV. The Whiff test had the least sensi vity.
Clue cells and Amsel’s criteria of≥ 3 were significant for BV.
A combina on of pH and Whiff test performed be er had
high sensi vity and specificity.

Conclusions: A combina on of pH determina on and the
Whiff test serves as a low-cost alterna ve in resource-poor
se ngs for detec on of BV. Though Clue cells and Amsel’s
criteria≥ 3 were most sensi ve and specific, they cannot be
used in low resource se ngs. Vaginal pH alone can be used
to detect BV in areas of low prevalence.

KEYWORDS: Vaginal pH, Bacterial Vaginosis, Point of care
test

INTRODUCTION

Reproduc ve tract infec ons (RTIs) are a frequent cause
of OPD a endance in gynecology repor ng with symp-
toms like abdominal pain, backache, vaginal discharge,
burning micturi on, itching over genitalia, and dyspareu-
nia [1, 2]. About 60% women complain of vaginal discharge,
otherwise known as leucorrhoea [2]. Leucorrhoea is exces-
sive watery/thick, white/yellow/green, purulent vaginal dis-
charge, non-blood stained, may or may not be associated
with obvious local pathology [3, 4]. It may be physiological
or pathological. The most frequent causes of pathologi-
cal vaginal discharge which cover almost 95% of cases are
Bacterial Vaginosis, Vulvovaginal candidiasis, Trichomoni-
asis, and Pelvic inflammatory disease (PID) [5–7]. The vagi-
nal microbiome harbours lactobacilli which maintain a low
vaginal pH (<4.5). Vaginal dysbiosis causes scarce lacto-
bacilli which alter vaginal pH leading to abundant growth
of anaerobes like Gardnerella vaginalis, Mycoplasma homi-
nis, Urea plasmaurealy cum and anaerobes viz Prevotella,
Mobilincus and Bacteroides which form an infected biofilm
[8, 9].Vaginal dysbiosis is found to vary in different regions
of the world causing varia ons in its prevalence depending
on the geographic loca on, socio-economic status and eth-
nicity.Bacterial Vaginosis(BV)commonly presents as a mal-
odourous discharge per vagina that is thin, grey or milky
in women of reproduc ve age. It is one of the com-
monest RTIs with high prevalence in young sexually ac ve
women. Among non-pregnant women, the prevalence of BV
is around 20- 47% in developing countries. Apart from being
a source of constant distress, BV causes adverse pregnancy
outcomes like miscarriages, s llbirth births,preterm births,
premature rupture ofmembranes, chorioamnioni s, ectopic
pregnancy etc [10, 11]. Other complica ons like vault celluli s
a er hysterectomy, endometri s following caserean sec on
or abor on, infer lity, chronic pelvic pain are also associ-
ated with BV [11]. It is known to increase the risk of sexu-
ally transmi ed diseases like gonorrhea, trichomoniasis, and
infec ons with Human Papilloma Virus (HPV), Herpes Sim-
plex Virus-2 (HSV-2), and Human Immunodeficiency Virus
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(HIV) Infec on. Recurrence of BV is reported in approxi-
mately about 52% of women even a er complete treatment
requiring repeated an bio c therapy [12, 13].

The WHO (World Health Organiza on)recommends an
algorithm for the management of vaginal discharge. It is
based on a clinical assessment to iden fy cervicovaginal
infec ons and ini ate syndromicmanagement. It is however
found to have low sensi vity, low Posi ve Predic ve Value
leading to over treatment [14]. Several genomic studies have
demonstrated that in many of healthy women, there is a
lack of lactobacilli colonies and other bacteria maintain the
acidic pH of the vagina. In such women using Nugent’s score
may not be appropriate. Moreover, diagnos c tests for BV
namely Amsel’s criteria and Nugent’s score need qualified
personnel, are cumbersome and me-consuming [15, 16].

There is a need to evaluate low-cost, rapid diagnos c tests
for BV owing to the high prevalence and burden of health
problems it can cause due to delayed detec on and ini a on
of treatment. Hence, we conducted this study to evaluate
the u lity of pH strips for the diagnosis of BV in our
popula on.

MATERIAL AND METHODS

Study design- This was single-centre, 1 year prospec ve
cross-sec onal study conducted at a ter ary care teaching
hospital. Our hospital is a major referral center in North
Karnataka. The study was conducted from January 01, 2016
to December 31, 2016.

Study se ng- This study was conducted in Department of
Obstetrics and Gynecology and Department of Microbiology
a ached to KAHER’S Jawaharlal Nehru Medical College,
Belagavi. Non-pregnant women between the age group
of 18-45yrs (reproduc ve age group) a ending Out Pa ent
Department (OPD) of Obstetrics and Gynecology, with
symptoms of excessive watery/thick, white/yellow vaginal
discharge with or without associated itching, backache
or abdominal pain were included in this study. The
study was approved by the ins tu onal ethics commi ee
(MDC/DOME/385).

The sample size was calculated using the formula n= 4pq/
d2where, n= sample size, p= 30 (prevalence), q= 70 (100-
p), d= absolute error = 20%. Power of test at 80% with 5%
significance. The sample size determined was 233.

A total of 562 women with vaginal discharge were
screened, 280 women sa sfying the inclusion criteria were
included in the study.

Inclusion Criteria were Married/ sexually ac ve women in
the reproduc ve age group (18-45 years)with excessive vagi-
nal discharge. Exclusion Criteria were Women with ac ve
vaginal bleeding, pregnancy, unmarried, history of inter-
course in the last 48hrs, postnatal, post-hysterectomy status,
post-menopausal, women on hormonal therapy/Oral Con-
tracep ve Pills (OCPs), Intrauterine Contracep ve Device
(IUCDs), women currently on an bio cs or who had his-

tory of an bio c intake within the last 2 weeks, women
with genital prolapse, women with a history of procedures
done on the cervix (viz Trachelectomy, cervical amputa on,
LEEP, cryotherapy) and women with cervical lesions or vagi-
nal growth were excluded.

Data collec on: Informed consent was taken. The
demographic and clinical details were collected using pre-
tested proforma.

Sample collec on:Per-speculum examina on was done
by a gynecologist under asep c condi ons. The nature
of the vaginal discharge was noted. Three high vaginal
swabs/vaginal secre on were collected from posterior and
lateral fornices for determining pH, Wet mount, Gram
staining. The pH es ma on was done in OPD using standard
pH strips with range of pH from 3.5 to 9. The sample was
processed in the hospital laboratory for Gram staining and
wet mount.

Diagnosis of BV: Gram-staining with Nugent’s score >6
was used to diagnose BV. The clinical composite criteria
reported by Amsel et al for diagnosing bacterial vaginosis
was also evaluated were thin homogeneous discharge,
vaginal pH greater than 4.5, posi ve Whiff test ,release of
amine odor a er addi on of 10% KOH, and clue cells on
microscopic evalua on. The presence of any three of the
four Amsel’s criteria confirms BV [13, 14].

RESULT

250 samples were analyzed a er excluding the ones with
vaginal commensals, Trichomoniasis and Candida on gram
staining and microscopy. Con nuous data were compared
with t-test and categorical data compared with the chi-
square test. Sensi vity, specificity, NPV, and PPV with the
categorical variable were calculated with a 2x2 con ngency
table, and with con nuous, variable ROC curve was plo ed.
Sta s cal analysis was done using Graph pad prism 9 and a
p-value of <0.05 was considered significant.

Demographic characteris cs of study par cipants-

The demographic data including the age, literacy, parity
and socio-economic status is represented inTable 1. The
mean age in our study was 31.22± 7.9yrs. 30% of women
belonged to the age group of 18-25 years. A propor on of
30.4% had primary educa on.30.8%belonged to the middle
class. The median parity was 2. No significant difference
was noted in the age, educa on, and socioeconomic status
of women with and without BV.62.2% of women had
undergone a permanent steriliza on procedure.

Vaginal discharge characteris cs in women with and
without BV

The nature of vaginal discharge was compared in women
with and without BV. Table 2 represents the characteris cs
of vaginal discharge in both groups. Among 250 women,
221 (88%) had a thin, grey, homogenous discharge.29 (12%)
of them had a thick, white, non-offensive discharge. Thin
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Variables
Groups

BV (n=156) No BV
(n=94)

Age (Mean±SD)* 30.9± 8.03 31.73±7.6

Literacy (No. & %)$

Illiterate 8 (5.1) 7 (7.4)

Primary 46 (29.48) 30 (30.8)

Middle school 27 (17.3) 14 (14.8)

Secondary 35 (22.43) 16 (17.02)

Graduate 40 (25.61) 27 (28.73)

Median Parity 2 2

Socio-economic status

Upper class 08 09

Upper middle class 38 39

Middle class 30 26

Lower middle class 11 09

Lower class 40 40

* p = 0.43, $ p=0.0009

Table 1: Demographic details of par cipants

homogeneous discharge was significantly associated with
BV. A total of 141 (56.4 %) women had vaginal pH >4.5. The
mean pH being 6.2. The difference in vaginal pH between
women with and without BV was significant (p<0.001).
Vaginal odor was not a predominant complaint in women
with BV in our study. The presence of clue cells and posi ve
whiff test were significant (p<0.001) for detec on of BV.
Amsel’s criteria(≥ 3) was significant (P<0.001) for BV.

Comparison of the various tests for detec on of BV

Sensi vity, specificity, 95% CIs, of individual tests and
combina on of tests for detec on of BV, when compared
with Nugent’s score are shown in Table 3. Vaginal pH >4.5
had a sensi vity of 85% and specificity of 66% . The presence
of clue cells had a sensi vity of 95% and specificity of 90%
among the individual criteria. This test performed be er
individually for the detec on of BV. Amsel’s criteria had the
highest sensi vity of 98% and specificity of 80% and an NPV
of 99%. Among the combina on criteria, Clue cells and
pH >4.5 had the highest sensi vity and specificity. pH test
when combined with posi ve Whiff test had 40% and 75%
sensi vity and specificity, respec vely.

To iden fy the sensi vity and specificity of pH (<4.5),
Receiver opera ng curve (ROC) was plo ed as shown in
Figure 1 which shows that vaginal pH test was found to be
significant (p=<0.0001) with the area under the curve (AUC)
of 0.85.

Variables
Groups P

valueBV
(n=156)

No BV
(n=94)

Nature of discharge

Thin homogenous 134 (85.8) 87 (92.5)
0.11

Thick white 7 (7.4) 22 (14.1)

Vaginal odour 60 (38.4) 30 (31.9) 0.027

Diagnos c tests

Posi ve Whiff test 40 (42.55) 2 (1.2) <0.001

Clue cells present 87 (92.5) 58 (37.1) <0.001

Amsels criteria (≥3) 93 (98.9) 30 (19.2) <0.001

pH (>4.5) 90 (95.7) 51 (32.6)

Table 2: Characteris cs of vaginal discharge among par ci-
pants

Figure 1: Area under the curve (AUC) was found to be 0.85
and test was significant (p=<0.0001)
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Test Sensi vity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)

Whiff test 0.42 (0.33-0.52) 0.68 (0.65-0.73) 0.95 (0.84-0.99) 0.74 (0.67-0.79)

Clue cells 0.92 (0.85-0.96) 0.90 (0.85-0.95) 0.60 (0.51-0.67) 0.93 (0.86-0.96)

Amsel’s criteria 0.98 (0.94-0.99) 0.80 (0.73-0.86) 0.75 (0.67-0.82) 0.99 (0.95-0.99)

p H strip >4.5 0.85 (0.80-0.90) 0.66 (0.58-0.73) 0.63 (0.55-0.71) 0.96 (0.90-0.98)

p H &Whiff test 0.94(0.83-0.99) 0.98(0.93-0.99) 0.94(0.83-0.99) 0.98(0.93-0.99)

p H & Clue cells 0.95(0.88-0.98) 0.98(0.91-0.99) 0.98(0.94-0.99) 0.73(0.60-0.78)

pH & Amsel’s(≥ 3) 0.75(0.67-0.82) 0.99(0.94-0.99) 0.98(0.94-0.99) 0.78(0.70-0.84)

CI- confidence interval, PPV- posi ve predic ve value, NPV- nega ve predic ve value

Table 3: Strengths of various diagnos cs methods of BV as compared to Nugent’s Score.

DISCUSSION

BV is the commonest RTI in women of reproduc ve age
group [12]. The WHO protocol on syndromic management of
vaginal discharge based on clinical examina on is effec ve
but leads to over treatment [13].We found thatnature of
vaginal discharge to detect BV was only 48% sensi ve
to diagnose. As there could be other factors causing
physiological varia on of discharge, using the nature of
discharge alone can lead to unnecessary medica on or
treatment with inappropriate drugs. Both situa ons can
be harmful Hence, more objec ve tests are required to
establish the diagnosis [14, 15].

In our study, pH determina on was 85% sensi ve and
66% specificwith NPV of 96% to detect BV as compared to
the study done by Hemalata et al [16].The high sensi vity
could be because we excluded women who have cervical
erosion,intermediate flora on gram staining, and those
who had a history of coitus in the last 48hrs to eliminate
false eleva ons in pH caused by semen and mucus.pH
>4.5 could also mean change in vaginal microbiome with
lesser lactobacilli which is permissive to growth of atypical
bacteria. We found be er correla on of pH and BV in pH
es mates of >6.

It was observed that Whiff test had lesser sensi vity but
was more specific as seen in Table 3. This could be due
to need for good sense of smell to detect the amine odor.
The combined pH and Whiff test were more specific for the
detec on of BV which was similar to a study by Posner et
al. In low-resource se ngs, this serves as an inexpensive
method of diagnosis of BV [17]. This combined test is easy to
learn and interpret as not much skill is involved. Hence, it is
a valuable tool in low-resource and community se ngs for
management of BV.

Clue cells were the single most reliable indicators of
BV in our study as shown in Table 3 which concurs with
most studies [18]. Though it is a simple method, the need
for a microscope, trained personnel on-site, and being
me-consuming are its major limita ons [17, 18]. This can be

prac cal in hospital set-ups but not in low-resource or
community se ngs.

The sensi vity and specificity of Amsel’s criteria (≥3)were
comparable with most other studies. Combined use of pH
and Amsel’s improved detec on to almost 98% in our study.
This finding eliminates need for microbiological culture for
confirma on of BV.

LIMITATIONS OF THE STUDY

Since this study was done in women who already
had symptoms of vaginal discharge, the findings cannot
be extrapolated to asymptoma c women with BV. Larger
popula on based-studies would be needed to study the
vaginal microbiome in our popula on and test the validity
of vaginal pH changes in them.

CONCLUSION-

Vaginal pH determina on of >4.5 is a very quick, cost-
effec ve point of care test and sensi ve test for the diagnosis
of BV. It can be for rapid diagnosis of BV. Combining vaginal
pH with the Whiff test is a low-cost alterna ve to other
diagnos c tests for BV. Higher the pH, be er is the detec on
of BV. In areas of low prevalence, vaginal pH alone can serve
as a tool for detec on for BV.
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Abstract

Original Article

IntRoductIon

Hypertension (HTN) is a well-known risk factor for global 
mortality and morbidity.[1] Disease burden among adults as 
an outcome of HTN has doubled from 594 million in 1975 to 
1.13 billion in 2015, with a disproportionately large prevalence 
observed in low- and middle-income countries.[2] In India, the 
Global Burden of Disease study attributed 1.63 million deaths 
as a consequence of HTN in 2016 alone.[1] Etiological factors 
of HTN are ubiquitous in nature; however, experimental 
evidence suggests that elevated serum uric acid (SUA) level 
was an independent predictor of HTN and progression of blood 
pressure (BP).[3] Nevertheless, the role of SUA as a marker, or 
risk factor for HTN, remains unclear.[4]

SUA level above the threshold of 6.8 mg/dL is referred to as 
hyperuricemia.[5] Hyperuricemia can result in gout, endothelial 

dysfunction, or uric acid nephrolithiasis, which further 
worsen the quality of life in hypertensive patients.[5,6] SUA 
concentrations rise either due to increased uric acid production 
or decreased excretion, or a combination of the two. Increased 
consumption of protein, alcohol, and enzymatic abnormalities 
of uric acid/urate transporters in purine metabolism are key 
factors in increasing SUA production.[7,8] This prolonged 
accrual of SUA facilitates the development of HTN by 
multiple pathways, such as activation of the renin–angiotensin–
aldosterone pathway, influencing glomerular apparatus, uric 
acid-induced smooth muscle cell proliferation, or heightened 
hyperinsulinemia that effectuates decrease in excretion of uric 
acid, potassium, and sodium that results in elevated BP.[9] As 
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the levels of SUA and BP are reflective of the inner physiology, 
which itself is influenced by aging, body mass index (BMI), 
dietary intake, and lifestyle habits, evaluating the relationship 
between SUA and HTN becomes a complex task.[10]

Although a couple of studies have commented on the nexus 
between SUA and HTN, there is a dearth of literature pertaining 
to the prevalence of hyperuricemia, its association, and 
correlation with demographic and physiological characteristics 
in hypertensive patients. Moreover, most of the previously 
conducted studies have investigated patients being treated with 
antihypertensive agents.[11]

Considering these facts, the present study was undertaken (1) 
to find the association between hyperuricemia and BP in 
newly diagnosed primary HTN and (2) to find the association 
of hyperuricemia in hypertensive patients with regard to 
ancillary factors of HTN such as gender, age, BMI, and high 
triglyceride levels.

MateRIals and MetHods

This cross sectional study was under taken at KAHER’s 
(KLE academy of Higher Education and Research) Dr. 
Prabhakar Kore hospital and MRC, Belagavi, Karnataka, 
attached to Jawaharlal Nehru Medical College. A total of 100 
adult patients diagnosed with primary HTN as per the 2017 
American College of Cardiology/American Heart Association 
guidelines were enrolled.[12] Patients with renal failure, gout, 
malignancy, secondary HTN, and pregnancy-induced HTN and 
those receiving pharmacological treatments such as thiazides, 
loop diuretics, pyrazinamide, allopurinol, and ethambutol were 
excluded from the study. The ethical clearance was obtained 
from the institutional ethics committee and written informed 
consent was obtained from all participants

Data collection
The sample size was calculated based on the formula as 
mentioned below.

4
2

× p× qn =
d

Where, p = prevalence of the disease which was considered 
as 50% due to scarcity of data on primary/essential HTN in 
the study area

q = 100–P = 100–50 = 50

d = Absolute error taken as 10%

Therefore, 
2

4 ×50 × 50=
10

n

n = 100

Hence, a sample size of 100 was considered for the study.

This study was conducted over a span of 1 year between 
January 2018 and December 2018. Demographic details of 
patients such as age, gender, and occupation along with a 
comprehensive medical history were noted. Baseline clinical 

features encompassing height (m), weight (kg), BMI (kg/m2), 
systolic BP (SBP), and diastolic BP (DBP) (mmHg) were 
evaluated by a thorough general physical examination. BMI 
was estimated by dividing the weight (kg) of patients by the 
square of their height (m) and subsequently classified according 
to overweight and obesity by BMI in adult Asians.[13] BP of 
patients was recorded by the digital sphygmomanometer 
OMRON HEM-8712 in the sitting position after a respite 
of 5 min. BP was recorded thrice and the mean BP was 
calculated.[14] A baseline SBP of 140–159 mmHg or DBP 
of 90–99 mmHg was recognized as Stage I HTN, whereas 
baseline SBP of ≥160 mmHg or DBP ≥100 mmHg was 
recognized as Stage II HTN.[15] Under aseptic conditions, 2 mL 
of venous blood was collected in ethylenediaminetetraacetic 
acid vials for further investigations such as SUA (mg/dL), 
hemoglobin (gm%), complete blood count (CBC), platelet 
count (/mm3), serum urea (mg/dL), thyroid stimulating 
hormone(mIU/L), random blood sugar (RBS) (mg/dL), total 
cholesterol l (mg/dL), low-density lipoprotein (LDL) (mg/dL), 
high-density lipoprotein (HDL) (mg/dL), and triglyceride 
levels (mg/dL). Early morning venous blood samples were 
used for SUA and lipid profile analysis. SUA was estimated 
by the uricase – POD enzymatic colorimetric method using the 
SPINREACT kit (Spinreact SAU, Girona, Spain) according 
to manufacturer’s instructions.[16] SUA >6 mg/dL and 
SUA >7 mg/dL were considered as hyperuricemia for male and 
female, respectively. Lipid profile was ascertained based on 
National Cholesterol Education Program guidelines.[17] Total 
cholesterol, LDL, and triglyceride values above 200 mg/dL, 
100 mg/dL, and 150 mg/dL, respectively, were considered to be 
elevated. HDL values below 50 mg/dL in females and 40 mg/dL 
in males were considered abnormal. SUA levels noted among 
patients were classified into four quartiles of <4.69, 4.69–5.58, 
5.58–6.52, and ≥6.52 mg/dl, as depicted by Wei et al.[18]

Statistical analysis
The data were recorded in a Microsoft Excel spreadsheet and 
analyzed using R i386.3.5.1 software. Continuous data were 
represented as mean ± standard deviation and the categorical 
variables were reflected by the frequency table and analyzed 
by Chi-square test. Continuous data were compared using 
t-test/Welch t-test/Mann–Whitney U-test. Pearson’s correlation 
between SUA levels with myriad factors such as age, SBP, 
DBP, total cholesterol, LDL, HDL, and triglycerides along with 
analysis of association logistic regression was performed. At 
95% confidence interval, P < 0.050 was considered significant.

Results

A study cohort comprising 100 patients showed a male 
preponderance of 68%. Study participants were aged 
between 31 and 80 years, with the majority belonging to the 
61–70 age group. The overall mean age of the patients was 
57.22 ± 11.46 years. Table 1 enumerates the baseline features 
of patients, differentiated by their gender. The SUA noted 
ranged between 2.50 and 13.50 mg/dL with mean and median 
of 6.32 ± 2.46 mg/dL and 6.15 mg/dL, respectively. Most of 
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the patients (37%) had a BMI between 23.00 and 24.99 kg/m2. 
The frequency of hyperuricemia in patients with BMI ranged 
between 23.00 and 24.99 kg/m2 (29.73%), 25.00 and 
29.99 kg/m2 (64.71%), and ≥30 kg/m2 (100%); however, BMI 
was insignificant association with hyperuricemia (P = 0.4879).

Overall, the SBP levels ranged between 130 and 180 mmHg 
with a mean and median of 156.16 ± 12.09 and 156 mmHg, 
respectively, whereas DBP levels varied between 80 and 
100 mmHg with 93.46 ± 5.05 and 94 mmHg as mean and 
median values, respectively [Table 1]. Hyperuricemia 
characterized by raised SUA levels was seen in 38% of the 
patients. Comparison of mean SBP values among the sexes 
revealed less mean SBP in females than males (P = 0.0008). 
Among the females, the mean values of CBC as well as platelet 
count were found to be elevated (P = 0.0046, P = 0.0213). 
There was a significant positive correlation of influencing 
factors such as SBP, DBP [Figure 1], age, and RBS [Figure 2] 
with SUA.

Out of 100 subjects, 33 patients with Stage II HTN had SUA 
levels ≥6.52 mg/dL, while the same was noticed in 10 Stage I 
HTN patients [Figure 3]. Subsequently, the association between 
SUA and the stage of HTN was significant (P = 0.0002). In all 
participants, for every one-unit increment in SUA, the odds 
of Stage II HTN increased by 98% after adjusting for other 
factors as determined by logistic regression. The odds of 

developing Stage II HTN were 10.72 times higher in patients 
with hyperuricemia than normal subjects on adjusting other 
factors. There was a difference predisposition of Stage II HTN 
for hyperuricemia among males with an adjusted odds ratio 
of 43.98 (P = 0.0018) and females (P = 0.0183), as shown 
in Table 2. Logistic regression of age with SUA in Stage II 
HTN subjects demonstrated patients in the 58–66 years age 
group to have a higher odds ratio of 32 than normal SUA 
subjects [Table 2]. In the present study, majority of patients 
were males (68%) and 32% were females suggesting a higher 
risk of primary HTN among males. However, the frequency 
of hyperuricemia was slightly higher in females compared to 
males (43.75% versus 35.29%) (P = 0.142).

The elevated total cholesterol levels were noted in 59% of the 
patients (P = 0.6422), raised LDL levels noted in 62% of the 
patients (P = 0.4265), abnormal HDL levels seen in 67% of 
the patients (P = 0.5245), and raised triglyceride levels seen 
in 62% of the patients (P = 0.8041). Each of these factors 
displayed a weak association with hyperuricemia.

dIscussIon

The present study involving 100 hypertensive patients was carried 
out to ascertain the relationship between HTN and hyperuricemia 
in terms of SUA levels. A wide range of SUA levels between 

Table 1: Comparison of different factors between male and female hypertensive subjects

Variables Male (n=68) Female (n=32) Gender distribution

P

Overall P Total

Age (years) 57.62±11.83 56.38±10.78 0.6156 0.0092 57.22±12.75
BMI (kg/m2) 22.59±1.99 22.41±2.25 0.6868 0.4879 22.53±3.04
Pulse rate (/min) 79.56±7.35 79.31±8.40 0.991M 0.849 79.48±10.99
Respiratory rate (/min) 19.65±2.29 19.81±2.46 0.7461M 0.8067 19.7±3.04
SBP (mm Hg) 158.88±11.56 150.38±11.26 0.0008A <0.0001 156.16±19.65
DBP (mm Hg) 94.06±4.78 92.19±5.46 0.0840 0.0092 93.46±10.57
Serum uric acid (mg/dL) 6.39±2.32 6.19±2.58 0.7106 <0.0001 6.32±2.46
Hemoglobin (g%) 11.64±2.49 11.84±1.32 0.5868WT 0.1438 11.7±2.47
Tc (/cumm) 7547.5±3577.60 9761.1±4469.02 0.0046A 0.1246 8255.85±4063
Platelet count (/cumm) 218.06±85.76 256.84±92.88 0.0213A 0.7238 230.47±91.95
Serum urea (mg/dL) 27.81±9.31 28.25±9.72 0.8279 0.3465 27.95±9.75
Serum creatinine (mg/dL) 0.87±0.21 0.83±0.27 0.4535 0.2126 0.86±0.24
RBS (mg/dL) 139.69±17.89 139.44±20.29 0.9496 0.0197 139.61±23.13
TSH (mcIU/mL) 2.08±0.62 2.19±0.89 0.5337WT 0.7545 2.11±0.74
Total cholesterol (mg/dL) 213.78±38.74 211.94±32.71 0.8166 0.6422 213.19±42.29
LDL (mg/dL) 109.46±22.98 110.22±21.62 0.875 0.4265 109.7±24.86
HDL (mg/dL) 35.28±15.78 35.47±12.91 0.953 0.5245 35.34±15.2
TG (mg/dL) 166.71±39.74 157.09±42.80 0.2737 0.8041 163.63±43.72
History of DM, n (%) 28 (41.18) 6 (18.75) 0.0136A,P 0.9592 34 (34)
Smoking, n (%) 15 (22.06) 1 (3.13) 0.0080A,P 0.1367 16 (16)
Alcohol, n (%) 16 (23.53) 1 (3.13) 0.0056A,P 0.6329 17 (17)
Tobacco chewing, n (%) 23 (33.82) 3 (9.38) 0.0046A,P 0.9529 26 (26)
MIndicates Mann–Whitney U-test, WTIndicates welch t-test, AIndicates one-tailed test, PIndicates proportion test; age, BMI, pulse rate, respiratory rate, SBP, 
DBP, SUA, hemoglobin, Tc, platelet count, serum urea, serum creatinine, RBS, TSH, total cholesterol, LDL, HDL and TG are expressed in mean±SD, 
whereas history of DM, smoking, alcohol and tobacco are expressed in percentages. SD: Standard deviation, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, Tc: Total cell count, RBS: Random blood sugar, TSH: Thyroid-stimulating hormone, LDL: Low-density 
lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides, DM: Diabetes mellitus, SUA: Serum uric acid
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2.50 and 13.50 mg/dL were noted among hypertensive study 
participants, with over one-third (38%) of the patients presenting 
with elevated SUA levels. On adjusting other factors, the odds of 
Stage II HTN were 10 fold higher in patients with hyperuricemia 
in comparison to normal subjects. Hence, one out of three patients 
with HTN was found to have hyperuricemia in this study cohort. 
The mean SUA levels noted in this study were comparable to 
case–control study by Mishra et al (5.80 ± 2.16 mg/dL mean 
SUA) (P < 0.05) in patients with newly diagnosed essential HTN.

[17] This concordance of results adds further validity to the notion of 
SUA as a predictor and cause of primary HTN. Hyperuricemia is 
often characterized yet not limited to exacerbated oxidative stress 
and amplification of the renin–angiotensin–aldosterone system. 
Adversarial impacts of hyperuricemia also include endothelial 
dysfunction, glomerulosclerosis, induction of inflammatory 
cascades, and cytokine expression. The consequent nephropathy 
and vascular abnormalities that arise stimulate the occurrence of 
arterial HTN.[17,19,20]

In the present study, SBP was recorded in a range between 
130 mmHg to 180 mmHg, while DBP levels ranged between 
80 and 100 mmHg. The drastically high mean values of SBP 
and DBP (156.16 ± 12.09 mmHg and 93.46 ± 5.05 mmHg, 
respectively) noted in this study closely correspond to the 
mean SBP and DBP levels of 159.00 ± 11.98 mmHg and 
94 ± 4.62 mmHg, respectively, in the study by Mishra 
et al.[17] However, other studies have reported comparatively 
lower levels of SBP and DBP (116.0 ± 14.6 mmHg and 
143.99 ± 14.28 mmHg mean SBP and 75.0 ± 8.7 mmHg and 
96.61 ± 7.24 mmHg mean DBP values).[8,9] This dissonance 
may arise from the fact that majority of the patients 96 (96%) 
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had Stage II HTN and only four (4%) of the patients were 
diagnosed to have Stage I HTN in the current study.

Interestingly, 39.58% of the patients with Stage II HTN had 
hyperuricemia and none of the patient with Stage I HTN had 
hyperuricemia, there was a significant association between 
the severity of HTN and SUA levels (P < 0.05). Mean 
SBP (P < 0.001) was significantly high in hyperuricemic 
patients compared to patients with normal SUA levels, 
suggesting that patients with raised SUA levels were more 
likely to present with elevated SBP. This observation was 
further strengthened the correlation of SUA levels with SBP 
and DBP which showed a strong positive correlation between 
the SUA and SBP (r = 0.5046; P < 0.0001). A moderate 
positive correlation between SUA and DBP (r = 0.2593; 
P < 0.01) was noted as well. These findings are in harmony 
with Poudel et al. demonstrating the significant association 
between SUA with SBP (P < 0.001) and DBP (P < 0.01).[9] 
Shrivastav et al. reported similar findings where although SUA 
levels were significantly associated with SBP (P < 0.05), their 
association with DBP was insignificant (P > 0.05).[19] Hence, 
it is evident that every one patient out of three with HTN 
is likely to have raised SUA levels, reflective of the strong 
association between SUA with SBP. Raised SUA as a risk 
factor for HTN was reported by Kahn et al. In this study, about 
25%–40% of adults with HTN have SUA more than 6.5 mg/dl 
and there was a direct relationship between SUA and SBP, a 
finding consistent with the present study.[3] According to Ali 
et al., an increase in HTN with a corresponding rise in SUA 
levels among patients is grouped into four quartiles.[8] These 
findings are congruent to the observations of the present study, 
thus establishing the salient interdependence between HTN 
and hyperuricemia.

In this study, males were found to have a higher chance 
of developing hyperuricemia (adjusted odds ratio of 
43.98) Previous studies have reported a higher degree of 
hyperuricemia in males as compared to females in hypertensive 
patients (6.15–6.47 mg/dL in males and 4.32–4.87 mg/dL in 
females).[11,21] The mean SUA levels were also slightly high 
among male patients compared to female patients in the present 
study, but again, the difference was insignificant (P > 0.05). 
Possible reasons for the divergence in findings may be due to 
sociodemographic factors such as stressful lives and inclusion 
of more women of postmenopausal age experiencing hormonal 
fluctuations. These observations suggest that, although the 
elevated SUA levels in patients with primary HTN are not 
solely influenced by sex, it is a risk factor to be monitored.

In the present study, most of the patients were aged between 
61 and 70 years suggesting increased vulnerability of patients 
to developing hyperuricemia in their seventh decade (35%). 
Accordingly, a significant association was found between 
hyperuricemia and age (P = 0.0092). A positive correlation was 
also noted between elevated SUA and age among participants. 
The observations of Ali et al. reiterate the noteworthy 
association between SUA and age (P < 0.05), adding further 
strength to this study’s results.[8] These observations partly 
concur with a study done by Cheng et al. who found that SUA 
concentration was positively associated with HTN only in the 
41–50-year-old group.[22]

In the current study, a significant association was found 
between elevated SUA level with history of diabetes 
mellitus (34%, P = 0.0136), smoking (16%, P = 0.0080), alcohol 
consumption (17%, P = 0.0056), and tobacco chewing (26%, 
P = 0.0046) in male patients. However, the mean comparison of 
the entire cohort did not display a significant nexus of SUA with 

Table 2: Odds ratios of acquiring hyperuricemia based on age and sex of subjects

Variable OR (95% CI) P aOR (95% CI) P
Age Q1 (31-50 years) (n=32)

SUA 1.85 (1.22-3.38) 0.0127 2.89 (1.23-14.13) 0.0269
Hyperuricemia 6.56 (1.24-51.65) 0.0461 7.28 (1.14-75.04) 0.043

Age Q2 (50-58 years) (n=19)
SUA 1.90 (0.95-5.22) 0.1198 2.69 (0.98-8.81) 0.068
Hyperuricemia 6.66 (0.87-70.78) 0.1367 11.97 (0.85-553.8) 0.251

Age Q3 (58-66 years) (n=27)
SUA 2.50 (1.34-6.89) 0.0198 3.23 (1.53-13.06) 0.0248
Hyperuricemia 19.50 (3.19-186.73) 0.0054 32.59 (3.95-776.55) 0.0119

Age Q4 (66-80 years) (n=22)
SUA 1.37 (0.85-2.47) 0.244 2.04 (0.94-7.28) 0.0747
Hyperuricemia 2.19 (0.34-18.86) 0.448 2.15 (0.30-20.28) 0.438

Male
SUA 1.66 (1.25-2.35) 0.0015 1.84 (1.30-2.83) 0.0020
Hyperuricemia 27.6 (5.10-515.50) 0.0018 43.98 (7.32-760.95) 0.0010

Female
SUA 2.95 (1.56-8.48) 0.0095 4.51 (1.58-24.93) 0.0136
Hyperuricemia 15 (2.20-305.09) 0.0183 25.66 (1.73-478.33) 0.0232

Adjusted for gender, history of DM, smoking status, consumption of alcohol, tobacco consumption, BMI; age is classified based on quartiles; SUA stands 
for Serum uric acid. OR: Odds ratio, CI: Confidence interval, aOR: Adjusted odds ratio, DM: Diabetes mellitus, BMI: Body mass index.
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a history of diabetes mellitus, alcohol, smoking, and tobacco 
chewing. This variance in results may be on account of diverse 
differences in the sociocultural norms that influence the use of 
alcohol and tobacco products. These findings are suggestive 
of the fact that the association of SUA with lifestyle factors is 
multifactorial and gender specific. Dehghan et al. demonstrated 
that individuals with elevated SUA levels are at a greater risk of 
developing type 2 diabetes with hazard ratios of 1.63 and 2.83 
for those in the third and fourth quartiles of SUA, respectively.
[23] Rafieian‑Kopaei et al. conducted a cross-sectional study 
on type 2 diabetics, which concluded that SUA has a strong 
association with SBP (P = 0.02) in type 2 diabetics.[24] With 
regard to smoking, these findings are in line with previous 
studies which have reported highly elevated levels of SUA 
in former smokers.[25,26] However, Anand et al. in their case–
control study reported that there is no significant difference 
among hypertensive males with regard to uric acid  and 
smoking.[21] A study by Kumbhalkar and Deotale reported the 
absence of a significant association between tobacco chewing 
and SUA levels in congruence to the findings of the present 
study.[27] In a study by Conen et al., alcohol consumption was 
linked to elevated SUA levels, predominantly in men.[28] In 
consonance with this, the results of the present study also 
demonstrated a prevalence of alcohol consumption in 16 males 
and only one female. Regarding BMI, insignificant association 
with hyperuricemia was noticed in the present study (P > 0.05). 
In consonance with these observations, Anand et al. also 
concluded that though mean SUA is higher in study subjects 
whose BMI >25 kg/m2 than those subjects with BMI <25 kg/
m2, the association is insignificant (P > 0.05).[21]

Similarly, no significant correlation could be reckoned between 
SUA levels and total cholesterol (r = 0.0470; P > 0.05). Despite 
majority of the patients having raised LDL levels, lower HDL 
levels, and hypertriglyceridemia, a salient significant association 
of these factors with hyperuricemia was missing. These findings 
suggest that hyperuricemia is not explicitly associated with 
hypertriglyceridemia. A study by Teng et al. reported similar 
dissociation between elevated SUA and factors such as BMI and 
total cholesterol levels (P > 0.05).[29] Contrary to this, a few other 
studies state that SUA is significantly associated with BMI, LDL, 
and HDL levels.[9,11] The divergence in findings between these 
sets of studies is indicative that BMI and cholesterol parameters 
are not exclusively related to SUA and are potentially influenced 
by other concomitant physiological traits.

Strengths and limitations of the study
This study can help in the design of future large-scale clinical 
trials investigating the potential of SUA targeted therapies in 
the prevention and amelioration of HTN. Referring to SUA 
as a risk factor for HTN can expedite the screening process 
by clinicians as it is a robust and minimum invasive test for 
better patient management. Few limitations of the study are 
relatively smaller sample size and monocentric study design. 
Furthermore, the present study predominantly involved male 
patients and Stage II primary HTN patients in excess acting 
as confounding factors.

conclusIon

The findings of the present study illuminate the highly 
significant association as well as correlation between elevated 
SUA profile and HTN marked as a sharp increase in SBP 
with SUA values. Therefore, adequate care must be taken to 
maintain a normal SUA profile to prevent and manage HTN. 
Treatment plans for HTN must include strategies to decrease 
SUA levels to ensure an improved quality of life and prevention 
of associated comorbidities.
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INTRODUCTION 

The prevalence of gall bladder stones in India has been 

rising due to change in food habits, advanced 

investigations and increasing affordability. Stone 

formation depends on cholesterol concentration, 

supersaturation, nucleation and abnormal gall bladder 

motility leading to biliary stasis.1Discussions done 

globally for decades on whether thyroid disorders can 

cause cholelithiasis explained various possibilities in 

thyroid failure which include; altered liver cholesterol 

metabolism, altered pro-relaxing effect of thyroxine on 

sphincter of Oddi and altered bile flow.2 

In Belagavi, a larger number are affected with 

cholelithiasis and the prevalence of undiagnosed 

hypothyroidism in cholelithiasis has never been studied. 

With this background, the study intends to analyze the 

prevalence of undiagnosed hypothyroidism in patients 

with cholelithiasis and tries to establish hypothyroidism 

as a probable cause for biliary stones in Belagavi. 

METHODS 

After an institutional ethical clearance, a prospective, 

hospital based cross-sectional study was done on patients 

admitted for the management of gall stone disease in the 
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department of general surgery in Belagavi during January 

2019 to December 2019. The source of the data: Gall 

stone disease patients getting admitted to the surgery 

wards. All patients with cholelithiasis were included. 

Patients with history of hypothyroidism/thyroidectomy, 

hemolytic diseases, concomitant co-morbidities 

especially diabetes mellitus type II, renal stones, stones in 

pancreatic duct, women taking oral contraceptive pills/ 

pregnant, patients with cholangitis and those on 

phenytoin, carbamazepine, metoclopramide, amiodarone, 

and lithium were excluded from the study. 

Sampling was done through universal sampling 

technique. The sample size calculation was calculated 

based on the following formula; 

n=
𝑍2×𝑝×𝑞

𝑑2
, 

where,  

n=sample size,  

Z=1.96 approximated to 2 (considering confidence as 

95%),  

p=prevalence,  

q=100-p and  

d=absolute precision.  

One-year cross sectional study by Maharajan et al in 

Tamil Nadu showed a prevalence of 38% hypothyroidism 

among patients with gallbladder stones.3 In this current 

study, expecting comparable results with 95% confidence 

levels and 10% absolute precision in the result, the study 

requires a minimum of 94 subjects. So, p=38, q=62 and 

d=10; (n=94.2). 

Methodology 

The patients were screened first as per the proforma. To 

all patients meeting the selection criteria, informed 

written consent to participate in the study was given and 

explained about the study and its implications. Detailed 

history was obtained with special reference to 

symptomatology and the risk factors as per proforma. 

Clinical examination was performed, and findings were 

recorded as per proforma. Thyroid function test was done 

on all eligible patients. Serum TSH level is usually the 

initial laboratory test for screening of dysfunction of 

thyroid if absence of hypothalamic/pituitary pathology is 

confirmed. Thyroid dysfunction is confirmed in presence 

of raised or reduced S.TSH levels but cannot diagnose the 

cause. Hyperthyroidism is diagnosed with reduced TSH 

and high serum levels of free T4 (FT4) and/or free T3 

(FT3). Patients were divided according to history, clinical 

examination and laboratory test (free T3, free T4 and 

TSH) into three groups according to hospital values, 

serum TSH: 0.27-4.2 microIU/ml, F.T4: 0.93-1.7 mg/dl, 

free T3: 2-4.4 mg/dl. Group 1: euthyroid group; clinical 

and laboratory tests were normal. Group 2: subclinical 

hypothyroidism; asymptomatic and with TSH 

concentration above the upper limit of normal range and 

FT4 and/or FT3 within normal limits (According to our 

laboratory readings). Group 3: clinical hypothyroidism; 

symptomatic and with TSH level above the upper limit 

and FT4 and/or FT3 decrease below the normal limit. 

 

Statistical analysis 

Data collected was entered in MS Excel spread sheet, 

analysed and expressed as percentage. 

RESULTS 

A total of 100 random patients meeting the selection 

criteria were included and their data was collected. 40 % 

were male and 60% were female. Among the 100 

patients, 2 patients were below 20 years, 31 patients were 

in the range of 21 to 40 years, and 28 were between 41 to 

60 years, 34 patients fall between 61 to 80 years of age. 

There were 5 patients who are above 80 years. Among 

100 patients, 71 of them were euthyroid and 23 of them 

were identified to have subclinical hypothyroidism and 6 

of them were diagnosed with hypothyroidism (Figure 1).  

 

Figure 1: Thyroid status among included patients. 

Of 71 euthyroid patients, 38 were female and 33 were 

male. In the case of subclinical hypothyroidism, there 

were 17 females and 6 males. Out of 6 % clinical 

hypothyroidism, there were 5 females and only 1 male. 

75.8% females and 24.1% males were diagnosed as 

hypothyroid in the study (Table 1).  

Table 1: Gender distribution of thyroid status. 

Sex Euthyroid Hypothyroid 
Subclinical 

hypothyroid 

Female 38 5 17 

Male 33 1 6 
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Among the 71 euthyroid patients, there was only 1 female 

patient in the age group of below 21 years. Between 21-

40 years, 19 were female and 4 were male. However, in 

41 -60 years, female & male patients were 9 and 10 

respectively. There was higher number of male patients 

(18 patients) in the age range of 61-80 years where 

female patients were only 4. There were 2 female and 1 

male patients in the age group of above 80 years (Figure 

2). Among the 23 subclinical hypothyroid patients, only 1 

female was in the group range of below 20 years. 

Similarly, in 21-40 years age group, there were 5 female 

patients, and no male was found. Of 9 patients in group 

of 41-60 years, 78% were female and 22% were male. 

Among the 7 between 61-80 years, 4 were female 

patients and 3 were male. Only 1 female patient was 

found in the age range of more than 80 years (Figure 3). 

Out of the 6 cases of hypothyroidism, 50% were female, 

in group of 41-60 years. One female and male patients 

were in age group of 61-80 years. Above 80 years, only 

one female patient was found (Figure 4). 

 

Figure 2: Euthyroid status with age group and sex. 

 

Figure 3: Subclinical hypothyroid status against age 

and gender. 

 

Figure 4: Hypothyroid status with age and gender. 

DISCUSSION 

Pathogenesis of gallstone is multifactorial and complex, 

which affects bile composition and its flow.1,2 This study 

focuses on the prevalence of hypothyroidism in gall 

stones since hypothyroidism is known to alter hepatic 

cholesterol metabolism and it reduces bile secretion in 

liver. Studies have identified presence of thyroid 

receptors in Sphincter of Oddi causing a pro-relaxing 

effect.7,8 This reflects the formation of gallstones in 

hypothyroidism.  

In this study, 100 random patients meeting the selection 

criteria were included after taking informed consent. Out 

of which, 40% were males and 60% were females. After 

assessing symptoms and signs, a thyroid profile was sent 

for all. Among 100 patients, 29% were found to have 

hypothyroidism of which 23 were identified to have 

subclinical hypothyroidism and 6 were diagnosed with 

hypothyroidism. Many challenging studies are done all 

over the world to know the association between thyroid 

status and biliary stones over the years. In 2003, 

Laukkarinen et al. conducted a case control study in 2 

stages by doing 99 mTc cholescintigraphy on untreated 

hypothyroid patients, before and after levothyroxine 

supplementation & making them euthyroid in Finland.4-6 

The current study did not include but gives a scope for a 

future interventional study with thyroxin supplementation 

and study on effects of thyroxin on the size of gall 

bladder calculi. 

In Iran, Ajdarkosh et al did a case control study in 2013 

to know the association between clinical and subclinical 

hypothyroidism and stones in biliary tract and 

recommends thyroid profile test in all patients with 

biliary stones as there is strong association between them 

and thought hypothyroidism as a predisposing factor for 

the passage of gall stones to CBD.13 An observational 

study by Singh et al in Punjab during 2014-2016 to 

understand the prevalence of hypothyroidism in 

cholelithiasis showed a similar gender distribution to the 

current study and concluded that there is no significant 

relation between thyroid status and biliary calculi.15 In the 
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current study, the prevalence of thyroid dysfunction 

among patients with only cholelithiasis were studied and 

noted that 36.6% females and 17.5% males were 

diagnosed with hypothyroidism. None of the patients in 

the current study was diagnosed to have hyperthyroidism. 

The current study is contradicting with Singh et al study 

and showed a significant prevalence of 29% 

hypothyroidism in patients with gallstones.  

Cross sectional study by Singha et al among 500 patients 

with cholelithiasis was done during 2014-2016 in North-

East India.16 They reported 13.8% hypothyroidism in 

their study, and all were females. The prevalence rate was 

higher in the current study compared to Singha et al with 

sex distribution of 75.8% females and 24.1% males, 

highlighting the higher prevalence among females. 

Watali et al studied the association of hypothyroidism in 

gallbladder stones in Delhi on 200 patients with upper 

abdominal pain for duration of one year in 2017and 

showed no association between hypothyroidism and 

gallstones.17 Incidence of hypothyroidism noted in Watali 

et al study was high in patients aged above 50 years, 

which goes along with this current study.  

In Madhya Pradesh, Brijendra et al did a study during 

2015-2016 on 50 patients with gallstones. Gender 

distribution was 84% females and a 16% male which is 

higher compared to the current study distribution of 60% 

females and 40% males. Brijendra et al reports 24% 

prevalence of hypothyroidism in the total study 

population with a majority of 91% among females. 

However, Brijendra et al could not show any significant 

relation between gallstones specific to gender and 

hypothyroidism.18 The study by Manjusha et al done in 

South India during 2016-2018 on 100 patients with 

cholelithiasis showed a prevalence of 14% 

hypothyroidism and majority of the patients were aged 

more than 40.20 The current study showed a higher 

prevalence of 29% hypothyroidism in gallstones. Even 

though this current study excluded patients with known 

comorbidities causing gallstones, by Manjusha et.al 

found no significance between subclinical 

hypothyroidism and patient comorbidities like diabetes, 

hypertension, hypercholesterolemia, obesity, smoking or 

alcohol consumption. Manjusha et al noticed that patients 

diagnosed with hypothyroidism had larger gallstones 

compared to euthyroid patients. Moderate positive 

correlation was found between the two and suggested 

strong significance between hypothyroidism and size of 

gall stones. Only 75% hypothyroid patients had multiple 

calculi in Manjusha et al study, whereas present study 

observed that 100% patients with clinical hypothyroid 

and 78% with subclinical hypothyroidism was having 

multiple calculi in gall bladder. This reflects that 

hypothyroid state is having more risk of developing 

larger and multiple stones in gallbladder. A study done in 

Northeast India for duration of 6 months in 2018 by Das 

et al was a case control study to know the prevalence of 

hypothyroidism in gallstones showed a significant 

association between hypothyroidism and gallstones 

statistically.21 The current study shows a significant 

prevalence of 29% hypothyroidism in patients with gall 

bladder stones with higher prevalence among elderly 

females. The higher prevalence among females could not 

be proved statistically in most of the studies since 

prevalence of gall stones itself in female gender is high. 

The current study lacks information about relationship 

between serum TSH levels and size and number of the 

calculi to find if raised TSH level can increase calculi 

size and number. Further studies on early diagnosis and 

treatment of hypothyroidism causing prevention or 

reduction in the size of biliary calculi should be done so 

that we can conclude with hypothyroidism as a specific 

risk factor for cholelithiasis and all patients with gall 

stones should be screened for thyroid dysfunction. 

CONCLUSION 

The prevalence of hypothyroidism in cholelithiasis is 

29% in the study and is significant. 23% were diagnosed 

with subclinical and 6% with clinical hypothyroidism. 

This study also shows higher prevalence among females 

aged more than 40 years of age. Hypothyroid symptoms 

were shown by the study population with unknown 

thyroid status which highly recommends thyroid profile 

testing preoperatively. Further studies on early diagnosis 

and treatment of hypothyroidism causing prevention or 

reduction in the size of biliary calculi should be done so 

that we can conclude with hypothyroidism as a specific 

risk factor for cholelithiasis and all patients with gall 

stones should be screened for thyroid dysfunction. 
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Introduction
Placenta accreta spectrum is characterized 
by abnormal placental adherence to the 
myometrium.[1] Depending on the depth 
of trophoblastic growth, it is classified 
into placenta accreta (villi attached to the 
myometrium), placenta increta (villi invading 
the myometrium), and placenta percreta (villi 
penetrate through the myometrium and 
to or through the serosa).[2] Although the 
presentation of a placenta accreta after a 
dilatation and curettage (D&C) procedure 
is extremely rare, it is clinically significant 
in that it can cause postevacuation profuse 
and prolonged bleeding, making clinical 
management difficult.[1] Furthermore, 
the retained trophoblastic tissue and an 
accompanying hematoma can get entrapped 
in the myometrium and mimic an unusual 
uterine mass lesion.[1]

This report describes a case of placenta 
increta that caused prolonged bleeding after 
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Abstract
Placenta accreta spectrum, is characterized by abnormal placental adherence to the myometrium. 
Depending on the depth of trophoblastic growth, it is classified into placenta accreta, placenta increta, 
and placenta percreta. This condition is associated with life‑threatening hemorrhage, resulting in 
high maternal and neonatal morbidity and mortality. Placenta accreta usually presents with vaginal 
bleeding during difficult placental removal in the third trimester. Placenta accreta spectrum is very 
rarely present in the first trimester. Severe forms may complicate first‑trimester pregnancy losses, 
causing profuse postcurettage hemorrhage. A 28‑year‑old lady with one living issue by cesarean 
section who had undergone a dilatation and curettage (D&C) 2 months ago for missed abortion, came 
with the complaints of prolonged vaginal bleeding following the procedure. On pelvic examination, 
the uterus was bulky, partly firm on one side, and soft on the other. Ultrasound examination revealed 
it to be a bicornuate uterus with retained products in one of the horns. Magnetic resonance imagining 
was suggestive of lateral cervical fibroid. Diagnostic laparoscopy revealed it to be a left lateral 
cervical mass. Total laparoscopic hysterectomy was performed. On histopathological examination, 
specimen revealed necrotic placenta infiltrating the endocervix and isthmus. Placenta accreta is a rare 
problem and difficult to diagnose in the first trimester. It can occur when there are risk factors or if 
there are ultrasound markers of the first trimester suspicious of the adherent placenta. A diagnosis 
of placenta accreta spectrum needs to be considered when there is post‑D&C prolonged or heavy 
vaginal bleeding.

Keywords: Cervical mass, first‑trimester miscarriage, placenta increta
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first‑trimester abortion, and was identified 
by magnetic resonance imagining (MRI) 
as a heterogeneous mass in the cervical 
region.

Case Report
A 28‑year‑old lady  with one living issue 
by cesarean section who had undergone a 
D&C 2 months ago for missed abortion, 
came with the complaints of prolonged 
vaginal bleeding. There was no pain 
abdomen, fever, or vaginal discharge. 
Her past cycles were normal. She 
was a known case of diabetes on oral 
hypoglycemic drugs. Clinically, her vitals 
were stable at the time of presentation 
to the hospital. Pelvic examination 
showed bleeding from the cervical os. 
On bimanual examination, the uterus 
was bulky, partly firm on one side, and 
soft on the other. Ultrasound revealed it 
to be a bicornuate uterus with retained 
products in one of the horns. Human 
chorionic gonadotropin (HCG) titer 
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was 52 mIU/ml. A lateral cervical mass approximately 
measuring 7.6 cm × 8.2 cm × 7.4 cm was detected on 
MRI suggestive of fibroid. Diagnostic laparoscopy 
revealed it to be a left lateral cervical mass. Total 
laparoscopic hysterectomy was performed. A mass at 
the uterocervical junction extending to the entire cervix 
more so on the left side was seen on gross examination 
of the hysterectomy specimen. The cut section showed 
a small area of necrotic tissue in the endocervical canal 
near the isthmic region as shown in Figure 1a.

On histopathological examination, the specimen revealed 
necrotic placenta infiltrating the endocervix and isthmus 
as shown in Figure 1b. There were no further episodes of 
vaginal bleeding postoperatively and HCG titer returned to 
normal after 3 weeks.

Discussion
Placenta accreta is an abnormality characterized by 
placental villi attaching to the uterine myometrium 
without intervening decidual membrane. Risk factors 
for placenta accreta include multiparity, placenta previa, 
prior cesarean section, prior D&C, and miscarriage.[3,4] 
Placenta accreta spectrum is very rare before 20 weeks 
of gestation and still rare in the first trimester. Severe 
forms may complicate first and early second‑trimester 
pregnancy losses, causing profuse postcurettage 
hemorrhage. Ultrasound markers of placenta accreta 
syndrome in the first trimester are: implantation of a 
gestational sac in the lower uterine segment, multiple 
irregular vascular spaces in and around the placenta, 
and cesarean scar implantation of the gestational sac.[5] 
The case being reported is a placenta increta in the first 
trimester. She presented with prolonged vaginal bleeding 
postdilatation and ‑evacuation. The elevated HCG 

titers with MRI suggestive of cervical fibroid made 
the diagnosis difficult. A diagnostic laparoscopy was 
performed which revealed a left lateral cervical mass. 
As per the insistence of the patient for hysterectomy 
before the planned operative procedure, a hysterectomy 
was performed. The intraoperative and postoperative 
periods were uneventful. A good dissection and clearance 
were possible laparoscopically evident by the symptoms 
subsiding and serum beta HCG titers being normal, 
2 weeks posthysterectomy. A report showing necrotic 
placenta infiltrating the isthmus and the endocervix 
on histopathology, we could arrive at the diagnosis 
of placenta increta. Very few cases of first‑trimester 
abortion complicated with placenta accreta are reported 
in the literature.[6] Majority of the cases in the literature 
presented as profuse hemorrhage during D&C or the 
immediate postoperative period. However, none of the 
cases had a cervical mass.

Conclusion
Placenta accreta is a rare problem and difficult to diagnose 
in the first trimester, especially without ultrasound 
markers.[5] However, a diagnosis of placenta accreta needs 
to be considered when associated with risk factors and with 
the clinical presentation of prolonged or profuse vaginal 
bleeding following D&C.
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BLOOD PRESSURE MONITORING IN NORMOTENSIVE TYPE – 2 DIABETICS USING 
24HR BLOOD PRESSURE MONITORING DEVICE AND ITS RELATIONSHIP WITH 
ANTHROPOMETRIC MEASUREMENTS: A ONE YEAR HOSPITAL BASED CROSS 
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INTRODUCTION:
Systemic Hypertension is one of the most common co-morbidities in 
Diabetes Mellitus. Ambulatory blood pressure monitoring allows the 
evaluation of distinct blood pressure parameters such as the 24-hour, 
day-time and night-time systolic and diastolic blood pressure, the 
nocturnal drop of blood pressure, besides identifying masked 

1 hypertension and white coat hypertension. It has been proven that 
ABPM is a better method for the assessment of blood pressure when 

2 compared to Ofce BP reading.

Hence the present study was done to determine the prevalence of 
abnormal ambulatory blood pressure patterns in Normotensive type 2 
diabetic subjects and to determine its relationship with anthropometric 
measurements.

MATERIAL AND METHODS:
stA one-year hospital based cross sectional study from 1  January 2020 

stto 31  December 2020. The study protocol was approved by the 
institutional ethical committee JN medical college Belagavi, 
Karnataka. All participants signed an informed consent form prior to 
taking part in the study.

Study populations were patients   of age > 18 years with type 2 diabetes 
mellitus having BMI of >25(Asian criteria >23) to <40 Kg/m2 
admitted in wards of General Medicine KLES Dr.Prabhakar Kore 
Hospital, Belagavi.

Patients with established hypertension/pregnant and lactating 
mothers/on medications which cause elevation of blood 
pressure/having history of endocrine disorders such as acromegaly, 
Cushing's syndrome, thyroid disorder /Excessive snoring, altered 
sleep pattern, headache and morbid obesity (BMI >40 Kg/m2) were 
excluded.

All the eligible subjects were recruited consecutively using convenient 
sampling till the achievement of sample size (N) which is 162 obtained 

2using the formula N= z  P(1-P) / d2. (Z is z statistic for a level of 
condence level-1.960, P is Expected prevalence/proportion of 
outcome- 0.125 and d is Precision 0.05).

After an overnight fast of at least 12 hours, all subjects were undergone 
a standardized medical examination that included anthropometric 
measurements such as Body Mass Index/Waist Circumference/Waist 
to Height Ratio/Waist to Stature Ratio, laboratory tests such as Hba1c 

and lipid prole and 24 hours ambulatory BP monitoring.

Detailed medical history of the patient, including their diabetic history, 
habits, co- morbidities and relevant family history was taken.

Lipid prole and Hypertension were considered as primary outcome 
variables. BMI (Overweight v/s Obese) was considered as an 
explanatory variable. Descriptive analysis was carried out by 
frequency and proportion for categorical variables. Categorical 
outcomes were compared between study groups using the Chi-square 
test /Fisher's Exact test (If the overall sample size was < 20 or if the 
expected number in any one of the cells is < 5, Fisher's exact test was 
used. Data was also represented using pie charts, bar charts, and 
clustered bar charts. P-value < 0.05 was considered statistically 
signicant. IBM SPSS version 22 was used for statistical analysis.

RESULTS:
Majority of the subjects were males (62.35%). The mean age was 

260.65 ± 11.46 years. The mean BMI was 28.31 ± 2.15 kg/m . Only 13% 
of the males were obese compared to 85% of the females. 78% of males 
had increased waist to hip ratio compared to 96.7% in females. 80.2% 
of males had increased waist to height ratio compared to 77% in 
females. The mean HbA1c was 9.69 ± 2.81, indicating a poor glycemic 
control in the study population. The mean HDL (35.34 ± 42.25 mg/dl) 
was slightly decreased in the present study, but without any signicant 
increase in mean LDL (66.43 ± 42.95 mg/dl) and mean TG (166.52 ± 
131.3 mg/dl).

The mean all day SBP was 133.66 ± 13.53 mm/hg while the mean all 
day DBP was 76.45 ± 10.99 mm/hg. The prevalence of HTN as 
measured by all day SBP was 77.78% while it was only 42.59% for all 
day DBP. The mean day SBP was 134.76 ± 13.51 mm/hg while the 
mean night SBP was 128.95 ± 15.59 mm/hg. The mean day DBP was 
77.12 ± 11.43 mm/hg while the mean night DBP was 72.95 ± 10.4 
mm/hg. The prevalence of HTN as measured by day SBP was 59.26% 
while it was 42.6% for day DBP while the prevalence of HTN as 
measured by night SBP was 90.7% while it was 76.5% for night DBP. 
Systolic non-dipping was seen in 93.39% of overweight and 90.24% of 
obese subjects as classied by BMI, respectively. Diastolic non-
dipping was seen in 76.86% of overweight and 73.17% of obese 
subjects as classied by BMI, respectively.

There was a statistically signicant association between all day SBP, 
all day DBP, day SBP and day DBP with BMI (P Value <0.05) in males. 
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ABSTRACT
Background And Objectives: Systemic Hypertension (HTN) is one of the most common co-morbidities in Diabetes Mellitus (DM). It has been 
suggested that ambulatory blood pressure monitoring (ABPM) be used for hypertension assessment. Hence the present study was carried out to 
estimate the prevalence of hypertension in normotensive type 2 diabetic patients by using a 24-hour ambulatory blood pressure machine and also to 
assess the relationship between blood pressure patterns and anthropometric measurements.
Materials And Methods:  A 1-year cross-sectional hospital-based study was conducted on 162 people, over the age of 18, who had type 2 diabetes 
and a Body Mass Index (BMI) of 25 to 40 kg/m2). All subjects underwent a standardized medical examination including anthropometric 
measurements, laboratory investigations and 24-hour ambulatory blood pressure monitoring. Descriptive analysis was carried out by mean and 
standard deviation for quantitative variables, frequency, and proportion for categorical variables.  P value <0.05 was considered statistically 
signicant.
Results: The mean all day SBP was 133.66 ± 13.53 mm/hg while the mean all day DBP was 76.45 ± 10.99 mm/hg. The prevalence of HTN as 
measured by all day SBP was 77.78% while it was 42.59% for all day DBP. Systolic non-dipping was seen in 93.39% of overweight and 90.24% of 
obese subjects as classied by BMI, respectively. Diastolic non-dipping was seen in 76.86% of overweight and 73.17% of obese subjects. There 
was a statistically signicant association between all-day SBP/DBP, day SBP/DBP with BMI in males and in females, there was a statistically 
signicant association between all day SBP and day SBP with BMI.
Conclusion: Patients with T2DM can benet from routine ABPM by early identication and management of Hypertension in Type 2 DM.

KEYWORDS
Ambulatory Blood Pressure Monitoring (ABPM), systemic Hypertension, Diabetes Mellitus, Body Mass Index, non dipping
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But in females, there was a statistically signicant association between 
only all day SBP, day SBP with BMI (P Value < 0.05). There was no 
statistically signicant association between various ABMP parameters 
with other anthropometric parameters (P Value > 0.05).

DISCUSSION:
Demographic Characteristics:
The baseline demographic characteristics of the present study subjects 

3were comparable to that of the studies done by Mesquita P et al.  and 
4Venugopal K et al.  The majority of the subjects were males (62.35%) 

in the present study. 55.6% of the subjects were males in the study by 
4Venugopal K et al.  This slight male preponderance could be due to the 

relatively easy accessibility to hospital services for males compared to 
females in India.

The mean age was 60.65 ± 11.46 years in the present study. Mesquita P 
3et al.  did their study on elderly patients (patients aged >60 years) with 

4Type 2 DM. In the study by Venugopal K et al.  more than 60% of the 
subjects were aged between 41 to 60 years. The prevalence of Type II 
DM increases with age, and hence the mean age of the present study 
population was reported to be around 60 years.

Anthropometric Characteristics:
Obesity is an independent modiable risk factor for Hypertension and 

2Diabetes mellitus. The mean BMI was 28.31 ± 2.15 kg/m  in the 
present study population. It is in line with the inclusion criteria, as only 

2subjects with BMI of >25 (Asian cut off >23) to <40 Kg/m  were only 
5included.  In the study by Gorostidi M et al.  Hypertensive patients 

with diabetes had higher BMI and abdominal obesity prevalence 
compared to the non-diabetic hypertensives.  In the present study, only 
13% of the males were obese compared to 85% of the females in the 
present study.  Also, only 78% of males had an increased waist to hip 
ratio compared to 96.7% in females. But with regards to waist to height 
ratio, 80.2% of males had increased waist to height ratio compared to 
77% in females. This is due to the difference in the cut-off point for 
males (0.95) and females (0.85) for the waist-hip ratio to determine the 
risk of adverse cardiovascular events. But with regards to waist to 
height ratio, only a single cut-off of 0.5 was used for both men and 
women. Overall. The mean waist to hip ratio was 1 ± 0.07, while the 
mean waist to height ratio was 0.54 ± 0.05, indicating the increased 
cardiovascular risk in the present study population.

Characteristics of 24-hour Ambulatory Blood Pressure 
Monitoring:
Patients with T2DM are more likely to experience non-dipping, 
reverse dipping, nocturnal SHT, and masked phenomenon. Non-
dipping is dened as a drop in blood pressure of less than 10% during 
the night which is associated with an increased risk of cardiovascular 
events, including death and end-organ damage. Systolic non-dipping 
was observed in 93.39 percent of overweight subjects and 90.24 
percent of obese subjects, as determined by BMI. Diastolic non-
dipping was seen in 76.86 percent of overweight people and 73.17 
percent of obese people, according to BMI. In the current study, there 
was no statistically signicant link between the presence or absence of 
BP dipping (both systolic and diastolic) and BMI classication as 
obese or overweight. Overall, there was also no clinically signicant 
difference in a mean day vs. night systolic or mean day vs. night 
diastolic blood pressure. The overall average decline was less than 
10%. The mean day SBP was 134.76 ± 13.51 mm/hg, while the mean 
night SBP was 128.95 ± 15.59 mm/hg when the 24 hr ABP 
measurements were divided into day and night BP. The mean DBP 
during the day was 77.12 ± 11.43 mm/hg, while the mean DBP during 
the night was 72.95 ± 10.4 mm/hg. 

5Gorostidi M et al.  also observed that non-dipping BP prole 
prevalence was higher in subjects with diabetes (64.2% vs. 51.6%, 
P<0.001). They compared Blood pressure between Diabetic 
hypertensive and non-diabetic hypertensive's and found that Diabetic 
hypertensives had higher SBP in every ABPM period (daytime 135.4 
vs. 131.8, P<0.001 and night time 126.0 vs. 121.0� mm� Hg, 
P<0.001).

Prevalence Of Hypertension:
Systemic hypertension is one of the most common co-morbidities seen in 
Type 2 Diabetes Mellitus.  The mean all-day SBP was 133.66 ± 13.53 
mm/hg, while the mean all-day DBP was 76.45 ± 10.99 mm/hg in the 
present study. In the present study, 2017 American Heart Association 

6guidelines were used for dening hypertension based on ABPM.  

In this study, the prevalence of HTN as measured by all-day SBP was 
77.78%, while it was 42.59% for all-day DBP. The prevalence of HTN 
as measured by day SBP was 59.26% and was 42.6% for day DBP. The 
prevalence of HTN as measured by night SBP was 90.7% and was 

476.5% for night DBP in the present study. Venugopal K et al.  in their 
study, observed that prevalence of hypertension was 25.6% in Type 2 
DM patients measured by ofce BP readings. 52.4% were 
prehypertensive in their study. This signicantly lower prevalence of 
Hypertension in their study could be due to the use of ofce BP 
readings instead of ABPM. Masked HTN is said to be present when 
ofce BP levels are normal in an untreated subject, and ABPM levels 
are elevated and are more common in diabetic patients. 

Diabetic Dyslipidaemia (Lipid Profile):
Diabetic Dyslipidemia is one of the main culprits for CAD in Diabetics 
in India. Diabetic dyslipidaemia is characterized by elevated 
triglycerides levels, low HDL-cholesterol elevated small density 
LDL-cholesterol. These lipid changes are linked with adverse 

7cardiovascular outcomes in the diabetic population.

The mean HDL was slightly decreased in the present study but without 
any signicant increase in LDL. The mean HDL was 35.34 ± 42.25 
mg/dl; mean LDL was 66.43 ± 42.95 mg/dl, the mean Cholesterol was 
127.74 ± 47.44 mg/dl, while the mean TG was 166.52 ± 131.3 mg/dl. 
LDL was abnormal only in 14.81%, while HDL was abnormal in only 
4.32% of study subjects. Triglycerides were high in 19.8% and very 
high in 3.7%. The mean HbA1c level was 9.69 ± 2.81 in the study 
population, indicating a very poor glycaemic control.  Stemmer K et 

8al. , in their review article, observed that dyslipidaemia is a major risk 
9factor for cardiovascular morbidity in T2DM with obesity. Hirano T , 

observed that serum triglyceride (TG) is a leading predictor of 
atherosclerotic cardiovascular disease, comparable to low-density 
lipoprotein cholesterol in populations with type 2 diabetes, which 

10exceeds the predictive power of hemoglobinA1c. Uma NM et al.  in 
their study, also concluded that hypertension and its associated risk 
factor like obesity, dyslipidemia are important risk factors for the 
development of complications in diabetes patients.

Association Between 24 Hrs ABPM Characteristics And 
Anthropometric Variables:
Obesity increases the risk of the development of hypertension. 
Activation of the Renin-angiotensin system is involved in the 
pathogenesis of hypertension. Increased body mass index (BMI), 
Decreased physical activity, and sedentary lifestyle are established 
modiable risk factors for hypertension, which are commonly seen in 

11,12Type II Diabetes Mellitus.  

In the present study, there was a statistically signicant association 
between all-day SBP, all-day DBP, day SBP and day DBP with BMI (P 
Value<0.05) in males. But in females, there was a statistically 
signicant association between only all day SBP, day SBP with BMI (P 
Value<0.05).  Similar to the present study, Gupta S and Kapoor S et 

13al.  (2012) concluded that body mass index was the best predictor of 
having hypertension. 

In the present study, there was no statistically signicant association 
between various ABMP parameters with other anthropometric 
parameters like waist to hip ratio and also waist to height ratio (P 

14Value>0.05) respectively in both males and females. Singh S et al.  
observed that Overweight and Obese subjects had higher 24-hr SBP 
(p-value < 0.001) and 24-hr DBP (p-value = 0.001); higher day-time 
SBP (p-value < 0.001); higher night-time SBP (p-value < 0.001); and 
widening of 24-hr pulse pressure (> 50 mmHg) (p-value < 0.001) as 
compared to normal subjects. However, among various abnormal 
ABPM parameters, the majority of the parameters revealed more 
incidence of BP abnormalities with increased BMI than with increased 
WC, and BMI appeared to be a better anthropometric parameter than 
WC. They concluded that systolic hypertension is closely associated 
with adverse cardiovascular outcomes in overweight and obese 
subjects and, by evaluating ABPM recordings, found that obesity in 
even non-hypertensive subjects leads to elevation of both systolic 
blood pressure and diastolic blood pressure. 

CONCLUSION:
Over the past decade, noninvasive ABPM has been developed that can 
reliably record changes in blood pressure over 24 hours. Ofce 
measurement of BP is not an ideal method for representing 24-hour BP 
and its ability to predict HTN associated organ damage is less on 
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comparison with ABPM. Only Clinic based BP measurements are used 
to manage blood pressure in the majority of the hypertensive subjects, 
but their daily variability in BP is not available.  Patients with T2DM 
are likely to benet from routine ABP monitoring by early 
identication and management of Hypertension in Type II DM.

Table 1: Descriptive Analysis Of 24 Hours All Day (SBP/DBP) In 
The Study Population    (N=162)

Table 2: Descriptive Analysis Of Day (SBP/DBP) In The Study 
Population     (N=162)

Table 3: Descriptive Analysis Of Night (SBP/DBP) In The Study 
Population     (N=162)

Table 4: Comparison Of Blood Pressure Between BMI In Males
(N=101)

Table 5: Comparison Of Blood Pressure Between BMI In Females
     (N=61)
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Parameters Number of subjects Percentages
All day SBP
HTN 126 77.78%
No HTN 36 22.22%
All day DBP
HTN 69 42.59%
No HTN 93 57.41%

Parameters Number of subjects Percentages
Day SBP
HTN 96 59.26%
No HTN 66 40.74%
Day DBP
HTN 69 42.6%
No HTN 93 57.4%

Parameters Number of subjects Percentages
Night SBP
HTN 147 90.7%
No HTN 15 9.3%
Night DBP
HTN 124 76.5%
No HTN 38 23.5%

Parameter BMI (in males) Chi-
square

P-value
Overweight Obese

All days SBP
No HTN (N=19) 7 (36.84%) 12 (63.16%) 52.769 <0.001
HTN (N=82) 81 (98.78%) 1 (1.22%)
All-day DBP
No HTN (N=53) 42 (79.25%) 11 (20.75%) 6.180 0.013
HTN (N=48) 46 (95.83%) 2 (4.17%)
Day SBP
No HTN (N=38) 26 (68.42%) 12 (31.58%) 19.012 <0.001
HTN (N=63) 62 (98.41%) 1 (1.59%)
Day DBP
No HTN (N=54) 43 (79.63%) 11 (20.37%) 5.819 0.016
HTN (N=47) 45 (95.74%) 2 (4.26%)

Parameter BMI Chi-
square

P
valueObese Overweight

All-day SBP
No HTN (N=17) 8 (47.06%) 9 (52.94%) 19.556 <0.001
HTN (N=44) 1 (2.27%) 43 (97.73%)
Day SBP
No HTN (N=28) 8 (28.57%) 20 (71.43%) 7.857 0.009
HTN (N=33) 1 (3.03%) 32 (96.97%)
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Abstract 
Background  
Over the previous few decades, demographics, gender, and the 
number of papers published have all changed considerably. One of 
the fields of medicine that has yet to be extensively investigated is 
endocrinology.  
 Methods 
Journal of Endocrinology and General & Comparative Endocrinology 
are two landmark journals that publish articles from around the 
world. Each decade during the 70-year period from 1961 to 2021 has 
been examined in this study. Funding source, first author – last author 
gender, their demographics and proportion of papers with at least 
one female author were the parameters considered while studying 
each publication. It was predicted that the number of female authors 
per paper would increase with time, as would the range of degrees 
held by the authors, demographical variations in authorship, and the 
funding source. The aim was also to determine the distribution of 
female first authors and senior authors in endocrinology journals over 
a 70-year period, as well as to check the gender combinations using 
the Punnett square.   
Results  
Female initial authors rose from 7% to 29.6% (p<0.0006) between 1961 
and 2021, whereas female senior authors rose from 15.6% to 22.2%. 
Despite women's small contributions to first and senior authors, 
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female participation rose from 17.48% (25/143) to 70% (170/250) 
between 1961 and 2021. Male-Female and Female-Male combinations 
rose with Chi-Square = 124.6, (p<0.0001). Europe and the Americas 
had the most female academic medical contributors (p<0.0001) 
Regardless of author status, female participation rose from 17.48% in 
1961 to 68% in 2021.  
Conclusion   
In papers published in endocrinology journals, there was a rising 
trend in female contributions to academic medicine. Even with the 
large growth of female endocrinologists, there is still a disparity in 
why the increase in female authors is comparably fewer.

Keywords 
endocrine, gender-gap, sex-ratio, demographics, bias, equity, 
medicine
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Abbreviations
MM- Male-Male

MF-Male-Female

FM- Female-Male

FF- Female-Female

JOE-Journal of Endocrinology

GCE- General & Comparative Endocrinology

Introduction
Women confront a variety of challenges, and most of us are  
aware of the discrimination they suffer on a daily basis, whether 
in society, the job, schools, or the scientific community1. Salaries  
and allowances are only a small part of the pay disparity2.  
Women have experienced more hurdles than their male coun-
terparts in obtaining support in the field of medical research,  
including but not limited to assets, funding, assistance, and 
the peer-review process, to name a few3,4. In any type of study,  
motivation and the availability of resource reserves are crucial,  
and a lack of both might have a detrimental impact on the sci-
entific advancement that the medical community is actively  
seeking5. Such difficulties are replicated when female writers  
seek funding for their projects and research, resulting in a  
“gender pay gap” that often goes unnoticed and discourages  
women from pursuing research2.

Women make up about half of the medical school students  
in the United States6. This is a significant rise from less than  
10% in 19656,7. The proportion of female physicians in  
endocrinology is 44%8,9. The gender disparity is anticipated 
to narrow even more, as women made up three-quarters of  
endocrinology fellowship applicants in 20148,9.

Women remain underrepresented in senior academic positions  
including tenured faculty positions, though9. While female  
physicians filled 38% of faculty positions in US medical schools  
in 2014, only 22% of tenured professors were female4,10.

With numerous reforms and activism, the number of females  
active in delivering specialist healthcare in the field of  
endocrinology, or any other profession for that matter, has  
increased in recent decades11,12. A similar pattern has emerged 
among females active in indirect health care, such as females 
with backgrounds in basic sciences, epidemiologists, and others9.  
However, growth in the number of females working in these 
sectors does not always correspond to increased research  
possibilities10.

A few papers in cardiology, gastroenterology, and pulmon-
ology after analyzing the current literature were discovered 
by this study, however there was a noteworthy absence in  
endocrinology11,13,14. Therefore this study plans to fill this gap  
and analyze part of the reality by individually assessing articles  
published in two major endocrinology journals to evaluate  
whether there has been a proportionate change in the number 
of articles published by female authors, and whether the  

female authors were funded by government bodies, educational 
institutions, or organizations, or if they were solely self-funded. 
Additionally, demographic analysis was included to comment  
on how well specific geographical regions have performed  
in terms of fostering gender equality during the 70-year  
timeframe of our research.

Methods
To find appropriate papers for this study, journal search  
engines such as PubMed, Scimago, Embase, OMICS, and  
Google Scholar were used15. The two journals had to have a  
comparable number of articles in each, data available from  
at least 1961, and an h-index over 100 to be eligible. One jour-
nal was chosen from a publisher in the United Kingdom,  
while the other was chosen from a publisher in the United States 
to reduce the bias and diversify the pool of authors who are  
submitting the manuscript and for better randomization.  
Bioscientifica’s Journal of Endocrinology and General and  
Comparative Endocrinology were the two journals that met  
this study’s’ requirements. Any other journal that met the criteria 
but has already been examined in a similar study was ruled out16.  
Other important endocrinology journals, such as the Journal of 
Clinical Endocrinology & Metabolism and Thyroid, had already  
been utilized to track demographics and female authorship 
trends14.

Selected publications were examined, and data for this research  
was gathered for the first year of each decade, beginning in 1961.  
In total, data from seven decades were examined: 1961, 1971,  
1981, 1991, 2001, 2011, and 2021. The data was collected  
between January 1st and December 31st of the following year.  
A total of 2432 articles in both journals (JOE – 1162,  
GCE – 1270) were discovered. Book reviews, author indexes, 
animal indexes, subject indexes, inaccessible articles, or articles  
where the gender couldn’t be determined were not included.  
Following the exclusion of articles, the total number of articles 
was estimated to be 2291(See Underlying data)17. (JOE- 1115,  
GCE -1176). 

In the manuscript, data was gathered for both the first and  
last authors, and the categories assigned were further documented. 
A total of ‘n’ papers from both journals were independently  
evaluated. If they were book reviews, author indexes, or  
cumulative indexes, a ‘m’ number of articles had to be eliminated 
due to a lack of reasonable evidence on the gender, demography,  
or funding of the paper. As a result, (n-m) papers in this 
research were included (Table 1). Using the aforementioned 
methodology, each item was immediately assessed in order to  
analyze the following variables: 

1) Biological gender of authors
The following approaches were used to collect data, in order  
of preference based on availability: To gather information from  
University/Organization/LinkedIn pages, I) Google was used to  
search for writers by their names and departments. II) Assuming  
gender based on nomenclature conventions (e.g., John being  
the name of a male author; Christy being a female author). 
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III) The biological genders of some authors who were registered 
on Scopus and Google Scholar were used to assign genders.  
In addition, in the event of a snag, https://gender-api.com was  
used to resolve the issue.

2) Geographical demographics
The following approaches were used to collect data, in 
order of preference based on availability: I) Data from  
University/Organization/LinkedIn/ORCiD pages; II) Author 
affiliations specified in the article; III) data from University/ 
Organization/LinkedIn/ORCiD pages; IV) Based on regional 
nomenclature conventions and trends (e.g., Asian names being  
Raja Gopalchandra, Li-Hu Wang, BK Gupta, Chandragouda  
Patil, etc.). Author affiliation was one of the variables used to  
assign demographics to the authors, therefore a lot of focus  
was placed on where they were affiliated. 

3) Presence of at least one female author
To include all other authors engaged in the study, the presence  
of at least one female author was determined using the same 
methods to determine the biological gender of the first and  
last authors. 

4) Author’s qualifications
Because all qualifications overlap, authors were divided 
into broad categories. MBBS/MD/DM/DO was included in  
Category 1. Ph.D./MSc/MPH were placed in category 2, and 
other paramedical areas were placed in category 3. To prevent  
prejudice while reporting, authors were divided into groups  
that classified qualifications according to international criteria. 

UNESCO’s international standard classification of education  
was also used in this study18.

Table 1. Inclusions and Exclusions.

Year Total 
Number of 
Articles

Excluded Articles Included 
Articles

1961
144 
JOE-90 
GCE-54

-
1 Excluded 
1 Undetermined Author Gender 
0 Exclusions

=
143 
JOE – 89 
GCE – 54

1971
421 
JOE-282 
GCE-139

-
2 Excluded 
0 Exclusions 
1 Author Index + 1 Book Review

=
419 
JOE – 282 
GCE – 137

1981
477 
JOE-218 
GCE-259

-
68 Excluded 
(7 Undetermined Author Genders + 1 Inaccessible article) 
(1 Animal Index + 56 Book Reviews + 1 Undetermined 
Author Gender + 1 Author Index + 1 Subject Index)

=
409 
JOE – 210 
GCE – 199

1991
328 
JOE-111 
GCE-217

-

25 Excluded 
(8 Undetermined Author Genders + 1 Commentary + 1 
Inaccessible article) 
(1 Summary + 1 animal index + 1 subject index + 3 author 
index + 9 Book Reviews)

=
303 
JOE – 101 
GCE – 202

2001
402 
JOE-252 
GCE-150

-
32 Excluded 
25 Undetermined Author Genders 
(7 Undetermined Gender)

=
370 
JOE – 227 
GCE – 143

2011
406 
JOE-118 
GCE-288

-
9 Excluded 
2 Undetermined Author Genders 
7 Undetermined Author Genders

=
397 
JOE – 116 
GCE – 281

2021
254 
JOE-91 
GCE-163

-
4 Excluded 
1 Undetermined Author Gender 
3 Undetermined Author Genders

=
250 
JOE – 90 
GCE – 160

Combined
n = 2432 
JOE-1162 
 
GCE-1270

-

m = 141 Excluded 
44 Undetermined Author Genders + 2 Inaccessible articles + 
1 Commentary 
 
18 Undetermined Author Genders + 5 Author Index + 2 
Animal Index + 2 Subject Index + 66 Book Reviews + 1 
Summary

=
n-m = 2291 
JOE – 1115 
 
GCE – 1176
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5) Source of funding 
Data on funding was gathered by skimming through articles 
and looking for keywords such as ‘grant, “support,’ ‘fund,’  
‘acknowledgement,’ ‘thank,’ and so on19.

The articles were divided into major groups such as  
government, university or organization, industry, self, other, 
and not stated. The majority of the available data came from  
the government, university, organization, or industry, with 
the exception of a few articles where funding was a problem,  
in which case the category ‘others’ was used, and for articles  
where funding was not available, the category ‘not mentioned’  
was used. In research with several funding sources,  
government-based sources were given priority over other sources.

Companies/Industry/commercial sources were given preference 
over organizational or university financing in other multi-source 
sponsored studies without any government backing.

Statistical Analysis
Data was incorporated in Microsoft Excel Sheet and further  
data was analyzed using GraphPad Prism Version 9.3.1., data  
was reported in tabular form. Unpaired t test (non-parametric,  
Kolmogorov-Smirnov test) was used to compare the outcomes  
with two variables, one way ANOVA (Kruskal Wallis Test)  
was used for comparison in places with three or more variables. 
Chi-Square was used for categorical variables. 

Results
There was an increase in female first authors from 1961 to 2021.  
The contribution of females as first authors increased from 
7% (10/143) in 1961 to 29.6% (74/250) in 2021 (p=0.0006).  
An unpaired, non-parametric t-test was employed to deter-
mine significance. Not only first authors, but participation  
from female senior authors grew as well, however, the rise  
in senior authors occurred between 1971 and 2021, whereas 

the rise in female first authors occurred between 1961 and 
2021. The unpaired, non-parametric t-test was performed to  
correlate significance, in senior female authors rise was 
seen from 12.5 % (43/344) in 1971 to 22.2 % (48/245) in 
2021 (p=0.0006). (Figure 1) Surprisingly, the senior female  
contribution was 15.6 % in 1961 (14/90) a bit more than  
expected. When the data was stratified by region, it was  
discovered that Europe was the leading contributor in terms 
of female involvement in research for both first and senior 
authors, followed by the Americas. Additionally, initial writers  
and senior authors were viewed as having similar levels of  
involvement. The African and Australian continents made the 
least contribution. (Figure 2) Remarkably, a growing trend  
in which female engagement was included as a variable was  
noticed. All the writers in the paper were thoroughly assessed,  
and even if one of the authors was a woman, it was marked  
as yes and placed in a different category.

Although female involvement, with respect to all authorship  
orders, rose from 17.48% (25/143) in 1961 to 68% (170/250) 
in 2021, females continue to publish fewer manuscripts  
as first (29.6%) and senior (22.2%) authors.

Categories of first writers and senior authors were created  
using a new representation in which a mix of male and female 
authors were used to report the four possible results. The  
categories Male-Male, Male-Female, Female-Male, and  
Female-Female were used. Data evaluation resulted in Chi-Square 
= 124.6 with p<0.0001. (Figure 3)

Calculations were made to examine the distribution of  
funding sources for submissions with female first authors, as 
well as the qualifications possessed by the writers at the time.  
This section contains related data as well as observations made  
for the core goals of this study (Table 2).

Figure 1. Percentage of female authorship trends over the years.
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Figure 2. Author demographics - first authors (left) and senior authors (right).

Figure 3. Gender combinations over the years.

Table 2. Combined table for funding sources, author gender distribution, demographics, and qualification.

1961 1971 1981 1991 2001 2011 2021 p-value

First Author

Male 133/143 
(93%)

387/419 
(92.36%)

347/409 
(84.85%)

259/303 
(85.47%)

287/370 
(77.56%)

277/397 
(69.77%)

176/250 
(70.4%)

0.0006
Female 10/143 

(7%)
32/419 
(7.64%)

62/409 
(15.15%)

44/303 
(14.53%)

83/370 
(22.44%)

120/397 
(30.33%)

74/250 
(29.6%)

Senior Author

Male 76/90 
(84.4%)

301/344 
(87.50%)

322/365 
(93.1%)

262/292 
(89.7%)

298/356 
(83.7%)

298/376 
(79.26%)

197/245 
(78.8%)

0.0006
Female 14/90 

(15.6%)
43/344 
(12.5%)

43/365 
(6.9%)

30/292 
(10.3%)

58/356 
(16.3%)

78/376 
(21.74%)

48/245 
(22.2%)
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1961 1971 1981 1991 2001 2011 2021 p-value

First Female Author Demographics

Americas 6/10 
(60%)

7/32 
(21.87%)

26/62 
(41.93%)

11/44 
(25%)

31/83 
(37.34%)

49/120 
(40.83%)

32/74 
(43.24%)

<0.0001

Asias 0/10 
(0%)

4/32 
(12.5%)

9/62 
(14.51%)

9/44 
(20.45%)

11/83 
(13.25%)

17/120 
(14.16%)

14/74 
(18.91%)

Europe 4/10 
(40%)

16/32 
(50%)

23/62 
(37.09%)

22/44 
(50%)

38/83 
(45.78%)

48/120 
(40%)

20/74 
(27.02%)

Africa 0 
(0%)

1/32 
(3.125%)

2/62 
(3.22%)

0 
(0%)

0 
(0%)

0 
(0%)

3/74 
(4.05%)

Australia 0 
(0%)

4/32 
(12.5%)

2/62 
(3.22%)

2/44 
(4.55%)

3/83 
(3.61%)

0 
(0%)

5/74 
(6.76%)

Senior Female Author Demographics

Americas 5/14 
(35.71%)

12/43 
(27.90%)

18/43 
(41.86%)

14/30 
(46.67%)

23/58 
(39.66%)

35/78 
(44.87%)

17/48 
(35.42%)

<0.0001

Asias 2/14 
(14.28%)

2/43 
(4.65%)

7/43 
(16.27%)

6/30 
(20%)

8/58 
(13.79%)

8/78 
(10.26%)

7/48 
(14.58%)

Europe 7/14 
(50%)

25/43 
(58.13%)

16/43 
(37.20%)

9/30 
(30%)

24/58 
(41.38%)

32/78 
(41.03%)

18/48 
(37.50%)

Africa 0 
(0%)

2/43 
(4.65%)

1/43 
(2.32%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

Australia 0 
(0%)

1/43 
(2.32%)

1/43 
(2.32%)

1/30 
(3.33%)

3/58 
(5.17%)

3/78 
(3.85%)

6/48 
(12.50%)

Whether Female was involved 
or not? 

(Yes/Total Papers)
25/143 

(17.48%)
73/419 

(17.50%)
98/411 

(23.84%)
102/303 
(33.66%)

162/370 
(43.78%)

247/397 
(62.22%)

170/250 
(68%)

Funding to papers with female first authors

Government 6/10 
(60%)

14/32 
(43.75%)

45/62 
(72.58%)

21/44 
(47.72%)

54/83 
(65.06%)

59/120 
(49.16%)

28/74 
(37.84%)

<0.0001

University or Organization 4/10 
(40%)

13/32 
(40.65%)

8/62 
(12.90%)

12/44 
(27.27%)

25/83 
(30.12%)

58/120 
(48.33%)

43/74 
(58.11%)

Industry 0 
(0%)

1/32 
(3.1%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

Self 0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

0 
(0%)

1/74 
(1.35%)

Others 0 
(0%)

0 
(0%)

1/62 
(1.61%)

5/44 
(11.36%)

1/83 
(1.21%)

1/120 
(0.83%)

0 
(0%)

Not mentioned 0 
(0%)

4/32 
(12.5%)

8/62 
(12.90%)

6/44 
(13.63%)

3/83 
(3.61%)

2/120 
(1.67%)

2/74 
(2.70%)

Current Qualifications (First Female Author)

MBBS/MD/DO/Fellow 0 
(0%)

5/32 
(15.63%)

9/62 
(14.52%)

1/44 
(2.27%)

15/83 
(18.07%)

18/120 
(15%)

7/74 
(9.46%)

<0.0001Ph.D./MSc/MPH 10/10 
(100%)

26/32 
(81.25%)

52/62 
(83.87%)

43/44 
(97.73%)

68/83 
(81.92%)

96/120 
(80%)

57/74 
(77.03%)

Others 0 
(0%)

1/32 
(3.13%)

1/62 
(1.61%)

0 
(0%)

0 
(0%)

6/120 
(5%)

10/74 
(13.51%)
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1961 1971 1981 1991 2001 2011 2021 p-value

Current Qualifications (Senior Female Author)

MBBS/MD/DO/Fellow 5/14 
(35.71%)

7/43 
(16.28%)

3/43 
(6.98%)

30/30 
(100%)

10/58 
(17.24%)

13/78 
(16.67%)

11/48 
(22.92%)

0.049Ph.D./MSc/MPH 9/14 
(64.29%)

30/43 
(69.77%)

40/43 
(93.02%)

0 
(0%)

48/58 
(82.76%)

63/78 
(80.77%)

26/48 
(54.17%)

Others 0 
(0%)

6/43 
(13.95%)

0 
(0%)

0 
(0%)

0 
(0%)

2/78 
(2.56%)

11/48 
(22.92%)

Discussion
This study focused on the articles published from 1961 to 2021 
(Seven-decades), in two major endocrinology journals i.e.  
Bioscientifica’s Journal of Endocrinology and General and  
Comparative Endocrinology, though there are more landmark  
journals in the field of endocrinology they were excluded  
because they were already used in the study by El Hakimi  
et al. showing authorship trends in major endocrinology  
journals14. Although El Hakimi et al. analyzed four prominent  
endocrinology journals (Thyroid, Journal of Clinical  
Endocrinology & Metabolism, Journal of Bone and Mineral  
Research, and Diabetes Care), each journal’s purpose and 
scope were distinct, resulting in a bias when comparing them14.  
El Hakimi et al. found that the overall percentage age  
of female authors increased from 23.3 % in 1991 to 39.2 %  
in 2015, but in this study, female contributions as first  
author increased from 7% (10/143) in 1961 to 29.6 % (74/250)  
in 2021. Female qualification was one of the key reasons for  
limited female involvement from 1961 to 2021, as discovered  
in this study, making it one of the most significant factors to 
keep in mind as the increasing trend in female contribution  
is observed. This has to do with the fact that the number  
of females involved is proportional to their qualifications. 

Despite the fact that, according to the American Association of 
Medical Colleges, there were 51.3 % female endocrinologists  
compared to 48.3 % males in the United States in 2019, there  
is still a mystery as to why there are still so few female authors 
in scientific literature20. Female first authors made up 3.0 % of  
all publications in 1958, compared to 23 % in 2016, according  
to Amankwah et al.21 In other specialties, such as cardiology,  
female first authors made up 3.0 % of all publications in 1958,  
compared to 23 % in 201621. Similarly, in 1958, female last  
authors accounted for 5.2 % of all publications, compared  
to 20% in 2016. There was also a rise in the number of  
articles from Europe and Asia compared to this study where an 
increase in articles from Americas and Europe was observed.

Despite the overwhelming positive findings, the studies also  
point to several potential areas of concern. Although the  
percentage age of female authors has increased over time, 
the data show that there was a lack of momentum among  
both first and senior authors between 1981 and 1991.  
Expanding and combining ideas from various articles pub-
lished in major journals such as Endocrinology, Cardiology, and  
Gastroenterology, additional factors such as qualifications,  

funding source and further stratified, and female involvement as 
any co-author were considered.

Several studies have looked into gender inequalities in medi-
cine, such as Sidhu et al. work in the United Kingdom, or  
Mehran et al. works in Cardiology where Data from rand-
omized controlled trials was investigated to assess gender gap.  
However, there was still a need to look into a way to assess 
the outcomes over a longer period of time. Because, in order  
to see the change, a long-term strategy must be implemented  
across several years to obtain more precise findings. The aim  
was to assess the same in this study by including 70 years of 
data, resulting in a more skewed conclusion. Researchers have  
incorporated data indicating trends over 20 or 30 years in  
the past or recently, but this is the first research of such kind, with 
articles gathered over 70 years.

Several combinations of male-female First and Senior Authors  
were employed, resulting in four possible scenarios of MM, 
MF, FM, FF, where a decline in MM combination of authors  
and an increase in MF or FM from 1961 to 2021 was noticed  
(Figure 3)

This was unique because, whereas other authors identified  
patterns in sole females, this study viewed this as a fact that 
needed to be addressed. In a cross-sectional study published  
by Gayet-Ageron et al., a similar combination was employed, 
although the major focus was on author contribution rather than 
gender inequality. 

This study employed methods to determine the gender of  
first and senior contributors that were similar to those previously  
reported in studies on gender and authorship. As a result, the  
findings of this study provide a more accurate and comprehensive  
picture of change over time than a sample consisting  
exclusively of original research articles published in the 
included journals in a single year per decade, for example.  
Qualification, continent, and female participation in all the  
authors present were also factored in this study.

Conclusion
This research found a statistically significant rise in the number 
of female authors participating in endocrinology research,  
both as first and senior authors. Despite the increase in female 
engagement, it was discovered that it still falls short of  
male participation. Female involvement had previously  

Page 8 of 13

F1000Research 2022, 11:833 Last updated: 14 NOV 2022



increased sharply, but it plateaued in the 2000s, remaining  
significantly below 50% and consequently less than male  
participation. Female contribution increased initially in the  
Americas and then on the European continent. Female authors 
from Europe contributed the most, followed by those from the  
American continent, both of which are high-income regions 
of the world. The rise in female contributions was not restricted  
to affluent countries; the Asian continent, which still contains 
many low-income regions, had a similar upward trend. Despite  
a large rise in female participation, changes for females and  
gender equality are still needed to boost female empowerment  
and the scientific community.

Data availability
Underlying data
Dryad: Trends in authorship demographics for manuscripts  
published in endocrine journals - A 70-year analysis

https://doi.org/10.5061/dryad.rjdfn2zdh17

This project contains the following underlying data:

Data-Sheet.csv. (Data were collected from two major journals  
and analyzed for individual parameters as mentioned in the  
first row of the excel sheet. The first row describes all the  
numeric coding used to allot different categories to the study  
parameters.)

Data are available under the terms of the Creative Commons  
Zero “No rights reserved” data waiver (CC0 1.0 Universal  
(CC0 1.0) Public domain dedication).
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Abstract

Original Article

IntRoductIon

Hypertension (HTN) is a well-known risk factor for global 
mortality and morbidity.[1] Disease burden among adults as 
an outcome of HTN has doubled from 594 million in 1975 to 
1.13 billion in 2015, with a disproportionately large prevalence 
observed in low- and middle-income countries.[2] In India, the 
Global Burden of Disease study attributed 1.63 million deaths 
as a consequence of HTN in 2016 alone.[1] Etiological factors 
of HTN are ubiquitous in nature; however, experimental 
evidence suggests that elevated serum uric acid (SUA) level 
was an independent predictor of HTN and progression of blood 
pressure (BP).[3] Nevertheless, the role of SUA as a marker, or 
risk factor for HTN, remains unclear.[4]

SUA level above the threshold of 6.8 mg/dL is referred to as 
hyperuricemia.[5] Hyperuricemia can result in gout, endothelial 

dysfunction, or uric acid nephrolithiasis, which further 
worsen the quality of life in hypertensive patients.[5,6] SUA 
concentrations rise either due to increased uric acid production 
or decreased excretion, or a combination of the two. Increased 
consumption of protein, alcohol, and enzymatic abnormalities 
of uric acid/urate transporters in purine metabolism are key 
factors in increasing SUA production.[7,8] This prolonged 
accrual of SUA facilitates the development of HTN by 
multiple pathways, such as activation of the renin–angiotensin–
aldosterone pathway, influencing glomerular apparatus, uric 
acid-induced smooth muscle cell proliferation, or heightened 
hyperinsulinemia that effectuates decrease in excretion of uric 
acid, potassium, and sodium that results in elevated BP.[9] As 

Background: Hypertension is associated with a myriad of confounding factors, out of which elevated serum uric acid (SUA) profile is of 
interest as a biomarker. Despite a handful of studies alluding to the seminal relationship between the two, its prevalence and correlation in 
the Indian context have not been adequately investigated. Hence, the present study was aimed to evaluate the relationship between SUA 
levels and primary hypertension (HTN). Materials and Methods: This 1-year hospital-based cross-sectional study comprised 100 patients 
who were recently diagnosed with primary HTN and had not received antihypertensive medications, SUA levels and severity of HTN among 
patients were assessed along with their age, sex, body mass index, total cholesterol, and lipid profile. Results were statistically analyzed by 
Chi-square test, logistics regression, t-test/Welch t-test/Mann–Whitney U-test, and Pearson–Spearman rank correlation. Results: A strong 
correlation between SUA level with systolic blood pressure (SBP) in patients with primary HTN (r = 0.5046; P < 0.0001) was observed. 
The mean SBP (163.89 ± 9.99 mmHg) was significantly high (P < 0.001) in hyperuricemic patients, and raised SUA was noted in 38% of 
the cohort. Stage II hypertensive subjects of the 58–66 years age group were found to be a particularly vulnerable group (odds ratio of 32). 
History of diabetes mellitus, tobacco, and alcohol consumption showed a significant association with elevated SUA levels in males (P < 0.05). 
Conclusion: One in every three primary hypertensive patients is likely to present with hyperuricemia, and there exists a pertinent association 
between elevated SUA levels with SBP.
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the levels of SUA and BP are reflective of the inner physiology, 
which itself is influenced by aging, body mass index (BMI), 
dietary intake, and lifestyle habits, evaluating the relationship 
between SUA and HTN becomes a complex task.[10]

Although a couple of studies have commented on the nexus 
between SUA and HTN, there is a dearth of literature pertaining 
to the prevalence of hyperuricemia, its association, and 
correlation with demographic and physiological characteristics 
in hypertensive patients. Moreover, most of the previously 
conducted studies have investigated patients being treated with 
antihypertensive agents.[11]

Considering these facts, the present study was undertaken (1) 
to find the association between hyperuricemia and BP in 
newly diagnosed primary HTN and (2) to find the association 
of hyperuricemia in hypertensive patients with regard to 
ancillary factors of HTN such as gender, age, BMI, and high 
triglyceride levels.

MateRIals and MetHods

This cross sectional study was under taken at KAHER’s 
(KLE academy of Higher Education and Research) Dr. 
Prabhakar Kore hospital and MRC, Belagavi, Karnataka, 
attached to Jawaharlal Nehru Medical College. A total of 100 
adult patients diagnosed with primary HTN as per the 2017 
American College of Cardiology/American Heart Association 
guidelines were enrolled.[12] Patients with renal failure, gout, 
malignancy, secondary HTN, and pregnancy-induced HTN and 
those receiving pharmacological treatments such as thiazides, 
loop diuretics, pyrazinamide, allopurinol, and ethambutol were 
excluded from the study. The ethical clearance was obtained 
from the institutional ethics committee and written informed 
consent was obtained from all participants

Data collection
The sample size was calculated based on the formula as 
mentioned below.

4
2

× p× qn =
d

Where, p = prevalence of the disease which was considered 
as 50% due to scarcity of data on primary/essential HTN in 
the study area

q = 100–P = 100–50 = 50

d = Absolute error taken as 10%

Therefore, 
2

4 ×50 × 50=
10

n

n = 100

Hence, a sample size of 100 was considered for the study.

This study was conducted over a span of 1 year between 
January 2018 and December 2018. Demographic details of 
patients such as age, gender, and occupation along with a 
comprehensive medical history were noted. Baseline clinical 

features encompassing height (m), weight (kg), BMI (kg/m2), 
systolic BP (SBP), and diastolic BP (DBP) (mmHg) were 
evaluated by a thorough general physical examination. BMI 
was estimated by dividing the weight (kg) of patients by the 
square of their height (m) and subsequently classified according 
to overweight and obesity by BMI in adult Asians.[13] BP of 
patients was recorded by the digital sphygmomanometer 
OMRON HEM-8712 in the sitting position after a respite 
of 5 min. BP was recorded thrice and the mean BP was 
calculated.[14] A baseline SBP of 140–159 mmHg or DBP 
of 90–99 mmHg was recognized as Stage I HTN, whereas 
baseline SBP of ≥160 mmHg or DBP ≥100 mmHg was 
recognized as Stage II HTN.[15] Under aseptic conditions, 2 mL 
of venous blood was collected in ethylenediaminetetraacetic 
acid vials for further investigations such as SUA (mg/dL), 
hemoglobin (gm%), complete blood count (CBC), platelet 
count (/mm3), serum urea (mg/dL), thyroid stimulating 
hormone(mIU/L), random blood sugar (RBS) (mg/dL), total 
cholesterol l (mg/dL), low-density lipoprotein (LDL) (mg/dL), 
high-density lipoprotein (HDL) (mg/dL), and triglyceride 
levels (mg/dL). Early morning venous blood samples were 
used for SUA and lipid profile analysis. SUA was estimated 
by the uricase – POD enzymatic colorimetric method using the 
SPINREACT kit (Spinreact SAU, Girona, Spain) according 
to manufacturer’s instructions.[16] SUA >6 mg/dL and 
SUA >7 mg/dL were considered as hyperuricemia for male and 
female, respectively. Lipid profile was ascertained based on 
National Cholesterol Education Program guidelines.[17] Total 
cholesterol, LDL, and triglyceride values above 200 mg/dL, 
100 mg/dL, and 150 mg/dL, respectively, were considered to be 
elevated. HDL values below 50 mg/dL in females and 40 mg/dL 
in males were considered abnormal. SUA levels noted among 
patients were classified into four quartiles of <4.69, 4.69–5.58, 
5.58–6.52, and ≥6.52 mg/dl, as depicted by Wei et al.[18]

Statistical analysis
The data were recorded in a Microsoft Excel spreadsheet and 
analyzed using R i386.3.5.1 software. Continuous data were 
represented as mean ± standard deviation and the categorical 
variables were reflected by the frequency table and analyzed 
by Chi-square test. Continuous data were compared using 
t-test/Welch t-test/Mann–Whitney U-test. Pearson’s correlation 
between SUA levels with myriad factors such as age, SBP, 
DBP, total cholesterol, LDL, HDL, and triglycerides along with 
analysis of association logistic regression was performed. At 
95% confidence interval, P < 0.050 was considered significant.

Results

A study cohort comprising 100 patients showed a male 
preponderance of 68%. Study participants were aged 
between 31 and 80 years, with the majority belonging to the 
61–70 age group. The overall mean age of the patients was 
57.22 ± 11.46 years. Table 1 enumerates the baseline features 
of patients, differentiated by their gender. The SUA noted 
ranged between 2.50 and 13.50 mg/dL with mean and median 
of 6.32 ± 2.46 mg/dL and 6.15 mg/dL, respectively. Most of 
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the patients (37%) had a BMI between 23.00 and 24.99 kg/m2. 
The frequency of hyperuricemia in patients with BMI ranged 
between 23.00 and 24.99 kg/m2 (29.73%), 25.00 and 
29.99 kg/m2 (64.71%), and ≥30 kg/m2 (100%); however, BMI 
was insignificant association with hyperuricemia (P = 0.4879).

Overall, the SBP levels ranged between 130 and 180 mmHg 
with a mean and median of 156.16 ± 12.09 and 156 mmHg, 
respectively, whereas DBP levels varied between 80 and 
100 mmHg with 93.46 ± 5.05 and 94 mmHg as mean and 
median values, respectively [Table 1]. Hyperuricemia 
characterized by raised SUA levels was seen in 38% of the 
patients. Comparison of mean SBP values among the sexes 
revealed less mean SBP in females than males (P = 0.0008). 
Among the females, the mean values of CBC as well as platelet 
count were found to be elevated (P = 0.0046, P = 0.0213). 
There was a significant positive correlation of influencing 
factors such as SBP, DBP [Figure 1], age, and RBS [Figure 2] 
with SUA.

Out of 100 subjects, 33 patients with Stage II HTN had SUA 
levels ≥6.52 mg/dL, while the same was noticed in 10 Stage I 
HTN patients [Figure 3]. Subsequently, the association between 
SUA and the stage of HTN was significant (P = 0.0002). In all 
participants, for every one-unit increment in SUA, the odds 
of Stage II HTN increased by 98% after adjusting for other 
factors as determined by logistic regression. The odds of 

developing Stage II HTN were 10.72 times higher in patients 
with hyperuricemia than normal subjects on adjusting other 
factors. There was a difference predisposition of Stage II HTN 
for hyperuricemia among males with an adjusted odds ratio 
of 43.98 (P = 0.0018) and females (P = 0.0183), as shown 
in Table 2. Logistic regression of age with SUA in Stage II 
HTN subjects demonstrated patients in the 58–66 years age 
group to have a higher odds ratio of 32 than normal SUA 
subjects [Table 2]. In the present study, majority of patients 
were males (68%) and 32% were females suggesting a higher 
risk of primary HTN among males. However, the frequency 
of hyperuricemia was slightly higher in females compared to 
males (43.75% versus 35.29%) (P = 0.142).

The elevated total cholesterol levels were noted in 59% of the 
patients (P = 0.6422), raised LDL levels noted in 62% of the 
patients (P = 0.4265), abnormal HDL levels seen in 67% of 
the patients (P = 0.5245), and raised triglyceride levels seen 
in 62% of the patients (P = 0.8041). Each of these factors 
displayed a weak association with hyperuricemia.

dIscussIon

The present study involving 100 hypertensive patients was carried 
out to ascertain the relationship between HTN and hyperuricemia 
in terms of SUA levels. A wide range of SUA levels between 

Table 1: Comparison of different factors between male and female hypertensive subjects

Variables Male (n=68) Female (n=32) Gender distribution

P

Overall P Total

Age (years) 57.62±11.83 56.38±10.78 0.6156 0.0092 57.22±12.75
BMI (kg/m2) 22.59±1.99 22.41±2.25 0.6868 0.4879 22.53±3.04
Pulse rate (/min) 79.56±7.35 79.31±8.40 0.991M 0.849 79.48±10.99
Respiratory rate (/min) 19.65±2.29 19.81±2.46 0.7461M 0.8067 19.7±3.04
SBP (mm Hg) 158.88±11.56 150.38±11.26 0.0008A <0.0001 156.16±19.65
DBP (mm Hg) 94.06±4.78 92.19±5.46 0.0840 0.0092 93.46±10.57
Serum uric acid (mg/dL) 6.39±2.32 6.19±2.58 0.7106 <0.0001 6.32±2.46
Hemoglobin (g%) 11.64±2.49 11.84±1.32 0.5868WT 0.1438 11.7±2.47
Tc (/cumm) 7547.5±3577.60 9761.1±4469.02 0.0046A 0.1246 8255.85±4063
Platelet count (/cumm) 218.06±85.76 256.84±92.88 0.0213A 0.7238 230.47±91.95
Serum urea (mg/dL) 27.81±9.31 28.25±9.72 0.8279 0.3465 27.95±9.75
Serum creatinine (mg/dL) 0.87±0.21 0.83±0.27 0.4535 0.2126 0.86±0.24
RBS (mg/dL) 139.69±17.89 139.44±20.29 0.9496 0.0197 139.61±23.13
TSH (mcIU/mL) 2.08±0.62 2.19±0.89 0.5337WT 0.7545 2.11±0.74
Total cholesterol (mg/dL) 213.78±38.74 211.94±32.71 0.8166 0.6422 213.19±42.29
LDL (mg/dL) 109.46±22.98 110.22±21.62 0.875 0.4265 109.7±24.86
HDL (mg/dL) 35.28±15.78 35.47±12.91 0.953 0.5245 35.34±15.2
TG (mg/dL) 166.71±39.74 157.09±42.80 0.2737 0.8041 163.63±43.72
History of DM, n (%) 28 (41.18) 6 (18.75) 0.0136A,P 0.9592 34 (34)
Smoking, n (%) 15 (22.06) 1 (3.13) 0.0080A,P 0.1367 16 (16)
Alcohol, n (%) 16 (23.53) 1 (3.13) 0.0056A,P 0.6329 17 (17)
Tobacco chewing, n (%) 23 (33.82) 3 (9.38) 0.0046A,P 0.9529 26 (26)
MIndicates Mann–Whitney U-test, WTIndicates welch t-test, AIndicates one-tailed test, PIndicates proportion test; age, BMI, pulse rate, respiratory rate, SBP, 
DBP, SUA, hemoglobin, Tc, platelet count, serum urea, serum creatinine, RBS, TSH, total cholesterol, LDL, HDL and TG are expressed in mean±SD, 
whereas history of DM, smoking, alcohol and tobacco are expressed in percentages. SD: Standard deviation, BMI: Body mass index, SBP: Systolic 
blood pressure, DBP: Diastolic blood pressure, Tc: Total cell count, RBS: Random blood sugar, TSH: Thyroid-stimulating hormone, LDL: Low-density 
lipoprotein, HDL: High-density lipoprotein, TG: Triglycerides, DM: Diabetes mellitus, SUA: Serum uric acid
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2.50 and 13.50 mg/dL were noted among hypertensive study 
participants, with over one-third (38%) of the patients presenting 
with elevated SUA levels. On adjusting other factors, the odds of 
Stage II HTN were 10 fold higher in patients with hyperuricemia 
in comparison to normal subjects. Hence, one out of three patients 
with HTN was found to have hyperuricemia in this study cohort. 
The mean SUA levels noted in this study were comparable to 
case–control study by Mishra et al (5.80 ± 2.16 mg/dL mean 
SUA) (P < 0.05) in patients with newly diagnosed essential HTN.

[17] This concordance of results adds further validity to the notion of 
SUA as a predictor and cause of primary HTN. Hyperuricemia is 
often characterized yet not limited to exacerbated oxidative stress 
and amplification of the renin–angiotensin–aldosterone system. 
Adversarial impacts of hyperuricemia also include endothelial 
dysfunction, glomerulosclerosis, induction of inflammatory 
cascades, and cytokine expression. The consequent nephropathy 
and vascular abnormalities that arise stimulate the occurrence of 
arterial HTN.[17,19,20]

In the present study, SBP was recorded in a range between 
130 mmHg to 180 mmHg, while DBP levels ranged between 
80 and 100 mmHg. The drastically high mean values of SBP 
and DBP (156.16 ± 12.09 mmHg and 93.46 ± 5.05 mmHg, 
respectively) noted in this study closely correspond to the 
mean SBP and DBP levels of 159.00 ± 11.98 mmHg and 
94 ± 4.62 mmHg, respectively, in the study by Mishra 
et al.[17] However, other studies have reported comparatively 
lower levels of SBP and DBP (116.0 ± 14.6 mmHg and 
143.99 ± 14.28 mmHg mean SBP and 75.0 ± 8.7 mmHg and 
96.61 ± 7.24 mmHg mean DBP values).[8,9] This dissonance 
may arise from the fact that majority of the patients 96 (96%) 
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Figure 3: Bar graph distribution of patients having Stage I or Stage II 
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Figure 1: Positive correlation of serum uric acid levels with systolic blood pressure (a) and diastolic blood pressure (b) among hypertensive patients
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Figure 2: Positive correlation of serum uric acid with (a) age among hypertensive patients (b) random blood sugar among hypertensive patients
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had Stage II HTN and only four (4%) of the patients were 
diagnosed to have Stage I HTN in the current study.

Interestingly, 39.58% of the patients with Stage II HTN had 
hyperuricemia and none of the patient with Stage I HTN had 
hyperuricemia, there was a significant association between 
the severity of HTN and SUA levels (P < 0.05). Mean 
SBP (P < 0.001) was significantly high in hyperuricemic 
patients compared to patients with normal SUA levels, 
suggesting that patients with raised SUA levels were more 
likely to present with elevated SBP. This observation was 
further strengthened the correlation of SUA levels with SBP 
and DBP which showed a strong positive correlation between 
the SUA and SBP (r = 0.5046; P < 0.0001). A moderate 
positive correlation between SUA and DBP (r = 0.2593; 
P < 0.01) was noted as well. These findings are in harmony 
with Poudel et al. demonstrating the significant association 
between SUA with SBP (P < 0.001) and DBP (P < 0.01).[9] 
Shrivastav et al. reported similar findings where although SUA 
levels were significantly associated with SBP (P < 0.05), their 
association with DBP was insignificant (P > 0.05).[19] Hence, 
it is evident that every one patient out of three with HTN 
is likely to have raised SUA levels, reflective of the strong 
association between SUA with SBP. Raised SUA as a risk 
factor for HTN was reported by Kahn et al. In this study, about 
25%–40% of adults with HTN have SUA more than 6.5 mg/dl 
and there was a direct relationship between SUA and SBP, a 
finding consistent with the present study.[3] According to Ali 
et al., an increase in HTN with a corresponding rise in SUA 
levels among patients is grouped into four quartiles.[8] These 
findings are congruent to the observations of the present study, 
thus establishing the salient interdependence between HTN 
and hyperuricemia.

In this study, males were found to have a higher chance 
of developing hyperuricemia (adjusted odds ratio of 
43.98) Previous studies have reported a higher degree of 
hyperuricemia in males as compared to females in hypertensive 
patients (6.15–6.47 mg/dL in males and 4.32–4.87 mg/dL in 
females).[11,21] The mean SUA levels were also slightly high 
among male patients compared to female patients in the present 
study, but again, the difference was insignificant (P > 0.05). 
Possible reasons for the divergence in findings may be due to 
sociodemographic factors such as stressful lives and inclusion 
of more women of postmenopausal age experiencing hormonal 
fluctuations. These observations suggest that, although the 
elevated SUA levels in patients with primary HTN are not 
solely influenced by sex, it is a risk factor to be monitored.

In the present study, most of the patients were aged between 
61 and 70 years suggesting increased vulnerability of patients 
to developing hyperuricemia in their seventh decade (35%). 
Accordingly, a significant association was found between 
hyperuricemia and age (P = 0.0092). A positive correlation was 
also noted between elevated SUA and age among participants. 
The observations of Ali et al. reiterate the noteworthy 
association between SUA and age (P < 0.05), adding further 
strength to this study’s results.[8] These observations partly 
concur with a study done by Cheng et al. who found that SUA 
concentration was positively associated with HTN only in the 
41–50-year-old group.[22]

In the current study, a significant association was found 
between elevated SUA level with history of diabetes 
mellitus (34%, P = 0.0136), smoking (16%, P = 0.0080), alcohol 
consumption (17%, P = 0.0056), and tobacco chewing (26%, 
P = 0.0046) in male patients. However, the mean comparison of 
the entire cohort did not display a significant nexus of SUA with 

Table 2: Odds ratios of acquiring hyperuricemia based on age and sex of subjects

Variable OR (95% CI) P aOR (95% CI) P
Age Q1 (31-50 years) (n=32)

SUA 1.85 (1.22-3.38) 0.0127 2.89 (1.23-14.13) 0.0269
Hyperuricemia 6.56 (1.24-51.65) 0.0461 7.28 (1.14-75.04) 0.043

Age Q2 (50-58 years) (n=19)
SUA 1.90 (0.95-5.22) 0.1198 2.69 (0.98-8.81) 0.068
Hyperuricemia 6.66 (0.87-70.78) 0.1367 11.97 (0.85-553.8) 0.251

Age Q3 (58-66 years) (n=27)
SUA 2.50 (1.34-6.89) 0.0198 3.23 (1.53-13.06) 0.0248
Hyperuricemia 19.50 (3.19-186.73) 0.0054 32.59 (3.95-776.55) 0.0119

Age Q4 (66-80 years) (n=22)
SUA 1.37 (0.85-2.47) 0.244 2.04 (0.94-7.28) 0.0747
Hyperuricemia 2.19 (0.34-18.86) 0.448 2.15 (0.30-20.28) 0.438

Male
SUA 1.66 (1.25-2.35) 0.0015 1.84 (1.30-2.83) 0.0020
Hyperuricemia 27.6 (5.10-515.50) 0.0018 43.98 (7.32-760.95) 0.0010

Female
SUA 2.95 (1.56-8.48) 0.0095 4.51 (1.58-24.93) 0.0136
Hyperuricemia 15 (2.20-305.09) 0.0183 25.66 (1.73-478.33) 0.0232

Adjusted for gender, history of DM, smoking status, consumption of alcohol, tobacco consumption, BMI; age is classified based on quartiles; SUA stands 
for Serum uric acid. OR: Odds ratio, CI: Confidence interval, aOR: Adjusted odds ratio, DM: Diabetes mellitus, BMI: Body mass index.
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a history of diabetes mellitus, alcohol, smoking, and tobacco 
chewing. This variance in results may be on account of diverse 
differences in the sociocultural norms that influence the use of 
alcohol and tobacco products. These findings are suggestive 
of the fact that the association of SUA with lifestyle factors is 
multifactorial and gender specific. Dehghan et al. demonstrated 
that individuals with elevated SUA levels are at a greater risk of 
developing type 2 diabetes with hazard ratios of 1.63 and 2.83 
for those in the third and fourth quartiles of SUA, respectively.
[23] Rafieian‑Kopaei et al. conducted a cross-sectional study 
on type 2 diabetics, which concluded that SUA has a strong 
association with SBP (P = 0.02) in type 2 diabetics.[24] With 
regard to smoking, these findings are in line with previous 
studies which have reported highly elevated levels of SUA 
in former smokers.[25,26] However, Anand et al. in their case–
control study reported that there is no significant difference 
among hypertensive males with regard to uric acid  and 
smoking.[21] A study by Kumbhalkar and Deotale reported the 
absence of a significant association between tobacco chewing 
and SUA levels in congruence to the findings of the present 
study.[27] In a study by Conen et al., alcohol consumption was 
linked to elevated SUA levels, predominantly in men.[28] In 
consonance with this, the results of the present study also 
demonstrated a prevalence of alcohol consumption in 16 males 
and only one female. Regarding BMI, insignificant association 
with hyperuricemia was noticed in the present study (P > 0.05). 
In consonance with these observations, Anand et al. also 
concluded that though mean SUA is higher in study subjects 
whose BMI >25 kg/m2 than those subjects with BMI <25 kg/
m2, the association is insignificant (P > 0.05).[21]

Similarly, no significant correlation could be reckoned between 
SUA levels and total cholesterol (r = 0.0470; P > 0.05). Despite 
majority of the patients having raised LDL levels, lower HDL 
levels, and hypertriglyceridemia, a salient significant association 
of these factors with hyperuricemia was missing. These findings 
suggest that hyperuricemia is not explicitly associated with 
hypertriglyceridemia. A study by Teng et al. reported similar 
dissociation between elevated SUA and factors such as BMI and 
total cholesterol levels (P > 0.05).[29] Contrary to this, a few other 
studies state that SUA is significantly associated with BMI, LDL, 
and HDL levels.[9,11] The divergence in findings between these 
sets of studies is indicative that BMI and cholesterol parameters 
are not exclusively related to SUA and are potentially influenced 
by other concomitant physiological traits.

Strengths and limitations of the study
This study can help in the design of future large-scale clinical 
trials investigating the potential of SUA targeted therapies in 
the prevention and amelioration of HTN. Referring to SUA 
as a risk factor for HTN can expedite the screening process 
by clinicians as it is a robust and minimum invasive test for 
better patient management. Few limitations of the study are 
relatively smaller sample size and monocentric study design. 
Furthermore, the present study predominantly involved male 
patients and Stage II primary HTN patients in excess acting 
as confounding factors.

conclusIon

The findings of the present study illuminate the highly 
significant association as well as correlation between elevated 
SUA profile and HTN marked as a sharp increase in SBP 
with SUA values. Therefore, adequate care must be taken to 
maintain a normal SUA profile to prevent and manage HTN. 
Treatment plans for HTN must include strategies to decrease 
SUA levels to ensure an improved quality of life and prevention 
of associated comorbidities.
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Abstract 

Background: Type 2 diabetes mellitus has become a serious public health problem due to its 

rising prevalence. The number of diabetes patients has been rising due to population and 

urbanization expansion, rising obesity, sedentary lifestyle and patients with DM living longer. 

Complications of diabetes are blindness, amputations, renal disease, anemia, cardiovascular 

disease, brain issues, and lowered quality of life. We in the current study tried to assess the 

prevalence of anemia in people suffering from diabetes mellitus among OPD patients of PHC 

Kinaye. 

Methods: A cross-sectional study was conducted from October 01st, 2021 to November 30th, 

2021 among people visiting the OPD of PHC Kinaye, Belagavi, Karnataka under the 

administrative control of JNMC. The estimated sample size was n=215. A semi-structured 

questionnaire was used to collect data. The existence of diabetes-related complications such as 

retinopathy, neuropathy, nephropathy, and other problem, as well as the history of hypertension 

and current diabetic medicines, were obtained by evaluating the patient's medical records. 

Results: Hemoglobin levels were normal in n=125(58.1%) of cases. The existence of anemia 

was found in n=90(41.86%) cases out of which n=65(72.22%) cases were mild anemia, 

n=25(27.78%) cases were moderate anemia, and there were no cases of severe anemia in our 

study group. The range of hemoglobin levels was 8.1 to 14.9 mean hemoglobin levels in the 

study were 13.9 ± 3.56 gm% 

Conclusions and Recommendations:  Prevalence of anemia was found in approximately 40% 

of the cases in the study. Most people were suffering from DM for 2-3.9 years. Dietary advice 

regarding iron-rich diets and dietary practices inhibiting iron absorption were explained to 

patients. All the participants were educated regarding the various risks associated with type 2 

diabetes mellitus, awareness regarding risk factors, and co-morbidities like hypertension, 

diabetic retinopathy, diabetic neuropathy, and diabetic nephropathy.  

Keywords: Anemia, Diabetes Mellitus Type 2, Prevalence, PHC Kinaye 
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Introduction 

Diabetes mellitus (DM) is a metabolic disorder defined by persistent high blood glucose levels 

as a result of impaired carbohydrate, lipid, and protein metabolism. [1] Epidemiological data 

showed that Over 400 million individuals worldwide suffer from diabetes, which claimed the 

lives of 1.6 million people in 2015 and it is estimated that in the year 2030 we will have about 

440 million diabetics and by the year 2035 one among ten of the world’s population could be 

diabetics.  [2, 3] Its worldwide prevalence is increasing rapidly among developing countries. The 

existence of chronic hyperglycemia in poorly controlled diabetics leads to long-term damage, 

and dysfunction of several organs of the body, including the eyes, kidneys, nerves, blood, and 

blood arteries. [4] Anemia is the commonest blood-related disorder found in diabetic patients. 
[5] The incidence of anemia is particularly very in patients with associated kidney dysfunction 

where the production of erythropoietin is typically affected. [6, 7] Several studies in this field 

have found, that diabetic individual with renal insufficiency are more likely than normal 

diabetics to develop anemia when their kidneys' ability to manufacture erythropoietin declines. 

Diabetic neuropathy also affects the hormone responsible for RBC synthesis, which leads to 

anemia. [8, 9] Diabetes patients have cyanocobalamin, folate, and iron deficits, which can lead 

to anemia in various forms. Metformin may cause vitamin B12 deficient anemia by interfering 

with cyanocobalamin absorption. [10] 

 

Hemoglobin levels of less than 13 g/dl in men and 12 g/dl in women are considered anemia. 
[11] Furthermore, anemia is defined as a reduction in the oxygen-carrying capacity of blood 

produced by a decreased erythrocyte mass or a decrease in the hemoglobin concentration of 

the blood. [12] It occurs when the amount of red blood cells (and hence their oxygen-carrying 

capacity) is insufficient to satisfy the body's physiologic requirements. Age, gender, residence 

elevation above sea level (altitude), smoking habits, and different phases of pregnancy all 

influence physiologic demands. [13] Anemia in the diabetic population, whether type I or type 

II, is now thought to be a powerful and independent predictor of the increased risk of 

macrovascular and microvascular complications of diabetes. [14] Several studies have found in 

diabetic care hospitals that the prevalence of unrecognized anemia is twice or thrice more 

common as compared to the general population. Furthermore, DM patients acquire anemia at 

a younger age and with greater severity than the general population, placing them at higher risk 

of problems, and this added load adds significantly to the patient's concomitant vascular disease 

and unfavorable outcomes. [15, 16] Since there is a paucity of data on the prevalence of anemia 

in rural populations, we in the current study tried to assess the prevalence of anemia in people 

suffering from diabetes mellitus among OPD patients of PHC Kinaye of Belagavi District, 

Karnataka State, India. 

 

Material and Methods 

 

A cross-sectional study was conducted from October 01st, 2021 to November 30th, 2021 among 

people visiting the OPD of PHC Kinaye, Belagavi, Karnataka under the administrative control 

of JNMC.  Institutional Ethical committee permission was obtained for the study. Written 

consent was obtained from all the participants of the study.  

 

Inclusion criteria 

1. All Diabetic patients attending OPD of PHC rural area. 

2. Diabetic patients who have given consent.  

3. Age above 30 years. 

4. Males and females 
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Exclusion criteria  

1. Patients with Type 1 DM  

2. Age less than 18 years 

3. Patients with Gestational Diabetes Mellitus 

4. Patients with known hematologic diseases 

5. Patients attending OPD of PHC Kinaye but who have not given consent. 

Sampling technique used: Universal sampling  

 

Sample size: 

Sample size calculation  

n=4pq/d2 

Where n = sample size, p = prevalence taken as  

p=47.5 

q= 52.5 

d= 6.811 = absolute error 

n= 4*47.5*52.5/46.4 = 215 

So, the estimated sample size is 215 

 

A semi-structured questionnaire was used to collect data. Sociodemographic factors, clinical 

features, anthropometric measures, and laboratory analysis are among the data gathered. The 

existence of diabetes-related complications such as retinopathy, neuropathy, nephropathy, and 

other problem, as well as the history of hypertension and current diabetic medicines, were 

obtained by evaluating the patient's medical records. After 10 minutes of rest in a sitting 

position, blood pressure was taken with an aneroid sphygmomanometer. Hypertension was 

defined as having a systolic blood pressure (SBP) of 130 mmHg or diastolic blood pressure 

(DBP) of 80 mmHg or using antihypertensive medication. 

 

Data were collected by using a semi-structured questionnaire. The collected information 

includes socio-demographic characteristics, clinical characteristics, anthropometric 

measurements, and laboratory analysis. Socio-demographic data and clinical characteristics 

like duration of DM were collected using questionnaire; whereas the presence of diabetes-

related complications like; retinopathy, neuropathy, nephropathy, and other complication; 

history of hypertension, and current diabetic medications were collected from reviewing of 

patient’s medical records. Blood pressure (BP) was measured using an aneroid 

sphygmomanometer after 10 mins of rest in a sitting position. Hypertension was defined as 

Systolic Blood Pressure (SBP) ≥130 mmHg and/or Diastolic Blood Pressure (DBP) ≥80 mmHg 

or current use of antihypertensive medication. 5 ml of blood sample was obtained in a 

vacutainer under aseptic conditions and hematological analysis was done for Hemoglobin 

(Hgb) values in Hematology Analyzer. Anemia was defined by the World Health Organization 

(WHO) as Hb concentrations of less than 13 g/dl in males and less than 12 g/dl in females. [43 

of jbm] Mild anemia (female: 11–11.9 g/dl; male: 11–12.9 g/dl), moderate anemia (8–10.9 

g/dl), and severe anemia (less than 8 g/dl) were the three categories. [17] 

 

Statistical analysis:  

 

The data was collected and uploaded on an MS Excel spreadsheet and analyzed by SPSS 

version 22 (Chicago, IL, USA). Quantitative variables were expressed on mean, standard 

deviations, proportions and percentages. Fisher’s exact test is used to find the difference 

between two proportions.  
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Results 

A total of n=215 cases were studied based on the sample size estimation. Out of n=215 cases, 

n=90(41.8%) were males and n=125(58.2%) were females. Out of these the age group between 

51 – 55 years were with n=45(20.93%) of the cases followed by the age group 46 – 50 with 

n=40(18.6%) of all the cases. The age-wise distribution of the cases has been depicted in table 

1. The mean age of the cases in the study was 48.59 ± 7.5 years the youngest case was 38.5 

years old female and the oldest case was a 69-year-old female.  

 

Table 1: Demographic profile of the patients included in the study 

Age group (yrs) Frequency Percentage 

35-40 15 06.97 

41-45 35 16.27 

46-50 40 18.60 

51-55 45 20.93 

56-60 35 16.27 

61-65 30 13.95 

66-70 15 06.97 

Total 215 100.0 

 

The duration of diabetes mellitus was recorded in the cases of the study as depicted in table 2. 

A critical analysis of table 2 reveals the most common duration of diabetes mellitus in the 

cohort was 2.0 – 3.9 years with n=70(32.5%) of cases followed by a duration of 4.0 – 5.9 years 

with n=45(20.9%) of the cases. The duration of diabetes mellitus of greater than 10 years was 

found in n=15(6.9%) cases. The mean duration of diabetes mellitus in all the groups was 3.75 

± 1.8 years. our study found of n=215 people, n=170(79.07%) were suffering from 

hypertension also along with type 2 diabetes mellitus. Out of which n=108 were females and 

n=62 were males. The mean level of Fasting blood glucose recorded in the current study was 

153.66 ± 23.65 mg/dl.   

 

Table 2: Duration of Diabetes in the cases of study 

Duration of Diabetes No. of cases Percentage 

6 months-1.9 years 20 09.3 

2.0 - 3.9 years  70 32.5 

4.0 - 5.9 years 45 20.9 

6.0 - 7.9 years 35 16.2 

8.0 - 9.9 years 30 13.9 

>10 years 15 06.9 

 

In the current study, hemoglobin level were normal in n=125(58.1%) of cases. The prevalence 

of anemia was found in n=90(41.86%) cases out of which n=65(72.22%) cases were mild 

anemia, n=25(27.78%) cases were moderate anemia, and there were no cases of severe anemia 

our study group. The range of hemoglobin levels was 8.1 to 14.9 mean hemoglobin levels in 

the study were 13.9 ± 3.56 gm% the distribution of cases based on their hemoglobin levels has 

been given in table 3. The mean fasting blood glucose levels in anemia cases (n=90) was 165.25 

± 23.65 mg/dl slightly higher than the mean values of non-anemic cases n=125 cases was 

141.25 ± 20.89 mg/dl.  

Table 3: Hemoglobin levels in the cases of study 
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Haemoglobin Levels (gm %) No. of cases Percentage 

8.0 - 8.9  15 06.9 

9.0 - 9.9  10 04.6 

10.0 - 10.9  25 11.6 

11.0 - 11.9  40 18.6 

12.0 - 12.9  75 34.8 

13.0 - 13.9  35 16.2 

14.0 - 14.9  15 06.9 

Out of the total n=215 cases studied in this study n=50(23.2%) had pallor, n=25(11.6%) 

experience fatigue, n=10(4.6%) experienced dyspnea, n=5(2.3%) experienced dizziness, and 

n=125(58.1%) had none of the features suggestive of anemia. The distribution of the signs and 

symptoms recorded in this study has been depicted in Figure 1. 

 

 
Figure 1: Distribution of common signs and symptoms of anemia recorded in the study 

 

Discussion 

Patients with type 2 diabetes are twice as likely to suffer from anemia as those without the 

disease. Anemia has been recognized as a risk factor for cardiovascular and end-stage renal 

disease in diabetes individuals by Bosman et al., [18] and Keane et al., [19] In a similar study we 

found that diabetics with low Hb levels are more likely to be hospitalized or die prematurely. 

Anemia in diabetics is said to increase the risk of developing eye diseases, heart diseases, or 

stroke. [20] Despite these data, anemia remains undiagnosed in 25% of diabetes patients. [21] It 

has been found that diabetic patients with anemia have increased levels of proinflammatory 

cytokines as compared to those without anemia. In anemia, the IL-6 activity production, as well 

as B cell activity, increases this shows the association of IL-6 with anti-erythropoietic actions. 
[22] Furthermore, there diabetic and anemic cases have higher levels of C-reactive protein and 

ferritin. Lower iron contents in these patients show that ferritin increase is associated with 

chronic inflammatory processes found in diabetics. [23] The prevalence of anemia was found in 

n=90(41.86%) cases. The prevalence is higher than a study conducted by Rani et al, found 

(12.3%). [24] A similar cross-sectional study in Brazil [25] found the prevalence at 34.24% and 

Australia at 23.3%. [26] The two important factors which could have been the reason for the 

higher prevalence found in the current study in the Indian scenario are firstly the overall 

prevalence of iron deficiency anemia is very common in India as compared to the rest of the 

world. Secondly, the rural population in India has a greater deficiency as compared to the urban 
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population due to the lack of access to nutritious foods. Countries such as Pakistan have shown 

a prevalence of 63% [28] and Caribbean studies have shown a prevalence of 46.5%. [29] The 

overall existence of differences in different countries is related to geographical locations, 

ethnicity, age of the study participants, duration of diabetes mellitus, and quality of health care 

system in the country. [3, 5, 28] The Majority of cases out of a total of n=90 detected with anemia 

n=65(72.22%) cases were of mild anemia, and n=25(27.78%) cases were of moderate anemia. 

No case of severe anemia was detected in this study.  These findings were similar to the other 

studies done in this field. [30] The mean age of anemic patients in the current study was 55.36 

± 3.6 years whereas the mean age of non-anemic patients in this study was 43.66 ± 5.21 years. 

This shows that older age diabetics are more susceptible to developing anemia as compared to 

the lower aged patients. These results are in concordance with observations done in other 

countries, which showed that old age is associated with a higher prevalence of anemia and the 

mean age of anemia patients is higher than non-anemic patients. [31] This also shows that related 

deficiencies of vitamins such as folate, and B12 and a greater number of comorbidities are 

common in elderly patients. [31] The strength of the study is that this is one of the studies of its 

kind done in this PHC where there is no data available on the prevalence of anemia in diabetes 

mellitus. The limitations of the current study were the absence of age and sex-matched controls 

and glycemic status was assessed by Fasting blood glucose, not by HbA1c. Another important 

area of limitation is the cut-off value for the diagnosis of anemia is not validated as per the 

Indian population.  

 

Conclusions:  

Prevalence of anemia was found in approximately 40% of the cases in the study. The common 

duration of DM for 2.0-3.9 years. Most people were suffering from hypertension along with 

type 2 diabetes mellitus. The mean FBS levels in anemia cases were higher than those without 

anemia. Accordingly, patients who were found to be anemic were treated with iron 

supplements. Ferrous sulfate tablets and vitamin B12 with folic acid were given to men and 

women who were diagnosed to be anemic.  

 

Recommendations:  

Dietary advice regarding iron-rich diets and dietary practices inhibiting iron absorption were 

explained to patients. All the participants were educated regarding the various risks associated 

with type 2 diabetes mellitus, awareness regarding risk factors, and co-morbidities like 

hypertension, diabetic retinopathy, diabetic neuropathy, and diabetic nephropathy. Participants 

were also motivated to have regular exercise, control their sugar intake, regular sugar 

monitoring, and be advised foot care for diabetic neuropathy. Participants were educated 

regarding prevention, treatment, and control of DM through role-plays and house-to-house talk. 
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Abstract: 

Context/Background: COVID-19 is an emerging and rapidly evolving situation. Though several 

vaccines have been developed and brought into general use, vaccine hesitancy still exists among the 

public. Assessing the awareness toward COVID vaccine among medical students is important since 

their perception and practice will have a significant impact on their family members, friends and 

relatives.  

Aims/Objectives: This study aimed to assess the knowledge, attitude and practices toward COVID 

vaccine among medical students. 

Methodology: A cross-sectional study was carried out among the undergraduate medical students of a 

medical college in Belagavi between May - June 2021. A total of 802 students participated in the 

study. A framed questionnaire assessing their knowledge, attitude and practice toward COVID vaccine 

was distributed to each participant. 

Results: Most of the study participants were female (51%), and most of them were in the first year of 

their course at the time of the study (23.6%). Majority of them received COVID-19 related 

information from healthcare workers (72.7%). 92.8% and 92.6% of the participants responded that the 

vaccines control COVID-19 and it was by developing antibodies, respectively. 70.5% said that the 

vaccines should not be given to immunocompromised individuals. 82.2% of the participants have 

taken 2 doses of COVID-19 vaccination. Almost all participants (98.8%) felt that even after 

vaccination other measures like social distancing, wearing mask and avoiding social gathering are 

to be followed. 

Conclusions: The findings in the present study show good knowledge, positive attitude and practice 

towards COVID-19. It is necessary to keep on with further education and training strategies to get a 

better understanding and positive attitude toward the pandemic for all medical students. 

Key-words: COVID-19, vaccine, medical students, knowledge, attitude, practice 

 

Introduction: 

COVID-19 has caused a huge impact worldwide: as of May, 2022 there have been 521,920,560 

confirmed cases of COVID-19, including 6,274,323 deaths, worldwide, as received by WHO from 

national authorities. India is among the most severely affected countries, with a total of 5,24,323 

deaths recorded.
1 

India started COVID-19 vaccination on 16 January 2021 for the country’s healthcare 

and frontline workers; later, in a phased manner, the vaccination extended to senior citizens and those 

above 45 years with co-morbidities; from 1 May 2021 onwards, all adults (aged >18 years) were 

eligible for the vaccine.
2 
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Vaccination is a major leap in the field of public health; with vaccines, eradication and control of 

many infectious diseases, like smallpox, polio and rubella, have become possible.
3 

As of December 

2020, there were over 200 vaccine candidates for COVID-19 being developed; of which, at least 52 

candidate vaccines were in human trials; several others were currently in phase I/II.
4
 As of 20 May 

2022, 10 COVID vaccines have been approved for use in India, and 14 vaccines were in clinical 

trials.
5
 Globally, 11.76 billion doses have been administered and 65.7% of the world population has 

received at least one dose of a COVID-19 vaccine.
6
 However, in low-income countries, only 15.9% 

have received at least one dose. In India, there has been 139.8 vaccinations per 100 people.
1  

 

A survey conducted globally of potential COVID-19 vaccine acceptance showed that 48% of their 

study population were confused about the COVID-19 vaccinations and they remained unsure about 

whether they would get the vaccine.
7 

Likewise, a Chinese study has reported that only 54% of the 

participants were intended to have the COVID-19 vaccine. Usually, it takes years for the development 

and approval of a safe and effective vaccine. Considering the pandemic situation and the urgent need 

for a cure or prevention, the currently administered vaccines have been developed with a short period 

of testing and this might be the reason for such low numbers of people ready to accept the vaccines.
9-11 

The safety of the vaccine has been brought into question leading to vaccine hesitancy, which is a 

potential barrier to effective implementation of vaccination programs.
9 

 

Therefore, this study was carried out among the medical undergraduate students to assess their 

knowledge, attitude and practice toward COVID-19 vaccine. Assessing the awareness toward COVID 

vaccine among medical students is important since their perception and practice will have a significant 

impact on their family members, friends and relatives. 

 

Methodology:  

 

Study design, target population and questionnaire 

A cross-sectional study was carried out among the undergraduate medical students of a medical 

college in Belagavi between May-June 2021. A total of 802 out of 1000 students participated in the 

study, with 200 students in each year. A framed questionnaire was developed. It contained four 

sections, assessing the: Demographic details (5 questions), Knowledge (9 questions), Attitude (11 

questions) and Practices (8 questions), with a total of 33 questions. 

Data collection 

Data collection was done over a period of 2 months from May to June 2021. Google Forms containing 

the questionnaire was distributed to each participant. 

Statistical analysis 

The collected data was entered into MS Excel and analysed using IBM SPSS Statistics software 25.0 

for Windows and tabulated and presented in the form of frequency and percentages.  

 

Results: 

A cross-sectional study carried out among a total of 802 undergraduate medical students from a 

medical college in Belagavi between May-June 2021 gave the following results: 

Of the 802 study participants, 51% were female and 49% male, and most were from urban residence 

(89.2%). The participants were included from first year of MBBS to post-MBBS internship; most 
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participants were from the first year MBBS at the time of the study (23.6%). 22.7% participants were 

infected with COVID-19 at least once (Table 1). 

 

The information regarding the vaccines was from multiple sources; healthcare workers and 

TV/newspaper were the main sources of information. 92.8% of the participants thought that vaccines 

control COVID-19, and 92.6% said that it was through the development of antibodies. 85.8% were 

aware of at least one of the post-vaccination symptoms (fever, rash, body pains, etc.) 70.5% answered 

that the vaccines should not be given to immunocompromised persons (Table 2). 

 

Myths and rumours were the main causes behind people not taking vaccines (83.7%). 97.8% said that 

they believe that pharmaceutical companies make a lot of money from COVID-19 vaccines. While 

74.2% believe that vaccines have not been thoroughly tested, 91.5% believe that the vaccines are 

generally safe. 74.7% believe that vaccines are the most-effective measure in preventing COVID-19. 

While 66.3% said that they worry about the serious long-term effects of the vaccines, 92.8% said that 

vaccines should be compulsory (Table 3). 

 

82.2% participants have taken 2 doses of the vaccines. For treatment of post-covid symptoms 58.2% 

said self-medication. Almost all of them followed other measures (like masks, social distancing) even 

after vaccination (98.8%). The participants said that they will create awareness by giving related 

information through social media (62.8%). While 63.8% said that they have not contributed toward 

COVID-19 relief, 78.2% said that if given a chance, they would participate in a study trial of COVID-

19 vaccines (Table 4). 

 

Discussion: 

The COVID-19 pandemic has resulted in medical students being constantly updating themselves 

regarding various guidelines that get released almost every day. In this context, this study was 

conducted to highlight the level of knowledge, attitude, practice towards COVID-19, to suggest 

recommendations and to improve areas where lacking. 

Majority of the participants received COVID-19 related information from healthcare workers (72.7%), 

which is closely followed by TV/ Newspaper (72.5%). Other studies have shown similar observation- 

around 80% of received information through TV and social media.
12

 Since this study was done among 

medical students who are in contact with healthcare workers regularly, this might be the reason for this 

difference compared with general population who receive their information from mass media. 

 

82.2% of the participants have taken 2 doses of COVID-19 vaccination. This is much higher than 

previous studies which reported positive attitude toward COVID-19 vaccines: India community-based 

survey (50%)
13

, Ethiopia among healthcare workers (50%)
14

, Wolaita Sodo, Ethiopia (24.2%)
15

, and 

France (25%)
16

, United states (68%)
17

, Pakistan (66.8%)
18

, and Jordan (61%)
19

. The wide ranges may 

be explained by the differences in study population and study time. The present study was among 

medical students while Wolayita Sodo and France were the general population of the country, study in 

Jordan had 3100 as sample size and more than half (53.8%) of the study participants were health 

professionals. This is in line with other study that concluded health professionals had good knowledge 

and better attitude towards COVID-19 vaccination compared to other populations.
20 
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Almost all of the participants (98.8%) followed other measures like social distancing, wearing mask 

and avoiding social gathering even after vaccination. This finding is in line with other studies.
21,22 

Most participants (83.7%) thought that rumors and myths related to the COVID-19 vaccines were 

the main reason behind people not taking the vaccines. Another study reports the same: 

misinformation evolved alongside facts about the disease, and this affected perceptions worldwide.
23

   

 

A limitation of this study is that it has been carried out among the undergraduates of only one medical 

college. A larger study including students of various medical colleges would produce results that are 

more generalizable. Also, of the 1000 students only 802 responded, as some students transferred-out, 

or completed their course elsewhere, and did not revert back. 

 

Conclusion: The findings in the present study show good knowledge, positive attitude and practice 

towards COVID-19. Medical students are a vital link in the chain of healthcare workers in the fight 

against the pandemic. Therefore, it is a necessary to keep on with further education and training 

strategies to get a better understanding and positive attitude toward the pandemic for all medical 

students. 
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TABLES 

Table 1: Demographic details of the participants (n=802) 

S.No Variables Frequency Percentage 

1 Age (in years)  

18 157 19.57 

19 179 22.32 
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20 153 19.08 

21 143 17.83 

>22 170 21.2 

2 Gender  

Male 393 49.003 

Female 409 50.997 

3 Education  

First year 190 23.69 

Second year 183 22.81 

Third year 142 18.95 

Final year 148 18.82 

Internship 129 16.08 

4 Place of residence  

Urban 716 89.28 

Rural 86 10.72 

5 Have you been infected with COVID-19?  

Yes  182 22.7 

No 620 77.3 

 

Table 2: Knowledge (n=802) 

S.No Variable Frequency Percentage 

1 Source of information(multiple choices)  

TV/ News 581 72.5 

Social media 548 68.3 

Friends and relatives 449 56 

Health care workers 583 72.7 

Others 2 0.2 

2 Awareness of vaccines available (multiple choices)   

Sputnik  519 64.7 

Pfizer 241 30.1 

Covishield 796 99.2 

Covaxin 767 95.6 

Not sure 3 0.4 

All 2 0.2 

3 Can vaccine control COVID-19?   

Yes 744 92.8 

No 58 7.2 

4 How vaccines prevent COVID-19?   

Developing antibodies 742 92.6 

Injecting/ spreading infection 19 2.4 

By preventing entry into body 10 1.2 
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By killing the virus 10 1.2 

None of the above 21 3.2 

5 Awareness about the post-vaccination symptoms   

Yes 688 85.8 

No 114 14.2 

6 To whom vaccine should not be given? (multiple choices)   

Person with hypertension/ diabetes 114 14.3 

Immunocompromised persons 565 70.5 

Recent history of surgery 319 39.8 

Pregnant women 319 39.8 

Lactating mothers 204 25.5 

Others 2 0.2 

7 Can people already infected with COVID-19 take the 

vaccine? 

  

Yes 515 64.2 

No 287 35.8 

8 Is COVID-19 vaccine available at free of cost?   

Yes 756 94.2 

No 43 5.4 

Not sure 3 0.4 

9 COVID-19 vaccine is available through which sources?   

Only private 3 0.4 

Only government 571 71.2 

Both private and government 228 28.4 

 

Table 3: Attitude (n=802) 

S.No. Variables Frequency Percentage 

1 Reasons behind people not taking the vaccine? (multiple 

choices) 

 

Fear of side effects 572 71.3 

Unsure of efficiency of vaccine 559 69.7 

Myths and rumors 671 83.7 

Medical issues/ problems 198 24.7 

Lack of access/ information 309 38.6 

2 Do you agree there are other ways which are more 

effective in preventing COVID-19 than vaccination? 

 

Strongly agree 2 0.2 

Agree 4 0.5 

Uncertain 51 6.3 

Disagree 150 18.3 

Strongly disagree 595 74.7 

3 I believe that authorities promote COVID-19 vaccine for 

political and financial gain, not for people’s health 

 

Yes 71 8.8 
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No 731 91.2 

4 I believe that COVID-19 is not a real disease  

Yes 15 1.9 

No  787 98.1 

5 I believe that pharmaceutical companies make a lot of 

money from COVID-19 vaccines? 

 

Yes 784 97.8 

No 18 2.2 

6 I believe that COVID-19 is a new disease and vaccines have 

not been thoroughly tested 

 

Yes 595 74.2 

No 207 25.8 

7 I believe COVID-19 vaccines are safe  

Yes 734 91.5 

No 68 8.5 

8 I worry about serious unknown long-term effects of the 

COVID-19 vaccine in the future 

 

Yes 532 66.3 

No 270 33.7 

9 I believe natural immunity lasts longer than vaccination  

Yes 145 18.1 

No  657 81.9 

10 I believe natural exposure to germs and viruses gives safest 

protection 

 

Yes 660 82.2 

No 142 17.8 

11 Do you agree that vaccines should be compulsory?  

Yes 744 92.8 

No 58 7.2 

 

Table 4: Practice (n=802) 

S. 

No. 

Variables Frequency Percentage 

1 Have you taken the vaccine?  

2 doses 659 82.2 

1 dose 121 15.1 

None 22 2.7 

2 How to deal with post-vaccination symptoms?  

Self-medication 466 58.2 

Approach health care workers 303 37.8 

Approach friends and relatives 17 2.2 

Helpline number 16 2.2 
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3 Do you follow other measures (like masks, 

social distancing) even after vaccination? 

  

Yes 792 98.8 

No 10 1.2 

4 Would you pay to get the COVID-19 vaccine?  

Yes 649 80.9 

No 153 19.1 

5 If given a chance, would you agree to 

participate in a study trial of vaccination 

against COVID-19? 

  

Yes 627 78.2 

No 175 21.8 

6a Have you taken measures to spread 

awareness about the vaccine? 

  

Yes 578 72.1 

No 224 27.9 

6b If yes, what measures have you taken? 

(n=578) 

  

Phone call 39 6.8 

Social media 363 62.8 

Video calls 13 2.2 

In person 163 28.2 

7 Have you donated/ contributed towards 

COVID-19 relief? 

  

Yes 290 36.2 

No 512 63.8 
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INTRODUCTION 

Obesity is the disorder of abnormal or excessive body fat 

accumulation that presents a health risk. The prevalence 

of obesity is presently being observed in both developed 

and developing nations. The global epidemic of obesity 

reflects massive social, economic, and cultural problems. 

Obesity has become far more common among children, 

adolescents, and adults throughout the world in recent 

decades.1 Overall, the frequency of obese teenagers in the 

world has increased dramatically from 4% in 1975 to a 

little over 18% in 2016.2 Approximately 35 million 

overweight children are living in developing countries 

and 8 million in developed countries. Studies have shown 

obesity and overweight are risk factors for a variety of 

chronic illnesses, including type 2 diabetes, 

cardiovascular disease, respiratory disease, 

musculoskeletal problems and cancer.3 According to 

research, prevalence of overweight among teenagers 

ranges between 10% and 30%.4-7 Because of variances in 

lifestyle, particularly in food choices and physical 

exercise, prevalence varies across country. In addition, 

the primary causes of the rise in incidence of childhood 

obesity include urbanization and industrialization. Rong 

et al found the link between teenage obesity and non-

alcoholic fatty liver disease (NAFLD) and discovered that 

the incidence of NAFLD rose as body weight increased.8 

Lisan et al examined patients with obesity and severe 

obstructive sleep apnoea (OSA) who were administered 

positive airway pressure (PAP) treatment to those who 

ABSTRACT 

 

Background: Obesity and overweight are described as abnormal or excessive fat accumulation that poses a health 

risk. Obesity has become a global health issue, with obesity being generally recognized as a major risk factor for 

coronary heart disease, hypertension, diabetes, and a variety of other illnesses. Childhood obesity is one of the major 

health challenges in every country across the world. The goal of this study was to determine the prevalence of obesity 

among teenagers and its relationship to sociodemographic parameters. 

Methods: The estimated sample size is n=204 we included n=215 cases coming to OPD at primary health center 

Vantamuri. Following the completion of the questionnaire, height and weight parameters were measured and 

recorded. Weight (kg) was measured using a weighing scale with a 0.1 kg error margin without shoes or heavy 

clothes; the weighing scale was calibrated regularly using established reference weights. 
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were not and found that those who were prescribed PAP 

had a higher BMI than those who were not.9 All countries 

have framed a set of global targets for halting the increase 

in overweight/obesity, its main target is to that no 

increase in overweight among children under age 5, 

school-age children, or adolescents by 2025. According to 

various research, the incidence of pediatric obesity in 

India currently ranges from 4% to 22%.10,11 Some 

researchers have pointed to features along with obesity 

(such as anxiety, sadness, social disengagement, and so 

on).12,13 Less outdoor physical activity, greater television 

and screen time usage, children residing in urban areas, 

and high family wealth are all factors that contribute to a 

rise in the prevalence of overweight and obesity among 

children in India. This study aimed to determine the 

prevalence of adolescent obesity in cases visiting rural 

areas of PHC Vantamuri under the administrative control 

of JNMC in Belagavi district of Karnataka. 

METHODS 

A cross-sectional study was conducted from 1st October 

2021 to 30th November 2021 among people coming to 

OPD at primary health center Vantamuri (Rural) under 

the administrative control of Jawaharlal Nehru medical 

college in Belagavi district of Karnataka. Ethical 

clearance was obtained from ethical committee J. N. 

medical college Belagavi. Participants were interviewed 

with a pre-validated questionnaire, and the data collected 

using GSHS (Global school-based student health survey). 

Informed consent was obtained from the parents-Personal 

identification, socio-demographic characteristics, diet 

preference, type of family and number of family 

members, mode of birth and presence of any gestational 

co-morbidity in mother, education of mother, frequency 

of physical activity and mode of transport to school. 

Inclusion criteria 

All school-going adolescents (12-18 years) visiting OPD 

of PHC, Vantamuri, males and females, voluntarily 

willing to participate in study were included in the study. 

Exclusion criteria 

Adolescents with any endocrine abnormalities, low birth 

weight, macrosomia at birth and congenital diseases 

patient s were excluded from the study. 

Sample size 

N=
4𝑝𝑞

𝑑2
 

Where n=sample size, p=prevalence taken as p=15, q=85, 

d=absolute error n=4×15×85/25=204. 

The estimated sample size is n=204 we included n=215 

cases in study. Following completion of questionnaire, 

height and weight parameters measured and recorded. 

Weight (kg) was measured using a weighing scale with a 

0.1 kg error margin without shoes or heavy clothes; 

weighing scale was calibrated regularly using established 

reference weights. Participants were told to stand in an 

erect stance with their feet not wide apart and their eyes 

facing straight, using a portable anthropometric rod with 

an inaccuracy of less than 0.1 cm. Overweight, obese, and 

underweight were identified by using WHO charts of 

BMI for ages 5-19 years for boys and girls. Children were 

graded as overweight with a percentile score of ≥ 85-97 

and obese if the percentile score is ≥ 97. 

Statistical analysis 

Data collected and uploaded on MS excel spreadsheet and 

analyzed by SPSS version 22 (Chicago, IL, USA). 

Quantitative variables expressed on mean and standard 

deviations and qualitative variables were expressed in 

proportions and percentages. Fisher’s exact test has been 

used to find the difference between two proportions. 

RESULTS 

Out of the total n=215 cases included in the study n=98 

(45.5%) were males and n=117 (54.4%) were females. 

The most common age group was thirteen and fourteen 

years with n=40 (18.6%) cases each followed by sixteen 

years with n=39 (18.1%) cases. The detailed age-wise 

distribution of the cases in study is depicted in Table 1. 

Table 1: Age-wise distribution of cases in the study. 

Age (years) Frequency Percentage (%) 

Twelve 21 9.76 

Thirteen 40 18.6 

Fourteen 40 18.6 

Fifteen 27 12.5 

Sixteen 29 13.4 

Seventeen 39 18.1 

Eighteen 19 8.83 

Total 215 100 

Based on the religion of cases in study n=199 (77.0%) 

were Hindu, n=10 (4.6%) were Jains, n=38 (17.6%) were 

Muslims, and n=1 (0.4%) cases were Sikh. 

 

Figure 1: Diet preferences of the cases in study. 

 

DietPreferences 
 
 
 
 
 

Non 

Vegetaria

n33% 
 

Vegetarian

67% 



Manoli AD et al. Int J Community Med Public Health. 2022 Oct;9(10):xxx-xxx 

                                 International Journal of Community Medicine and Public Health | October 2022 | Vol 9 | Issue 10    Page 3 

The details of family type revealed that n=93 (43.2%) 

was a 3-gen family, n=102 (47.4%) were a joint family, 

and n=20 (9.3%) was a nuclear family. The average 

number of family members revealed most of the cases 

n=55 (255%) is with n=6 family members followed by 

n=35 (16.2%) were with n=7 family members. N=3 

family members were found in n=33 (15.3%) of cases the 

details have been depicted in Table 2. 

Table 2: The total number of family members in the 

study group. 

Total numbers of 

members 
Frequency Percentage (%) 

3 33 15.3 

4 32 14.8 

5 29 13.4 

6 55 25.5 

7 35 16.2 

8 31 14.4 

Total 215 100 

Most of the cases in the study were born with vaginal 

delivery n=180 (83.7%) cases and C-sections in n=35 

(16.2%) cases. The incidence of maternal hypertension 

was in n=12 (5.5%) cases similarly the incidence of 

diabetes was found in n=9 (4.1%) of cases and the 

incidence of thyroid disease was in n=5 (2.3%) of cases 

given in Figure 2. 

 

Figure 2: Incidence of the various maternal diseases. 

In most of the cases in the study n=151 (70.2%) were 

performing physical activity only sometimes and n=26 

(12.0%) did not perform any physical activity. Only 

17.6% of cases performed some form of physical activity 

frequently given in table 3. Although the mode of 

transport of n=178 (82.7%) was walking to school/college 

however most of these were situated at a distance of less 

than a kilometer from their residence. N=31 (14.4%) used 

bicycles for transport and n=6 (2.7%) subjects were being 

taken to school by automobile by parents. 

Table 3: Frequency of physical activity in the cases. 

Frequency of 

physical  

activity 

Count of 

physical  

activity 

Percentage 

(%) 

Frequently 38 17.6 

Never 26 12 

Sometimes 151 70.2 

Total 215 100 

Based on the WHO grading children were graded as 

overweight with a percentile score of ≥85-97 and obese if 

the percentile score is ≥97. In this study, we found that 

34.8% of cases were in the overweight category and 

26.9% in the obese category. The overall prevalence of 

overweight and obesity combinedly was 61.86%. 33.4% 

of cases were normal weight and only 4.6% were 

categorized as underweight given in Table 4. 

Table 4: WHO BMI classification. 

BMI 

classification 

(kg/m2) 

WHO 

percentile 

score 

Frequency 
Percentage 

(%) 

Under-

weight 
<15 10 4.6 

Normal 

weight 
≥15-≤ 85 72 33.4 

Over- 

weight 
≥85-≤97 75 34.8 

Obesity ≥97 58 26.9 

Total  215 100 

 

Figure 3: The frequency of fast-food consumption in 

the cases of study. 

The incidence of fast-food consumption was every day 

and frequently found in 29% and 33% respectively and 

the mean BMI category of such cases was found to be in 

the overweight and obese group. Similarly, cases with 

less fast-food consumption occasionally were found with 

normal BMI categories depicted in Figure 3. Most of the 

cases in the study belong to socioeconomic class IV and 

class V depicted in Figure 4. 
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Figure 4: Socioeconomic class of the cases included in 

the study. 

DISCUSSION 

The results of the present study conducted on adolescents 

aged 12 years to 18 years in OPD of PHC Vantamuri 

under the administrative control of JNMC in Belagavi 

district of Karnataka found the prevalence of overweight 

was in 34.8% of cases and 26.9% cases obesity. Prasad et 

al found the prevalence of overweight in 9.7% cases and 

obesity at 4.3% cases in Pondicherry.14 AT Cherian et al 

in Kerala found the prevalence was 3% for boys, and 

5.3% for girls.15 Prevalence of obesity (7.5%), and 

overweight (21.9%) were highest among the high-income 

group and lowest (1.5% and 2.5%) among the low-

income group. Kotian et al in South Karnataka, found the 

prevalence of overweight and obesity to be 9.9% and 

4.8% respectively. One of the reasons for the higher trend 

found in the current study could be because the present 

study was conducted in the year 2021 and recent data has 

shown there is an increasing trend for overweight and 

obesity in the adolescents and school children due to 

higher intake of fast foods. In this study, we found that 

33% of cases take one or more types of fast foods 

frequently and 29% have confirmed to take fast food 

every day. Overweight and obesity were found to be 

significantly higher in these categories of cases. In this 

study, we found Obesity and overweight were found to be 

more common in adolescents from nuclear families than 

in those from joint families in our study, although the 

differences were not statistically significant. Jain et al in 

Meerut, Gamit et al in Surat, and Keerthan et al observed 

similar findings.16-18 In our research, we discovered that 

students' socioeconomic position had a significant 

relationship with their overweight and obese status. 

Obesity prevalence rises with social class and the 

relationship was determined to be significant. Similar 

findings were also discovered by Ganie et al.19 The 

present study shows that the prevalence of overweight 

was more among 15-18 years students at 15% and obesity 

were more among 12-14 years students respectively. Age 

was significantly associated with overweight and obesity. 

Overweight and obesity were more common among boys 

as compared to girls under the age of 13 years, but the 

trend changed afterward as found by Kunwar et al.20 

According to studies, watching television or using 

computers is one of the leading causes of childhood 

obesity.21,22 Regular physical exercise was found to be a 

key factor in lowering the prevalence of overweight and 

obesity, which was supported by other similar 

investigations.21,23 

One of the major limitations of the study is it cannot be 

generalizing as it is carried out in health facility and not 

in the community or school. Children should be 

encouraged to participate more frequently in physical 

activities. Pressing need to implicate different health 

policies to contest the increasing problem of disparity 

between calorie intake and calorie requirement leading to 

obesity as these obese adolescents and making them 

prone to cardiovascular diseases and endocrine disorders. 

CONCLUSION 

Obesity and overweight are becoming a big health 

concern among our school children. In this study, it was 

shown that the prevalence of overweight/obesity in school 

students has increased to high levels. Obesity and 

overweight are preventable by establishing school-based 

awareness programs and educating parents about healthy 

lifestyle management, so indirectly avoiding chronic 

illness in adulthood.  
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A B S T R A C T

Background: In India, several social, cultural, religious and economic factors influence menstrual hygiene
and practices among women. In country like India menstruation is generally considered as unclean and
there is a lack of knowledge about menstruation and its practices among women. Practices like isolation
and imposing restrictions among menstruating girls in the family, have reinforced a negative attitude.
Materials and Methods: A community based cross sectional study was conducted among the reproductive
age women residing under urban and rural health centres of Belagavi city, Karnataka.
Results: A total of 280 women have participated in our study. Majority of the women are in the age group
of 20-24 years (32.6%). More than half of the women were house wife (69.6%). While more than half of
the families of the women belong to lower socio-economic level i.e class III, IV &V (76.1%). 90.7% opined
that menstruation is a physiological process, 83.6% were unaware about the cause of menstruation, while
information regarding prior to menarche, 68.5% said they didn’t had any information, while those who got
information, most of them are from their mother (42.9%). On usage of sanitary pads, 63.2% were aware
about it. 30.3% said they used same cloth every month. Disposal of absorbent material, 53.5% disposed in
garbage, while 16.7% reused them.
Conclusion: The study revealed that menstrual hygiene among large population of women was far from
satisfactory. Lack of sufficient information about menstrual hygiene can be largely attributed to various
cultural and religious beliefs and taboos.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Menstruation is generally considered as unclean in the
Indian society. Isolation of the menstruating girls and
restrictions being imposed on them in the family, have
reinforced a negative attitude towards this phenomenon. 1

The first menstruation (menarche) occurs between 11 and
15 years with a mean of 13 years. Menstruation is still
regarded as something unclean or dirty in Indian society.
The reaction to menstruation depends upon awareness and
knowledge about the subject. The manner in which a

* Corresponding author.
E-mail address: rajesh2kulkarni@gmail.com (R. R. Kulkarni).

girl learns about menstruation and its associated changes
may have an impact on her response to the event of
menarche. Although menstruation is a natural process; it
is linked with several misconceptions and practices, which
sometimes result into adverse health outcomes. Hygiene
related practices of women during menstruation are of
considerable importance, especially in terms of increased
vulnerability to reproductive tract infections (RTI). 2 Many
studies have revealed that most of the adolescent girls had
incomplete and inaccurate information about the menstrual
physiology and hygiene. It also revealed that mothers,
television, friends, teachers and relatives were the main
sources which provided information on menstruation to the
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adolescent girls. Good hygienic practices such as the use
of sanitary pads and adequate washing of the genital area
are essential during menstruation. Women and girls of the
reproductive age need access to clean and soft, absorbent
sanitary products which can in the long run, protect their
health.3

There are several taboos, myths and misconceptions
regarding menstruation all over the world, mainly in
developing countries. Among different religions, a
menstruating woman is considered as ’impure’ or
’polluted’. Moreover, several restrictions are imposed
on the women during these days. Menstruation and its
management are expected to concern women and men
alike as it a key determinant of human reproduction and
parenthood. Understanding about their level of knowledge
and the practices which are followed by them with respect
to menstruation are beneficial for planning a public health
program for improving the awareness level with respect
to their life processes and promoting their quality of
life. Hence the present study was undertaken to assess
the knowledge and the practices of menstrual hygiene
among the reproductive age-group women and to assess the
association of the knowledge and the practices of menstrual
hygiene among the reproductive age-group women residing
in the rural and urban areas of Belagavi.

2. Material and Methods

A Community based cross sectional study was conducted
among the reproductive age-group women residing under
urban and rural health centres of Belagavi city, Karnataka.
The study was undertaken for a period of 6 months from
February 2018 to July 2018. However, women from other
rural and urban areas also attended the health centres,
were included in this study. Taking 5% absolute error, the
sample size was calculated as 265. On rounding off we
selected a sample size of 280 women from the above-
mentioned health centres for the study. A pre-designed, pre-
tested and structured questionnaire was used in the study.
A personal interview of the study subjects was done to
collect data. After obtaining verbal consent, a rapport was
established and the purpose of the study was explained to
those women who came to the OPD of respective rural
and urban health centres. The nature of the information
which had to be furnished by the study subjects were also
explained. The questionnaire included topics which were
related to awareness, the sources of information, hygienic
practices and the restricted activities practiced during
menstruation. The socio-demographic profile including the
subjects’ details, literacy, occupation and socioeconomic
status were enquired and documented. The menstrual
hygiene questionnaire included queries about types of
absorbent used, its storage place, the use of clean or unclean
napkins and the frequencies of changing and cleaning them.
The information about personal hygiene included washing

and bathing during menses, the practice of wearing stained
clothes etc.

3. Result

A total of 280 women have participated in our study.
The socio-demographic characteristics are summarized in
Table 1. Of the 280 women participated, 32.6% were in
the age group of 20-24 years. Majority of the women
belong to Hindu population (70%), while 26.8% of the study
population were illiterate, around 69.6% of the women were
house wife. While more than half of the families of the
women belong to lower socio-economic level i.e class III,
IV &V (76.1%).

Table 1: Sociodemographic profile of study subjects

Indicator Frequency Percentage
Age Group in years
15-19 15 1.8
20-24 132 32.6
25-29 69 25.6
30-34 22 10.9
35-39 17 10.5
>=40 25 18.5
Religion
Hindu 196 70
Muslim 84 30
Literacy
Illiterate 75 26.8
Primary 42 15
Middle School 43 15.4
Secondary 63 22.5
Higher Secondary 57 20.3
Occupation
Housewife 195 69.6
Agriculture Worker 44 15.8
Student 12 4.2
Others 29 10.4
Socio-Economic Status
Class I 22 7.8
Class II 45 16.1
Class III 124 44.2
Class IV 74 26.5
Class V 15 5.4
Total 280 100

On the questions asked regarding knowledge about
menstruation, 90.7% opined that menstruation is a
physiological process, 83.6% were unaware about the
cause of menstruation, while information regarding prior
to menarche, 68.5% said they didn’t had any information,
while those who got information, most of them are from
their mother (42.9%). Usage of sanitary pads, 63.2% were
aware about it. The results on the questions asked about the
knowledge about menstruation are shown in Table 2.

Attitude and practice during menstruation, 50.7% told
restriction is present, half of the women said ritual
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Table 2: Knowledge regarding menstruation

Questions Frequency Percentage
Whether Menstruation is a physiological process or
pathological?
Physiological 254 90.7
Pathological 25 8.9
Don’t Know 1 0.4
Causes of Menstruation?
Marital Age 19 6.8
Puberty 21 7.5
Disease 5 1.8
Don’t Know 234 83.6
Hormone 1 0.4
Source of menstrual flow?
Vagina 12 4.3
Uterus 10 3.8
Don’t Know 243 86.9
Information regarding menstruation prior to menarche?
No Information 192 68.5
Informed prior 88 31.5
Informant?
Mother 120 42.9
Sister 41 14.6
Friend 15 5.3
Teacher 11 4.0
No Information 93 33.2
Awareness about
sanitary pads?
Awareness 177 63.2
No Awareness 103 36.8
Total 280 100

purification performed after menstruation, while 46.7% and
40.3% used cloth and sanitary pads respectively during
menstruations. 30.3% said they used same cloth every
month. Frequency of cleaning external genitalia, 49.2%
washed once in a day, while 54.5% used soap and water
to clean the genitalia. 77.8% told they bathed once in a day
during menstruation. Disposal of absorbent material, 53.5%
disposed in garbage, while 16.7% reused them (Table 3).

4. Discussion

A total of 280 women have participated in our study.
Majority of the women are in the age group of 20-24
years (32.6%), while 26.8% of the study population were
illiterate, more than half of the women were house wife
(69.6%). 90.7% opined that menstruation is a physiological
process, which is almost similar to the study done by
Shamima Yasmin et al, in which 72.8% girls believed it
to be a physiological process,2 on the contrary Khanna
et al study conducted in Rajasthan showed that 70%
believed that menstruation was not a natural process.4

Furthermore, in our study 83.6% didn’t knew about the
cause of menstruation, while information regarding prior
to menarche, 68.5% said they didn’t had any information,

Table 3: Attitude and practice of women during menstruation

S.
No.

Variable No. %

1 Restriction during
menstruation?

Restriction
Present

142 50.7

No
Restriction

138 49.2

2
Ritual purification
after menstruation?

Performed 140 50.0
Not

Performed
140 50.0

3 Absorbent material
used?

Only Cloth 131 46.7
Only

Sanitary
Pads

113 40.3

Both 36 12.8

4 Use of same cloth
every month?

Yes 85 30.3
No 195 69.6

5 Use of antiseptic
cloth?

Yes 38 13.5
No 242 86.4

6
Frequency of
changing absorbent
material on the day
of maximum
flow?

<2 59 21.0
2-3 194 69.2
4-5 27 9.6

7
Frequency of
cleaning external
genitalia?

Never 14 5.0
Once 138 49.2
Twice 99 35.3
Thrice 29 10.3

Soap and
water

145 54.5

Water and
Anti-septic

16 6.0

9
Frequency of
bathing during
menstruation?

Never 6 2.1
Once 218 77.8
Twice 56 20.0

10

Usual method of
disposal of the
absorbent material?

Buried 15 5.3
Thrown

indiscriminately
12 4.2

Thrown in
garbage

150 53.5

Thrown
behind
latrine

13 4.6

Burnt 44 15.7
Reused 46 16.4
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those who got information, most of them are from their
mother (42.9%) whereas a study conducted by El-Gilany et
al. in Mansoura, Egypt mass media were the main source of
information about menstrual hygiene followed by mothers,5

while Deo et al study reported that 40 (42.5%) urban and
41 (55.4%) rural girls were aware about menstruation prior
to attainment of menarche.6 Patel RA et al, study showed
that, main source of information was mother which was
32.09% and 36.95% in urban and rural areas respectively.
In urban area, teacher was also a source of information
in 31.02% of girls as compared to 17.51% in rural area.7

Nair P et al also found 45.7% of the girls who had attained
menarche and 29% of the pre-pubertal subjects said that
they had prior knowledge about menstruation and the main
source of information was mother.8 Dhingra et al found that
64% of girls were partially aware of menstruation,1 On the
contrary Gupta J et al found that 68% of adolescent girls
were not aware about menses.9 On Usage of sanitary pads
in our study, 63.2% were aware about it but only 40.3%
used it. 50.7% told that some form of restriction is present,
half of the women said ritual purification performed after
menstruation, while 46.7% used cloth during menstruations,
among them 30.3% said they used same cloth every month.
A study by Dasgupta et al in a rural community showed
that majority of the girls preferred cloth pieces rather than
sanitary pads as menstrual absorbent. Only 11.25% girls
used sanitary pads during menstruation.10 Khanna et al
study in Rajasthan, more than half of the girls used old cloth
during their periods and only about 20% using readymade
sanitary pads.4 On Frequency of cleaning external genitalia,
49.2% washed once in a day, while 54.5% used soap and
water to clean the genitalia. 77.8% told they bathed once in
a day during menstruation. Disposal of absorbent material,
53.5% disposed in garbage, while 16.7% reused them.

5. Conclusion

Educating girls at the beginning of menarche about the
routine practice of taking a bath with warm water in the
early days of menstrual period, would not only lead to the
development of positive mental and social behaviours, but
could also be effective in reducing hygiene problems in the
community throughout their reproductive age period. In our
study and as well as most of the studies identified mother as
the main source of information, health professional should
involve mothers in general discussions about issues related
to menstruation and how to deal with them. Other sources
can also be involved in discussion. As hygienic practices
during menstruation are unsatisfactory, these girls should be
educated about importance of hygiene during menstruation
through focused group discussion and with demonstrations.
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Abstract

Background: Auto – rickshaws are most commonly used mode of transportation in cities where metros or application-
based cab aggregators (ABCA) are either non-existent / not available. Auto rickshaw drivers (ArD’s) are under constant 
physical and mental pressure due to various factors most importantly illiteracy, poverty, lack of awareness about hazards 
of addictions which lead to various habits majority being tobacco use. Studies have found that overall prevalence of 
tobacco use among ArD’s is very high compared to general population. 

Objectives: To know level of awareness about tobacco use among ArD’s in Belagavi, North Karnataka. 

Methods: It was a cross sectional study conducted among 600 regular ArD’s of Belagavi City Corporation between 
January to December 2016. Estimated sample size was 600. Two ArD’s who were last in queue were selected from 300 
major auto rickshaw stands. Questionnaire was adopted from Global Adult Tobacco Survey (GATS) questionnaire. Data 
was collected by personal interview after getting informed consent. Data compilation and analysis was done using SPSS 
software. Study was approved by Institutional Ethics Committee of J. N. Medical College, KAHEr, Belagavi.

Results: Most (88.66%) of the participants knew that tobacco in any form caused serious illness. Cancers (72.66%) were 
the most commonly known illnesses. Most of the participants supported law prohibiting smoking in indoor work places 
(99%) and favored increase of taxes on tobacco products (94.5%).

Conclusion: Although the awareness regarding hazards of tobacco has increased in recent days, actual practice remains 
a challenge.
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Introduction
The three-wheeled motorized vehicles, popularly 
known as auto rickshaws, are a backbone to urban 
mobility. Auto – rickshaws are still the most commonly 
used mode of transportation in Tier II & III cities 
where metros or application-based cab aggregators 
(ABCA) are either non-existent or not available. Auto 
rickshaw drivers work for over 10-12 hours per day 
and form an important part of the urban informal 

sector in India. They are generally self-employed and 
lack employment benefits such as health insurance 
and social security. Income insecurity is a significant 
concern for the drivers – they earn on a daily basis 
leading to no fixed income. Health expenses are a big 
challenge for most of them. They suffer from serious 
respiratory health threats due to constant exposures 
to vehicular pollution. They are also prone to road 
accidents given poor road infrastructure and badly 
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maintained vehicles. On the road for most of their day, 
they suffer due to the poor quality and availability of 
hygienic water and sanitation facilities in the country, 
leading to further health issues. 

Auto rickshaw drivers are under constant physical 
and mental pressure due to irregular shifts, continuous 
variation in fuel prices, long waiting hours, illiteracy, 
poverty, lack of knowledge about hazards of tobacco 
and other socioeconomic factors which lead to various 
habits majority being tobacco use. [1-4]

Tobacco use imposes a huge burden of disease in 
India and is a major global public health problem. The 
tobacco epidemic is one of the biggest public health 
threats the world has ever faced, killing more than 8 
million people a year. More than 7 million of those 
deaths are the results of direct tobacco use while 
around 1.2 million are the result of non-smokers 
being exposed to second-hand smoke. [5]

In the Indian context, tobacco use implies a varied 
range of chewing and smoking forms of tobacco 
available at different price points, reflecting the 
varying socio-economic and demographic patterns of 
consumption. [6]

 Cigarette smoking in any form harms nearly 
every organ of the body, causes many diseases, and 
reduces the health in general. [7-8]  It causes diminished 
overall health, increased absenteeism from work, 
and increased health care utilization and cost. [7] 
There are many diseases that are caused, increased or 
exacerbated by use of tobacco. [9]  

Author intends to find the level of awareness about 
tobacco use among auto rickshaw drivers in Belagavi, 
a northern district of Karnataka.

Materials and Methods

Study design

This was a descriptive, cross-sectional study 
conducted on registered auto rickshaw drivers plying 
in Belagavi city, in the period of January to December 
2016. Sample size was calculated to be 597 & rounded 
off to 600 based on the estimated prevalence of 84% [10] 
and absolute error of 3%. The inclusion criteria were 
as follows:

a. registered, regular auto - rickshaw drivers 
aged above 18 years.

b. Permanent residents of Belagavi city from the 
past one year.

Auto rickshaw drivers driving on part time basis 
were excluded.

Sampling procedure
As per the information form the regional transport 
office, the city had around 300 major auto rickshaw 
stands and among each stand two auto rickshaw 
drivers who were last in the queue were selected 
purposively for the study. This was to have ample 
amount of time for the participant to be interviewed 
for the study, which could not have been done if 
someone else from the queue were selected as they 
had to discontinue the study if their auto rickshaw 
was hired meanwhile.

Study tools
Questionnaire was adopted from the Global Adult 
Tobacco Survey (GATS) questionnaire [11] and 
customized as per the requirements of the study. 

Methodology
Investigator made visits to all the 300 major auto 
rickshaw stands within the limits of Belagavi City 
Corporation and participants were identified 
according to the sampling procedure. These 
participants were explained about the purpose of the 
study and after the written informed consent, they 
were interviewed in the auto rickshaw stands or any 
convenient place nearby using pre-designed and pre-
tested questionnaire adopted from GATS. [11]. 

The participants were given free chance to 
discontinue from the study at any given point of time 
for any privacy, confidential or work related issues. 
Care was taken to make sure that the participants did 
not have any hindrance in their work.

Data analysis
The data was analyzed through descriptive statistics 
and Chi-square test using the SPSS software. A value 
of P < 0.05 was considered statistically significant.

Results
All the participants were male with age ranging 
between 18 to 70 years and an average age of 39.71 
± 11.07 years. Mean years in the present occupation 
was 15.80 years ± 10.11 years and participants worked 
over a mean length of 9.43 ± 1.82 hours per day.
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Majority of them (89.83%) were married, 371 
(61.83%) stayed in nuclear families and 346 (57.67%) 
resided in pucca house.

Among the participants, 373 (62.17%) were using 
tobacco in one or the other form. Cigarettes (87.05%) 
were the most commonly smoked form while gutkha 
(54.93%) was the commonest smokeless form. 
Majority of the users had initiated their habit before 
20 years of age (46.38%). Mean age at initiation was 
23.22 ± 8 years for smoke form and 23.36 ± 7.99 years 
for smokeless form. Mean duration of use was 15.31 
± 10.29 years. More than half of the participants 
(54.96%) used tobacco within an hour of waking up. 
Almost three fourths of those using tobacco never did 
it in front of their children (74.8%).

[Table 1] Most of the users (54.69%) were advised 
to quit by a health care professional in the last one 
year. Among the users, 227 (60.86%) had attempted to 
quit usage in the last one year and more than half of 
them (54.63%) could sustain it for few months before 
resuming usage. Self-motivation (90.75%) was the 
strongest driving force to quit. Majority of the users 
planned to quit within next one month (28.69%).

[Table 2] Most of the participants (88.66%) knew 
that tobacco in any form caused serious illnesses. 
Cancers (72.66%) were the most commonly known 
illnesses caused by tobacco.

[Table 3] Most of the participants supported the 
law prohibiting smoking in indoor work places (99%) 
and favored increase of taxes on tobacco products 
(94.5%).

Table 1. Details of tobacco quit by participants
Characteristics  n (%)
Advised to quit by Health care 
professional in last one year

Yes 204 (54.69)
No 169 (45.31)

Attempts to quit tobacco in last 1 
year

Yes 227 (60.86)
No 146 (39.14)

Duration of previous quit attempt

Months 124 (54.63)
Weeks 17 (7.49)
Days 68 (29.95)
Less than 1 day 15 (6.61)
Don’t know 3 (1.32)

Methods adopted to quit tobacco**

Counselling 13 (5.73)
Nicotine replacement therapy 5 (2.2)
Switching to other forms 6 (2.64)
Own will / self-motivation 206 (90.75)
Badesoap 8 (3.52)
religious reasons 2 (0.88)
Chewing gum 8 (3.52)

Description of thinking about 
quitting tobacco

Quit within next month 107 (28.69)
Thinking within next 12 months 82 (21.98)
Quit someday, but not next 12 months 88 (23.59)
Not interested in quitting 39 (10.46)
Don’t know 57 (15.28)

**Multiple users had adopted more than one methods to quit

Table 2. Knowledge & Practices of ARD’s related to tobacco
Characteristics n Percentage

Does use of tobacco 
in any form casues 
serious illness

 Tobacco users (%) Non users (%) Total (%)

Yes 324 (86.86) 208 (91.63) 532 (88.66)

No 34 (09.12) 06 (02.64) 40 (06.67)

Don’t know 15 (04.02) 13 (05.73) 28 (04.67)
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Characteristics n Percentage

Illnesses known to 
be caused by use of 
tobacco*

Cancers 436 72.66

Heart disease 56 9.33

Impotence 15 2.5

Premature aging 6 1

respiratory disease 160 26.66

Gastritis/ acidity 39 6.5

Weakness 37 6.16

Blindness 3 0.5

Headache 10 1.66

Hypertension 4 0.67

Diabetes mellitus 4 0.67

Tuberculosis 2 0.33

renal diseases 8 1.33

Others 87 14.5

Don’t know 97 16.16

Usual place of tobacco 
use**

Home 141 37.8

Tea stall 170 45.57

Auto stand 288 77.21

While driving 63 16.89

Others 37 9.91

Motivation for tobacco 
use#

Parents 12 3.21

Other family members 19 5.09

Friends 265 71.04

Fellow auto rickshaw drivers 148 39.67

Film stars 28 7.5

Self / curiosity 28 7.5

Others 12 3.21

* Multiple participants reported more than one illness
** Multiple tobacco users used tobacco products at more than one place
# Multiple users were motivated by more than one group for use of tobacco
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Table 3. Attitude of ARD’s regarding tobacco and its regulations

Characteristics
Tobacco users (%)

n Percentage

Non users (%) Total (%)

Opinion on law prohibiting smoking in 
indoor work places and public places

Support 373 (100) 221 (97.36) 594 (99.0)

Not sure 0 06 (02.64) 06 (01.00)

Opinion about increasing taxes on 
tobacco products

Favour 349 (93.57) 218 (96.04) 567 (94.50)

Oppose 24 (06.43) 03 (1.32) 27 (04.50)

Not sure 0 06 (2.64) 06 (01.00)

Opinion on law prohibiting 
advertisements of tobacco products

Favour 334 (89.54) 191 (84.14) 525 (87.50)

Oppose 39 (10.46) 18 (07.93) 57 (09.50)

Not sure 0 18 (07.93) 18 (03.00)

Are you aware about harmful effects of 
second hand smoke

Yes 310 (83.11) 216 (95.16) 526 (87.67)

No 63 (16.89) 05 (02.20) 68 (11.33)

Not sure 0 06 (2.64) 06 (01.00)

Warning labels led to thinking about 
quitting

Yes 339 90.89

No 34 9.11
In the last one month have you asked 
your children or anyone less than 18 
years to buy tobacco products?

Yes 38 10.19

No 335 89.81

Discussion
Auto rickshaw drivers spend a considerable 
amount of time in an environment full of pollutant 
gases, noise, continuous stress, accelerations and 
decelerations, lateral swaying from side to side 
and whole-body up and down vibrations when the 
vehicle is in motion. Further poor lifestyle practices 
like irregularity of meals, no proper rest rooms, awful 
quality of sanitary toilets, bad posture while driving 
and stressful occupational conditions during their 
working hours augment their health problems. Such 
working parameters may be associated with various 
health problems. [2, 4, 12-13]

The present study was done to find the level of 
awareness about use of tobacco among auto rickshaw 
drivers. Among the 600 study participants, all 
were male which was consistent with other studies 
conducted among similar sub groups. [10, 14] Most of the 
participants in this study had high school education 
(54.50%). The educational level of participants was 
higher when compared with other similar studies. [10] 
This increase in education level may be attributed to 
better literacy level among south India as compared 
to the north.

Mean years in present occupation was 15.80 ± 10.11 
years whereas it was 17.70 ± 7.62 years in the study 
done in Nagpur. [14] Mean length of working hours per 
day was 9.43 ± 1.82 hours while it was 11.52 ± 2.29 
hours in the study done in Nagpur. [14]

Prevalence of tobacco use in the present study in 
any form was found to be 62.17%. The study among 
auto rickshaw drivers in Gwalior showed prevalence 
to be 84.26% [10], 64.44% among auto rickshaw drivers 
in Bareily, Uttar Pradesh [15] and 69% among auto 
rickshaw drivers in South Delhi. [16] The difference in 
prevalence with Gwalior study can be attributed to the 
fact that the educational levels of the participants in 
the present study was high compared to the Gwalior 
study and both the studies have shown negative 
association between educational level and tobacco 
use. All of these studies reveal a comparatively high 
prevalence among auto rickshaw drivers with respect 
to the prevalence in Indian adults aged 15 years and 
above which was just 28.6% according to GATS 16 
-17. [17] It was also noted that the prevalence in present 
study was very high compared to the adults among 
general population in Belgaum city where prevalence 
of ever use was 29.41%. [18]
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This comparatively higher prevalence among 
auto rickshaw drivers can be attributed to various 
occupational factors coupled with low levels of 
education, poverty, lack of knowledge about hazards, 
other socioeconomic factors and many unknown 
factors.

Smokeless form was the predominant form of 
tobacco use. Similar findings have been observed in 
multiple studies done among similar subgroups and 
consistent with the GATS survey done among adult 
Indian male. [10, 17, 19-20] This is also particularly true in 
auto rickshaw drivers as their hands are preoccupied 
in driving and hence smoking while driving would be 
cumbersome whereas chewing can be continued even 
while driving.

Majority (54.69%) of the users were advised to 
quit tobacco by any health care provider in last one 
year. There is still a lot of potential to counsel each 
& every user every time they encounter a health care 
professional, which will have a deeper impact in 
reducing the use.

Around 61% of the study participants had tried 
to quit the use in last one year. In the study done 
in Nepal, 75.8% of long route bus drivers had tried 
quitting [21] whereas in the Gwalior study, only 28.47% 
tried to quit. [10] This difference in quit attempts can be 
attributed to the difference in various socioeconomic 
factors, educational level, knowledge regarding 
hazards and the personality traits of the users as all 
of these play an important role to quit. Majority of 
those who attempted a quit could hardly sustain it 
for few months before resuming the use. This can be 
attributed to various religious events (like ramadan, 
Diwali), strong peer pressure, addiction and physical 
dependence along with ignorance. Self-motivation 
was found to be the most common approach (90.75%) 
by the participants to even attempt quitting. This can 
be augmented by providing education and raising 
the level of knowledge, providing emotional and 
mental support to those willing to quit. A study 
conducted in Canada concluded that many smokers 
may be unaware of effective cessation methods and 
most underestimate their benefit. Further, this lack 
of knowledge may represent a significant barrier to 
treatment adoption. [22]

In the present study, around 89% of the participants 
knew that use of tobacco caused one or the other 
serious illness. Similar findings were seen in Gwalior 
study (89%). [10] Knowledge has increased in recent 

days owing to mass negative advertisements, scary 
images and videos of serious health hazards which 
are continuously displayed in cinema halls, social 
media, television advertisements and etc.

In this study, around 72% of the participants knew 
that tobacco in any form caused one or the other 
cancers and this was around 87% in study done in 
Belgaum. [18] In general, knowledge regarding cancers 
has increased owing to mass media advertisements

In the present study, almost all the participants 
(99.0%) supported the law which prohibits smoking 
in indoor work places and public places. Whereas 
only 68% of the participants in the Gwalior study 
were aware about existence of such law. [10] Despite 
high level of knowledge about the law, actual 
implementation is a bigger question. 

Limitations and recommendations

Apart from recall bias, those auto rickshaw drivers 
plying exclusively during night might have been 
missed from the study. Based on the study, we 
recommend that work place tobacco cessation model 
should be established for this group and tobacco 
cessation activities should be targeted at younger 
auto rickshaw drivers to address the early initiators 
to prevent future addictions & health hazards. There 
is a dire need for strict implementation of the tobacco 
control legislations.
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ABSTRACT: 

Telemedicine is the practise of using information 

and digital technology to diagnose and treat 

patients in remote locations. In India, it is difficult 

to provide in-person healthcare because of the vast 

geographic distances and few resources. The 

government is dedicated to ensuring that everyone 

has access to high-quality healthcare, and digital 

health is a key enabler for the system's entire 

transformation. Therefore, integrating telecare into 

health systems will reduce access hurdles and 

inequity. In cases where there is a risk of 

communicable illnesses and disasters, telemedicine 

offers patient and healthcare worker safety. 

Telehealth can help patients, particularly those who 

live in remote areas, save money and time because 

they don't have to travel far for health care. For 

licenced medical practitioners, the absence of 

defined criteria has led to substantial uncertainty 

and raised concerns about the use of telecare. The 

effectiveness and results of the nation's healthcare 

system will increase with the integration of home 

healthcare. The results of this study highlight the 

significance of developing creative approaches to 

forge cooperative relationships with those in need 

of telemedicine-based healthcare. 

Key words: Confidentiality;Ethics;Health; 

Information Technology;        Telemedicine 

 

I. INTRODUCTION: 
The World Health Organization describes 

telemedicine as “The delivery of health-care 

services, where distance is a critical factor, by all 

health-care professionals using information and 

communications technologies for the exchange of 

valid information for diagnosis, treatment and 

prevention of disease and injuries, research and 

evaluation, and the continuing education of health-

care workers, with the aim of advancing the health 

of individuals and communities.”
1  

Health 

education, counselling, and medications are 

effective forms of treatment in Smart 

health.Licensed physicians using telecare must 

adhere to the same professional conduct, 

etiquette,ethical norms and standards as those 

regulating traditional in-person care, within the 

confines of the technology's inherent limitations. 

The "Telemedicine practice guidelines" were 

released by the Board of Governors on March 25, 

2020, allowing licenced medical professionals to 

deliver care via telemedicine.
2
 The Indian 

government's first-ever online OPD (outpatient) 

consultation facility is called eSanjeevani which 

was created by the Ministry of Health and Family 

Welfare. Military service members, veterans, and 

their families can access telecare services through 

the Services e-Health Assistance and Tele-

consultation (SeHAT) site. The Center for 

Development of Advanced Computing, Mohali 

(CDAC) and The Headquarters of the Integrated 

Defence Staff (HQ IDS) have created Services e-

Health Assistance andTele-consultation (SeHAT) 

OPD, which is similar to eSanjeevani.
3 

To enable 

high-intensity coverage and fill the gap for 

overnight ICU care, intensive care unit 

telemedicine (Tele-ICU) may be used within a 

hybrid paradigm of care. Further, it is not possible 

to assess patient physically by the doctor through 

m-Health which may affect the proper and 

complete examination of the patient. Maintaining 

confidentiality of thepatient information is another 

issue through telemedicine.
4,5

 ThisStudy 

emphasizes the value of developing creative 

approaches to build cooperative relationships with 

those in need of e-Health. 

 

II. MATERIALS & METHODS: 
The goals and objectives were to ascertain 

and get a comprehensive grasp of telemedicine and 

how it might be applied to the delivery of 

healthcare services such public health, patient care, 

education, management, and research. After 

receiving approval of research from the 

institutional ethics committee, the current study 

was started. The department of forensic medicine 

and toxicology at Jawaharlal Nehru Medical 

College in Belagavi is where the current study was 

carried out. This Retrospective study focused on 

cases that were registered and had full 

consultations in four basic health unit areas 

attached to Jawaharlal Nehru Medical College in 

Belagavi, namely Ashok Nagar, Kinaye, Rukmini 

Nagar, and Vantmuri. Between September 2021 

and August 2022, this research was done. The 
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Excel spreadsheet and the noted observations were 

used to analyse all the data gathered. 

 

 

III. RESULTS: 
4174 consultations were conducted in 

Belagavi throughout the period of the preceding 

year, among the four Basic Health Unit Areas 

attached to Jawaharlal Nehru Medical College as 

shown in Table 1. The gender split was about 

54.8% female, 45.1% male and 0.1% transgender 

as shown in Figure 2. Up till August 2022, around 

6.3 million consultations were conducted across all 

of India.
6
 It is noteworthy that during the COVID-

19 outbreak, smart health was used to consult on an 

average of 100–150 patients per month using real-

time video, audio, and text-based communications. 

It is therefore obvious that home healthcare was 

successfully employed throughout the pandemic on 

an unrestricted basis. Patient consultations with 

licenced medical professionals are facilitated by a 

health worker and Ayushman Bharat Health 

Account Number, name, age, residence, contact 

information, or any other registered ID that may be 

deemed relevant should be used to authenticate and 

validate the patient's identification before arranging 

for them to see a registered medical practitioner in 

telecare. 

 

IV. DISCUSSION: 
In terms of digital health, “A broad 

umbrella termencompassing eHealth, as well as 

emerging areas, such as the use ofadvanced 

computing sciences in „big data‟, genomics and 

artificial intelligence”
7
. Telehealth may be 

extremely helpful in ensuring that all impacted 

people receive prompt treatment and care during a 

disaster crisis or pandemic like the COVID-19. If it 

is an emergency, the patient must get crucial life-

saving first aid instructions before receiving the 

proper referral via teleconsultations. In order to 

effectively serve the requirements of those in need 

with telecare services, information technology-

related instruments and services must be developed 

at the grassroots level. In order for physicians to 

give patients with better treatment, artificial 

intelligence may offer them sophisticated 

information and communication environments.
8
 

Registered medical professionals have the option of 

purchasing Medical Indemnity Insurance to protect 

themselves against financial losses resulting from 

accusations of negligence via smart health while 

they are being defended in court. The Insurance 

Regulatory and Development Authority of India 

(IRDAI) has requested in a letter that general and 

health insurers permit claim settlement for 

teleconsultations with regard to the patient's 

payment of medical claims.
8
 The elderly and 

people with disabilities can obtain high-quality 

healthcare through e-Health. By bridging the digital 

health gap between rural and urban areas, digital 

health lowers patients' out-of-pocket costs for 

healthcare services. Since physical follow-ups 

often occur less frequently than telecare services, it 

is even more crucial in the case of follow-up. A 

Registered Medical Practitioner (RMP) may use 

telemedicine services to consult with another RMP 

or a specialist for a patient under their care. RMP 

may, in accordance with his or her professional 

judgement, start such discussions. Continues to be 

the treating RMP and is in charge of the patient's 

care and other suggestions. The classifications of 

recommended medications include Group O, A and 

B. Widely used "over-the-counter" drugs including 

paracetamol, packets of oral rehydration solution 

(ORS), antacids, etc. were included in List Group 

O. List Group A consists of regularly prescribed 

drugs that can only be diagnosed by video 

consultation, such as antifungal drugs for Tinea 

Cruris, Ciprofloxacin eye drops for conjunctivitis, 

etc., and refill drugs for long-term conditions like 

diabetes, hypertension, asthma, etc., List Group A 

drugs are those that can be prescribed during the 

video consultation portion of the initial 

appointment and are re-prescribed for refills in the 

event of a follow-up. The "add-on" drugs in List 

Group B are used to improve an existing ailment. 

An ACE inhibitor like Enalapril, may be prescribed 

if the patient is already taking Atenolol for their 

hypertension and their blood pressure is not under 

control. Teleconsultations for drugs on the 

Prohibited List include those on Schedule X of the 

Drug and Cosmetic Act and Rules as well as any 

narcotic or psychoactive substance specified on the 

Narcotic Drugs and Psychotropic Substances Act, 

1985 list. Examples include anti-cancer 

medications and narcotics like morphine and 

codeine. These medications carry a significant risk 

of abuse and, if misused, might be harmful to the 

patient or society as a whole.
10

 

 

V. CONCLUSIONS: 
Access to healthcare that is both rapid and 

affordable is made possible via telemedicine. In a 

COVID-19 pandemic, teleconsultations can stop 

the pathogen from spreading. Any telecare 

consultation must have the patient's Consent. 

Explicit or implied Consent is both acceptable. The 

storage and sharing of electronic health records 

should be governed by home healthcare to 

safeguard the data's security, authenticity, and 

anonymity. Even though the majority of other 
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nations have comprehensive telemedicine laws, 

India did not have any legislation concerning 

Telehealth practise until very recently. Additionally, 

both doctors and their patients are at danger 

because of legal gaps and uncertainty of guidelines 

in order to protect the privacy, confidentiality, and 

security of the data. Therefore, there is a 

tremendous need to fix this problem with our 

Indian Health System. 

The results of the present investigation lend 

credence to the following assertions: 

1. It was found that there is no appreciable 

difference in patient care between "in person 

care" and telemedicine in non-emergency 

situations. 

2. Additionally, it minimises the psychological 

and social stress related to visiting a hospital. 

3. However, there are still certain difficulties with 

privacy, confidentiality, and security of 

electronic health data that the government has 

to address before teleconsultations can become 

the gorgeous and excellent face of the Indian 

healthcare system of the future. 

4. There is a paucity of knowledge regarding 

telemedicine services in remote and 

indigenous areas. If the government set up 

appropriate Information, Education & 

Communication (IEC) strategy campaign, the 

standard of healthcare provided via digital 

health would considerably improve. 

5. If telemedicine is utilised to treat minor 

medical ailments, it relieves the strain on 

medical personnel, makes it simpler to treat 

critically ill patients. 

6. Lowers the risk that patients may contract 

hospital acquired illnesses. 
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Tables: 

Table1: Frequency distribution of consultations in various Basic Health Unit Areas through Telemedicine 

(n=4174) 

Basic 

health unit 

Areas 

Consultations 

completed  

Prescriptions 

Awaited 

Average 

Consultations 

/Day 

Unique 

Patients 

Gender 

Distribution % 

(Male/Female)  

Ashok 

Nagar 

617 15 1.50 553 45.9/ 54.1 

Kinaye 972 5 1.38 764 37.3/ 62.7 

Rukmini 

nagar 

1139 29 1.62 1041 49.5/ 50.5 

Vantmuri 1446 0 2.06 1342 47.8/ 52.2 

 

Figure legends: 

Figure 1:Telemedicine implementation methods 
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Figure 2: Gender distribution of study cases (n=4174) 

 
 

Figure 3: Frequency distribution of consultations in various Basic Health Unit Areas through 

Telemedicine (n=4174)
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Abstract 

Background: Human poisoning by pesticides has long been seen as a severe public health problem. Next to 

the organo-phosphorous compound, paraquat is the most common insecticide compound used for suicidal 

consumption in a rural part of Karnataka. The easy availability of this poison makes it a commonly employed 

agent for suicide. It causes rapid irreversible damage to the lungs and leads to renal failure and liver failure 

causing death. The lack of a specific antidote makes it difficult to save the victim. Here we are going to see 

a case series on deadly paraquat poisoning which is diagnosed immediately using PDC. 

Keywords: Pesticides, paraquat, suicide, multiorgan failure, antidote.  

Introduction 

                                                   Paraquat is a broad-spectrum highly toxic odorless brown color liquid 

herbicide. At present, it is the second highest selling herbicide globally, available in 20% solution, and 

needs dilution before use1. Paraquat exerts its herbicidal activity by inhibiting the reduction of NADP to 

NADPH during photosynthesis. This disruption leads to the formation of superoxide anion, singlet 

oxygen, and hydroxyl and peroxyl radicals. These reactive oxygen species (ROS) interact with the 

unsaturated lipids of membranes, destroying plant organelles, and inevitably leading to cell death.2 

      A dose of 10 to 20 ml of 20% solution is sufficient to cause death. Mortality varies between 50% and 

90% in various case series.3 It rapidly deactivated on contact with soil. When the toxic dose is ingested, 

it produces various local manifestations and life-threatening systemic manifestations involving the 

gastrointestinal tract, cardiovascular system, respiratory system, and renal system4
. Its cost-effectiveness 

and ready availability are major factors for its continual use. Unfortunately, this also makes it a highly 

used agent in suicides and homicides.5 

      Paraquat poisoning can be classified into three categories6. Mild poisoning (20 mg/kg) in which the 

patients generally have minor gastrointestinal symptoms. Severe poisoning (20-40 mg/kg) in which the 

patients develop acute kidney injury, acute lung injury, and progressive pulmonary fibrosis. Fulminant 

poisoning (40 mg/ kg) in which the patients develop multiple organ failure. Since there is a lack of a 

specific antidote and high mortality rates, we have taken up this study to identify the specific clinical 

features, and course and to diagnose the poisoning using PDC as soon as possible to start the specific 

treatment. 
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Methods 

We present a case series of 6 patients, consecutively admitted in medical and Paediatric wards with 

paraquat poisoning in a tertiary care hospital over a period of 6 months from February 2021 to August 

2021. Diagnosis will be obtained from the patient as well as bystanders, clinical signs and symptoms, 

local examination, investigations like laboratory parameters, and main importantly PDC. Treatment 

histories from other hospitals were obtained from reference letters. After death, we are going to involve 

the findings of Post-mortem examination, Histopathology and RFSL report. 

 Case series analysis 

The age of patients ranged from 19 to 43 years old, among them 4 males and 2 females. Among 6 

cases, case 3 alone was referred from other hospitals. Among 6 cases, cases 2 &5 have given the exact 

amount of ingestion. Among 6 cases, case 3 alone was consumed accidentally but all others consumed 

with suicidal intentions. Specific treatments like Ryle’s tube aspiration, Steroids, Antioxidants, and 

hemodialysis were given in our institution. Despite treatment, all developed renal, hepatic, and 

pulmonary dysfunction. 

       Soon after ingestion all developed vomiting and burning sensation in the mouth. Case 1 and case 2 

were taken to the hospital after 1 hour of ingestion and they were given adequate treatment their survival 

period was 1 & 3 days respectively. Cases 4 & 6 used alcohol and water respectively along with paraquat 

poison. Among 6 cases, case 6 alone got delayed treatment after 3 days. All 6 cases expired despite giving 

the required treatment. The survival period ranged from 24 hours to 17 days.  
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Results:  

 

 

 

 

 

 

 

 

 

 

0

1

2

0-10 11 to

20

21 to

30

31 to

40

41 to

50

0

1

2

0

1

0

1 1

0

4.1 Comparison of Age 

and sex 

Male Female

1 to 7 
days, 3

8 to 14 
days, 0

15 to 21 
days, 1

0

1

2

3

4

1 to 7

days

8 to 14

days

15 to

21 days

4.2 Survival period

Male

Female

Mild

0%

Severe, 0

Fulmina

nt, 3

0

1

2

3

4

Mild SevereFulminant

4.3 Severity of poisoning

Male

Female

Accidental, 1

Suicidal, 

Homicidal, 0

0

2

4

6
4.4 Mode of poisoning

Male

Female

http://www.ijrar.org/


© 2022 IJRAR November 2022, Volume 9, Issue 4             www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR22D1791 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 877 
 

Discussion 

Paraquat poisoning is a relatively understudied and under-researched condition as evident in the 

search of the literature. Fatality increased despite treatment in Tertiary care hospitals. The lung is the 

most common organ involved in paraquat intoxication. Paraquat toxicity depends on the blood level. The 

concentrations of Paraquat available in the market vary from 10-40%. However, the lethal dose is 

calculated as being 35mg/kg which translates to as low as 10-15 ml of a 20% solution of paraquat 

available commercially7. 

Depending upon the amount, the development of symptoms may be delayed for days to weeks. Initial 

absorption occurs from the stomach and intestine in the first six hours- the primary organ accumulated 

being lungs at this stage prolonging up to 18 hours. Hence measures to prevent absorption from the gut 

and removal from blood by extracorporeal elimination remain the methods for reducing toxicity, unlikely 

to benefit those with high amounts of ingestion due to early extensive tissue damage. The strongest 

adsorbent capacity is for fuller earth, hence preferred, but others are also useful if this is not available. 

>1.6 pg/ml 12 hrs after ingestion is universally fatal.8 

In our series, 4 patients received initial care within four hours (among which two received it within 

one hour) but developed multiorgan dysfunction. Adsorbents like activated charcoal, bentonite, and 

fuller's earth might have a role in preventing further absorption from the stomach and intestine gave 

within six hours of ingestion. Unlike hemodialysis, extracorporeal elimination with hemoperfusion 

effectively removes poison from blood if given within the first six hours of poison ingestion especially 

in the initial hours as evidenced by lesser blood levels in survivors9,10. Single hemoperfusion can cause a 

99% reduction of the poison level in blood11. 

However, in our series, 2 patients who received hemoperfusion within four hours also had a poor 

outcome, probably due to a larger amount of ingested poison. Our result was correlated with Indira et al 

study in 2015. Hsu et al analyzed 207 patients with severe paraquat poisoning treated with charcoal 

hemoperfusion and observed that those who received HP within 4 hours post-ingestion had significantly 

reduced mortality. 

The severity of poisoning is graded as mild, moderate to severe, and fulminant retrospectively, 

usually reflecting the amount of poison ingested. In fulminant cases, death occurs in the first week, and 

aggressive therapies become futile. Here we had 5 patients with the fulminant course and 1 with mild to 

moderate poisoning.  Paraquat is available as a 20% solution and an amount less than 5ml causes mild, 5 

to 15ml (half to 1.5 teaspoons) is sufficient to produce moderate to severe while more than 15ml is 

expected to produce fulminant poisoning. 

Studies have shown that plasma paraquat levels can be used for assessing prognosis. Alternatively, 

calorimetric urine paraquat estimation also helps in prognostication. Urine color change to dark or navy 

blue has a poor prognosis while light blue has got good prognosis. Occupational exposure to paraquat 

runs a milder course as paraquat is used in diluent form for agriculture purposes.12 Hence the production 

of paraquat in highly concentrated form may be discouraged.  
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 Conclusion 

According to the literature Poisoning with paraquat is uncommon but highly fatal. Unknown poisoning 

with renal and lung injury should arouse the suspicion of paraquat. Even after the administration of 

aggressive treatment, mortality remains high as evidenced in our cases thus making paraquat a dreadful 

and lethal poison for humans. Patients presenting early to the emergency department within 6-8 hours of 

paraquat poisoning have high rates of survival but here even though they came soon because of an 

unknown quantity they are not able to survive. Less the dose, the better the survival rates. Key 

management is immunosuppression and antioxidants. Early diagnosis and aggressive management of 

paraquat poisoning reduce mortality. Paraquat self-poisoning carries extremely bad outcomes despite 

early medical care- ingestion of even small quantities of concentrated paraquat (20%) can have a severe 

to fulminant clinical course. The cause of death in acute toxicity remains hepatorenal dysfunction and 

ARDS. In our case series, PDC helped us in confirming the diagnosis and we started treatment at the 

earliest. However, delayed presentation, an unknown quantity of ingestion, and no specific antidote are 

the drawbacks for which the patients were not able to be revived and paraquat compound is considered 

one of the most fatal poisons. 
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Engaging a self‑directed learning session: Myths 
and facts
Self‑directed learning (SDL) is where the learner takes 
responsibility for one’s own learning. Hence, it involves 
the active participation of the learner to assess his 
learning needs. Once the learning need in a given topic 
or a subtopic is assessed, he should create learning 
goals, identify resources for learning, apply appropriate 
learning strategies, and evaluate learning outcomes.[1]

In competency‑based medical education, Medical 
Council of India (now supported by National Medical 
Commission) has allotted 60–100 h for SDL in every 
professional year. The sessions are distributed among 
all the courses in the curriculum.[2] As we look into the 
principles of SDL as is defined, there are some changes in 
the administration of the curriculum required to create an 
environment for students to practice SDL. The changes 
required are in terms of the teaching–learning process, 
students’ roles, and teachers’ roles. The appropriate 
placing of the SDL sessions in the timetable designed by 
each institute is also of prime importance.

At the outset, one should be clear about the few myths 
and facts related to SDL;

Myth: SDL sessions are the sessions where students are 
left on their own to learn a topic!

Fact: SDL sessions are well‑designed sessions where 
students are taken through the journey to learn a topic 
under the guidance of a facilitator, at their own pace 
and style. At the end of the session, the student should 
realize that one has reached the goal set at the beginning 
of the session.

The main purpose of an SDL session is to instill the 
quality of “Lifelong learning” in the students. The 
sessions are to be designed keeping in mind this mantra 
of SDL. It is now obvious that a lifelong learning attitude 
cannot be developed by merely reading a note, reading a 
chapter, or attending a lecture. Learning by the student 
can happen when students identify their deficit in 
knowledge. This can happen when they are challenged 
by an encounter where they find themselves lacking in 
their knowledge or skill!

It is experienced by the faculty that students attend 
an SDL session without any preparation or they are 
content about what they already know or are negligent 

about what they should be learning in the given course 
material. It is but natural for students to be in that default 
mode as they are adults who learn as per the need of a 
given situation. Hence, it is the duty of the faculty to 
make students realize the deficits by taking them through 
the journey of SDL so that they become lifelong learners.

Design a Self‑directed Learning Session[3]

SDL sessions are to be placed in the timetable in the later 
part of a professional year. These sessions are to be of 
2–3 h. SDL sessions should have specific objective/s. The 
objective/s of the session should be with verbs taking 
learning at the “knows how” or “shows how” level in 
Miller’s pyramid. Hence, these are the sessions where 
students are allowed to interpret, analyze, demonstrate, 
assimilate, coordinate, and comprehend the learned 
knowledge or skill. Thus, to take the learning to higher 
levels of Bloom’s taxonomy, the base of the knowledge/
skill should have been provided to the students by a 
lecture/small‑group discussions (SGDs)/demonstration.

Myth: SDL sessions can be on any topic of a given course!

Fact: SDL sessions are to be placed after a lecture/SGD/
demonstration which provides the base for learning 
that would take place in SDL sessions. They cannot be 
de novo topics.

Teachers’ Role

The SDL sessions are facilitated by the faculty, not taught. 
The students learn the subject and the faculty facilitate 
learning by providing resource materials, maintaining 
the congruence of learning with the set objective of 
the session, vigilant in maintaining the educational 
standards.[4] The faculty should adopt the methodology 
of the learning process by opting for an appropriate 
mode to attain the objective of the SDL. The verb/s of 
the session objective guide the mode of the SDL session. 
For example, if the objective of a session is to interpret/
analyze, then case‑based/problem‑based learning would 
be beneficial. Moreover, if the objective is where the 
student has to coordinate, team‑based learning or group 
activity is appropriate.

Myth: The teacher dictates the topic of SDL and students 
learn on their own.

Editorial
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Fact: The teacher facilitates learning in SDL session by 
maintaining congruence of learning with the objective/s 
of the session. The teacher has to provide validated 
resources and guidance on the learning process.

Students’ Role

In an SDL session, the onus of learning is mostly on 
the learner. It is the responsibility of the learner to be 
prepared with the basic knowledge/skill necessary to 
participate in the given SDL session. The characteristics 
of a student that ensures him to be a lifelong learner are 
self‑management, self‑monitoring, and self‑motivation to 
learn.[5] The student needs to be asked for the readiness 
assurance test before he appears and attempts an SDL 
session activity. The students are assessed at the end of 
every SDL session so that they realize the lessons learned 
and set a new goal for learning a given topic.

Myth: SDL sessions are to relearn what is already taught 
in lectures/demonstrations!

Fact: SDL sessions are to build on the concept laid down 
by lectures/demonstrations, by identifying the gap in 
learning with the help of the facilitators.

Assessment of Self‑directed Learning 
Sessions

Every SDL session should end with an assessment. 
This will ensure learning and also provides the learner 
with the level of learning that he could achieve. The 
assessment can be a short essay, seminar evaluation, 
incomplete handouts/flowchart filling, or performance 
of skill in a simulated environment. Even a group activity 
is to be evaluated on a checklist to assess the level of 
involvement, coordination with other group members, 
and lessons learned during the activity based on the 
reflection.

SDL sessions can be utilized in understanding how an 
individual evolves as a self‑directed learner based on 
Goal Attainment Scaling scores.[6]

Myth: SDL sessions are not included in the final 
assessment!

Fact: SDL sessions are assessed and the performance 
is included in the formative assessment. The lessons 
learned are indirectly assessed in the final assessment 
through case‑based questions and long case discussions.

Evolve the Learning Process

It is not practical to expect a student to be a self‑directed 
learner from the beginning of a course. To engage in 

learning so as to build the concept of a topic, the learner 
should assimilate facts/lessons learned around a topic. 
Hence, the student should be slowly evolved from 
the status of the dependent learner to an interested 
→involved learner to lastly self‑directed learner. With 
this changing role of the student, the duties of the teacher 
also evolve from coach → motivator → facilitator to 
consultant.[7]

Hence, the course is gradually taken by explaining 
the facts in complex situations where the students can 
apply and exhibit their competency in a given simulated 
situation. This can take place within a topic of the course 
and also as the students learn through the courses of the 
given graduate program.

Myth: SDL sessions are designed in a fixed format by 
a course!

Fact: The SDL sessions are designed in a way that the 
student develops a holistic way of developing his/
her concept so that he becomes a lifelong learner. The 
format should facilitate the evolution of learning from 
dependent learner to SDL.

Technology to Facilitate Self‑directed 
Learning: “Osler Meets Watson”

Osler says teachers are successful when they facilitate 
learning as a senior student anxious to help his juniors. 
Moreover, millennial learners are multimodal learners 
known for seeking knowledge from various sources 
using technology. Hence, it is the time when faculty have 
to embrace technology not only to be on the same page as 
the learners but also to ease their life.[8] Technology can 
be used to distribute the resources for learning, conduct 
readiness assurance tests, communicate the students’ 
performance, and provide feedback. The teachers of the 
millennium have an additional responsibility to validate 
the resources that students would be using for learning 
a concept.

Myth: Technology deviates the learner from the basics 
and hampers the performance of the teacher

Fact: Technology provides innumerable resources for 
learning and eases the life of the facilitator by wide 
accessibility to distribute the resources and assess the 
learners’ performance.

Conclusion

The SDL sessions are opportunities for the students to 
learn the topics in depth to enhance the knowledge and 
skills related to a course so that they apply them in their 
real‑life health‑care services. The faculty perform a prime 
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role to facilitate and promote learning intending to make 
every student a lifelong learner.
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Aerobic bacterial study of 
postoperative lower segment cesarean 
site wound infection
K. Pooja, M. B. Nagmoti

Abstract:
INTRODUCTION: Cesarean section wound infection illustrates a significant load to the health 
system as it carries an increased risk of infection as compared to normal vaginal delivery . Hence, it 
is necessary to identify the agents responsible as well as their extent of susceptibility for commonly 
used antibiotics.
MATERIALS AND METHODS: The study was carried out at the Department of Microbiology, 
Jawaharlal Nehru Medical College. The specimens were inoculated on the blood and MacConkey 
agar. The colonies were identified by their morphological characteristics and the biochemical tests, 
antibiotic susceptibility test was carried for the isolated aerobic bacterial isolates.
RESULTS: In the present study, Staphylococcus aureus (13, 56.68%) was the most common 
pathogen isolated, followed by Klebsiella pneumoniae (5, 21.9%). Gram‑positive isolates showed 
greater sensitivity to tetracycline 11 (73.33%), followed by doxycycline (11, 73.33%) and clindamycin 
(9, 60%). Gram‑negative bacteria showed the highest sensitivity meropenem (7, 77.78%), 
imipenem (6, 66.66%), and piperacillin + tazobactam (6, 66.66%).
CONCLUSION: Frequent antimicrobial audit and qualitative research could give an insight into the 
current antibiotic prescription practices and the factors governing the same.
Keywords:
Lower segment Caesarean section, methicillin‑resistant Staphylococcus aureus, surgical site infections

Introduction

Lower segment Caesarean Section (LSCS) 
carry a 5–20‑fold increased risk of 

infection as compared to normal vaginal 
delivery.[1] Cesarean section wound infection 
illustrates a significant load to the health 
system because it is related to increased 
morbidity, mortality, prolonged hospital 
state, secondary infertility, and increased 
economic cost for patient care.[2] It depends on 
several factors like microbial pathogenicity, 
host defenses, local environmental factors 
and surgical techniques etc.[3] SSI and 
endometritis is major cause of prolonged 
hospital stay and poses a burden to the 
health care system.[4] Antibiotics are used for 

treatment and prevention of infection[5] but 
irrational use of broad spectrum antibiotics 
resulting anti microbial resistance (AMR) 
has further deteriorated condition in 
this regard and the problem gets more 
complicated.[6] The previous knowledge of 
the infection and the causative organism will 
help to decide the antibiotic selection along 
with their resistance.[7] So, it is necessary to 
identify the agents responsible for cesarean 
sites infections as well as to determine 
their extent of susceptibility for commonly 
used antibiotics to make relevant health 
recommendations aimed at preventing, 
controlling, or managing cesarean section 
wound infections.[8,9] The objective of our 
study is to determine the diversity of the 
microorganisms and the antibacterial 
susceptibility pattern among the patients 
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suffering from LSCS wound infection in Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi, Karnataka, India.

Materials and Methods

Study center
The present study was conducted at the Department 
of Microbiology, Jawaharlal Nehru Medical College 
(JNMC), Belagavi.

Source of data
LSCS wound swabs were received from the patients 
suspected of bacterial infection in the Obstetrics 
Department at Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

Study design
The study design involves hospital‑based study.

Study period
The study period was 1 year from January 2020 to March 
2021.

Sample size
Universal sample was used.

Inclusion criteria
Inclusion criteria included clinically diagnosed or 
suspected cases of LSCS wound infection.

Exclusion criteria
Exclusion criteria included patients previously treated 
with systemic antibiotics.

Statistical analysis
Percentage was used to calculate the prevalence of 
organisms and their antibiotic sensitivity pattern.

Ethical clearance
The present research project was approved by the JNMC 
Institutional Ethics Committee on Human Subjects 
Research (Ref: MDC/DOME/338 Date 18/05/2020).

Collection of sample
Under aseptic condition, pus from the wound was 
collected with the help of a sterile swab from a suspected 
case of LSCS bacterial infection.

Samples were sent to the Department of Microbiology, 
JNMC, KLE’S (Karnataka Lingayat education) Academy 
of higher Education and Research, Belagavi.

Storage
Specimens should be refrigerated at 28°C if processing 
of the sample is delayed.

Examination of lower segment caesarean section 
wound swabs
Samples were further subjected to microscopic 
examination,  i .e . ,  Gram staining,  for aerobic 
culture, they were inoculated onto blood agar and 
MacConkey agar. According to the CLSI guidelines, 
an antimicrobial susceptibility test was conducted for 
the bacterial isolates by Kirby–Bauer disk‑diffusion 
method.

Results

LSCS wound swabs were received in the Microbiology 
Department of JNMC, from Dr. Prabhakar Kore 
Charitable Hospital, Belagavi, of patients clinically 
diagnosed with cases of chronic suppurative otitis 
media. The samples were further processed for isolation, 
identification, and antibiotic sensitivity.

During this period, a total of 48 samples were processed 
and of which 30 (62.5%) culture‑positive cases were 
yielded [Table 1].

Of 30 culture‑positive cases, 14 (46.66%) of them showed 
polymicrobial growth, whereas 16 (53.34%) showed 
monomicrobial growth [Table 2].

Of 48 samples processed, 23 (47.92%) were bacterial 
isolates, 18 (37.5%) were culture‑negative cases where 
no organisms were grown, and 07 (14.5%) were skin 
commensals [Table 3].

Among the total of 23 isolates, 14 (60.87%) were 
Gram‑positive cocci and 9 (39.13%) were Gram‑negative 
bacilli [Table 4].

Table 2: Distribution of growth in culture‑positive cases
Growth type n (%)
Monomicrobial 16 (53.34)
Polymicrobial 14 (46.66)
Total 30 (100)

Table 1: Bacterial culture‑positive cases in the study
n (%)

Growth 30 (62.5)
NOGC 18 (37.5)
Total 48 (100)
NOGC: No organisms grown in culture

Table 3: Type of growth yielded in the study (n=48)
n (%)

Isolates 23 (47.92)
NOGC 18 (37.5)
Commensals 7 (14.5)
Total 48 (100)
NOGC: No organisms grown in culture
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Of 23 bacterial isolates of methicillin‑resistant 
Staphylococcus aureus (MRSA), 8 (34.78%) were 
predominant followed by methicillin‑susceptible 
S. aureus (MSSA) (5, 21.9%), Klebsiella pneumoniae 
(5, 21.9%), Pseudomonas aeruginosa (2, 8.69%), Escherichia 
coli (1, 4.35%), Citrobacter freundii (1, 4.35%), and 
coagulase‑negative staphylococci (CoNS) (1, 4.35%) 
[Table 5].

Gram‑positive bacteria showed greater sensitivity 
to tetracycline (11, 73.33%), followed by doxycycline 
(11, 73.33%) and clindamycin (9, 60%) [Table 6].

Among the Gram‑negative bacteria, meropenem 7 (77.78%) 
showed the highest sensitivity, followed by imipenem 
6 (66.66%) and piperacillin + tazobactam 6 (66.66%) 
[Table 7].

Discussion

A total number of 48 LSCS wound swabs were processed, 
which were received in the Department of Microbiology 
of JNMC from Dr. Prabhakar Kore Charitable Hospital, 
Belagavi.

The samples were processed for aerobic bacterial 
culture, of 48 samples, of which 30 (62.5%) culture‑positive 
cases were culture positive. Of 30 culture‑positive cases, 
14 (46.66%) of them showed polymicrobial growth, 
whereas 16 (53.34%) showed monomicrobial growth. Of 
48 samples processed, 23 (47.92%) were bacterial isolates, 
18 (37.5%) were culture‑negative cases where no organisms 
were grown, and 7 (14.5%) were skin commensals. 
Fourteen (60.87%) isolates were Gram‑positive cocci 
and 9 (39.13%) isolates were Gram‑negative bacilli. 
MRSA (8, 34.78%) was predominant, followed by 
MSSA (5, 21.9%), Klebsiella pneumoniae (5, 21.9%), 
P. aeruginosa (2, 8.69%), E. coli (1, 4.35%), C. freundii 
(1, (4.35%), and CoNS (1, 4.35%). Gram‑positive 
bacteria revealed higher susceptibility to tetracycline 
(11, 73.33%), followed by doxycycline (11, 73.33%) and 
clindamycin (9, 60%). Most of them were resistant to 
ceftriaxone (90%), penicillin (70%), and cefazolin (70%). 
Among the Gram‑negative bacteria, meropenem 
(7, 77.78%) showed the highest sensitivity, followed 
by imipenem (6 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 

Table 6: Sensitivity pattern of Gram‑positive bacteria 
(methicillin‑resistant Staphylococcus aureus, 
methicillin‑susceptible Staphylococcus aureus, and 
coagulase‑negative staphylococci)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 6 (40) 8 (60) 14
Azithromycin 7 (46.67) 7 (53.33) 14
Penicillin 3 (20) 11 (80) 14
Erythromycin 5 (33.33) 9 (66.67) 14
Clindamycin 9 (60) 5 (40) 14
Co‑timoxazole 8 (53.33) 6 (46.67) 14
Cefoxitin 6 (66.67) 8 (33.33) 14
Gentamicin 7 (46.67) 7 (53.33) 14
Doxycycline 11 (73.33) 3 (26.67) 14
Linezolid 8 (53.33) 6 (46.67) 14
Tetracycline 11 (73.33) 3 (26.67) 14
Ciprofloxacin 5 (33.33) 9 (66.67) 14
Levofloxacin 5 (33.33) 9 (66.67) 14
Chloramphenicol 6 (40) 8 (60) 14
Cefazolin 3 (20) 11 (80) 14
Ceftriaxone 1 (6.67) 13 (93.33) 14

Table 7: Sensitivity pattern of Gram‑negative bacteria 
(Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Escherichia coli, and Citrobacter freundii)

Sensitive, n (%) Resistance, n (%) Total
Ampicillin 0 9 (100) 9
Amoxyclav 0 9 (100) 9
Tobramycin 2 (22.22) 7 (77.78) 9
Gentamicin 1 (11.11) 8 (88.89) 9
Doxycycline 0 9 (100) 9
Tetracycline 1 (11.11) 8 (88.89) 9
Ceftazidime 4 (44.44) 5 (55.56) 9
Piperacillin/
tazobactam

6 (66.67) 3 (33.33) 9

Ciprofloxacin 3 (33.33) 6 (66.67) 9
Levofloxacin 3 (33.33) 6 (66.67) 9
Cefepime 1 (11.11) 8 (88.89) 9
Cefuroxime 1 (11.11) 8 (88.89) 9
Imipenem 6 (66.67) 3 (33.33) 9
Meropenem 7 (77.78) 2 (22.22) 9
Amikacin 3 (33.33) 6 (66.67) 9
Norfloxacin 4 (44.44) 5 (55.56) 9
Chloramphenicol 5 (55.56) 4 (44.44) 9
Aztreonam 4 (44.44) 5 (55.56) 9

Table 5: Number of bacterial isolates in the study
Isolates n (%)
MRSA 8 (34.78)
MSSA 5 (21.9)
Klebsiella pneumoniae 5 (21.9)
Pseudomonas aeruginosa 2 (8.69)
Citrobacter freundii 1 (4.35)
Escherichia coli 1 (4.35)
CoNS 1 (4.35)
MRSA: Methicillin‑resistant Staphylococcus aureus, MSSA: Methicillin‑ 
susceptible Staphylococcus aureus, CoNS: Coagulase‑negative staphylococci

Table 4: Distribution of isolates in the study (n=48)
Number of isolates, n (%)

GPC 14 (60.87)
GNB 9 (39.13)
GPC: Gram positive bacteria, GNB: Gram negative bacteria
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cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

As per the study conducted by Divvy. P, monomicrobial 
bacterial growth type was seen in 74 (71.2%) and 
polymicrobial growth type was seen in 30 (28.8%). 
S. aureus was the most predominant organism isolated 
in this study (31.3%). Cefoxitin disk susceptibility 
revealed 12 (28.6%) MRSA of 42 S. aureus isolates. All 
staphylococcus isolates are sensitive to linezolid and 
vancomycin (100%), some of them are sensitive to amikacin 
and amoxyclav (61.9%).[10] As per the study conducted by 
Bajaj et al., Of 34 (28.57%) isolates of S. aureus, 26 isolates are 
MRSA followed by P. aeruginosa (26%), CoNS (10.92%), 
K. pneumoniae (8.4%), E. coli (7.56%), Enterococcus 
spp. (5.05%), C. freundii (5.05%), Klebsiella oxytoca (4.2%), 
Acinetobacter spp. (2.52%), and C. koseri (1.68%). All the 
Gram‑positive bacteria isolated were almost resistant 
to ampicillin (80%) and ciprofloxacin (55.88%).[11] 
S. aureus (42%) is the most isolated organism in the 
study of Olukitibi and Adebolu due to their abundance 
on human skin as normal flora, and most of them are 
resistant to commonly used antibiotics such as penicillin, 
levofloxacin, chloramphenicol, gentamicin, and 
ciprofloxacin.[12] As per the study conducted by Dhar et al., 
a majorly isolated organism was S. aureus (66 31.27%), 
followed by E. coli (40, 18.95%). Among S. aureus, 
few were MRSA. Polymicrobial infection was seen in 
42 (19.90%) cases. There were 47 (22.27%) cases where 
culture did not yield any organism may be due to the 
use of broad‑spectrum antibiotics. Here, aminoglycoside 
drug class constituted the most sensitive antibiotic and 
also penicillin group of drugs.[13] In the study of Chares 
Obinna et al., the predominant organism isolated was 
S. aureus (37.3%), followed by K. pneumoniae (27.1%), 
E. coli (22.0%), P. aeruginosa (5.1%), K. oxytoca (5.1%), 
and Bacteroides (3.4%) and most of the isolates 
were sensitive to amikacin and imipenem and are 
resistant to cephalosporin, gentamicin, amoxyclav, and 
meropenem.[14] These all study results are almost similar 
to my study in a crisis of mostly isolated pathogen as 
S. aureus among them MRSA; eventually, some are 
polymicrobial, culture‑negative specimens found in 
some cases, and commensals as normal flora on the 
skin, etc. As per the study conducted by Egbe Friday 
Andrew, E. coli was the most predominant organism 
isolated (13, 28.26%), followed by S. aureus (10, 21.74%), 
Staphylococcus epidermidis (8, 17.39%), Enterobacter 
(6, 13.04%), P. aeruginosa (4, 8.80%), Klebsiella species 
(3, 6.52%), and Proteus spp. (2, 4.35%). This study is 
a bit different from my study and related to other 
studies as E. coli is the predominant organism isolated 
here. Here, most of the Gram‑positive bacteria were 
sensitive to ciprofloxacin, cefuroxime (83.3%), and 
erythromycin (66.7%) and resistant to tetracycline (83.3%). 
Most of the Gram‑negative bacteria were resistant 

to tetracycline (92.3%), co‑trimoxazole (84.6%), 
Augmentin (76.9%), and amoxyclav (53.4%).[15]

The results of the above studies support our study with 
a slight difference in the sensitivity pattern; however, it 
also depends on the geographical area.

Conclusion

The present study revealed that MRSA (8, 34.78%) 
was predominant, followed by MSSA (5, 21.9%), 
K. pneumoniae (5, 21.9%), P. aeruginosa (2, 8.69%), E. coli 
(1, 4.35%), C. freundii (1, 4.35%), and CoNS (1, 4.35%). 
Irrational use of antibiotics induces the development 
of the bacteria, which shows resistance to the multiple 
drugs, which can also produce postoperative as well as 
primary infections.

G r a m ‑ p o s i t i v e  b a c t e r i a  r e v e a l e d  h i g h e r 
susceptibility to tetracycline 11 (73.33%) followed by 
doxycycline (11, 73.33%) and clindamycin (9, 60%). 
Most of them were resistant to ceftriaxone (90%), 
penicillin (70%), and cefazolin (70%). Among the 
Gram‑negative bacteria, meropenem (7, 77.78%) 
showed the highest  sensit ivity,  fol lowed by 
imipenem (6, 66.66%) and piperacillin + tazobactam 
(6, 66.66%). All of the Gram‑negative bacteria were 
resistant to ampicillin (100%), amoxyclav (100%), 
and doxycycline (100%) and most of them were 
ceftriaxone (90%), tetracycline (90%), gentamicin (90%), 
cefepime (90%), tobramycin (80%), levofloxacin (70%), 
amikacin (70%), and ciprofloxacin (60%).

Understanding the epidemiology of modern‑day 
microbiological flora and their antibiotic sensitivity 
pattern of LSCS wound infections helps in the 
development of effective strategies for initial prevention 
and also decreases the complications, fatality, and 
morbidity rate. Results of this study help the local area 
in prescribing the empirical treatment by minimizing 
the expenditure of health care.
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ABSTRACT 

Introduction: The term ragging means any conduct whether by words spoken or written or 

by an act which has the effect of teasing, treating or handling with rudeness any other student, 

indulging in rowdy or undisciplined activities which causes or is likely to cause annoyance, 

hardship or psychological harm or to raise fear or apprehension thereof in a fresher or a junior 

student or asking the students to do any act or perform something which such student will not 

in the ordinary course and which has the effect of causing or generating a sense of shame or 

embarrassment so as to adversely affect the physique or psyche of a fresher or a junior 

student. Methodology: The study was carried out on newly admitted IMG students for the 

academic year 2021-2022 on 21 -02-2022 as part of Orientation Program under the aegis of 

Foundation Course. On the foundation day 120 students were present out of 152 admitted 

students. A sensitization program was conducted to the students in the afternoon session at 2-

3 pm. Out of the total students present 87 students gave feedback on the outcome of the 

session. Along with the students the study was carried out on parents of newly admitted 

medical students for the academic year 2021-2022 on 21 -02-2022 as part of Orientation 

Program under the aegis of Foundation Course. On that day 30 parents were present for the 

152 newly admitted students. A sensitization program was conducted to the parents in the 

morning session at 11 am-12 noon. Out of the total parents present 14 parents gave feedback 

on the outcome of the session. 

Keywords: Ragging, IMG student, Parents, UGC Guidelines, Orientation program 

The University Grants Commission (UGC) regulation on curbing ragging in Higher 

Educational Institution, 2009 has stated its objective to root out ragging in all its forms from 

universities, colleges and other educational institutions in the country by prohibiting it by 

law, preventing its occurrence by following the provisions of these Regulations and 

punishing those who indulge in ragging as provided for in these Regulations and the 

 
1MBBS, MD, MBA, Professor, KAHER (Deemed to be University), Department of Pharmacology, J N Medical 

College, Belgaum, Karnataka, India 

*Corresponding Author 

Received: May 11, 2022; Revision Received: August 23, 2022; Accepted: September 08, 2022 

mailto:hogadeanil@gmail.com


To Study the Response of the Awareness Program Conducted for the Academic Year 2021-2022 
Admitted IMG Students and Their Parents in The Preventive Infrastructure Established by The 

Institution for Ragging 
 

© The International Journal of Indian Psychology, ISSN 2348-5396 (e)| ISSN: 2349-3429 (p) |    621 

appropriate law in force. The term ragging means any conduct whether by words spoken or 

written or by an act which has the effect of teasing, treating or handling with rudeness any 

other student, indulging in rowdy or undisciplined activities which causes or is likely to 

cause annoyance, hardship or psychological harm or to raise fear or apprehension thereof in 

a fresher or a junior student or asking the students to do any act or perform something which 

such student will not in the ordinary course and which has the effect of causing or generating 

a sense of shame or embarrassment so as to adversely affect the physique or psyche of a 

fresher or a junior student1. 

 

Ragging started as an initiation ritual and a subset of bullying. Bullying is the use of force, 

coercion, or threat, to abuse, aggressively dominate or intimidate. This goes by name hazing 

in North America bizutage in France and praxe in Portugal.  The study has been conducted 

as per the guidelines laid by the University Grants Commission (UGC) New Delhi, India 

and as per the draft of UGC regulation on curbing the menace of ragging in higher 

educational institutions, 2009. The students and parents were made aware of UGC objective 

and brief orientation was given about the various aspect of the draft1.  The students and 

parents were introduced to the seven "warning signs" of gas lighting that are the observed in 

abuser's who have an intention of ragging. Gaslighting is psychological manipulation in 

which a person or a group covertly sows seeds of doubt in a targeted individual or group, 

making them question their own memory, perception, or judgement. It may evoke changes 

in them such as cognitive dissonance or low self-esteem, rendering the victim additionally 

dependent on the gas lighter for emotional support and validation. Using denial, 

misdirection, contradiction, and misinformation, gas lighting involves attempts to destabilize 

the victim and delegitimize the victim's beliefs. As described by Patricia Evans, seven 

"warning signs" of gas lighting are the observed abuser's: 

• Withholding information from the victim; 

• Countering information to fit the abuser's perspective; 

• Discounting information; 

• Using verbal abuse, usually in the form of jokes; 

• Blocking and diverting the victim's attention from outside sources; 

• Trivializing ("minimising") the victim's worth; and, 

• Undermining the victim by gradually weakening them and their thought processes2. 

 
Gaslighting is an extremely intense form of emotional abuse. It requires a lot to notice that 

you’re being gaslighted because initially, it doesn’t seem like anything’s wrong. It also takes a 

lot to remove oneself from the gaslighter/abuser. Gaslighting can have a huge impact on one’s 

identity, as a whole. The reason why gaslighting is very dangerous is because it is a slow but 

sure process to take away people’s sense of self. It causes the victims to second-guess 

themselves at every turn. They don’t trust themselves and completely trust the abuser. The 

victims will doubt themselves and find ways to believe the abuser rather than themselves3. In 

Rankism and dignity theory the author states Rankism is "abusive, discriminatory, and/or 

exploitative behaviour towards people because of their rank in a particular hierarchy “4,5. In 

a study conducted on school children Dan Olweus Defined bullying as unwanted aggressive 

behaviour that is repeated over time and involves an imbalance of power or strength6
. The 

students and parents were made aware of Roy F. Baumeister Social psychologist who is 

known for his work on the self, social rejection, belongingness, sexuality and sex 

differences, self-control, self-esteem, self-defeating behaviours, motivation, aggression, 
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consciousness, and free will7.  At the end there was emphasis on the the Aman moment8 and 

in 2009 UGC passed regulation on curbing ragging in higher educational institutions1. 

 
METHODOLOGY 

The study was carried out on newly admitted IMG students for the academic year 2021-2022 

on 21 -02-2022 as part of Orientation Program under the aegis of Foundation Course. On the 

foundation day 120 students were present out of 152 admitted students. A sensitization 

program was conducted to the students in the afternoon session at 2-3 pm. Out of the total 

students present 87 students gave feedback on the outcome of the session.  

 

Along with the students the study was carried out on parents of newly admitted medical 

students for the academic year 2021-2022 on 21 -02-2022 as part of Orientation Program 

under the aegis of Foundation Course. On that day 30 parents were present for the 152 

newly admitted students. A sensitization program was conducted to the parents in the 

morning session at 11 am-12 noon. Out of the total parents present 13 parents gave feedback 

on the outcome of the session.  

 

RESULT 

Table Number I: Students and Parents awareness of University Grants Commission 

(UGC) framework 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Objective: "Root out ragging in an 

institution" 

86 1 -- 14 -- -- 

98.9 1.1 -- 100 -- -- 

2. Objective awareness: Before the start 

of orientation program during 

"Foundation Course" 

78 -- 9 11 -- 3 

89.7 -- 10.3 78.6 -- 21.4 

3. Institutional communication through 

various modes of channels before 

admission 

80 4 3 14 -- -- 

92 4.6 3.4 100 -- -- 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number II: Institutional approach towards framework of University Grants 

Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1.  Undertaking through online on taking 

admission 

78 4 5 12 1 1 

89.7 4.6 5.7 85.7 7.1 7.1 

2. Institution providing a printed copy: 

"Code of Conduct" 

62 6 19 9 2 3 

71.3 6.9 21.8 64.3 14.3 21.4 

3 Institution forming "Anti-Ragging 

Committee"     

87 -- -- 14 -- -- 

100 -- -- 100 -- -- 

4. Institution forming "Anti-Ragging 86 1 -- 14 -- -- 
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Squad"     98.9 1.1 -- 100 -- -- 

5. Institution forming "Monitoring Cell on 

Raging" 

83 2 2 14 -- -- 

95.4 2.3 2.3 100 -- -- 

6. Institution appointing: "Counsellor" 86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

7. Institution appointing: “Security 

Personnel” 

86 1 -- 12 1 1 

98.9 1.1 -- 85.7 7.1 7.1 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number III: Awareness of theoretical perspective for the need of framework of 

University Grants Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1.  Ragging is a subset of bullying"   86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

2. Gaslighting and the Seven warning signs 

of gas lighting observed in the abuser 

87 -- -- 9 2 3 

100 -- -- 64.3 14.3 21.4 

3. Rankism and Dignity Theory 85 2 -- 9 -- 5 

97.7 2.3 -- 64.3 -- 35.7 

4. Dan Olweus: “Olweus Bullying 

Prevention Program [OBPP]” 

83 3 1 8 -- 6 

95.4 3.4 1.1 57.1 -- 42.9 

5. Roy F. Baumeister: “The Handbook of 

Social Psychology” 

82 3 2 9 -- 5 

94.3 3.4 2.3 64.3 -- 35.7 

6. Aman Movement and Aman Satya 

Kachroo Trust 

85 1 1 11 -- 3 

97.7 1.1 1.1 78.6 -- 32.4 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number IV: Orientation by institution of various parameters to fulfil the objective 

of University Grants Commission (UGC) guidelines 
Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Submission of affidavits of taking oath 

not to indulge in ragging   

66 5 16 14 -- -- 

75.9 5.7 18.4 100 -- -- 

2. Toll-free 'Anti-Ragging Helpline ‘ 84 3 -- 12 2 -- 

96.6 3.4 -- 85.7 14.3 -- 

3. Awareness: Anti-Ragging NGO Society 

Against Violence in Education (SAVE) 

85 -- 2 10 3 1 

97.7 -- 2.3 71.4 21.4 7.1 

4. Report the incidence of ragging as a 

victim as well as witness 

86 -- 1 14 -- -- 

98.9 -- 1.1 100 -- -- 

5. Institution organizes joint sensitization 

program of newly admitted students and 

the senior students   

82 3 2 11 3 -- 

94.3 3.4 2.3 78.6 21.6 -- 

6. Mentorship Program: Curricular, co-

curricular and extra-curricular activity for 

87 -- -- 13 1 -- 

100 -- -- 92.9 7.1 -- 
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the overall development of student 

7. Create awareness in the society at large: 

Prevention of Ragging 

86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

A: Yes   B: Maybe C: No and D: Percentage 

 

Table Number V: Anti-Ragging Squad: Parameters considered as “Incidence of Ragging” to 

be reported 

Sr 

No 

Questionnaire Students’ response in 

numbers and 

percentage 

Parents response in 

numbers and 

percentage 

(Y)A (M)B (N) C (Y) (M) (N) 

%(D) %(D) 

1. Different phase student in the separately 

lodging facility of newly admitted 

student 

82 4 1 14 -- -- 

94.3 4.6 1.1 100 -- -- 

2. Newly admitted student performing an 

unusual act in the presence of newly 

admitted student 

78 4 5 10 2 2 

89.7 4.6 5.7 71.4 14.3 14.3 

3. Newly admitted student performing an 

unusual act in the presence of a different 

phase student 

85 2 -- 13 1 -- 

97.7 2.3 -- 92.9 7.1 -- 

4. Different phase student performing an 

unusual act in the presence of a new 

admitted student 

86 1 -- 13 1 -- 

98.9 1.1 -- 92.9 7.1 -- 

5. Different phase student in an unusual or 

inappropriate attire or style in the 

separately lodging facility of newly 

admitted student 

84 4 -- 13 1 -- 

95.4 4.6 -- 92.9 7.1 -- 

6. Newly admitted student in an unusual or 

inappropriate attire or style in the 

separately lodging facility of newly 

admitted student 

82 5 -- 13 1 -- 

94.3 5.7 -- 92.9 7.1 -- 

7. Incidence of ragging within the 

institutional premises as well as outside 

the institutional premises 

85 2 -- 13 1 -- 

97.7 2.3 -- 92.9 7.1 -- 

8. Surprise inspection by the anti-ragging 

squad 

75 10 1 14 -- -- 

87.4 11.5 1.1 100 -- -- 

A: Yes   B: Maybe C: No and D: Percentage 

 
 Table Number VI: Infrastructure provided by the institution as per framework of University 

Grants Commission (UGC) guidelines- Students Response  

Sr 

No 

Questionnaire Students’ response in numbers and percentage 

(E)E) (VG)F (G)G (A)H (P)I (VP)J 

%(D) 

1. Lodging students separately 43 16 17 7 2 2 

49.4 18.4 19.5 8 2.3 2.3 

2. Facility provided by the institution 43 23 18 3 -- -- 

49.4 26.4 20.7 3.4 -- -- 

3. Rating of the orientation program conducted 47 28 10 2 -- -- 

54 32.2 11.5 2.3 -- -- 

D: Percentage E: Excellent F: Very Good G: Good H: Average I: Poor J: Very Poor 
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Table Number VII: Infrastructure provided by the institution as per framework of 

University Grants Commission (UGC) guidelines- Parents Response  
Sr 

No 

Questionnaire Students’ response in numbers and 

percentage 

(E)E) (VG)F (G)G (A)H (P)I (VP)J 

%(D) 

1. Lodging students separately 9 3 2 -- -- -- 

64.3 21.4 14.3 -- -- -- 

2. Facility provided by the institution 10 3 1 -- -- -- 

71.4 21.4 7.4 -- -- -- 

3. Rating of the orientation program 

conducted 

10 3 1 -- -- -- 

71.4 21.4 7.4 -- -- -- 

D: Percentage E: Excellent F: Very Good G: Good H: Average I: Poor J: Very Poor 

 

DISCUSSION 

The “Orientation Program” for the newly admitted IMG students for 2021-22batch was 

organized on 21ST February 2022 between 2-3 pm. A session was also held for the parents 

between 11 am to 12 noon. The topic was “You are shielded- Anti-Ragging measures 

employed by the Institution”. The students and parents were oriented towards the framework 

of University Grants Commission (UGC) guidelines, the theoretical framework and the 

institutional framework towards the implementation of University Grants Commission 

(UGC) objective.   

 

In Table Number I the response of students and parents’ awareness of the objective 

University Grants Commission (UGC) framework is shown. Although there was general 

unanimity amongst both the students (98.9%) and parents (100%) of the objective namely 

“to root out ragging from the institution” the percentage of awareness is slightly less 

(89.7%) and (78.6%) amongst the students and parents respectively. In the institutional 

communication through various modes of channels before admission all parents were 

unanimous (100%) of the receival and acceptance of communication compared to students 

(92%).   

 

In Table Number II the institutional approach towards framework of University Grants 

Commission (UGC) guidelines feedback by students and parents are depicted. In the 

undertaking through online on taking admission the percentage of response amongst the 

students is (89.7%) and parents is (85.7 %). The institution provides a printed copy in the 

form of “Code of Conduct” for which the response from students was (71.3%) and parents 

was (64.3%) respectively. For the "Anti-Ragging Committee" constituted by the institution 

there was unanimous approval and response from students and parents was 100% 

respectively. In the response by the students and parents for Institution forming "Anti-

Ragging Squad" there was 98.9% and 100% respectively. The response for institution 

forming "Monitoring Cell on Raging" by students is 95.4% and from parents is 100%. The 

institution has appointed a “Counsellor" as per University Grants Commission (UGC) and 

the response from students is 98.9% and parents is 92.9%. For the Institution appointing 

“Security Personnel” the response from students is 98.9% and parents is 85.7%. 

 

In Table Number III is on theoretical perspective for the need of framework of University 

Grants Commission (UGC) guidelines. In the first questionnaire of “ragging is a subset of 
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bullying" the student’s response was 98.9% and the parents’ response was 92.9%. In the 

theoretical concept of gaslighting and the Seven warning signs of gas lighting observed in 

the abuser the student’s response was overwhelming at 100% and the parents’ response was 

64.3%. In the Rankism and Dignity Theory the student’s response was 97.7% and the 

parents’ response was 64.3%. In the Dan Olweus: “Olweus Bullying Prevention Program 

[OBPP]” the student’s response was 95.4% and the parents’ response was 57.1%. In the Roy 

F. Baumeister: “The Handbook of Social Psychology” the student’s response was 94.3% and 

the parents’ response was 64.3%. In the Aman Movement and Aman Satya Kachroo Trust 

the student’s response was 97.7% and the parents’ response was 78.6%. 

 

In Table Number IV the response by students and parents are shown on the institution 

creating awareness of various parameters to fulfil the objective of University Grants 

Commission (UGC) guidelines. For submission of affidavits of taking oath not to indulge in 

ragging the response by students 75.9% was and parents was 100%. The response for Toll-

free 'Anti-Ragging Helpline’ by the students was 96.6% and parents is 85.7% respectively. 

For the awareness of Anti-Ragging NGO Society Against Violence in Education (SAVE) 

the response by the students was 97.7% and parents is 71.4%. For the response whether the 

students and parents are willing to report the incidence of ragging as a victim as well as 

witness there was overwhelming response of 98.9% and 100% respectively. For the 

awareness parameter of institution organizing joint sensitization program of newly admitted 

students and the senior students the response by students is 94.3% and parents is 78.6%. The 

response for mentorship program for Curricular, co-curricular and extra-curricular activity 

for the overall development of student was 100% by the students and 92.9% by the parents. 

As an individual for the parameter of creating awareness in the society at large on the 

objective of University Grants Commission in future the response by the student was 98.9% 

and parents was 92.9% respectively.  

 

In Table Number V the students and parents were given certain parameters which constitutes 

as incidence of ragging that has to be reported to “Anti-Ragging Squad”. In the first 

parameter the response from student was 94.3% and parents was 100% for different phase 

student in the separately lodging facility of newly admitted student. In the second parameter 

for newly admitted student performing an unusual act in the presence of newly admitted 

student the response from student was 89.7% and parents was 71.4%. For the third 

parameter of newly admitted student performing an unusual act in the presence of a different 

phase student the response from students was 97.7% and parents was 92.9%. The response 

for fourth parameter of different phase student performing an unusual act in the presence of 

a new admitted student the response from students was 98.9% and parents was 92.9%. For 

fifth parameter the response of different phase student in an unusual or inappropriate attire 

or style in the separately lodging facility of newly admitted student the response from 

students was 95.4% and parents was 92.9%. The response from students was 94.3% and 

parents was 92.9% for the sixth parameter namely newly admitted student in an unusual or 

inappropriate attire or style in the separately lodging facility of newly admitted student. For 

the seventh parameter of incidence of ragging within the institutional premises as well as 

outside the institutional premises the response from students was 97.7% and parents was 

92.9%. The eighth parameter of surprise inspection by the anti-ragging squad the response 

from students was 87.4% and parents was 100%. 
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In Table Number VI and VII the response by students and parents for infrastructure provided 

by the institution as per framework of University Grants Commission (UGC) guidelines is 

tabulated. The response by students and parents for lodging students separately was (49.4%, 

18.4%, 19.5%) and (64.3%, 21.4%, 14.3%) respectively. For facility provided by the 

institution the response by students and parents was (49.4 % 26.4%  20.7%) and (71.4% 

21.4% 7.4%) respectively. The response by students and parents for rating of the orientation 

program conducted was (54% 32.2% 11.5%) and (71.4% 21.4% 7.4%) respectively. 

 

SUMMARY 

There is a need to have Orientation program at the start of the Foundation Course for the 

newly admitted IMG students and parents to create awareness.  

 

There is a need to create a proper and dedicated digital infrastructure for the students and 

parents’ response. The reason for the printed copy in the form of “Code of Conduct” 

response was because of the first day of the start of the academic year for newly admitted 

students of 2021-2022 batch.  

 

The institution has put a system in place where all the parameters defined by the framework 

of University Grants Commission (UGC) guidelines is laid and the response from the 

students and parents were unanimously accepted with majority approval.  

 

The theoretical perspective for the need of framework for University Grants Commission 

(UGC) guidelines was emphasized to give a strong foundation for the awareness program 

which gives proper perspective to the objective of “to root out ragging from the institution”. 

The parents’ response to all parameter expect to the first was less compared to students’ 

response. One of the reasons was diverse educational background which the parents 

highlighted by responding of going through theoretical framework after the orientation 

program to understand in a better way of the objective of University Grants Commission 

(UGC). 

 

In the response by students and parents on the institution creating awareness for the 

objective of University Grants Commission (UGC) there is a need to develop a good 

framework for physical and digital infrastructure for better coordination. There is a strong 

awareness amongst students and parents towards the objective and willingness to create 

awareness in future to in society at large. The institution encourages and fosters a healthy 

interaction of all phases of undergraduate students by having regular orientation program 

and a mentorship program to instil overall growth of students.  

 

For the newly admitted student performing an unusual act in the presence of newly admitted 

student the response is slightly less. One of the reasons from students’ perspective is it 

constitutes a homogenous group where individual feels the need to protect other individual. 

As a parent the acceptance level could be slightly less of their ward for performing an 

unusual act in the presence of newly admitted student. The parents’ response was unanimous 

compared to students which is slightly less compared to other parameter in respect to 

surprise inspection by the anti-ragging squad. One of the probable reasons could be students 

being in a totally new environment and reluctance of acceptance of power vested on the 

individuals by authority.  
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The parents’ response to infrastructure provided by the institution as per framework of 

University Grants Commission (UGC) was overwhelmingly better on all the parameters. 

Compared to parents, the students response was less in the range of Excellent, Very Good 

and Good especially on the parameter of lodging separately for newly admitted students.    

 

DISCUSSION AND CONCLUSION 

The University Grants Commission (UGC) should specifically announce in its regulatory 

framework the day on which students and parents are addressed in the form of Calendar of 

Events so that all can avail the benefit of the program.  

 

The digital infrastructure can be centralized or decentralized with authority to create and 

maintain at respective college where monitoring and evaluation can be done on regular 

interval. There is a need of calendar of event for the Foundation Course by the University 

Grants Commission (UGC) so that all the stakeholders are under the same platform of the 

conduct of orientation program. One of the types of feedback given by the parent was to 

conduct the orientation program through hybrid mode so that all stakeholders can avail the 

benefit.  

 

The institution has put the system in place as per University Grants Commission (UGC) 

objective and regularly conducts awareness program for the students of different phases and 

other stakeholders of the institution. The need of theoretical perspective for the framework 

for University Grants Commission (UGC) guidelines was emphasized to give strong 

foundation for the objective mentioned. Compared to parents the response from students was 

better.  

 

Creating awareness is a continuous and dynamic process laying a strong emphasis on 

infrastructure for better coordination of all stakeholders to serve the common objective laid 

by University Grants Commission (UGC) for the welfare of students. There is a need to do 

further research in group and group dynamics to study the acceptance level of students and 

parents in student performing an unusual act in the presence of newly admitted student. 

Another area where research needs to be done is in the dynamics of power and level of 

acceptance which is seen in response by the students only for the parameter of surprise 

inspection by the anti-ragging squad.  

 

On the open-ended question most of the students and parents expressed their appreciation of 

a good session being organized by the institution. One of the parents mentioned the need to 

have hybrid mode of session being conducted so that all stake holders can avail the facility. 

One thing student did mention of reducing the time period of separate lodging facility 

provided to all newly admitted students which the students found restrictive. This can be 

seen in the response of the students for separate lodging facility (Table Number VI).  

 

There is a need to create awareness program by integrating all parameters for proper 

understanding the objective laid by University Grants Commission (UGC). 
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INTRODUCTION 

Gabapentin and nortriptyline are the first line drugs for 

management of neuropathic pain which is the pain caused 

by damaged/irritated nerves.1 This is a case study of 

erythematous maculopapular rash induced by combination 

of gabapentin with nortriptyline along with its causality 

assessment. 

About 1% to 10% of patients suffer from rash when treated 

with gabapentin or nortriptyline.2,3 However, Gabapentin, 

and its combination with nortriptyline continue to be first 

line drugs for neuropathic pain. This is because the pain 

with combination treatment is significantly lower than 

with gabapentin or nortriptyline alone.1 

CASE REPORT 

A 55-year-old female came with complaint of back pain 

for 1 month. She was diagnosed as a case of L1 acute 

osteoporotic disc compression fracture. The patient was 

then administered a combination tablet of gabapentin and 

nortriptyline (100 mg/10 mg) orally for the neuropathic 

pain. Gabapentin is a cyclic GABA analogue that affects 

voltage sensitive Ca2+ channels in neurons. Reduced Ca2+ 

entrance into presynaptic neurons via these channels 
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ABSTRACT 

The combination of gabapentin and nortriptyline is used as the first line drug treatment for management of neuropathic 

pain; however adverse drug reactions (ADRs) are one of the main causes for discontinuation of the therapy. This is a 

case study of erythematous maculopapular rash induced by combination of gabapentin and nortriptyline along with its 

causality assessment. A 55-year-old female came with complaint of back pain for 1 month. She was diagnosed as a case 

of L1 acute osteoporotic disc compression fracture. The patient was then administered combination tablet of gabapentin 

and nortriptyline (100 mg/10 mg) orally for the neuropathic pain. After 3 days she developed erythematous 

maculopapular rash on face, upper limbs and back. Following this the drug was then discontinued and pheniramine, 

hydrocortisone and combination tablet of levocetirizine and montelukast was administered to treat the rashes. Causality 

assessment was done using the Naranjo scale and WHO UMC assessment scale.  The ADRs was reported by VigiFlow 

in the pharmacovigilance centre. Causality assessment using Naranjo scale (Score 6) and WHO UMC scale indicates 

probable relationship. Hence, monitoring is essential for any ADRs while using combination of gabapentin and 

nortriptyline therapy. In case of ADRs, discontinue the therapy and report the adverse drug reactions to 

pharmacovigilance centre. 
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lowers glutamate release, reducing neuronal excitability.4 

Nortriptyline is a tricyclic antidepressant which work by 

inhibiting noradrenaline reuptake.4 After 3 days she 

developed erythematous maculopapular rash on face, 

upper limbs and back. Following this the drug was 

discontinued and pheniramine, hydrocortisone and 

combination tablet of levocetirizine and montelukast was 

administered to treat the rashes. Here pheniramine and 

levocetirizine act as antihistaminic, hydrocortisone binds 

to glucocorticoid receptors leading to inhibition of 

inflammatory factors and montelukast acts as a mast cell 

stabilizer.  

Causality assessment was done using the Naranjo scale and 

WHO UMC assessment scale.5,6 The adverse drug 

reactions was reported by VigiFlow in the 

pharmacovigilance centre. 

 

Table 1: Naranjo ADR probability scale. 

Questions Yes No 
Do not 

know 
Score 

Are there previous conclusive reports on this reaction? +1 0 0  Yes 

Did the adverse event appear after the suspected drug was administered? +2 ‐1 0  Yes 

Did the adverse reaction improve when the drug was discontinued or a 

specific antagonist was administered? 
+1 0 0  Yes 

Did the adverse event reappear when the drug was re‐administered? +2 ‐1 0  DNK 

Are there alternative causes (other than the drug) that could on their own 

have caused the reaction? 
‐1 +2 0  No 

Did the reaction reappear when a placebo was given? ‐1 +1 0 DNK 

Was the drug detected in blood (or other fluids) in concentrations known to 

be toxic? 
+1 0 0 DNK 

Was the reaction more severe when the dose was increased or less severe 

when the dose was decreased? 
+1 0 0 DNK 

Did the patient have a similar reaction to the same or similar drugs in any 

previous exposure? 
+1 0 0  No 

Was the adverse event confirmed by any objective evidence? +1 0 0  No 

Total score  6 
DNK-Do Not Know 

Table 2: WHO UMC causality categories. 

Causality term Assessment criteria 

 

Certain 

Event or laboratory test abnormality, with plausible time relationship to drug intake 

Cannot be explained by disease or other drugs, 

Response to withdrawal plausible (pharmacologically, pathologically) 

Event definitive pharmacologically or phenomenologically (i.e.  an objective and specific medical 

disorder or a recognized pharmacological phenomenon) 

Rechallenge satisfactory, if necessary 

 

Probable/ likely 

Event or laboratory test abnormality, with reasonable time relationship to drug intake 

Unlikely to be attributed to disease or other drugs 

Response to withdrawal clinically reasonable 

Rechallenge not required 

 

Possible 

Event or laboratory test abnormality, with reasonable time relationship to drug intake 

Could also be explained by disease or other drugs 

Information on drug withdrawal may be lacking or unclear 

 

Unlikely 

Event or laboratory test abnormality, with a time to drug intake that makes a relationship 

improbable (but not impossible) 

Disease or other drugs provide plausible explanations 

 

Conditional/ 

unclassified 

Event or laboratory test abnormality 

More data for proper assessment needed, or 

Additional data under examination 

 

Un-assessable/ 

unclassifiable 

Report suggesting an adverse reaction 

Cannot be judged because information is insufficient or contradictory 

Data cannot be supplemented or verified 
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DISCUSSION 

To establish the likelihood of relationship between the 

drugs and the erythematous maculopapular rash Naranjo 

scale (Table 1) and WHO UMC scale (Table 2) were used. 

The Naranjo algorithm or ADR probability scale is a 

method used to assess whether there is a causal 

relationship between an identified untoward clinical event 

and a drug using a simple questionnaire to assign 

probability scores.  

Interpretation of scores in Naranjo scale 

Total score ≥9: Definite: The reaction (1) followed a 

reasonable temporal sequence after a drug or in which a 

toxic drug level had been established in body fluids or 

tissues, (2) followed a recognized response to the 

suspected drug, and (3) was confirmed by improvement on 

withdrawing the drug and reappeared on re-exposure. 

Total score 5-8: Probable: The reaction (1) followed a 

reasonable temporal sequence after a drug, (2) followed a 

recognized response to the suspected drug. (3) was 

confirmed by withdrawal but not by exposure to the drug, 

and (4) could not be reasonably explained by the known 

characteristics of the patient's clinical state. 

Total score 1-4: Possible: The reaction (1) followed a 

temporal sequence after a drug, (2) possibly followed a 

recognized pattern to the suspected drug, and (3) could be 

explained by characteristics of the patient's disease. 

Total score <0: Doubtful: The reaction was likely related 

to factors other than a drug. 

In this case the causality assessment using Naranjo scale 

(Score 6) and WHO-UMC scale indicates probable 

relationship. 

Gabapentin and nortriptyline combination is the first line 

treatment for management of neuropathic pain. The 

common adverse drug reactions associated with 

gabapentin are ataxia, dizziness, fatigue, somnolence, 

fever, nystagmus, peripheral oedema, hostility and 

hyperkinesia (paediatric), nausea and vomiting, tremor, 

asthenia, diplopia, diarrhoea, xerostomia, infection, 

amblyopia and headache.7 

The most common adverse effects of nortriptyline include 

downiness, xerostomia, dizziness, constipation, blurred 

visions, palpitations, tachycardia, impaired coordination, 

increased appetite, nausea/vomiting, confusion, 

restlessness, insomnia, anxiety, urinary retention, rash, 

urticaria, pruritus, weight gain.2 

CONCLUSION 

Literature search did not show such studies for the 

combination of gabapentin and nortriptyline. Hence 

monitoring is essential for any ADRs while using 

combination of gabapentin and nortriptyline and in case of 

ADRs one must discontinue the drug and report it to the 

pharmacovigilance centre.  
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ABSTRACT

Objectives: The present study was planned to study the effect of fenofibrate and gemfibrozil on sodium nitrite-induced anterograde amnesia in male 
Wistar rats.

Methods: Anterograde amnesia was induced by 75 mg/kg of sodium nitrite in six groups (eight in each group) of male Wistar rats (150–180 g). 
Fenofibrate (21 mg/kg and 18 mg/kg) and gemfibrozil (108 and 21 mg/kg) were used as test drugs. The paradigm used was Morris water maze, 
where a hidden platform was kept for the rat to escape from the water. Rats were trained to locate a hidden platform by releasing them into water 
for 4 times a day for 4 consecutive days. The acquisition of this task was measured by noting the time taken to escape to the platform. On the 6th day 
of the study, retrieval of this learnt task was measured by noting the time taken to search for the missing hidden platform. The time taken by the rats 
during the acquisition and retrieval tasks in fenofibrate and gemfibrozil treated groups were measured and compared with disease control group. On 
the 6th day (retrieval trial), only vehicle (distilled water oral) was administered to the groups.

Results: Fenofibrate and gemfibrozil completely ameliorated the anterograde amnesia. The mean escape latency time of both fenofibrate and 
gemfibrozil administered rats was significantly reduced with respect to sodium nitrite group while, retrieval time increased significantly. However, 
the same group of rats showed significant retrieval of task memory.

Conclusion: In the present study, fenofibrate and gemfibrozil ameliorated chemical hypoxia-induced anterograde amnesia. Both can potentially 
inhibit oxidative stress induced neurodegeneration at the commonly prescribed clinical doses. In addition to their hypolipidemic effect, they can also 
prevent modifiable risk factors of chronic neurodegenerative disorders. Further studies are needed to substantiate these findings.

Keywords: Anterograde amnesia, Fenofibrate, Gemfibrozil, Sodium nitrite, Morris water maze.

INTRODUCTION

The human brain controls most of the activities of the body. Among 
brain’s various diverse functions, the most important is formation 
and retrieval of memory. Memory is stored in the form of immediate 
memory, short-term memory, and long-term memory. The memory 
loss may be normal or pathological. Amnesia as a symptom presents as 
two temporal forms, anterograde and retrograde amnesia. Anterograde 
amnesia is the common type of memory loss in earlier stages of 
dementia [1]. Elderly population is the predominantly affected group 
in neurodegenerative dementia, with anterograde amnesia being more 
common. The global burden of amnesia is on a rise due to an increase in 
human life expectancy. Mild cognitive impairment is frequent in older 
people with prevalence rates ranging from 2% to 30% [2] At present, 
drugs in clinical use are indicated mostly in improving symptoms 
of cognitive disorders and aimed at protecting from excitotoxicity, 
supplementing neuronal transmission of viable neurons, or selectively 
improve efficiency of higher telencephalic integrative activities. 
However, these drugs are unable to arrest the pathology of the disease 
or treat them to full remission and their significant adverse effects have 
limited their use [3,4].

Hence, there is an unmet need for more scientific research in developing 
more efficacious and safer drugs in the fight against amnesia. Oxidative 
stress and inflammation are important risk factors of neurodegenerative 
disease and have been associated with increased risk of cognitive 
impairment and dementias both individually and collectively. Fibrates 
are drugs used in dyslipidemia. Dyslipidemia has been observed as a 
risk factor of Alzheimer’s dementia. Interestingly, fibrates, a peroxisome 

proliferator activated receptor-α (PPAR-α) agonist, have been reported 
to possess anti-inflammatory and antioxidant property [5]. However, 
there is a lack of the literature regarding the effects of fibrates on 
amnesia. In view of scarcity of information, the present study was 
planned to explore the effects of fenofibrate and gemfibrozil on 
anterograde amnesia induced by sodium nitrite in male Wistar rats.

Use of sodium nitrite is rationalized by the fact that this is standard 
pharmacological agent to induce amnesia.

MATERIALS AND METHODS

Animals
Adult male Wistar rats weighing 150–180 g were housed under 
standard laboratory conditions, obtained from the central animal 
house of tertiary care teaching hospital and medical college. They 
were acclimatized to 12 h light/dark cycle for 10 days before the day of 
experimentation. Animals were provided feed (standard chow pellet) 
and water ad libitum. The study was approved by Institution Animal 
Ethics Committee as per the guidelines of Committee for the Purpose of 
Control and Supervision of Experiments on Animals (CPCSEA). Forty-
eight rats were divided into six groups (control, sodium nitrite-induced 
disease control, and four test groups) with eight animals in each group.

Drugs and dosage
Fenofibrate, gemfibrozil, and sodium nitrite were obtained from the 
pharmacy. Clinical human doses of fenofibrate and gemfibrozil were 
converted into rat equivalent doses with the help of the table devised 
by Paget and Barnes [6].

© 2022 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
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The treatment was given orally in all the groups. Control group was given 
0.5 ml of distill water. All the drugs were dissolved in distilled water.

Morris water maze
It comprises of a circular water tank which has 150 cm diameter 
and 50 cm height with non-reflecting interior surface. The interior 
surface was painted in a way that made the maze opaque when filled 
with opaque water. It was filled with water up to 30 cm at 25±5°C. It 
was divided into four quadrants using threads. In it, a square (side 
10 cm) platform having height of 29 cm was placed in the middle of 
one quadrant (goal quadrant – Qg). The position of the platform was 
kept fixed throughout the training and acquisition trials. The water was 
made opaque by dissolving 3 L of fresh milk daily [7].

For first 10 days, rats were acclimatized to the experimental room and 
the investigator by repeated handling. Following every trial, rats were 
dried thoroughly to prevent any hypothermia.

Day 1 training – rats were familiarized with the task and trials were not 
counted. The familiarization by the rats were confirmed when they learnt 
that there is an escape route from this aversive stimulus, that is, water.

Day 2–5 - Acquisition trial: Control and drug treated (on each day for 
four days) rats were released into water facing toward the wall in one of 
the quadrants (Q). They were subjected to 4 trials/day for 4 days with 
5 min interval between each, with the subsequent trial occurring after 
finishing the ongoing trial with all the eight rats for that same quadrant. 
During successive trials and successive days, starting points were 
changed every time.

At first, the rats were trained to locate the hidden platform by “hit and 
trial” method. They learnt the position of the hidden platform using 
distal cues. Several distal cues were provided to the rats with strict 
adherence to their same fixity for all the days of the trial. Even the 
position of the investigator was fixed with respect to the distal cues.

Subsequently, they were allowed to escape to the platform and stay 
there for 20 s (to generate a spatial memory of the hidden platform 
with the help of distal cues). The time required to escape to platform 
(Escape Latency Time [ELT]) was noted and compared among different 
days and different groups. Rats unable to locate the platform within 
120 s were guided to the platform by hand and again kept there for 
20 s. Rats failing the task on consecutive trials for 2 successive days 
were excluded from the study.

Day 6 – Retrieval trial: On the 6th day, platform from goal quadrant was 
removed and rats (all groups were administered vehicle now) were 
evaluated for time spent in previously goal quadrant (Index of Retrieval). 
This was done only once and the farthest quadrant from the goal quadrant 
was chosen to release the rats. This quadrant was kept the same for all 
groups. The time spent in the previously goal quadrant was compared 
among control and amnesia-induced group and drug treated groups.

On 7th day, all animals were euthanized using overdose of Thiopentone 
sodium by intraperitoneal route (90 mg/kg for male Wistar rats) (as 
per the guidelines of CPCSEA).

Statistical analysis
The data for all the groups were expressed as mean±SEM and were analyzed 
using one-way ANOVA (Analysis of variance) of repeated measurement 
followed by post hoc Dunnett’s test using Graph Pad Prism 5.00 Software 
(San Diego, USA). p≤0.05 was considered statistically significant.

RESULTS

Physical parameters (Morris water maze)
Control group
Mean ELT in seconds was measured to assess learning and acquisition of 
the task of locating the submerged and invisible platform using Morris 
water maze. The mean ELT for vehicle treated group on day 1, day 2, day 3, 

and day 4 was 40.56±1.602, 26.91±5.376, 23.63±3.394, and 18.13±3.280, 
respectively (Table 1). The change in the mean ELT on 4th and 3rd day was 
statistically significant (***p<0.005, *p<0.05 respectively) compared to the 
mean ELT of the 1st day. While acquiring the task, their trajectory toward 
goal quadrant changed from circumferential on 1st day to goal directed 
on the 4th day. On removing the platform, they could retrieve the previous 
location by spending more time (56.63±3.060) in the goal quadrant.

Sodium nitrite-induced anterograde amnesia
Mean ELT in seconds for disease control group on day 1, day 2, day 3, and 
day 4 was 66.00±3.719, 72.13±7.123, 53.38±1.358, and 56.44±1.740, 
respectively (Table 1). On comparison of the mean ELT among all the 
4 days, there was no significant difference from the 1st day. Even on 
the 4th day, they were swimming circumferentially with minimal goal 
directed behavior. Since there was no acquisition of the trial, when 
released into quadrant on the 6th day, the mean ELT was recorded to 
be 56.44±1.740 and the time spent in the previous goal quadrant was 
almost similar to time spent in all other quadrants.

Fenofibrate 21 mg/kg and fenofibrate 18 mg/kg ameliorated the effects 
of sodium nitrite in inducing anterograde amnesia
Mean (ELT) in seconds in fenofibrate 21 mg/kg treated group on day 1, 
day 2, day 3, and day 4 were 46.31±3.263, 33.75±5.399, 31.28±6.396, 
and 22.31±3.433, respectively (Table 1). There was statistical significant 
difference (**p<0.01) in the mean ELT of day 4 compared to the day 1. 
Similarly, mean ELT in seconds in fenofibrate 18 mg/kg treated group 
on days (1, 2, 3, and 4) was 52.16±7.454, 40.34±3.077, 37.81±4.569, and 
30.75±5.525, respectively (Table 1). There was statistical significant 
difference (*p<0.05) in the mean ELT of day 4 compared to the day 1.

Gemfibrozil 108 mg/kg when given before sodium nitrite ameliorate 
anterograde amnesia
Mean ELT in seconds in gemfibrozil 108 mg/kg treated group on 
days (1, 2, 3, and 4) was 55.32±6.947, 28.14±4.960, 26.50±7.645, and 
11.34±1.745, respectively. There was statistical significant difference 
(*p<0.05, **p<0.01, ***p<0.005) in the mean ELT of day 2, 3, and 4 
compared to the day 1, respectively.

Gemfibrozil 21 mg/kg when given before sodium nitrite did not ameliorate 
anterograde amnesia
Mean ELT in seconds in gemfibrozil 18 mg/kg treated group on days 1, 2, 
3, and 4 was 31.64±7.020, 30.96±6.186, 26.89±4.370, and 16.00±1.643, 
respectively (Table 2). There was no statistical significant difference in 
the mean ELT of day 4 compared to the day 1. However, a general trend 
of reducing mean ELT was seen from day 1 to day 4.

Mean escape latency time of day four
A significant reduction in mean ELT on day 4 was observed in 
comparison fenofibrate (21 and 18 mg/kg) and gemfibrozil (108 and 
21 mg/kg) treated groups as compared to disease control group.

Time for retrieval in seconds
In retrieval trial, rats spent significantly more time for locating the 
platform in the goal quadrant in both fenofibrate (21 and 18 mg/kg) 
and gemfibrozil (108 and 21 mg/kg) treated groups in comparison to 
disease control group (Table 2).

Table 1: Drugs and dosages used in the study

Serial 
number

Treatment Rat equivalent dose

1 Control (distilled water) 0.5 ml
2 Sodium nitrite+vehicle 75 mg/kg
3 Fenofibrate+sodium nitrite 21 mg/kg+75 mg/kg
4 Fenofibrate+sodium nitrite 18 mg/kg+75 mg/kg
5 Gemfibrozil+sodium nitrite 108 mg/kg+75 mg/kg
6 Gemfibrozil+sodium nitrite 21 mg/kg+75 mg/kg
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DISCUSSION

The present study examined the potential neuroprotective effect of 
fenofibrate and gemfibrozil on cognitive impairment in sodium nitrite-
induced anterograde amnesia in male Wistar rats. Sodium nitrite by 
inducing chemical hypoxia causes hypoxic neuronal injury affecting 
both the learning of the trial and the retrieval of the trial. Sodium nitrite 
has been reported to cause oxidative injury to neurons by reducing 
oxygen carrying capacity of blood and by forming peroxynitrates [7]. 
75 mg/kg, s.c administration of sodium nitrite has been reported to 
induce cognitive deficits [8]. The same dose of sodium nitrite has been 
selected for the present study. The paradigm used was Morris water 
maze [9]. Morris water maze is a “gold standard” for hippocampal 
function assessment. Rodents are natural swimmers and have a 
natural tendency to escape water. Thus, this maze serves as a natural 
motivation for them. Rats are better performers as they have lesser 
tendencies to float. As per our knowledge, this study was first of its 
kind in studying effect of fenofibrate and gemfibrozil on sodium nitrite-
induced anterograde amnesia.

Fenofibrate at the doses of 21 and 18 mg/kg when administered before 
sodium nitrite showed a statistically significant decrease in mean ELT 
in the acquisition trial. This observation was similar to the results of 
the study which assessed the effects of fenofibrate on learning and 
memory deficits in rats following global cerebral ischemia and found a 
significant reduction in the mean ELT in acquisition trial.

Furthermore, in the retrieval trial, both the doses of fenofibrate have 
shown significant changes, as the rat showed retrieval of the platform’s 
location. This retrieval of the task memory could have only happened 
after the rat learnt it and fenofibrate treated rats showed a decrease in 
time required to search the hidden platform on the 4th day of acquisition 
trial. This observation is in agreement with the previous study of Xuan 
et al. in which fenofibrate treatment increased the retrieval time [10].

Similarly, gemfibrozil 108 mg/kg dose when administered before sodium 
nitrite in the acquisition trial showed a decrease in mean ELT and was 
statistically significant. Gemfibrozil 18 mg/kg when administered before 
sodium nitrite showed a decrease in mean ELT on 4th day of acquisition 
trial, but this difference was not significant whereas day 4 inter-group 
comparison showed statistically significant difference.

To summarize, both fenofibrate and gemfibrozil ameliorated 
anterograde amnesia induced by sodium nitrite. This could mean 
that fenofibrate and gemfibrozil inhibited oxidation of hemoglobin by 
sodium nitrite in blood. This could also be explained on the basis of 

other roles of fibrates such as neuronal anti-oxidant or promotion of 
neurogenesis or by enhancing spatial memory formation. Earlier it has 
been reported that the physiological function of Paraoxonases 1 (PON 
1) is to hydrolyze oxidized lipids and hence acts as anti-oxidant. It seems 
well established that PPARs are important factors in the regulation 
of Paraoxonases (PON 1) expression and in counteracting oxidative 
stress. These data suggest that PPARs play a key role in the regulation 
of oxidation and inflammation and as such drugs that stimulate PPARs 
activity may be important targets in the struggle against amnesia [11].

This study found definite role of fenofibrate and gemfibrozil in 
ameliorating induction of anterograde amnesia by sodium nitrite. 
Thus, fenofibrate and gemfibrozil when started early in the process 
of neurodegeneration can bring down the prevalence of cognitive 
impairment and will open new avenues in the management of number 
of neurodegenerative disorders of the brain.

CONCLUSION

In the present study, fenofibrate and gemfibrozil were explored for 
its effect on model of anterograde amnesia. Sodium nitrite was used 
to induce anterograde amnesia in male Wistar rat. The paradigm 
used was Morris water maze, which is a gold standard for evaluating 
hippocampal spatial memory formation in rodents. Both fenofibrate 
and gemfibrozil have shown significant decrease in mean ELT in 
acquisition trial when given before sodium nitrite. Fenofibrate and 
gemfibrozil treated rat had significant retrieval of task memory when 
given before sodium nitrite in the retrieval trial. Use of fenofibrate and 
gemfibrozil can reduce the risk of amnesia by virtue of its antioxidant 
and anti-inflammatory property, in addition to its dyslipidemic action. 
Furthermore, fenofibrate and gemfibrozil might have a role play in 
the treatment of other neurodegenerative disorders. However, these 
clinical implications need to be assessed in clinical trials.
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INTRODUCTION 

Today internet is reaching every corner of the world. This 

has created increase in mobile and computer users since 

past decades. These mobiles with internet has made an 

easy access to all types of information like movie, social 

media and game. Online game have become a popular 

entertainment activity not only for adults but also among 

children and adolescents. Worldwide most popular games 

are like: Garena free fire: winterlands, candy crush, call of 

duty, clash of clans, Pokémon go, and GTA 5. Among 

these all, play unknown battle ground (PUBG) has become 

popular game in this year. This game is free to download 

and play in both mobile and (personal desktop (PC). The 

PUBG was launched for Android and IOS mobile on 09 

February 2018.1 It was reported in United States (U. S.) 

that 73% adolescents were enjoying using mobile games 

or PC games and similarity around 90% of South Korean 

adolescents were playing games using PC and mobile on 

internet/online.2 

Gaming disorder is defined in the 11th Revision of the 

international classification of diseases (ICD-11) as a 

pattern of gaming behavior (“digital-gaming” or “video-

gaming”) characterized by impaired control over gaming, 

increasing priority given to gaming over other activities to 

the extent that gaming takes precedence over other 

interests and daily activities, and continuation or escalation 

of gaming despite the occurrence of negative 

consequences. For gaming disorder to be diagnosed, the 

behaviour pattern must be of sufficient severity to result in 

significant impairment in personal, family, social, 

educational, occupational or other important areas of 

functioning and would normally have been evident for at 

least 12 months.3 
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Broad research has been done to examine the negative 

effects of internet gaming disorder, especially in 

association with mental and physical health. In the 

specific, IGA were correlated with poor academic 

performance, increased aggression development, social-

loneliness and anti-social behaviors or violent and 

dutifulness, poor psychological well-being. Behavioral 

addiction symptoms were shown in some heavy gamers, 

especially in Griffith’s six bio psychosocial components 

model of addiction, along with withdrawal symptoms like 

alliance, tolerance, mood modification, conflict, and 

relapse. Prevalence of internet gaming disorder worldwide 

ranged from 1.2 to 14.6 percent approximately.4 In India 

the prevalence of internet gaming disorder (IGD) was 10% 

asper the study conducted in Kurnool, Andhra Pradesh, 

India.4 

APA, 2013 (DSM-5) has considered Internet gaming 

disorder encompasses persistent and recurrent use of the 

internet in playing online games lead to clinically 

impairment and distress. It does not include problems with 

general use of internet such as use of social media and 

online gambling and purpose used of internet other than 

gaming.5 The criteria for a diagnosis of IGD suggested by 

five or more symptoms in a 12-months period is a criteria 

to diagnosis IGD. The proposed symptoms include 

preoccupation with online games, excessive playing games 

despite know about the psychological problems, 

withdrawal symptoms, loss of interests in untimely other 

activities such as entrainment, tolerance, unsuccessful 

attempts to minimize the play online games, having 

deceived someone regarding the amount of online gaming, 

play online games to escape with problem and or make 

relieve a negative mood, loss of relationship, job, and 

educational.6  

Cases of suicide attempts, suicide, death, self-harm 

allegedly, and psychological disturbances are caused by 

gaming addiction in Youths. Many states have reported 

higher number of cases like Punjab, Karnataka, Andhra 

Pradesh, Gujarat, and West Bengal.7-11 Most cases were 

reported after PUBG was banned. The government of India 

has also banned games PUBG since 02 September 2020, 

but some players playing PUBG by using a virtual private 

network (VPN) or alternate version like the Korean 

version.12 We have taken up this study with an objective to 

estimate the prevalence of IGD among engineering 

students of engineering institute of Belagavi city. 

METHODS 

In this cross-sectional study a total 262 engineering student 

in Engineering Institute of Belagavi city was enrolled and 

were surveyed, and the individuals who play online/offline 

game last 12 month were interviewed from September 

2019–March 2021. The sample size was determined using 

the formula for infinite population at large developed by 

Cochran in 1963 which is given below. 

 𝑛 = (𝑍2𝑝𝑞)/𝑑2 

Taking 10% of the sample size as a sampling error the final 

sample size was 264. Proportionate sampling method in 3 

Engineering colleges of Belagavi city. On each college 

sample selected by snowball technique. Approval of 

institutional review board was taken. Prior to data 

collection ethical clearance was obtained from ethical 

committee of JNMC, KAHER, Belagavi.  

Inclusion criteria 

Undergraduate engineering students and those who was 

using game for last one year were included.  

Exclusion criteria 

Students who don’t give informed consent were excluded. 

Data collection tools 

It consisted of a pre tested standard questionnaire. 

Consisted questions regarding socio-demographic details.  

IGD-S9 are answered using a 5-point Likert scale: 1 – 

strongly disagree, 2 – disagree, 3 – neither agree or 

disagree, 4 – agree, 5 – strongly agree and total scores were 

ranged from 9 to 45 with higher scores being indicative of 

higher degrees of gaming disorder.13 Minimum cut-off of 

36 out of 45 points was used to determine disorder or non-

disorder gamer.14  

Data collection procedures 

The study was conducted on undergraduate engineering 

student of engineering institute of Belagavi city. Jain 

College of Engineering, SG Balekundri Institute of 

Technology, and KLS Gogte Institute of Technology was 

taken, these institute conducting offline classes other 

engineering college was ban offline class they were 

conducting online classes due to COVID-19 pandemic. 

After obtaining the permission from the respective college 

authorities, the participants were briefed about the study. 

Informed consent was taken from the students. 

Statistical analysis 

Data collected was tabulated into Microsoft excel 2016 and 

statistical analysis was done using IBM statistical package 

for the social sciences (SPSS) software version 22 for 

Windows (New York, USA) for statistical measures such 

as frequency and percentage i.e. mean and mean 

percentage are used. 

RESULTS 

All 262 participants were playing PUBG and participants 

were using mobile device for play games. Table 1 shows 

the distribution of 262 students according to their age in 

completed years, 87 (33.2%) of them were in age group of 

adolescents, 175 (66.80%) were in the age group of youths. 

Out of 262 student majority 204 (77.66%) were male and 
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58 (22.1%) were female. majority 246 (93.90%) were 

Hindu, 14 (5.3%) were Muslim and 2 (8%) were Christian, 

majority 141 (53.8%) were 1 year students and 121 

(46.2%) were 2 year students. 188 (71.8%) were nuclear 

family, 60 (22.9%) were joint family and 14 (5.3%) were 

extended family. 156 (59.5%) spent 3-4 hours in games, 61 

(23.3%) spent 1-2 hours, and 45 (17.2%) spent 5-6 hours 

in games. Students spent money monthly on games which 

ranged from Rs. 100-3000. Majority students (42.7%) 

spent Rs. 100-1000, and (31.3%) spent Rs. 1000-2000, and 

(1.5%) spent Rs. 2000 to 3000, and (24.4%) student did not 

spent money on games. (32.4%) were drink alcohol during 

playing games and 177 (67.6%) were not drink alcohol 

while playing games. (69.5%) were watch gaming videos 

on YouTube, (19.8%) were watch gaming videos on 

Facebook and (10.7%) were watch gaming videos on 

Twitch. 

Prevalence of internet gaming disorder by DSM IGD-S9 

and characteristics 

Table 2, shows as per DSM-5, the IGD-S9, 24 (9.1%) 

students were diagnosed to have IGD. The prevalence of 

IGD as per IGD-9 was found (9.1%) among students. 

Prevalence of internet gaming disorder was high majority 

were male 20 (83.3%) as compared to female 4 (16.7%). 

Prevalence of IGD was among youths 15 (62.5%) 

compared to adolescence 9 (37.5%). IGD was high among 

those studying in 1st year 13 (54.1%) as compared to 2nd 

year 11 (54.9%). IGD was higher in nuclear 17 (70.8%) as 

compared to joint family were 4 (16.7%) and extended 3 

(12.5%). IGD was higher in 1st year students 13 (54.1%) as 

compared to 2nd year students 11 (45.9%). IGD higher in 

low income class Rs. 5000-35000 were 13 (54.1%) as 

compared to 35000-75000 were 9 (37.6%), Rs. 75000-

100000 were 2 (8.3%).  

IGD higher among those who time spent 3-4 hours were 

14 (58.3%) on playing videos gaming per days as 

compared to 1-2 hours were 6 (25%) on playing videos 

gaming per days and 5-6 hours were 4 (16.7%). IGD higher 

among those who spent money Rs. 2000-3000 were 11 

(45.9%) on games monthly as compared to spent money 

Rs. 2000-3000 were 4 (16.%) and 9 (37.5%) no money 

spent on gaming. IGD higher among those who did not 

drink alcohol during games play were 18 (75%) as 

compared to those who drink alcohol during play games 

were 6 (25%). IGD higher among those who watching 

gaming videos on YouTube were 18 (75%) as compared to 

Facebook were 4 (16.7%) and Twitch were 2 (8.3%). 

Table 1: Distribution of study participants according 

to age, gender, religion, year and family. 

Variables Percentage 

Age (years) 

Adolescent 87 (33.2) 

Youths 177 (66.8) 

Gender 

Male 204 (77.6) 

Female 58 (22.1) 

Religion 

Hindu 246 (93.9) 

Muslim 14 (5.3) 

Christian 2 (0.8) 

Year 

1 141 (53.80) 

2 121 (46.2) 

Type of family 

Nuclear 188 (72.8) 

Joint 60 (22.9) 

Extended 14 (5.3) 

Family income (monthly) 

5000-35000 180 (68.7) 

35000-75000 55 (21.) 

75000-100000 21 (8) 

100000-200000 6 (2.3) 

Time spent on games (hours) 

1-2  61 (23.3) 

3-4  156 (59.5) 

5-6  45 (17.2) 

Money spent on game (monthly) Rs. 

No 64 (24.4) 

100-1000 112 (42.7) 

1000-2000 82 (31.3) 

2000-3000 4 (1.5) 

Drink alcohol during game play 

Yes 85 (32.4) 

No 177 (67.6) 

Watching gaming videos online  

YouTube 69.5 

Facebook 19.8 

Twitch 10.7 

Table 2: Comparison of characteristics of internet gaming disorder group with the non‐internet gaming disorder 

group. 

Variables IGD group (n=24; 9.1%), n (%) Non‐IGD group (n=238; 90.9%), n (%) 

Age (years) 

Adolescence 9 (37.5) 78 (32.8) 

Youths 15 (62.5) 160 (67.2) 

Gender 

Male 20 (83.3) 184 (77.3) 

Female 4 (16.7) 54 (22.7)  

Continued. 
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Variables IGD group (n=24; 9.1%), n (%) Non‐IGD group (n=238; 90.9%), n (%) 

Religion 

Hindu 23 (95.9) 223 (93.9) 

Muslim 1(4.1) 13 (5.4) 

Christian 0 2 (0.9) 

Year  

1 13 (54.1) 108 (45.3) 

2 11 (45.9) 130 (56.7) 

Type of family 

Nuclear 17 (70.8) 171 (71.8) 

Joint 4 (16.7) 56 (23.5) 

Extended 3 (12.5) 11 (4.7) 

Family monthly income 

5000-35000 13 (54.1) 167 (70.1) 

35000-75000 9 (37.6) 46 (19.3) 

75000-100000 2 (8.3) 19 (8) 

100000-200000 0 6 (2.6) 

Time spent on video gaming per day (hours) 

1-2 6 (25) 55 (23.1) 

3-4 14 (58.3) 142 (59.7) 

5-6 4 (16.7) 41 (17.2) 

Money spent on games monthly 

No money spent on games 9 (37.5) 54 (22.7) 

100-1000 4 (16.6) 108 (45.3) 

1000-2000 11 (45.9) 71 (29.9) 

2000-3000  5 (2.1) 

Drink alcohol during games play 

Yes 6 (25) 78 (32.8) 

No 18 (75) 160 (67.2) 

Watching gaming videos online  

YouTube 18 (75) 164 (68.9) 

Facebook 4 (16.7) 48 (20.1) 

Twitch 2 (8.3) 26 (11) 

DISCUSSION 

In our study, it was found that 175 (66.80%) students were 

in age group of 20-25 years, 87 (33.2%) in age group of 

18-29 years. Majority of the participants were in age group 

of 20-25 years because study was conducted among under 

graduate students. In our study, 204 (77.66%) male and 58 

(22.1%) females were participated. A similar study was 

conducted in Kurnool Medical College, Kurnool in March 

2019 among 1 year and 2 year, MBBS medical students 

where their age group were 17-22 years. Mean age of 

respondents was 18.86 (±1.08) years. Majority of study 

participants were males (77.8%) and only 22.2% of the 

respondents were females.4 

In our study, the prevalence of IGD as per IGD-9 was 

found to be 9.1%, among engineering students of 

engineering institute of Belagavi city which is slightly 

higher than the prevalence (9%) reported in the study 

conducted in Christian Medical College and Christian 

Dental College, Ludhiana and lesser than the prevalence 

(10%) reported in Kurnool, Andhra Pradesh, India.4,14  

In our study, it was found that 61 (23.3%) students spent 

time on videos games played 1-2 hours, 156 (59.5%) 

students played 3-4 hours, and 45 (17.2%) students played 

5-6 hours. A similar study was conducted in Kuwait in 

2019, among Kuwait adolescents. Majority of study of 

participants, 167 (67.6%) spent 1-4 hours time on playing 

online games.6 

In our study, 69% students were watching gaming videos 

on YouTube, 19.8% were watching gaming videos on 

Facebook and 10.7% watching gaming videos on Twitch. 

A study conducted in Italy revealed that 69.2% participants 

used internet on regular used for playing online video 

gaming and 53.1% on social networks.17 

In the present study, it was found that spent money on 

game (monthly), 64 (24.4%) students did not spent money 

on game, 112 (42.7%) students spent Rs. 100-1000, and 82 

(31.3%) students spent Rs. 1000-2000, and 4 (1.5%) 

students spent Rs. 2000-3000. A study conducted in Hong 

Kong found that 3.6% participants HK$ 500 (Rs. 4751.9) 

on games and 9.0% spent money HK$ 200-500 (Rs. 

1900.76-4751.9) each month on game.19 
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Limitation 

At the time when study was conducted, world was battling 

with COVID-19 and many students did not attend 

class/college in fear. So, this study may not be generalized.  

CONCLUSION  

Our study concludes that overall prevalence of internet 

gaming disorder was 9.1% among engineering students of 

engineering institute of Belagavi city. Prevalence of 

internet gaming disorder is high majority were male. It was 

more common among youth students. Prevalence of IGD 

was high among those students who spent 3-4 hours daily 

in gaming. 
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ANNEXURE 

Questionnaire 

DSM-5 IGD-S9 

Strongly 

disagree or 

disagree (%) 

Neither 

agree nor 

disagree (%) 

Agree or 

strongly 

agree (%) 

Do you feel preoccupied with your gaming behavior? 75 (28.6) 36 (13.7) 151 (57.6) 

Do you feel more irritability, anxiety or even sadness when you 

try to either reduce or stop your gaming activity? 
70 (26.7) 43 (16.4) 149 (56.8) 

Do you feel the need to spend increasing amount of time 

engaged gaming in order to achieve satisfaction or pleasure? 
59 (22.5) 44 (16.8) 159 (60.6) 

Do you systematically fail when trying to control or cease your 

gaming activity? 
74 (28.2) 39 (14.9) 149 (56.8) 

Have you lost interests in previous hobbies and other 

entertainment activities as a result of your engagement with the 

game? 

70 (26.7) 36 (13.7) 156 (59.4) 

Have you continued your gaming activity despite knowing it was 

causing problems between you and other people? 
46 (17.6) 47 (17.9) 169 (64.5) 

Have you deceived any of your family members, therapists or 

others because the amount of your gaming activity? 
53 (20.2) 49 (18.7) 160 (61) 

Do you play in order to temporarily escape or relieve a negative 

mood (e.g. helplessness, guilt, anxiety)? 
38 (14.5) 55 (21) 169 (64.5) 

Have you jeopardized or lost an important relationship, job or an 

educational or career opportunity because of your gaming 

activity? 

44 (16.8) 52 (50.4) 166 (63.3) 
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Abstract
Background
Schools were closed from March 2020 to prevent the spread of the Covid-19 pandemic in India and this impacted the edu
especially the schools affecting more than 32 crore students out of which 70% are from government schools.2 Hence to c
Karnataka government launched the Vidyagama program in August 2020.
Aim
To understand the experiences of government school teachers in implementing the Vidyagama program
Method
Qualitative study design is used. 21 government school teachers were asked to fill in the socio-demographic questionnaire
interview was taken to understand their experiences. The data obtained were analyzed using SPSS and Nvivo software.
Result
The thematic analysis outlined the difficulties like lack of support and resources in implementing the program and barriers 
and hesitation among teachers during teaching, distraction among the students as major hindrances for implementation. I
there was a loss of learning among the students due to the lockdown.
Recommendation
The government needs to upgrade the training programs for teachers which includes online teaching training and promote
reach the target audience
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 (?
target=ijor:gjpe&volume=13&issue=1and2&article=011&type=subscribearticle) 

  (?
target=ijor:gjpe&volume=13&issue=1and2

In case you have already subscribed for the Article/Publication, please login, using the panel provided above.

OR

For Information regarding subscription please click here (?target=ijor:gjpe&type=subscribe).

OR

For a comprehensive list of other publications available on indianjournals.com please click here (?target=paid_jo

 

Email 

1 2 3
1

2

3

We recommend

Mathematics online teaching-learning methods, advantages and
challenges during Covid-19: A critical study on teachers and
learners
Rao T. Sangameshwar et al., Educational Quest, 2020

Impact of online classes on School children during covid-19
pandemic: A parent’s perspective
Archana Dassi et al., The Social ION, 2020

Online teaching and learning during COVID era: Medical students’
feedback and their perspectives
Bhandari Bharti et al., Journal of Punjab Academy of Forensic
Medicine & Toxicology, 2021

Parental and teachers’ anxiety regarding actual learning through
online teaching-learning among school children during COVID-19

Perception towards online/blended learning at the t
Covid-19 pandemic: an academic analytics in the In
context
Ritimoni Bordoloi et al., Asian Association of Open 
Journal, 2021

Faculty experiences on emergency remote teachin
COVID-19: a multicentre qualitative analysis
Blessy Prabha Valsaraj et al., Interactive Technolog
Smart Education, 2021

We have efficacy but lack infrastructure: teachers’ v
online teaching learning during COVID-19
Arnab Kundu et al., Quality Assurance in Education

School teachers’ perception and challenges toward
teaching during COVID-19 pandemic in India: an ec

Home (ijor.aspx) About us (ijor.aspx?target=about_us) My Profile (ijor.aspx?target=users_zone) Registration (ijor.aspx?target=register) Products

Article Submission (ijor.aspx?target=manuscript_submission) Usage Statistics (https://c5live.mpsinsight.com/ijc/login) Price List 2022 (../JournalsPriceList.aspx)

Contact Us (ijor.aspx?target=contact_us) Tutorial Login/Register (Ijor_hom

https://indianjournals.com/ijor.aspx
https://indianjournals.com/onlineusersinfo.aspx
javascript:WebForm_DoPostBackWithOptions(new WebForm_PostBackOptions("LBTNsmallSize", "", true, "", "", false, true))
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=home
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=current_issue
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=archive
https://indianjournals.com/ijor.aspx?target=register
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=subscribe
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&valume=13&issue=1and2&type=eboard
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=aimsnscope
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&valume=13&issue=1and2&type=for_authors
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=pubethics
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=newsnevents
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=toc_alerts
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=onlinesubmission
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=sample_issue
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=trialaccess_issue
http://dx.doi.org/10.5958/2229-4422.2020.00010.9
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&volume=13&issue=1and2&article=011&type=subscribearticle
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&volume=13&issue=1and2&article=011&type=pdf
https://indianjournals.com/ijor.aspx?target=ijor:gjpe&type=subscribe
https://indianjournals.com/ijor.aspx?target=paid_journals_list
http://indianjournals.com/ijor.aspx?target=ijor%3Aeq&volume=11&issue=3&article=004&utm_source=TrendMD&utm_medium=cpc&utm_campaign=Educational_Quest_TrendMD_0
http://indianjournals.com/ijor.aspx?target=ijor%3Atsi&volume=9&issue=1and2&article=002&utm_source=TrendMD&utm_medium=cpc&utm_campaign=The_Social_ION_TrendMD_0
https://indianjournals.com/ijor.aspx?target=ijor%3Ajpafmat&volume=21&issue=2&article=005&utm_source=TrendMD&utm_medium=cpc&utm_campaign=Journal_of_Punjab_Academy_of_Forensic_Medicine_%2526_Toxicology_TrendMD_0
http://indianjournals.com/ijor.aspx?target=ijor%3Alco&volume=11&issue=2&article=003&utm_source=TrendMD&utm_medium=cpc&utm_campaign=Learning_Community_TrendMD_0
https://www.emerald.com/insight/content/doi/10.1108/AAOUJ-09-2020-0079/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Asian_Association_of_Open_Universities_Journal_TrendMD_1&WT.mc_id=Emerald_TrendMD_1
https://www.emerald.com/insight/content/doi/10.1108/ITSE-09-2020-0198/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Interactive_Technology_and_Smart_Education_TrendMD_1&WT.mc_id=Emerald_TrendMD_1
https://www.emerald.com/insight/content/doi/10.1108/QAE-05-2020-0058/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Quality_Assurance_in_Education_TrendMD_1&WT.mc_id=Emerald_TrendMD_1
https://www.emerald.com/insight/content/doi/10.1108/AAOUJ-10-2021-0122/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Asian_Association_of_Open_Universities_Journal_TrendMD_1&WT.mc_id=Emerald_TrendMD_1#sec004
https://indianjournals.com/ijor.aspx
https://indianjournals.com/ijor.aspx?target=about_us
https://indianjournals.com/ijor.aspx?target=users_zone
https://indianjournals.com/ijor.aspx?target=register
https://indianjournals.com/ijor.aspx?target=manuscript_submission
https://c5live.mpsinsight.com/ijc/login
https://indianjournals.com/JournalsPriceList.aspx
https://indianjournals.com/ijor.aspx?target=contact_us
https://indianjournals.com/Ijor_homemenucontrol/#


5/23/22, 10:16 AM Indian Journals

https://indianjournals.com/ijor.aspx?target=ijor:gjpe&volume=13&issue=1and2&article=011 2/2

║ Site map (ijor.aspx?target=site_map) ║ Privacy Policy (ijor.aspx?target=privacy_policy) ║ Copyright (ijor.aspx?target=copyright_disclaimer) ║ Terms & Conditions ║ (ijor.aspx?target
(http://prchecker.info/)

555,135,796 visitor(s) since 30  May, 2005.
All rights reserved. Site designed and maintained by DIVA ENTERPRISES PVT. LTD. (http://divan.in).

Note: Please use Internet Explorer (6.0 or above). Some functionalities may not work in other browsers.

Powered by

pandemic lockdown
Preeti Chandel et al., Learning Community, 2020

Students Feedback to Improve Online Teaching/ Learning in
Government Medical College, Katua During the Covid-19
Pandemic
Singh Preet Mohinder et al., Journal of Punjab Academy of
Forensic Medicine & Toxicology, 2021

analysis
Tuba Kamal et al., Asian Association of Open Univ
Journal, 2021

Numerical simulation and field application of diverti
acidizing in the Lower Cambrian Longwangmiao Fm
reservoirs in the Sichuan Basin
Yue et al., Natural Gas Industry B, 2018

th

https://indianjournals.com/ijor.aspx?target=site_map
https://indianjournals.com/ijor.aspx?target=privacy_policy
https://indianjournals.com/ijor.aspx?target=copyright_disclaimer
https://indianjournals.com/ijor.aspx?target=terms
http://prchecker.info/
http://divan.in/
https://www.trendmd.com/how-it-works-readers
http://indianjournals.com/ijor.aspx?target=ijor%3Alco&volume=11&issue=2&article=003&utm_source=TrendMD&utm_medium=cpc&utm_campaign=Learning_Community_TrendMD_0
https://indianjournals.com/ijor.aspx?target=ijor%3Ajpafmat&volume=21&issue=2&article=012&utm_source=TrendMD&utm_medium=cpc&utm_campaign=Journal_of_Punjab_Academy_of_Forensic_Medicine_%2526_Toxicology_TrendMD_0
https://www.emerald.com/insight/content/doi/10.1108/AAOUJ-10-2021-0122/full/html?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Asian_Association_of_Open_Universities_Journal_TrendMD_1&WT.mc_id=Emerald_TrendMD_1#sec004
https://www.sciencedirect.com/science/article/pii/S2352854018300329?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Natural_Gas_Industry_B_TrendMD_1


Global Health Journal 6 (2022) 91–94 

Contents lists available at ScienceDirect 

Global Health Journal 

journal homepage: https://www.keaipublishing.com/en/journals/global-health-journal/ 

RESEARCH ARTICLE 

Impact of nutritional education on knowledge, attitude and practice 

regarding anemia among school children in Belgaum, India 

Adhikari Poudel Sasmita 

a , ∗ , Angolkar Mubashir b , Naik Vijaya 

b 

a Institute of Disaster Risk Reduction, Lalitpur, Nepal 
b Department of Public Health, Jawaharlal Nehru Medical College, KLE University, Belgaum, India 

a r t i c l e i n f o 

Article history: 

Received 14 January 2020 

Received in revised form 27 November 2021 

Accepted 7 April 2022 

Available online 9 April 2022 

Keywords: 

Anemia 

Nutritional education 

School children 

Intervention study 

a b s t r a c t 

Background: Anemia is a common public health problem throughout the globe with its main effect not only on 

health of people but also impact on socioeconomic development. A high prevalence of anemia among school 

children is an indication of a severe problem highlighting the necessity of proper action to prevent further de- 

terioration. This study sought to study the impact of nutritional education on knowledge, attitude, and practice 

regarding anemia among school children. 

Methods: This is an interventional study among school children of Kendriye Vidyalaya, No. 2 Belgaum district, 

India. Structured and self-administered questionnaires were used to know the knowledge, attitude and practice 

of student anemia. The data were analyzed using paired t -test and McNemar test. 

Results: There was significant increment in the mean knowledge and attitude scores of the school children at 

the post-test evaluation. Overall increase of 51.2% in mean score of knowledge and overall increase of 20.7% 

in mean score of attitudes was found ( P < 0.05). Increase in frequency of consumption pattern of iron rich foods 

especially ragi, jaggery, green leafy vegetables and sprouted grains was reported. 

Conclusion: The nutritional education resulted in improvement of knowledge and change in attitude regarding 

anemia as well as increase in consumption of foods rich in Iron. Therefore, nutritional education is one of the 

cost-effective and sustainable method for lowering the cases of anemia. 
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. Introduction 

Anemia is the condition in which red blood cells is incapable of

roviding adequate oxygen to body tissues either due to decrease in

umber or volume of red blood cells or due to a decreased amount of

emoglobin in red blood cells. 1 It is one of the most common public

ealth problems throughout the globe with its main effect not only on

ealth of people but also equal impact on socioeconomic development.

ccording to World Health Organization, there are two billion anemic

eople worldwide with approximately 50% of anemia specific to iron

eficiency. 2,3 Globally, 47.4% of preschool children ( < 5 years), 41.8%

f pregnant women and 25.4% of school going children are anemic. 3 

n Southeast Asia region, prevalence of anemia among pre-school chil-

ren and pregnant women are 65.5% and 48.2% respectively, 3 whereas

revalence among adolescent girls ranges between 17% ‒90%. 2 In India,

revalence ranges from 50% to > 90% among adolescents’ girls in differ-

nt states. 2 National survey data (2005 ‒2006) reported 56% prevalence
∗ Corresponding author. ssmtpoudel@gmail.com . 
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f anemia among adolescent girls. 2 In 2019, the prevalence of anemia

mong adolescent girls (10 ‒19 years) in rural area of Tamil Nadu, In-

ia, was reported to be 48.63%. The prevalence was high (53.24%) in

ate adolescents’ girl (15 ‒19 years) whereas it was 47.34% among girls

ged 10 ‒14 years. 4 Similarly, the prevalence of anemia among school

hildren was 47.9% (57% in girls and 40.5% in the boys) in Belgaum,

ndia. 5 

The high prevalence of anemia among school children provide ev-

dence for it to be the severe public health problem with urgency to

e acted upon. Health education to children on anemia will help in in-

reasing the proper knowledge, attitude, and practice and also helps

n creating healthy family and community reducing the prevalence

f anemia. Very few studies on anemia were conducted focusing on

he impact of nutritional education on school children. 6,7 Hence, the

resent study is the attempt to assess the impact of nutritional education

n knowledge, attitude, and practice regarding anemia among school

hildren. 
 service by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an 
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. Methods 

.1. Participants sampling 

This study is an interventional study undertaken among school chil-

ren chosen purposively from Kendriye Vidyala, No. 2 Belgaum district,

ndia. This study was carried out from March 2013 to February 2014.

bout 57 students from standard Ⅴ and 58 students from standard Ⅵ ,

.e., a total of 115 students, attended pre-test and post-test. Standard Ⅴ

nd Standard Ⅵ referred to class 5 and 6, respectively. The participants

ere applying universal sampling technique to include all the students

f those standards. 

Selecting criteria of this study: Students studying in standard Ⅴ and

 of the selected school who were willing to participate and gave the

ritten informed assent were included whereas students absent in the

lass at the day of pre-test were excluded from the study. The students

rom standard Ⅴ and Ⅵ were chosen purposively as these students were

n their early adolescent stage and it is a suitable period for imparting

he behavioral change and nutritional education. 6,7 

.2. Study design 

Pre-tested, structured, and self-administered questionnaires were

sed to assess the socio-demographic profile and knowledge, attitude,

nd practice regarding anemia. Forty different types of questions were

ncluded in the questionnaire. Among them, 22 questions were related

o knowledge, nine were related to attitudes, and nine were related to

ractices. Pilot study was conducted among 10% of the total sample size

nd necessary correction was done. 

Pre-test was done with above mentioned questionnaire prior to the

ntervention. Interventional package included nutritional education and

raining weekly, each session of one hour on different aspects of ane-

ia using different tools and techniques of health education for three

onths. Tools and techniques such as poster, power-point presentation,

ongs, videos, role play, demonstration and drawing were used for train-

ng. Post-test was conducted after three months of Pre-test. 

.3. Ethical consideration 

Ethical Clearance was obtained from Institutional Ethical and Re-

earch Committee of Jawaharlal Nehru Medical College, KLE Univer-

ity, Belgaum, India. Informed consent from the principal of the school

nd parents, and assent from the student were taken before the study

n written form. Students studying in standard Ⅴ and Ⅵ of the study

chool who were willing to participate and gave the written informed

ssent were included whereas students absent in the class at the day of

re-test were excluded from the study. 
92 
.3. Statistical analysis 

The collected data were checked for its completeness, correctness

nd internal consistency to exclude missing data. The results obtained

ere entered using a scoring system of 1 for correct answers and 0 for

ncorrect answers. Non parametric test (McNemar test) was used to as-

ess the knowledge and attitude of the students before and after the

ntervention on each question whereas paired t -test was used for assess-

ng overall mean difference in knowledge and attitude before and after

he intervention. Moreover, independent t -test was used to assess the

tatistical difference in knowledge, attitude, and practice between boys

nd girls. All data were analyzed using SPSS version 16 software (IBM

orporation, New York, USA). 

. Results 

.1. Socio-demographic findings 

A total of 115 students were included this study. More than half

54%) of the students were male and the age ranged from 10 ‒13 years.

ajority of the students (93%) belong to Hindu religion and 79.1% be-

ongs from the nuclear family. The majority of the student’s father is

rom the army background whereas mothers were housewives. 

.2. Knowledge and attitude related findings 

Out of total knowledge score of 22, 29.6% of the participants

btained mean score (6.50 ± 2.93) for pre-test, which increased to

17.86 ± 3.59) for post-test (81.2% of the participants). Mean differ-

nce for 51.6% of students was (11.36 ± 3.68), showing significant im-

rovement in knowledge ( P < 0.05). Similarly, from the 9 attitude re-

ated statements about anemia, 45.1% of the participants obtained mean

core (4.06 ± 1.65) for pre-test, which increased to (5.92 ± 1.84) in post-

est (65.8% of the participants). Mean difference for 20.7% of partici-

ants was (1.86 ± 2.16), which indicated the related attitude improved

ignificantly ( P < 0.05, Fig. 1 ). The significant improvement on both

nowledge and positive attitude about anemia was observed ( P < 0.05).

tratified analysis based on gender found no statistically significant dif-

erence in knowledge and attitude among male and female student both

n pre- test and post-test. The pre-test mean score of knowledge on males

as (6.93 ± 1.69), which increased to (17.02 ± 1.93) for post-test;

eanwhile, the mean scores were (7.11 ± 1.62) and (17.49 ± 1.57)

espectively for females. Similarly, the pre-test mean scores of attitudes

n males and females were (4.05 ± 1.58) and (4.03 ± 1.56), respec-

ively; compared to post-test mean score of (6.09 ± 1.68) in male and

5.77 ± 1.92) in female. 

Table 1 shows knowledge and attitude of students in different aspects

f anemia, in which all P < 0.05 in knowledge related questions. Major
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Table 1 

Knowledge and attitude on different aspects of anemia [ n (%)]. 

Questionnaire Pre-test Post-test P 

Knowledge related questions 

Definition of anemia 29 (25.2) 70 (60.9) < 0.001 

Is increased percentage of hemoglobin anemia? 40 (34.8) 75 (65.2) 0.017 

Is iron important for formation of hemoglobin? 59 (51.3) 103 (89.6) < 0.001 

Normal hemoglobin value 8 (7.0) 94 (81.7) 0.002 

Treatment of anemia 2 (1.7) 25 (21.7) 0.470 

Diagnosis of anemia 19 (16.5) 33 (28.7) 0.158 

Causes of anemia 97 (84.3) 112 (97.4) 0.002 

Signs and symptoms of anemia 8 (7.0) 69 (60.0) < 0.001 

Foods good for anemic patient 60 (52.2) 103 (89.6) < 0.001 

Foods rich in iron sources 96 (83.5) 114 (99.1) < 0.001 

Prevention 16 (14.0) 73 (63.5) < 0.001 

Attitude related statements 

Preference of food 40 (34.8) 84 (73.0) < 0.001 

Preference to take anti-helminthic tablets twice a year 61 (53.0) 81 (70.4) 0.005 

Importance of regular assessment of hemoglobin 47 (40.9) 79 (68.7) < 0.001 

Importance of iron rich foods in normal body condition 85 (73.9) 88 (76.5) 0.670 

I am not at risk for anemia during adolescent 28 (24.3) 57 (49.6) < 0.001 

If I were anemic, I would not take iron tablets 53 (46.1) 87 (75.7) < 0.001 

If I were anemic, I would not take iron rich foods 51 (44.3) 70 (60.9) 0.006 

Anemia needs to be prevented especially among pregnant women 52 (45.3) 71 (61.7) 0.011 

Anemia needs to be prevented especially among adolescent girls 50 (43.5) 64 (55.7) 0.080 

Table 2 

Consumption of iron-rich sources of foods. 

Food Pre-test [ n (%)] Post-test [ n (%)] Increased percentage (%) 

Meat 42 (65.6) 49 (76.6) 11.0 

Fish 41 (63.1) 47 (73.4) 10.3 

Egg 60 (92.3) 65 (100.0) 7.7 

Ragi 72 (62.6) 102 (88.7) 26.1 

Jaggery 69 (60.0) 101 (87.8) 27.8 

Green leafy vegetables 100 (87.0) 113 (98.3) 11.3 

Sprouted grains 65 (56.5) 97 (84.3) 27.8 
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hanges are found in definition of anemia, importance of iron, signs and

ymptoms, foods rich in iron sources and good in anemic condition, and

revention. Before the nutritional education, 25.2% had knowledge on

efinition of anemia which increased to 60.9% after the nutritional edu-

ation. Knowledge on normal hemoglobin value of adolescent boys and

irls increased from 7% to 81.7%. It was 7%, 14%, 52.2% and 83.5% had

nowledge on signs and symptoms, prevention, foods good for anemic

atient and foods rich in iron sources respectively during pre-test that

ncreased to 60%, 63.5%, 89.6% and 99.1% respectively during post-

est. Moreover, there is significant improvement in the positive attitude

 P < 0.05) in different aspects like preference of food, anti-helminthic

ablets, importance of regular assessment of hemoglobin, intake of iron

ablet and iron rich foods in anemic condition, at risk of anemia during

dolescent. Positive attitude towards preference of food and regular as-

essment of hemoglobin has increased from pre-test 34.8% to post-test

3% and 53% to 70.4%, respectively. However, the positive attitude in

spects of attitude like importance of iron rich foods in normal body con-

ition and need for prevention of anemia among adolescent girls were

oth increased, though McNemar tests of these two questions were not

ignificant ( Table 1 ). 

.3. Practice related findings 

Most of the students are non-vegetarian (55.7%). The consumption

f meat, fish and eggs increased from 65.6%, to 76.6%, 63.1% to 73.4%,

nd 92.3% to 100%, respectively. Similarly, the consumption of ragi,

aggery, green leafy vegetables and sprouted grains also increased dur-

ng pot-test ( Table 2 ). Moreover, frequency of the consumption of iron

ich foods has increased during post-test. Nearly one fifth of the stu-

ents had taken de-worming tablets in the pre-test which increased to

wo third in post-test. 
93 
. Discussion 

Adolescence age (10 ‒19 years) is the appropriate age to shape and

trengthen healthy habits and life style behaviors. The problem of

alnutrition especially due to micronutrients deficiency in developing

ountries encompasses a variety of deficiencies and health problems,

nemia being one of the most common problems in India. It is clear

rom the results that most of the children had poor knowledge, attitude

nd practices on anemia despite the fact that anemia is the common

roblem in this age group before the nutritional education interven-

ion. The reason may be due to the inadequate health and nutritional

wareness in this age group which enhances their cognition and ulti-

ately leads in healthful practices. This finding illustrates the necessity

f promotion of health and nutritional education in a continuous man-

er. This study shows that overall mean difference score on knowledge

as 11.362 ± 3.684 (51.6% of mean score) which clearly indicates the

mprovement on knowledge after the intervention. Studies conducted

n Belgaum and Dharwad district, India and Malaysia reported mean

ifference of 16.04, 10.73 and 18.3 respectively, which is similar to the

ndings as of present study. 6 , 8,9 Findings from this study are concurrent

ith other studies related to increase in the knowledge among children

fter intervention. 6,7 , 10 The reason could be attributed to the fact that

ll the studies are conducted among school children and standardized

utrition education program was conducted as an intervention before

he post-test. 

There was overall increase in positive attitude with decrease in mis-

onceptions after the intervention. Some of the misconceptions before

ntervention included a) it is not necessary to consume iron -rich foods

n normal body conditions and b) adolescents are not at risk of ado-

escents. These misconceptions were found to decrease after the inter-

ention. Major changes in positive attitude were found to be in pref-
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rence of food, preference to take anti-helminthic tablets twice a year,

mportance of regular assessment of hemoglobin, need of prevention of

nemia among adolescents and pregnant women in the present study.

tudy at Belgaum district, India showed the reduction on misconception

egarding jaggery (food rich in iron) and increases in positive attitude

hat anemia needs to be prevented among pregnant women after the in-

ervention which is similar to the findings of present study. 8 Moreover,

resent study showed marked increased consumption practices in ragi,

aggery, sprouted grains, and green leafy vegetables in both the groups

fter nutritional education which was similar to the findings of study at

elgaum district, India. 8 Since both the studies were from Belgaum, the

ame geographic location and cultural beliefs could be the reason that

ttributed for the similar results in both the studies. 

Overall, this study results illustrated nutritional education interven-

ion used in this study as effective program through improvement in

nowledge, positive attitude and correct practices at post-intervention

tage. The post test results were statistically significant than pre-test in

egard to both knowledge and attitude ( P < 0.05). Significant increment

n knowledge, positive attitude and practices were reported in other

tudies conducted with similar nutritional education program at differ-

nt places. 6,7 , 9 , 11 The results thus obtained in the knowledge, attitude

nd practices suggest that nutritional education to children is an effec-

ive method for increasing awareness and establishing healthy practices.

. Conclusion 

The study shows that nutritional education intervention has resulted

n significant improvement in the knowledge, development of the pos-

tive attitude, and healthy practices regarding anemia after the inter-

ention. The knowledge on anemia was found low before intervention

hough it is common problem in the adolescent age. However, after the

ntervention significant improvement in knowledge by 50% and atti-

ude by 20% was observed. Also, children improved in correct practice

f using iron rich foods. Despite these improvements, there are lot of

cope of replicating such kinds of intervention repeatedly for behavior

hange to attain sustainable and long-lasting effects. Therefore, study

oncludes nutrition educational intervention as one of the cost-effective

nd sustainable programs which can be incorporated to school curricu-

um for enhancing the horizon of program. This time proven effective

utritional educational intervention of school children in their life shap-

ng years not only progress their knowledge and widen positive attitude

ut also helps in sustaining healthy practices. 
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Original Article

IntRoductIon

Since its emergence in December 2019, SARS-CoV-2, the 
virus that causes coronavirus disease 2019 (COVID-19), 
has taken a tremendous toll globally; as of February 28, 
2021, there have been over 110 million cases and 2.5 
million deaths worldwide from COVID-19. Although most 
COVID-19 deaths occur among older adults and persons with 
chronic comorbid medical conditions, deaths have occurred 
in persons of all ages. Moreover, the pandemic has caused 
widespread morbidity and necessitated control measures that 
have devastated economies worldwide. In response to the 
pandemic, the global efforts to develop multiple vaccines 
to protect against COVID-19 disease have been unrivalled 
in the history of public health. By the end of 2020, three 

COVID-19 vaccines have received emergency use approval/
listing.[1]

COVID-19 vaccines have been rolled out recently in several 
parts of the world. Although the protective efficacy is frequently 
discussed, little is known about the real-world postvaccination 
experience outside of clinical trial conditions.[2] Effective 
vaccines against COVID-19 are urgently needed to control 
the global pandemic. More than 280 candidate vaccines are in 
development worldwide, 23 of which are already in phase 3 
trials using different platforms.[3] COVID-19 vaccination will 
help protect from getting COVID-19. One may experience 

Abstract

Background: While the protective efficacy of vaccine is frequently discussed, little is known about the real‑world postvaccination experience 
outside of clinical trial conditions. The objective of the study was to assess the immediate response to the first and second dose of COVID‑19 
vaccine and to study the spectrum of postvaccination symptom profile for individuals’ vaccines. Materials and Methods: A cross-sectional 
online survey was done using Google Forms. It was circulated via electronic media to the people who had taken COVID-19 vaccine from July 1 
to July 30, 2021. Data were analyzed using SPSS version 20.00. Results: A total of 610 people responded to the online survey. Majority (29%) 
of respondents belonged to the 20–30 years’ age group, followed by 30–40 years’ age group (24%). The respondents were predominantly 
males (82%) and belonging to urban area (57%). Almost 57% of the people had taken Covishield, with the rest having received Covaxin. 
About 53% of the people had taken the first dose of vaccine. The respondents reported postvaccination symptoms as follows: fever (56%), 
muscle pain (47%), headache (45%), redness (35%), tiredness (33%), itching (30%), joint pain (30%), and swelling (27%). A total of 45% of 
participants experienced some health problems and 69% had taken medications after vaccination to relieve the symptoms. A statistically significant 
association was observed between first dose of COVID‑19 vaccine and gender of the participants (P = 0.0024). A similar association was also 
observed between the dose of COVID-19 vaccine and presence of postvaccination symptoms, namely, fever (P = 0.0001), headache (P = 0.0001), 
muscle pain (P = 0.0010), tiredness (P = 0.029), breathlessness (P = 0.001), and joint pains (P = 0.012). Conclusion: Post-COVID vaccination 
symptoms are very common in the community irrespective of age and gender.
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some side effects, which is indictive of body’s reaction. These 
side effects may affect one’s ability to do daily activities, but 
they should go away in a few days. Some people have no side 
effects.[4] Knowledge about what to expect after vaccination 
will help educate the public, dispel misinformation, and reduce 
vaccine hesitancy.[1] Common side effects on the arm are pain, 
redness, and swelling and other symptoms throughout the 
rest of your body are tiredness, headache, muscle pain, chills, 
fever, and nausea.

COVID vaccination with any of the approved vaccination has 
shown to protect from infections, severe disease, and decreased 
risk of mortality. However, some minor symptoms are common 
after vaccination. Although serious adverse events are very 
rare, the fear of postvaccination symptoms could be responsible 
for initial vaccine hesitancy among public. Hence, the study 
was planned to assess the immediate response to the first and 
second dose of COVID-19 vaccine and to study the spectrum 
of postvaccination symptom profile for individuals’ vaccines.

mateRIals and metHods

A cross-sectional study was performed from July 1, to 
July 30, 2021 among Belagavi inhabitants who received 
COVID-19 vaccines, regardless of their nationalities, 
ethnicities, occupations, and places of residence. Adults 
(18 years and older) were asked to take part in a self-administered 
online survey (generated in Google Forms) that was circulated 
via social media platforms (WhatsApp) and electronic mail.

The primary objective of this cross-sectional study was 
to assess the immediate response to the first and second 
dose of COVID-19 vaccine and to study the spectrum of 
postvaccination symptom profile for individuals’ vaccines. 
Questions were formatted in binary manner to the extent 
possible, with descriptive features added to the section 
on symptom profile. The data presented in the study were 
exclusively obtained through the online survey. People who 
had taken first and both doses of vaccines are included. The 
ethical clearance was obtained from the institutional ethical 
committee. The data were analyzed using SPSS version 20.00. 
The data were entered in Microsoft Excel and analyzed using 
SPSS version 20.00. Descriptive Statistics were used to assess 
the baseline data. All quantitative variables were presented in 
frequency and percentages and mean. Continuous variables 
were expressed as mean (standard deviation) and categorical 
variables were expressed frequency and percentage. For the 
comparison of categorical variables, Chi-square test was used. 
P < 0.05 was considered statistically significant.

Results

A total of 610 people responded to the survey over a 1-month 
period from July 1, to July 31, [Table 1]. Majority (29%) of 
respondents belonged to the 20–30 years’ age group, followed 
by 30–40 years’ age group (24%). Their mean age was 
39 years. The respondents were predominantly males (82%) 
and belonging to urban area (57%). Almost 57% of respondents 

had taken Covishield, whereas the rest of the participants 
had received Covaxin. Among the respondents, 33.4% were 
government employee and 23% were students. About 53% of 
the people had taken the first and 47% had the second dose 
of vaccine.

The respondents reported postvaccination symptoms as 
follows: fever (56%), muscle pain (47%), headache (45%), 
redness (35%), tiredness (33%), itching (30%), joint 
pain (30%), and swelling (27%). Table 2 shows that among 
these prevalent symptoms, redness, swelling (96%); diarrhea 
(95%); giddiness, breathlessness, itching (94%); fever and 
headache (93%) were developed in less than 24 hours. 45% 
of study participants had health problems, majority 36% 
were hypertensive, 19% were diabetics, followed by 12% 
thyroid, and other health problems were reported in 28% of 
people. Out of 610 people, 421 (69%) participants had taken 
oral medication after vaccination to relieve the nonserious 
symptoms. Of these, 93% of participants had taken oral 
medication paracetamol tablet in home and 5% were 
hospitalized after vaccination with serious problem diarrhea, 
insomnia, and recovered.

Table 1: Demographic profile of participants taken 
coronavirus disease‑2019 vaccination (n=610)

Demographic profile Number of patients, n (%)
Age groups (years)

18-20 33 (5.41)
21-30 175 (28.69)
31-40 147 (24.10)
41-50 132 (21.64)
51-60 92 (15.08)
61+ 31 (5.08)
Mean age 38.54
SD age 13.19

Gender
Male 499 (81.80)
Female 111 (18.20)

Occupations
Business 41 (6.72)
Daily wages 11 (1.80)
Doctor 5 (0.82)
Engineer 7 (1.15)
Farmer 28 (4.59)
Government 
employee

268 (43.93)

Homemaker 45 (7.38)
Police 16 (2.62)
Private employee 27 (4.42)
Staff nurse 8 (1.31)
Student 129 (21.15)
Teacher 25 (4.10)

Area of residence
Rural 264 (43.28)
Urban 346 (56.72)
Total 610 (100.00)

SD: Standard deviation
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Prevalence of general side effects according to the age 
group
A total of 610 (69%) participants reported having at least one 
side effect following COVID-19 vaccine. The prevalence of 
side effects was higher (58%) in <40-year-old age group than 
the >40-year-old age group (42%). The most common side 
effect was fever (56%) and all the reported side effects were 
prevalent in the >40-year-old age group than the <40-year-old 
age group. A statistically significant association was observed 
between the first dose of COVID‑19 vaccine and gender of 
the participants (0.0024). Table 3 presents the association 
between dose of vaccine with various symptoms seen after 
post vaccination. It clearly shows that a significant reduction 
was observed in the prevalence in redness from first dose 
(39.5%) to second dose (31.6%) (P=0.0420), in itching from 
34.0% to 26.7%  with P=0.0490. But a significant changes 
in prevalence of fever from 47.9% to 63.6% with p=0.0001, 
headache changes from 32.9% to 57.4% with P=0.0001, muscle 
pain changes from 39.9% to 53.4% with P=0.0010, tenderness 
changes from 27.7% to 36.0% with P=0.0290, Breathlessness 
changes from 12.5% to 22.6% with P=0.0010, Joint pain 
changes from 25.6% to 35.0% with p=0.0120, anaphylactic 
reaction changes from 11.4% to 17.3% with P=0.0380, swollen 
lymph nodes changes from 13.5% to 19.8% with P=0.0370, 
giddiness changes from 18.7% to 27.9% with P=0.0080 and 
lastly, insomnia changes from 12.8% to 20.1% with p=0.0150 
in the study concern. It concludes clearly that, the prevalence 
in most and majority of symptoms significantly increased.

dIscussIon

In this community-based study in the Belagavi, we have 
investigated adverse effect rates following administration of 
the two COVID-19 vaccines that are frequently in use in the 

Karnataka. The mean age of the people vaccinated is 39 years. 
The prospective observational study in the UK also showed 
that the mean age of the participants was <40.3 years.[5]

Side effects were significantly more prevalent (82.3%) in men. 
Furthermore, our study showed that COVID-19 postvaccination 
adverse effects were higher in 58% in <40 years people 
compared to 42% in more than 40 years. The prospective 
observational study conducted in the UK reported that side 
effects were more prevalent in people aged <55 years compared 
to older than 55 years.[5]

The frequency of experiencing side effects following vaccine 
was more in those taking Covaxin compared to those receiving 
Covishield (89% vs. 78%). In contrast to this, Indian study 
showed that, people had taken Covishield (66% ) and Covaxin 
(53%) vaccine and experienced some adverse events following 
covid-19 vacciantion.[2] The differences between the present 
study and above-mentioned study could be due to differences 
in frequencies of different vaccines. In the present study, 43% 
of participants had taken Covaxin, whereas in the other study, 
only 3% of participants had taken Covaxin.

Overall, 83.4% of respondents reported at least one 
postvaccination symptom. The most prevalent symptoms were 
fever, muscle pain, headache, redness, tiredness, itching, joint 
pain, and swelling. Fever was most prevalent and swelling was 
less. The chance of having symptoms decreased with advancing 
age. The Indian study showed most prevalent postvaccination 
symptoms such as tiredness, myalgia, fever, headache, local 
pain at injection site, joint pain, nausea, and diarrhea. Among 
these, tiredness was more prevent and diarrhea was the least.[2]

In an Indian study, it is reported that frequency of symptoms 
was 81% in 20–29 years, followed by 80% (30–39 years) and 
7% (80–90 years), and 56% of the respondents were male and 
44% were female.[2] In the present study, major symptoms 
after COVID 19 vaccination such as swelling (96%), redness 
(96%), diarrhea (95%), and itching (94%) were developed 
within 24 hours of vaccination, the Indonesia study reported 
postvaccination side effects tiredness (66%), muscle pain 
(64%) headache (51%) developed in medical staff within 24 
hours and in nonmedical staff most common side effects were 
same tiredness (58%), muscle pain (65%) headache (38%) 
developed after 24 h of vaccination.[6]

Strength
Our data could be used to inform people on the likelihood of 
side effects on the basis of their age and sex and the type of 
vaccine being administered.

Limitation
Survey questions were in English, which might have posed 
some difficulty among those with limited proficiency in that 
language. There is a delay between vaccination and survey 
timing that may result in recall bias. The study evaluated only 
short-term adverse effects, and long-term surveillance in the 
general population will be required to investigate possible 
future effects. The importance of this survey of symptoms 

Table 2: Distribution of participants according to time of 
onset of symptoms following coronavirus disease‑2019 
vaccine

Side effects <24 h (%) >24 h (%) Total
Swelling 155 (96) 7 (4) 162
Redness 207 (96) 9 (4) 216
Itching 172 (94) 12 (7) 184
Fever 318 (93) 25 (7) 343
Headache 259 (93) 21 (7) 280
Muscle pain 261 (91) 26 (7) 287
Tiredness 262 (88) 36 (12) 298
Cough 136 (87) 20 (13) 156
Diarrhea 114 (95) 6 (5) 120
Nausea and vomiting 112 (91) 11 (9) 123
Breathlessness 102 (94) 7 (6) 109
Joint pain 169 (90) 18 (10) 187
Anaphylactic reaction 83 (93) 6 (7) 89
Swollen lymph nodes 97 (95) 5 (5) 102
Giddiness 135 (94) 9 (6) 144
Insomnia 92 (91) 9 (9) 101
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is this survey can pick up many smaller or minor adverse 
events which may not be reported as adverse events following 
immunization (AEFI). The frequency of these symptoms is 
much more than reported AEFIs.

conclusIon

The survey reported that short-term adverse effects of both 
vaccines are moderate in frequency, short lived, and developed 
several mild postvaccination symptoms. Adverse events are 
more frequently reported in younger individuals and men. 
The postvaccine symptoms both systemic and local often last 
1–2 days from the injection. These symptoms were consistent 
with an immune response commonly associated with vaccines. 
No serious events were reported. Nevertheless, follow-up after 
vaccination is needed to prevent immunologic responses that 
may occur in some people. Our data could be used to inform 
people on the likelihood of side effects on the basis of their age 
and sex and the type of vaccine being administered.
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ABSTRACT
Background: Most of the women who use alcohol and tobacco before pregnancy likely to use alcohol 
and tobacco during pregnancy. The objectives of this study was to describe alcohol and tobacco use, and 
to identify associated characteristics during preconception period.
Methods: The Indian National Family Health Survey-4 was used. A total of 65,238 preconception, young, 
married women were included and analysed usingbivariate and multivariate analyses statistical 
techniques.
Results: The data revealed that 4.3% of preconception women in India were using alcohol and tobacco. 
The prevalence of alcohol and tobacco use was higher among older women (5.6%), Scheduled Tribes 
(14.2%), living in rural areas (5.0%), non-educated (8.9%), poorest households (9.1%), northeast region 
(25.0%) and with a low body mass index (BMI) (6.2%). The adjusted odds ratios shown that after 
controlling for important background factors, being Hindu, from scheduled tribes, already having chil-
dren, being underweight, from poorest households and Northeast region had higher odds of alcohol and 
tobacco use compared to with their corresponding reference groups.
Conclusion: Findings suggest that preconception women of reproductive age who use alcohol and 
tobacco should be strongly encouraged and supported to quit alcohol and tobacco use before pregnancy 
for preventing adverse birth outcomes.
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Introduction

Alcohol and tobacco use in pregnant women have been linked to 
adverse health outcomes for mother and baby during pregnancy 
(Azuma & Chasnoff, 1993; Handler et al., 1991; Patel et al., 
2002). Alcohol and tobacco use has also been identified as 
a means for pregnant women to “cope with daily life” in an 
adverse environment where poverty and other social hazards 
exist (Gorski, 2008; Patel et al., 2002). Alcohol exposure during 
pregnancy has been identified as one of the main avoidable 
causes of birth defects and developmental disorders in offspring 
(Smith et al., 2015). A frequent form of alcohol and tobacco use 
has also been identified as associated with low weight gain 
during pregnancy (Davis, et al., 2011), diminished fetal growth 
(Harrison & Sidebottom, 2009) and premature deliveries (Smith 
et al., 2015). The Center for Disease Control and Prevention 
(CDC) reports that three out of four women consume alcoholic 
beverages while trying to get pregnant (Centers for Disease 
Control and Prevention, 2016).

Maternal alcohol consumption during pregnancy has 
been associated with a range of adverse outcomes such as 
development of fetus, spontaneous abortion, structural mal-
formations, pre and postnatal growth retardation, central 
nervous system damage, and neurodevelopmental abnorm-
alities (Buyse, 1990; Windham et al., 1997).

Data from 27 states in the US that participated in 
Pregnancy Risk Assessment Monitoring System (PRAMS) 
in 2002 indicated that 47.5% of women drank alcohol 

during the 3 months before pregnancy and 5.6% of 
women drank during the last 3 months of pregnancy 
(D’Angel et al., 2007). Women who consumed five or 
more alcohol drinks on one occasion during the 3 months 
before conception were more likely to drink during the last 
3 months of pregnancy, according to PRAMS data from 
1996 to 1999 (Naimi et al., 2003).

The National Maternal and Infant Health Survey 
(NMIHS) was conducted by mail, telephone, or in-person 
with a nationally representative sample of women who had 
a live birth, fetal death, or infant death during 1988 
(Sanderson et al., 1998). Women were asked about alcohol 
use during the 3 months before they recognized that they 
were pregnant and from the time they recognized they were 
pregnant until delivery. Among NMIHS participants who 
had a live birth, 20.7% reported they used alcohol after they 
learned they were pregnant (Floyd et al., 1999).

For the current study, we analyzed data from the fourth 
round of the National Family Health Survey (NFHS-4). NFHS- 
4 collects information on alcohol use and different types of 
tobacco use among reproductive-age women. The NFHS-4, 
therefore, provides a unique opportunity to describe patterns 
of alcohol and tobacco use prior to conception using a large 
sample of the Indian population. The objectives of this study are 
to describe reported alcohol and tobacco use and to identify 
women characteristics associated with alcohol and tobacco use 
during the preconception period.
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Material and methods

Data source

The present study utilized the data from the national repre-
sentative cross-sectional fourth-round NFHS-4 conducted in 
2015–16 under the stewardship of the Ministry of Health and 
Family Welfare (MoHFW), Government of India. The survey 
provides information on population, health, and nutrition for 
all 36 states and union territories and also, for the first time, 
gave estimates for all 640 districts in order to enable corrective 
measures on the health front. The detailed methodology, with 
complete information on the survey design and data collection, 
was published in the survey report (IIPS, 2017).

Sample

A total 65,238 sample was included in the present study after 
applying inclusion criteria, such as women 15–35 years of age, 
parity 0–3, currently married and staying with husband/part-
ner, not undergone sterilization (women or her husband/part-
ner) and not using any contraceptive method for birth control, 
currently not pregnant, and not breastfeeding and had men-
struation during last 6 weeks.

Dependent variable

Alcohol and tobacco use among 15–35 years married women is 
used as a dependent variable in the analysis. Health investiga-
tors collected information of tobacco and alcohol consumption 
from reproductive women. Alcohol and tobacco use (Yes or 
No) defined if women consume any type of tobacco (smoke 
cigarettes, smoke pipe, use chewing tobacco, use snuff, smokes 
cigars, gutakha pan masala with tobacco, pan with tobacco, 
smoke others) and alcohol.

Independent variable

The variables included in the study were women age (15–19, 
20–24, 25–29, 30–35), educational level (no education, pri-
mary, secondary, and higher) and Body Mass Index (BMI) 
(normal, too thin for their height, overweight/obese). Finally, 
household factors were wealth Index (poorest and poorer, 
middle richer and richest), religion (Hindu and others), place 
of residence (rural and urban), caste (scheduled caste, sched-
uled tribe, other backward class, and others), total children ever 
born (0, 1–3) and anemia level (not anemic, severe, moderate, 
mild). Also included was Indian regions according to NFHS-4 
report (north, central, east, northeast, west, south) (IIPS, 2017).

Statistical analysis

Bivariate and multivariate logistic regression analyses were 
performed in IBM’s Statistical Package for the Social Sciences 
(SPSS) version-20.0. The bivariate analysis has been used to 
measure the association between the alcohol and tobacco use in 
preconception women by background characteristics. 
Multivariate analysis has been used for assessing the effect of 
individual background characteristics of women after control-
ling for remaining factors on alcohol and tobacco use. In case 

of categorical background characteristics, the choice of 
a reference group was guided by theoretical deliberations as 
well as the findings of bivariate analysis. For instance, for 
wealth Index, place of residence and religion, the reference 
categories are richest, urban and other religions respectively. 
We have used stepwise regression technique for selection of 
predictor variables from a list of possible explanatory variable 
in order to select only the important predictors.

Results

Table 1 presents the prevalence of alcohol and tobacco use 
among preconception women by background characteristics. 
About 6% of the women were reported alcohol and tobacco use 
in the 30–35 age group. However, younger (15–19 years) 
women have lower prevalence of alcohol and tobacco use 
(2.8%) than their counterparts. Rural (5.0%), non-educated 
(8.9%). Other religions (5.1%), Scheduled Tribe (14.2%), poor-
est wealth Index (9.1%), those with 1–3 children (4.7%) and 

Table 1. Prevalence of alcohol and tobacco use by background characteristics 
among preconception women in India, NFHS-2015-16.

Background characteristic % Total

Age group
15–19 2.8 7159
20–24 3.6 17072
25–29 4.2 19416
30–35 5.6 21591
Type of place of residence
Urban 3.1 19337
Rural 5.0 45901
Religion
Others 5.1 15832
Hindu 4.1 49406
Caste1
General 2.9 12807
SC 4.5 10850
ST 14.2 11763
OBC 2.9 26950
Highest educational level
No education 8.9 14272
Primary 7.3 7901
Secondary 2.9 34058
Higher 0.9 9007
Body Mass Index
Normal 4.3 38896
Too thin for their height 6.2 12408
Overweight/Obese 2.9 11722
Total Children ever born
0 3.8 26717
1–3 4.7 38521
Anemia level
Not anemic 3.8 31538
Severe 10.7 646
Moderate 5.7 7182
Mild 4.4 24284
Wealth Index
Richest 1.5 12398
Poorest 9.1 11859
Poorer 6.6 13300
Middle 3.9 13652
Richer 2.2 14029
Regions
North 2.4 10798
Central 6.6 16402
East 3.2 12746
Northeast 25.0 8434
West 3.7 6112
South 2.4 10746
India 4.3 65238
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those who were too thin for their height (6.2%) had a higher 
prevalence of alcohol and tobacco use compared with their 
counterparts. In India, prevalence of alcohol and tobacco use 
among preconception women was 4.3% and it varies by region. 
For instance, the Northeast region (25.0%) had a higher pre-
valence of alcohol and tobacco use than the North (2.4%), 
Central (6.6%), East (3.2%), West (3.7%) and South (2.4%) 
regions.

The results of Logistic Regression predicting the alcohol and 
tobacco use among preconception women in India presented 
in Table 2. Four models have been fitted sequentially in this 
estimation, with the aim of observing the effect of selected 
background factors on alcohol and tobacco use. The estimation 
started with a simple model where regions were regressed 
against alcohol and tobacco use. After that other remaining 
selected variable were added one by one. Model 1 indicated 
that region was significantly related to alcohol and tobacco use 
(p < .01). The likelihood of alcohol and tobacco use in 
Northeast was 26.32 times higher than the likelihood of alcohol 
and tobacco use in North region of India. Scheduled Tribe 

women were 3.26 times more likely to use alcohol and tobacco 
compared to general caste women (model 2). After controlling 
region and caste, not educated women were having higher 
chance of alcohol and tobacco use during preconception per-
iod (model-3). In model-4, all other variables were introduced 
and the corresponding odds ratios indicated the effect of dif-
ferent factors on alcohol and tobacco use. Moreover, the indi-
vidual effects of variables on alcohol and tobacco use found in 
earlier models were changed compared to model 4 because of 
controlling for all other variables.

Discussion

Some researchers have proposed that asking for help is 
a process of embedding in a personal social network, including 
a series of choices. The three main stages of seeking help are: 
(a) problem identification, (b) service selection and utilization, 
and (c) decision to seek help (Andersen, 1995). The process of 
seeking help through this is usually complicated by a variety of 
factors. These factors may include early pregnancy, low 

Table 2. Results of Logistic Regression analysis of the association between alcohol and tobacco use and socio-demographic factors, NFHS-2015-16.

Background characteristic
Modal 1 
OR (CI)

Modal 2 
OR (CI)

Modal 3 
OR (CI)

Modal 4 
OR (CI)

Regions
North® 1.00 1.00 1.00 1.00
Central 3.86*** (3.32, 4.48) 3.82*** (3.28, 4.44) 3.55*** (3.05, 4.13) 3.13*** (2.68, 3.65)
East 1.74*** (1.47, 2.05) 1.59*** (1.34, 1.88) 1.38*** (1.17, 1.64) 1.12*** (0.94, 1.33)
Northeast 26.32*** (22.76, 30.42) 14.82*** (12.76, 17.21) 16.78*** (14.43, 19.52) 15.22*** (13.05, 17.75)
West 1.95*** (1.61, 2.36) 1.83*** (1.51, 2.21) 1.96*** (1.62, 2.38) 1.78*** (1.46, 2.16)
South 1.67*** (1.4, 1.99) 1.79*** (1.5, 2.13) 2.08*** (1.75, 2.49) 1.9*** (1.59, 2.27)
Caste
General® 1.00 1.00 1.00
SC 1.4*** (1.24, 1.57) 1.18*** (1.04, 1.33) 1.12 (0.99, 1.27)
ST 3.26*** (2.96, 3.6) 2.71*** (2.45, 2.99) 2.55*** (2.31, 2.83)
OBC 0.89 (0.8, 0.99) 0.8*** (0.72, 0.89) 0.79*** (0.71, 0.89)
Highest educational level
Higher® 1.00 1.00
No education 4.79*** (4.12, 5.56) 3.38*** (2.87, 3.99)
Primary 3.68*** (3.14, 4.32) 2.95*** (2.49, 3.49)
Secondary 2.25*** (1.95, 2.59) 2.06*** (1.77, 2.39)
Wealth Index
Richest® 1.00
Poorest 2.58*** (2.2, 3.02)
Poorer 1.77*** (1.53, 2.06)
Middle 1.65*** (1.44, 1.91)
Richer 1.48*** (1.29, 1.69)
Age group
15–19® 1.00
20–24 1.27*** (1.1, 1.46)
25–29 1.68*** (1.46, 1.94)
30–35 2.17*** (1.88, 2.51)
Anemia level
Not anemic® 1.00
Severe 1.64*** (1.24, 2.15)
Moderate 1.22*** (1.09, 1.35)
Mild 1.01 (0.94, 1.08)
Body Mass Index
Normal® 1.00
Too thin for their height 1.26*** (1.16, 1.37)
Overweight/Obese 0.96 (0.88, 1.06)
Type of place of residence
Urban® 1.00
Rural 0.71*** (0.66, 0.78)
Total Children ever born
0® 1.00
≥1 0.92*** (0.85, 1)

Note: ® Reference, *** = p < 0.01 (Significance at 1%), OR = odds ratio, CI = Confidence interval
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education, relocation to new places, and unfamiliar environ-
ments. While the West advocates abstinence from alcohol and 
tobacco use among preconception women but no such policy 
exists for Indian women.

Our study found that higher prevalence of alcohol and 
tobacco use among Scheduled Tribe preconception women 
compared to other castes and national average. South Asian 
culture views alcohol and tobacco consumption as 
a masculine attribute, and disapproves of women’s consump-
tion (Obot & Room, 2005). This may be a sign of subjective 
norms and gender levels reflected in alcohol and tobacco use. 
Gender norms assume that men have a natural tendency to 
drink, while for women, alcohol and tobacco consumption is 
considered rebellious or stigmatized. Since popular cultural 
norms and beliefs posit that South Asian women do not 
consume alcohol and tobacco, compared with other risky 
behaviors, policy makers viewed that this behavior is 
a relatively unimportant public health problem for the female 
population. This gender prejudice did not permeate the tribal 
communities studied, which are female-dominated cultures. 
Contrasting mainstream society, the gender hierarchy in tri-
bal culture is revered, and older women maintain a superior 
position in decision-making and family matters. This could 
be another aspect contributing to the perception of alcohol 
and tobacco use as natural among tribal women (Bhasin, 
2007).

Ideal” cross-cultural research begins with “ local phe-
nomenological description.” Rather than assuming the nat-
ure of psychopathology from a culturally distant 
perspective, native accounts are essential to provide an 
understanding of it in the context of the local culture 
(Kleinman, 1977). Drawing lessons from social learning 
theories, norms, attitudes, expectations and beliefs are 
derived from the interaction with the cultural environment 
(Campbell & Oei, 2010). In tribal culture, women’s alcohol 
and tobacco use is a deeply ingrained process in society, in 
which the relationship of belonging is very important. The 
overall calculation of social exchange can configure patterns 
of drinking and smoking behavior. This is true whether the 
woman is pregnant or not.

Our study shown that prevalence of alcohol and tobacco 
use was 4.4% among preconception women in India. 
Previous studies, which found that alcohol and tobacco use 
was considered a strategy for coping with stressors and nega-
tive emotions, including those associated with pregnancy 
(Watt et al., 2014). Earlier research found that counseling 
reduced alcohol and tobacco use during pregnancy 
(Fulkerson et al., 2008). Similarly, in other parts of the 
world, enduring programs exist for the prevention of fetal 
alcohol syndrome (FAS) and other alcohol and tobacco use 
related birth defects (ARBDs); these programs can be mod-
ified and adapted to the local cultural context (Dotson et al., 
2003; McBride et al., 2012). The Maternal Health Program in 
the tribal population should be aware of this hidden but 
common phenomenon, which may have an impact on the 
undesirable outcome of the fetus. The study, we think, is 
useful for evidence-based policy making for alcohol and 
tobacco use prevention among preconception women in 
India.

Conclusion

There is an urgent need to intervene in preconception 
women and family members especially in Tribal areas 
because they perceive alcohol as part of their daily lives 
and therefore continue to use alcohol and tobacco during 
pregnancy. This practice can be attributed to the commu-
nity’s limited understanding of the adverse effects of alco-
hol and tobacco use on new-borns. The alcohol and 
tobacco use risk communication should be included for 
pre-conception women in the current reproductive, mater-
nal, new born and child health, adolescent programs 
(RMNCHA; Nag & Patra, 2014). Considering the complex 
dynamics of alcohol and tobacco use engraved in commu-
nity customs and traditions, wide community acceptance, 
and lack of local specific plans, it is recommended that the 
Village Health and Nutrition Day (VHND) can be used for 
community consultation for developing effective 
interventions.
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Abstract 

Aims and Objectives: It is very important for radiologists and surgeons to update knowledge of normal and 

variant hepatic morphology before diagnosing any hepatic diseases.  

Materials and Methods: 50 formalin fixed livers were utilized for studying the morphological variations of 

livers in the Department of Anatomy, J N Medical College, Belagavi.   

Results: In the present study, 20 livers were normal and 30 livers showed morphological variations, out of 

which 6 livers were with accessory lobes, 8 with accessory fissures, 6 with lingular process and 5 with 

diaphragmatic sulci.  

Conclusion: This study highlights the presence of morphological variations in the liver, whose knowledge is 

important for surgeons and radiologists 

 

Keywords: Morphology, variations, accessory, Fissure, sulci 
 

Introduction 

The liver is the largest wedge-shaped abdominal 

viscera, occupying upper abdominal cavity extending 

in right hypochondrium, epigastrium, and left 

hypochondrium till left lateral line. It weighs 2% of 

the body weight [1]. 

In this new generation, where diagnosis mainly 

depends on imaging techniques and minimally 

invasive approaches, it is very important for the 

radiologists and surgeons to have a detailed 

knowledge of anatomy and related variations of this 

organ. Anatomists witness variation of lobe and 

fissure of liver [2]. 

The current study was undertaken to study the 

morphology of cadaveric liver and analyze the 

incidence of anatomical variations of liver and its 

significance in clinical diagnosis. 

Material And Method:  

Present study was conducted on 50 livers obtained 

from formalin fixed cadavers, used for routine 

dissection classes of medical undergraduate students 

for 4 years in the Department of Anatomy, J N 

Medical College, Belagavi. Intact livers of above 20 

years of age and with normal anatomical features 

were included. Torn livers, livers adherent to other 

visceral organs, livers with surgical marks and livers 

of less than 20 years of age were excluded. Each 

specimen was studied for morphological variations. 

Livers were held in anatomical position to ease the 

better viewing of diaphragmatic and visceral 

surfaces. Each lobe of liver that is right lobe, left 
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lobe, caudate lobe and quadrate lobe was studied in 

detail for size, accessory fissures, accessory lobes and 

various impressions present on them. Details were 

noted in properly framed Proforma, later entered in 

specially prepared excel sheet for analysis of the 

data’s. Before starting the study, the ethical clearance 

was obtained from institutional ethical committee. 

Results And Observations: 

Different shapes of liver are seen in variable 

frequencies [Table 1].  

Table 1: Incidence of variation in the shape of 

liver 

Serial no Shapes 
Number of 

specimen 
Incidence 

1 Wedge 30 60% 

2 Irregular 8 16% 

3 Dome 5 10% 

4 
Large left 

lobe 
3 6% 

5 
Large right 

lobe 
4 8% 

 

Table 2: Incidence of variation in the weight of 

liver 

Serial no 

Range of 

weight 

(grams) 

Number of 

specimen 
Incidence 

1 Below 500 2 4% 

2 500-1000 10 20% 

3 1000-1500 30 60% 

4 1500-2000 5 10% 

5 
Above 

2000 
3 6% 

 

Variation in the morphological features of liver such 

as accessory fissure [Figure 1a], accessory lobes 

[Figure 1b], Lingular process [Figure 1c] and 

Diaphragmatic sulcus [Figure 1d] occur in various 

frequencies [Table 3].  

 

Table 3: Incidence of normal and variant livers 

Serial 

no. 

Morphological 

features 

Number 

of livers 
Incidence 

1 Normal liver 20 40% 

2 

Liver with 

accessory 

fissures 

8 16% 

3 
Liver with 

accessory lobes 
6 12% 

4 
Liver with 

lingular process 
6 12% 

5 

Liver with 

diaphragmatic 

sulci 

5 10% 

6 

Liver with deep 

renal 

impressions 

4 8% 

7 

IVC and 

caudate process 

extending to 

superior surface 

1 2% 

 

Table 4: Incidence of accessory fissures in various 

lobes of liver 

Lobe 
Accessory 

fissure 
Incidence 

Right lobe 2 4% 

Left lobe 1 2% 

Caudate lobe 3 6% 

Quadrate lobe 2 4% 

 

Table 5: Incidence of accessory lobes 

Lobe Accessory lobes Incidence 

Right 3 6% 

Left 1 2% 

Quadrate lobe 1 2% 

Caudate lobe 1 2% 
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In this study frequency of accessory fissures were 

seen more in caudate lobe [Table 4] and that of 

accessory lobes were seen more common in right 

lobe [Table 5]. All the tables given above are 

original. Fig. 1 is original and showing normal liver 

with morphological variations. 

 

Figure 1: Normal and Morphological variant 

livers 

Liver with Accessory fissure [Figure 1a], Liver with 

accessory lobes [Figure 1b], Liver with Lingular 

process [Figure 1c] and Liver with Diaphragmatic 

sulcus [Figure 1d] 

Discussion: 

Knowledge of morphological variations of liver is 

important for anatomists as well as for radiologists 

and surgeons. Gross abnormalities of liver are rare, 

despite of it’s complex development [3]. Variation in 

anatomy of human liver is classified into congenital 

and acquired. Congenital abnormalities are a) 

Absence of right/left lobe. b) partial atrophy of one 

lobe. c) presence of accessory lobes d) presence of 

accessory fissures [4]. Acquired are a)deep renal 

impressions and corset type constriction b)local 

inflammation of organ c)coastal organ with very 

small left lobe [5]. In the present study, we found 

20(40%) normal liver and 30(60%) liver has 

morphological variations [Table 3].  

In this study 30% of the liver had normal wedge 

shape and remaining 20% had variant shape [Table 1] 

which may be due developmental or acquired 

abnormalities. 

60% of liver had normal weight(1000-1500grams). 

24% of livers were with weight less than 1000grams. 

The reduced weight may be due to alcoholic liver 

disease, chronic hepatitis, auto-immune diseases or 

inherited diseases [6]. 16% of the liver are with 

weight above 1500grams. Increased weight or 

hepatomegaly may be due to fatty liver, portal 

hypertension, carcinoma of liver, metastatic cancer of 

other organs [7]. 

The variations in anatomy of human liver have been 

classified as congenital/acquired
[8]

.The inborn 

anomalies of liver can be divided into anomalies due 

to imperfect development and anomalies due to 

uncontrolled development. Imperfect development of 

left lobe of liver can lead to gastric pathology 

commonly the intestinal obstruction. The imperfect/ 

defective development of right lobe may remain 

quiescent or may advance into portal hypertension 
[9]

. 

The consequence of excessive/uncontrolled 

development of liver is the generation of accessory 

lobes which may lead to torsion [9]. 

Accessory lobes are composed of normal hepatic 

tissue, containing their own hepatic blood vessels and 

bile duct which are connected to rest of the liver [10]. 

The accessory lobes are also could be formed by 

displacement of primitive rudiment of 

organ/persistence of mesodermal septa during it”s 

proliferation [11]. In our present study, accessory 

lobes were found mainly in right lobe of 3 livers and 

left lobe and quadrate lobe of one liver each had 

accessory lobe. 

The causes of formation of accessory fissures can be 

multiple such as gastric volvulus/pathology, 

diaphragmatic hernia, portal hypertension, 

obstructive pulmonary diseases [6,12,13]. In present 

study, accessory fissures were seen 2 on right lobe, 2 

on left lobe, 4 on caudate lobe and 3 on quadrate 

lobe. These fissures are the major source of 

diagnostic errors during ultrasound/computed 

tomography. Any collection of fluid in these fissures 

may be mistaken for liver cyst, intrahepatic 
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hematoma or liver abscess which would require 

further radiological workup. Implantation of 

peritoneal disseminated tumor cells into these 

fissures may mimic intrahepatic focal lesion [14]. In 

case of abdominal trauma, direct palpation/imaging 

of sulcus prior to laparotomy may give false 

impression of liver laceration [15]. 

5 livers showed deep diaphragmatic 

impressions/sulci, normally due to pressure of ribs 

and diaphragm. These sulci result from uneven 

growth of hepatic parenchyma caused by resistance 

offered by different bundles of diaphragm muscles. 

Current radiological studies have assigned the 

formation of sulci to the presence of weak zones of 

hepatic parenchyma, depicted by portal fissures 

between adjoining sagittal portal territories [16]. 

Diaphragmatic sulci can be a principal indicator for 

forecasting of portal fissures. Hepatic veins and their 

tributaries pass through these sulci [17]. 

6 livers showed  lingular process/elongated left lobe 

with the normal right lobe. These lingular processes 

may be misdiagnosed as distention of splenic flexure 

of colon, gastroptosis, hydatid cyst or sarcoma of 

liver [18].  Patients with extended left lobe may 

present asymptomatically or with non-specific 

abdominal pain, pressure symptoms. Hence for 

diagnosis of such cases, imaging by 

ultrasonography/computed tomography is 

recommended. Knowledge of this anomaly help 

surgeons in planning biliary surgery/portosystemic 

anastomosis. 

3 livers show deep renal impressions/ Corset type 

constriction which may be due to perfusion defect or 

focal fatty infiltration [8]. 

Conclusion:  

This study lightens the knowledge of various 

morphological variations of liver, thus avoiding 

diagnostic error during interpretation by radiologists 

and surgeons. This awareness help to  avoid fatal or 

serious surgical complications and assist in planning 

appropriate approaches. 

Hence this study updates the knowledge of 

morphological variations among surgeons and 

radiologists. 

References 

1. Gray’s Anatomy. 40
th

 edition. Liver. P.1163. 

2. Sunitha Vinnakota and Neelee Jayasree. A New 

Insight into the Morphology of the Human Liver: 

A Cadaveric Study. IRSN Anatomy. Vol 2013, 

Article ID 689564. 6 pages.  

3. Dr. Jitendra P Patel, Dr Prakashpuri P.Gosai, Dr. 

Jalpa N Desai, Dr Naimish R Bhojak, Dr Samir 

H Ram. NJIRM., 2014. Vol.5, issue.2. p.82-85. 

4. Dr. Sangeeta.M, Dr. Varalakshmi K.L, Miss 

Shilpa Naik. Indian Journal of Applied 

Reasearch., August 2014, vol.4, issue.8, p.441-

443. 

5. Satheesha Nayak B. A Study on the Anomalies 

of Liver in the South Indian Cadavers. 

Int.J.Morphol.,2013, vol.31, issue 2, p.658-661. 

6. Available from: 

https://www.medicinenet.com/cirrhosis/article.ht

m (reduced weight). 

7. Available from :In 

https://www.healthline.com/health/hepatomegaly 

8.  Nagato AC, Silva MAS, Trajano ETL, Alves 

JN, Bandeira ACB, Ferreira TA, Valenca SS and 

Bezerra FS. Quantitative and morphological 

analyses of different types of human liver. 

J.Morphol.Sci.,2011, vol.28. no.4,p.275-279. 

9. G.B.Daver, G.D.Bakshi, A.Patil, S.Ellur, M.Jain, 

and N.G.Daver. Bifid liver in a patient with 

diaphragmatic hernia. Indian Journal of 

Gastroenterology.,2005. vol.24, no.1, p.27-28. 

10. R Fitzgerald, M Hale, C R Williams. Accessory 

lobe of the liver mimicking lesser omental 

lymphadenopathy (Case Report). The British J. 

of Radiology.,1993. Vol.66, p.839-841. 

11. Auh YH, Lim JH, Kim KW et al. Loculated fluid 

collections in hepatic fissures and recesses. CT 

appearance and potential pitfalls. 

Radiographics.,1994, vol.14, p.529-540. 

12.   Joshi S. D., Joshi S. S., Athavale S. A. Some 

interesting observations on the surface features 

of the liver and their clinical implications. 

Singapore Med. J., 2009, vol. 50(7), p. 715. 6. 

13. Shetty S., Kantha L. et al. A Study of Variant 

External Features on Cadaveric Livers. 

Anatomica Karnataka., 2011, vol. 5(3), p. 12-16. 



Dr. Ramesh P et al International Journal of Medical Science and Current Research (IJMSCR) 
 

 

 
Volume 5, Issue 1; January-February 2022; Page No 260-264 
© 2022 IJMSCR. All Rights Reserved 
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

P
ag

e2
6

4
 

14. JOO I (2015) The role of intraoperative 

ultrasonography in the diagnosis and 

management of focal hepatic lesions. 

Ultrasonography, 34(4): 246-257. 

15. Mehta V, Arora J, Manik P, Suri RK, Rath G 

(2010) Clinico-anatomical aspects of accessory 

fissures obscuring the normal hepatic 

morphology. Clin Ter, 161(3): 259-260.  

16. Mamatha Y, Chaitanya K Murthy, Prakash B S. 

Stusy of Morphological Surface Variations in 

Human Liver. International Journal of Health 

Science  & Research., November.2014, vol.4, 

issue.11, p.97-102. 

17. Macchi V, Feltrin G, Parenti A, De Caro R. 

Diaphragmatic sulci and portal fissures. J. 

Anat.,2003, vol.202, issue.3, p.303-308. 

18. Deepa G, Shivkumar GL. Morphological study 

of variation in the lobar pattern of liver. 

NJIRM.,2013, vol.4, issue 4, p.42-45 

 



_____________________________________________________________________________________________________ 
 
# 
Medical Superintendent; 

†
 Medical Officer & Assistant Professor; 

‡
 Asst. Professor; 

¥ 
Medical Officer ECHS; 

*Corresponding author: Email: rskulkarnics@gmail.com, rskulkarnics53@gmail.com; 

 
 

Asian Journal of Orthopaedic Research 

 
8(1): 35-41, 2022; Article no.AJORR.90681 
 

 
 

 

 

Epedemiology and Long Term Trend of Distal 
Radius Fracture in Elderly of Sindhudurg, West Cost 

of Maharashtra, India: A 12 Years Follow Up Study 
 

Raghavendra Shankar Kulkarni a*#, Rachana A. Kulkarni b,c†,  
Aditya P. Kulkarni d‡, Ranjani R. Kulkarni e¥, R. S. Deshpande f  

and SriRam R. Kulkarni g 
 

a
 SSPM Medical College & LT Hospital, Padve, Sindhudurg, India. 

b 
District Hospital, Oros, Sindhudurg, India. 

c
 Jawaharlal Nehru Medical College, Belgavi, India. 

d
 Jawaharlal Neharu Medical College & KLE Hospital, Belagavi, India. 

e
 Govt. Polyclinic, Oros, Sindhudurg, India. 

f
 Anaesthesiology Department, SSPM Medical College & LT Hospital, Padve, Sindhudurg, India. 

g Govt. Medical College & District Hospital, Sindhudurg, Maharashtra, India. 
 

Authors’ contributions 
 

This work was carried out in collaboration among all authors. All authors read and approved the final 
manuscript. 

 

Article Information 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/90681 

 
 
 

Received 15 June 2022 
Accepted 22 August 2022 
Published 25 August 2022 

 
 

ABSTRACT 
 

Aims:  The accurate prevalence and trend of distal radius fracture is not well documented in 
Maharashtra, India. This hospital based study amis to provide authentic incidence rates of this 
fracture and long term trend in elderly residents of Sindhudurg.  
Study Design: Department of Orthopaedics, Government District Hospital, Sindhudurg, 
Maharshtra, India, between 2000 to 2011. 
Methodology: All patients of distal radius fracture, above the age of 50 years treated by one 
surgeon at one hospital are included in this retrospective study, solely on the final diagnosis 
mentioned on case paper according to Frykman classification system. 
Results: There were 947 distal radius fractures, out of which 644 (66.1%) men. This study notifies 
the increased incidence of distal radius fracture in elderly men, than in women, contrary to the 
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western hemisphere literature. The incidence was highest in men between 51 to 70 years with 
almost linear rise up to the end of study period; with a relative risk of 2.2 (95% CI 2.1 to 2.6). A 
border line evidence of straight rise in women was seen at 71 to 80 years (p = 0.05) with a 
common odd ratio of 1.1 (95% CI 0.7 to 1.5). The age range 51 to 70 years showed homogeneity 
(p = 0.21) with 2.1 (95% CI 1.7 to 2.9). A definite increasing trend is observed, during rainy season 
of June to September months throughout the whole study period with rates as high as for both 
sexes, 423(43.4%) ( p>0.001 ) 
Conclusion: This long term study reported increasing trend in the incidence of distal radius 
fractures in both elderly men and women. The incidence was highest in 51 To 70 years age group 
with highest number of low energy falls. This will be of great help for the future benefit risk ratio of 
fragility distal radius fracture prevention efforts. 

 

 
Keywords: Distal radius fracture; trend; incidence; Sindhudurg; epidemiology; osteoporosis; fragility 

fracture. 

 
1. INTRODUCTION 
 
“Distal radius fractures are very common among 
older men and women with the lifetime risk of 
about 15%” [1]. “For reasons not fully 
understood, likely multifactorial, the incidence of 
this fracture is on increasing trend in the west”

 

[2]. “Fragmented orthopedic care and inadequate 
health facilities in interior rural India can make 
accounting for the true number of these distal 
radius fractures very difficult.  Associated with 
this, scanty published epidemiological studies on 
this fracture in Maharashtra, India are likely to 
underestimate comparatively the true incidence 
as against, typically quoted in the western 
literature”

 
[3]. “The elderly population is 

considered at high risk for this injury, often result 
from a fall and the contributing factor is 
osteoporosis in majority” [4]. “The elderly people 
sustaining this fracture suffer from number of 
complications including temporary alteration in 
their ability to function, to preclude independent 
living” [5]. “Following this, they often sometimes 
fail to regain full mobility, losing decline in some 
function permanently”.

 
[6]

 
 

 
“For the last four decades, distal radius fractures 
have also been shown to be a predictor of more 
serious subsequent fracture like commonest 
being hip fracture in elderly” [7]. “Hence 
understanding the epidemiology of this distal 
radius fracture can help the orthopedic surgeon 
to treat effectively fragility distal radius fracture 
and thus prevent further subsequent fractures” 
[8]. 
 
In this retrospective study it is aimed to present 
up to date fracture incidence data and long term 
trends in distal radius fracture of elderly 
population treated at Government District 

hospital, Sindhudurg between 2000 to 2011 are 
studied. 

 
2. MATERIALS AND METHODS 
 
Data analyzed in this study were obtained from 
Govt. District hospital treating distal radius 
fractures between 2000 to 2011, estimated to 
cover more than 90% of Sindhudurg population. 
Using the hospital outpatient, indoor and 
radiology records with operation theatre registers 
of all distal radius fracture patients with fracture 
characteristics as well as fracture treatment 
registered by the treating doctor above the age of 
50 years were identified. The selection of cases 
in this study was based solely on the final 
diagnosis mentioned on case paper, because it 
represents the condition to which the episode in 
hospital is most attributable. Radiography 
confirmed each diagnosis of distal radius 
fracture. Fractures were classified according to 
Frykman classification system. 
 
This Sindhudurg district is situated on the border 
between Maharashtra, Karnatak and Goa states. 
The distal radius fracture patients of 
neighbouring states are also being treated at this 
district hospital. But only patients of permanent 
residents of Sindhudurg, whose fractures have 
oecured in Sindhudurg are only registered in this 
study. 
 

The distal radius fracture rates were calculated 
for both men and women, expressed as the 
number of cases per 10,000 people per year by 
sex and age group. Population figures for each 
age group were obtained from District Collector, 
statistics department with census data of 
Maharashtra state Government [9]. The rates 
were standardized to population to adjust for any 
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differences that may have arisen from a change 
in the age structure of the population. These 
were derived from multiplying the age specific 
rates for each year by the population of each 10 
years age group in the standard population. To 
compute the total number of cases that would 
have been observed if the population structure in 
a given year of study was the same as that of 
standard population. Poisson regression 
modelling was used to test for the significance of 
the observed trends with the injury rate as the 
dependent variable. 
 

3. RESULTS 
 

Over the period 2000 to 2011 there were 974 
distal radius fractures in patients aged above 50 
years from Sindhudurg residents. There were 
644 (66.1%) men and women contributed 
330(33.9 %). 
 
The majority of distal radius fractures were due 
to low velocity trauma with outdoor and indoor 
falls. A simple fall was the most common cause 

of injury in 814(83.6%). The indoor fall occurred 
in 532 (65.4%) and fall outside home like on road 
public place in 282 (34.6%). A fall from height 
represented in 86 (8.8 %). A road traffic accident 
happened in 74(7.6%). 
 

The very high proportion of fall related distal 
radius fractures 814(83.6%) increased for both 
men and women significantly over the study 
period giving an odd ratio of  3.6(95% Cl 2.8 to 
4.5).This was more pronounced in women 
16(4.9%) in 2000 and 53(16.1%) in 2011 [Table-
1(A) and 1(B)], than in men 27(4.2%) in                      
2000, at the beginning and 84(13.1%) in 2011 at 
the end of study period [Table-2(A)and                    
2(B)]. 
 

Incidence per 10,000 person years, directly age 
adjusted to the population structure of 2001 & 
2011 Sindhudurg 51 years and above. 
 

The distal radius fractures per 10,000 population 
increased significantly in both men and women 
from 2000 to 2011 (Table 3). 

 
Table 1(A). Age specific incidence of distal radius fracture in women from 2000-2005 

 

Age in years 2000 2001 2002 2003 2004 2005 

51-60 5(31.3%) 7(41.2%) 5(29.4%) 6(27.3%) 7(41.2%) 8(34.8%) 
61-70 6(37.5%) 7(41.2%) 6(35.3%) 9(40.9%) 5(29.4%) 7(30.4%) 
71-80 2(12.5%) 3(17.6%) 4(23.5%) 5(22.7%) 3(17.6%) 4(17.4%) 
81-90 1(6.3%) 0(0.0%) 1(5.9%) 1(4.5%) 2(11.8%) 3(13.1%) 
91-100 2(12.5%) 0(0.0%) 1(5.9%) 1(4.5%) 0(0.0%) 1(4.3%) 
Above 100 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 
Total 16(4.9%) 17(5.2%) 17(5.2%) 22(6.7%) 17(5.2%) 23(6.9%) 

 
Table 1(B). Age specific incidence of distal radius fracture in women from 2006-2011 

 

Age in years 2006 2007 2008 2009 2010 2011 

51-60 7(26.9%) 10(35.7%) 9(25.7%) 10(27.8%) 8(20.0%) 12(22.6%) 
61-70 9(34.6%) 11(39.3%) 8(22.9%) 9(25.0%) 10(25.0%) 13(24.5%) 
71-80 6(23.1%) 5(17.6%) 7(20.0%) 8(22.2%) 9(22.5%) 11(20.8%) 
81-90 3(11.5%) 2(7.1%) 6(17.1%) 5(13.9%) 7(17.3%) 9(16.9%) 
91-100 0(0.0%) 0(0.0%) 5(14.3%) 4(11.1%) 6(15.0%) 7(13.2%) 
Above 100 1(3.8%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.9%) 
Total 26(7.9%) 28(8.5%) 35(10.6%) 36(10.9%) 40(12.1%) 53(16.1%) 

 
Table 2(A). Age specific incidence of distal radius fracture in men from 2000-2005 

 

Age in years 2000 2001 2002 2003 2004 2005 

51-60 9(33.3%) 11(33.3%) 10(29.4%) 13(31.7 %) 12(30.0 %) 16(30.2 %) 
61-70 11(40.7%) 12(36.4%) 14(41.2%) 15(36.6%) 16(40.0%) 17(32.1%) 
71-80 5(18.5%) 6(18.2%) 5(14.7%) 7(17.1%) 6(15.0%) 9(16.9%) 
81-90 1(3.7%) 3(9.1%) 4(11.8%) 4(9.8%) 5(12.5%) 6(11.3%) 
91-100 1(3.7%) 0(0.0%) 1(2.9%) 2(4.9%) 1(2.5%) 4(7.5%) 
Above 100 0(0.0%) 1(3.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.9%) 
Total 27(4.2%) 33(5.1%) 34(5.3%) 41(6.4%) 40(6.2 %) 53(8.2%) 
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Table 2(B). Age specific incidence of distal radius fracture in men from 2006-2011 
 

Age in years 2006 2007 2008 2009 2010 2011 

51-60 18(31.6 %) 21(34.4%) 18(27.7%) 21(28.0 %) 19(25.7%) 23(27.4%) 
61-70 21(36.8%) 20(32.8%) 26(40.0%) 22(29.3%) 21(28.4%) 24(28.6%) 
71-80 11(19.3%) 10(16.4 %) 12(18.5%) 14(18.6 %) 12(16.2 %) 16(19.1 %) 
81-90 5(8.8 %) 8(13.1%) 5(7.7%) 13(17.3%) 14(18.9%) 13(15.5%) 
91-100 2(3.5%) 2(3.3%) 4(6.2%) 5(6.6%) 7 (9.5%) 8(9.5%) 
Above 100 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.4%) 0(0.0%) 
Total 57(8.9 %) 61(9.5 %) 65(10.1%) 75(11.6%) 74(11.5%) 84(13.1 %) 

 
Table 3. Incidence of distal radius fractures in men and women of Sindhudurg from  2000 to 2011 

 

Sr. No. Year Men Women 

No. of fractures Population at risk 
in thousands 

Incidence per 
10,000 

No. of 
fractures 

Population at risk in 
thousands 

Incidence per 
10,000 

1 2000 27 416123 0.65 16 448242 0.36 
2 2001 33 417890 0.79 17 450935 0.38 
3 2002 34 420235 0.81 17 453466 0.37 
4 2003 41 421999 0.97 22 455369 0.48 
5 2004 40 423763 0.94 17 457272 0.37 
6 2005 53 425527 1.25 23 459176 0.50 
7 2006 57 427291 1.33 26 461079 0.56 
8 2007 61 429055 1.42 28 462982 0.60 
9 2008 65 430818 1.51 35 464886 0.75 
10 2009 75 432582 1.73 36 466789 0.77 
11 2010 74 434346 1.70 40 468693 0.85 
12 2011 84 417332 2.01 53 432319 1.23 
13 Total 644  330  
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Population at risk and number of distal radius 
fractures from 2000 to 2011. The annual  
incidence is calculated in age and sex groups for 
the total year. 
 
This was observed in all age groups, pronounced 
much more so in men of 51 to 70 years and 
women of 51 to 80 years age group. The highest 
increase was observed in men aged 51 to 70 
years 20(3.1%) /10000 population in 2000 to 
almost more than double 47(7.2%) / 10,000 
population in 2011 (p>0.0001) In this study the 
distal radius fracture were more commonly seen 
in rainy season  of June to September 280( 
43.5%) in men and 143( 43.3%) women than 
other months in the rest of the year (p>0.001) 
[Table-4(A)and 4(B)]. 
 
Age standardized hospitalised admission rates 
also increased significantly and were particularly 
notable in men rising from 27(4.2%) /10,000 
population in 2000 to 84(13.1%) / 10,000 
population in 2011. 
 
The average length of hospital stay for distal 
radius fractures increased sligtly but not 
significantly from 3.6 days in 2000 to 4.2 days in 
2011 (95% Cl 3.1 to 4.8) However, the total 
number of indoor admission days rose from 
154.8 days in 2000 to 575.4 days in 2011 (p 
>0.001). This reflects the observed increase in 
number of hospitalized distal radius fractures. 
 

4. DISCUSSION 
  
This study enlightens the increased incidence of 
distal radius fracture in elderly men, than that 
found in women, contrary to the western 
hemisphere literature to the opposite trend found 
in elderly population [10]. This gender difference 
is considered to be related to social living style 
and culture in Maharashtra, India [11]. The 
elderly women, being nurtured at home by dear 
near younger relatives, predominently in this 
district of rural Maharashtra who are staying at 
home in joint families, which is still exihisting in 
this region. The elderly active men are known to 
have a significantly greater risk of this injury than 
women, who move around and go out for day 
today routine house hold and agricultural work 
with increased physical activity levels. This 
difference is also not considered to be related to 
the impact of osteoporosis, as both men and 
women loose bone mass as a result of aging 
[12]. The rate of loss is quicker and much more 
pronounced in women [13]. A contributory factor 
from this study could be the overall higher 

incidence of falls in men who are actively working 
elderly males. Contrary to this study a large 
prospective study from the west conveys that the 
yearly incidence of falls in women was 40% 
compared to 28% in men [14]. In one of the 
largest study, the gender discrepancies occurred, 
approximately 4.88 times more in women [15]. 
This is in direct contrast to rate ratios, where 
women had a risk factor of around three times 
than of men [16]. They reported that the 
incidence of women increased rapidly from 50 
years and older almost doubling every ten years 
until 90 years of age.

 
A similar trend is seen, 

which took a closer look, breaking the age 
groups in to five year increments and found a 
similar trend, contrary to this study [17]. That is 
how, this establishes the age and gender                 
have a pronounced effect on the incidence rates 
of distal radius fractures in elderly community 
[18].   
 
This study showed a gradual increase in the 
hospitalized distal radius fractures for both men 
and women. A similar increase was observed in 
a long term study from west during 1971 to 1995 
[19] Another hospital based study had similar 
increase in this fracture over a period of 1993 to 
2003.[20]

 
Such similar comparisons could not be 

done from this region of Maharashtra, India due 
to lack of enough published material, on the 
epidemiology of distal radius fractures  in 
literature. This gradual increase suggests that 
the incidence of distal radius fracture is likely to 
be related to the aging population and might 
partly explain modest but statistically significant 
increase in age specific Sindhudurg district 
hospitalization rates[21]. It is worth noting that 
the difference in trend rates in both men and 
women above 80 years of age is very small in 
women compared to men. These very small 
counts are susceptible for higher fluctuation 
rates. The database from the same district 
Sindhudurg and from the same author and 
institute determined in, 2004  that 2.5% of all 
emergency department visits were due to distal 
radius fractures [22]. This study corresponds to a 
study showing that distal radius fractures also 
accounted for 2.5 % of all emergency department 
visits [23]. “Current and past clinical data point to 
a rise in the incidence of distal radius fractures 
for elderly populations in recent years”[24]. “This 
phenomenon has been a subject of debate for 
the last half century. The incidence in Sweden is 
almost doubled for elderly population over 40 
years of age”.[25] “From Rochester, Minnesota 
found 17% increase in the incidence of this injury 
over a 40 year period”[26].  
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Table 4(A). Distribution of distal radius fractures with seasonal variations per every month  of 
year (2000to 2011) From January To June 

 

Gender January February March April  May June 

Male 38(5.9%) 36(5.6%) 48(7.5%) 52(8.1%) 54(8.4%) 76(11.8%) 
Female 19(5.8%) 21(6.4%) 22(6.7%) 28(8.5%) 27(8.2%) 37(11.2%) 

 
Table-4(B). Distribution of distal radius fractures with seasonal variations per every month  of 

year (2000to 2011) From July To December 
 

Gender July August September October November December 

Male 84(13.0%) 62(9.6%) 58(9.0%) 44(6.8%) 53(8.2%) 39(6.1%) 
Female 44(13.3%) 32(9.7%) 30(9.1%) 24(7.3%) 25(7.6%) 21(6.4%) 

 
Thus lending further validity is established to the 
increase in distal radius fracture as a legitimate 
trend. Although there is no single factor 
responsible for this occurrence due to the 
absolute prevelence of distal radius fracture any 
individual contributing factor is bound to have 
confounding variables [27]. Additionally, as the 
population ages and older men from this 
Sindhudurg district who strive to remain active, 
fracture due to relatively minor trauma are likely 
to increase in forth coming years. This study data 
reveals the significant socioeconomic costs 
incurred as a direct result of this fragility fracture. 
Thus high lighting the importance of analysing 
the preventive measures and treatment 
protocols, including for osteoporosis who are at 
high risk for or suffer from this injury. 
 

Never the less the epidemiological data collected 
in this report has added to our knowledge of 
distal radius fractures in Sindhudurg, 
Maharashtra, Indian population. 
 

5. CONCLUSION 
 

This study found a modest increase in distal 
radius fractures above the age of 50 years, much 
more so in elderly men over a period of 2000 to 
2011 in Sindhudurg. This is likely to continiue in 
future imposing considerable burden on health 
care services.       
 

CONSENT  
 
It is not applicable. 
 

ETHICAL APPROVAL 
 

It is not applicable. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 

REFERENCES 
  
1. Kelsey JL, Prill MM, Keegan THM, et al. 

Reducing the risk for distal forearm 
preserve bone mass, slow down, and don’t 
fall! Osteoporosis Int. 2005;16:681-690. 

2. Diamantopoulos AP: Gudrun Rohde, Irene 
Johnsrud , Inger M. Skoie ,Marc Hochberg 
,Glenn Haugeberg  et al. The epidemiology 
of low- and high-energy distal radius 
fracture in middle-aged and elderly men 
and women in Southern Norway. PLoS 
One. 2012;7(8):e43367. 

3. Vogt MT, Cauley JA, Tomaino MM, et al. 
Distal radius fractures in older women: a 
10-year follow-up study of descriptive 
characteristics and risk factors. The study 
of osteoporotic fractures. J Am Geriatr 
Soc. 2002;50:97–103. 

4. Oyen J, Rohde GE, Hochberg M, et al. 
Low-energy distal radius fractures in 
middle-aged and elderly women-seasonal 
variations, prevalence of osteoporosis, and 
associates with fractures. Osteoporos Int. 
2010;21:1247–1255. 

5. M. A. C. Van Son, J. De Vries, J. A. 
Roukema, B. L. Den Oudsten. 2013. 
Health status and (health-related) quality of 
life during the recovery of distal radius 
fractures: a systematic review. Quality of 
Life Research. 2013; 22:9, 2399-2416. 

6. Edwards BJ, Song J, Dunlop DD, Fink HA, 
Cauley JA. Functional decline after 
incident wrist fractures, Study of 
Osteoporotic Fractures; prospective cohort 
study. BMJ. 2010;341-347. 

7. Owen R A, Melton L J, Ilstrup D M, 
Johnson K A, Riggs B L. Colles’ fracture 
and Subsequent hip fracture risk. Clin 
Orthop. 1982;171:37-43. 

8. Johnson NA, Striling ER, Divall P, 
Thompson JR, Ullah AS, Dias JJ. Risk of 
hip fracture following a wrist fracture-a 



 
 
 
 

Kulkarni et al.; AJORR, 8(1): 35-41, 2022; Article no.AJORR.90681 
 
 

 
41 

 

meta-analysis. Injury. 2017;48(2):399-  
405. 

9. Arth va sankhiki sanchanalay niyojan 
vibhag, Maharashtra shasan :2020; pages 
128, 129,175. 

10. Melton L, III, Amadio P, Crowson C, 
O’fallon W. Long-term trends in the 
incidence of distal forearm fractures. 
Osteoporos Int. 1998;8:341–348. 

11. Kulkarni R.S., How far we progressed in 
nearly two centuries since Colle’s   
published his classical description? 
Review of 4292 patients of distal radius 
fractures, Journal of Maharashtra 
Orthopaedic Association. 2009;15:495-500 

12. O'Neill TW, Cooper C, Finn JD, Lunt M, 
Purdie D, Reid DM, Rowe R, Woolf AD, 
Wallace WA: Incidence of distal forearm 
fracture in British men and women. 
Osteoporos Int. 2001; 12:555-                  
558. 

13. Earnshaw SA, Cawte SA,Worley A, 
Hosking DJ. Colles' fracture of the wrist     
as an indicator of underlying osteoporosis 
in postmenopausal women: A prospective 
study of bone mineral density and bone 
turnover rate. Osteoporos Int. 1998; 8:53–
60. 

14. Sigurdardottir K, Halldorsson S, 
Robertsson J. Epidemiology and treatment 
of distal radius fractures in Reykjavik, 
Iceland, in 2004. Comparison with an 
Icelandic study from 1985. Acta Orthop. 
2011; 82:494–498. 

15. De Putter C, et al. Epidemiology and 
health-care utilisation of wrist fractures in 
older adults in The Netherlands,1997–
2009.Injury. 2013;4(4):421–6. 

16. Brogren E, Petranek M, Atroshi I  
Incidence and characteristics of distal    
radius fractures in a southern Swedish 
region. BMC Musculoskelet Disord. 
2007;8:48-55. 

17. Flinkkila T, Sirnio K, Hippi M, Hartonen S, 
Ruuhela R, et al.   Epidemiology and 
seasonal variation of distal radius fractures 
in Oulu,Finland. Osteoporos Int. 2011; 22: 
2307–2312. 

18. Larsen CF, Lauritsen J. Epidemiology of 
acute wrist trauma. Int J. Epidemiol. 
1993;22:911–916. 

19. Oskam J, Kingma J, Klasen HJ. Fracture 
of the distal forearm: epidemiological 
developments in the period 1971–1995. 
Injury 1998;29 (5):353–5. 

20. Soufiane Boufous, Caroline Finch, 
Stephen Lord, Jacqueline Close, Todd 
Gothelf, William Walsh. The epidemiology 
of hospitalised wrist fractures in older 
people, New South Wales, Australia, Bone. 
2006;39: 1144–1148. 

21. Kulkarni R.S, Less acceptable subjective 
outcome to patient, despite what may 
appear satisfactory to Orthopaedic 
Surgeon about objective results in Colles 
fractures., (Best published paper award for 
the year 2014), Journal of Maharashtra 
Orthopaedic Association. 2014;238-244. 

22. Kulkarni R.S., Epidemiology of Colle’s 
Fracture, Journal of Maharashtra 
Orthopaedic Association, 2006;4:189-193. 

23. Alison E. R. Wigg, Trevor C. Hearn, Kieran 
A. McCaul, Sonia M. Anderton, Vanessa 
M. Wells, Jeganath Krishnan. Number, 
Incidence, and Projections of Distal 
Forearm Fractures Admitted to Hospital in 
Australia. The Journal of Trauma: Injury, 
Infection, and Critical Care. 2003;55:1, 87-
93. 

24. Koo KO, Tan DM, Chong AK. Distal radius 
fractures: an epidemiological review. 
Orthop Surg 2013; 5(3):209–213. 

25. Johanna Rundgren, Alicja Bojan, Cecilia 
Mellstrand Navarro and Anders Enocson. 
Epidemiology, classification, treatment and 
mortality of distal radius fractures in adults: 
an observational study of 23,394 fractures 
from the national Swedish fracture 
register.BMC Musculoskeletal Disorders. 
2020; 21:88. 

26. Owen R A, Melton L J. Johnson K A. 
Ilstrup D M. Riggs B L. Incidence of Colles’ 
fracture in a North American community. 
Am J Public Health. 1982; 72 (6): 605-7. 

27. Nellans KW, Kowalski E, Chung KC. The 
epidemiology of distal radius fractures. 
Hand Clin. 2012;28(2):113–25. 

 

© 2022 Kulkarni et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 

  
Peer-review history: 

The peer review history for this paper can be accessed here: 
https://www.sdiarticle5.com/review-history/90681 

http://creativecommons.org/licenses/by/2.0


APIK APIK 
Journal of Internal MedicineJournal of Internal Medicine

APIK 
Journal of Internal Medicine

An Official Publication of The Association of Physicians of India, 
Karnataka Chapter, Bengaluru

ISSN�:�2666-1802�Volume�10��•��Issue�1��•��January-March�2022

www.ajim.in 

AJIM

Chief Editor
Dr. M.Premanath

Spine 4 mm

A
P

IK
 J

o
u

rn
a

l o
f In

te
rn

a
l M

e
d

ic
in

e
 ●

 V
o
lu

m
e

 1
0
 ●

 Issu
e

 1
 ●

 J
a
n

u
a
ry

-M
a
rc

h
 2

0
2
2

 ●
 P

a
g
e
s
 ***-***



© 2022 APIK Journal of Internal Medicine | Published by Wolters Kluwer - Medknow 13

Abstract

Original Article

IntRoductIon

Polycystic ovary syndrome (PCOS) accounts for up to 
7%–10% of prevalence globally and is the most common 
endocrine disorder found in the reproductive age group.[1,2] 
Menstrual irregularities, hyperandrogenism, hypertension, 
metabolic syndrome, insulin resistance, and endometrial 
hyperplasia are the most common symptoms among PCOS 
females.[3,4] More than 50% of women with PCOS are insulin 
resistant, and it is estimated that they have a 5–8 fold increased 
risk of type 2 diabetes mellitus (type 2 DM) when compared 
with age and weight-matched controls. Furthermore, many 
women show impaired glucose tolerance (IGT) and are at risk 
of developing type 2 DM.[5-7] In clinical practice, we have come 
across with two types of patients diagnosed with PCOS i.e., 
overweight and lean. To understand more about lean and obese 
PCOS patients, this study was planned to assess and compare 
their clinical, biochemical, and hormonal profiles.

Objective
The objective of this study is to study the clinical, biochemical, 
and hormonal profile of lean versus overweight patients newly 
diagnosed with PCOS.

mateRIals and metHods

This is a cross-sectional study conducted for 1 year in the 
Department of Endocrinology, at a tertiary care center. Written 
informed consent was taken from all patients involved in the 
study and institutional ethical clearance was obtained before 
the conduct of the study.

Background: Polycystic ovary syndrome (PCOS) is a common endocrine disorder having escalation in its prevalence. This study was 
planned to understand the clinical, biochemical, and hormonal profile of lean versus overweight patients diagnosed newly with PCOS. 
Materials and Methods: A cross-sectional study was conducted for 1 year in the Department of Endocrinology of a tertiary care hospital. 
A total of 50 female patients newly diagnosed to have PCOS by the Rotterdam criteria 2003 were enrolled for the study. Assessment 
of clinical characteristics, biochemical, and hormonal profile was done. Results: Fasting serum insulin levels and homeostasis model 
assessment-insulin resistance signifying insulin resistance were higher in overweight compared to the lean PCOS. Insulin resistance was 
present in 50% of lean PCOS and 82% of overweight PCOS. Glucose abnormalities were noted in 13.7% of lean PCOS and 32.2% of 
overweight PCOS. Conclusion: Obese women with PCOS have a higher risk of increased obesity, impaired glucose tolerance, and insulin 
resistance as compared to lean PCOS women.

Keywords: Homeostasis model assessment, insulin resistance, lean polycystic ovary syndrome, obese polycystic ovary syndrome
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Inclusion criteria
PCOS was diagnosed using the Rotterdam 2003 criteria,[7] 
which defines PCOS as having two of the following 
oligoovulation or anovulation, clinical and or biochemical signs 
of hyperandrogenism or polycystic ovaries by ultrasonography

Exclusion criteria
1. Patients with known medical illnesses such as diabetes, 

impaired fasting glucose (IFG), IGT, or active thyroid disorder
2. Patients on medications such as corticosteroids, oral 

contraceptives, or metformin like drugs which could 
alter the endocrine and metabolic parameters under 
investigation

3. Patients with disorders namely, 21-hydroxylase-deficient 
nonclassic adrenal hyperplasia, thyroid dysfunction, 
hyperprolactinemia, neoplastic androgen secretion, 
drug-induced androgen excess, the syndromes of severe 
insulin resistance, Cushing’s syndrome, and glucocorticoid 
resistance.

Methods
1. Age was noted in the years
2. Body mass index (BMI) was calculated using Quetelet 

index. Internationally, a BMI over 25 kg/m2 is considered 
overweight. Due to the genetic tendency of Indians toward 
abdominal obesity and its associated risk of related 
lifestyle diseases such as diabetes and heart disease, 
guidelines for the diagnosis of obesity and abdominal 
obesity for India have been published in JAPI that a 
BMI over 23 kg/m2 is considered overweight.[8] Further 
definitions: Normal BMI: 18.0–22.9 kg/m2, overweight: 
23.0–24.9 kg/m2, and obesity: >25 kg/m2 [Figure I]

3. Waist circumference (WC) was measured in a standing 
position midway between the lower costal margin and the 
iliac crest. Blood pressure was calculated as the mean of 
two manual sphygmomanometer readings with the patient 
in a seated position

4. Clinical characteristics were evaluated through 
physical examination and detailed menstrual history, 
measurements of anthropometric variables, and 
calculating modified Ferriman-Gallwey score

5. Biochemical parameters: An oral glucose tolerance 
test (OGTT) 75 g was performed, with venous blood 
samples taken at fasting and 2 h after the glucose load 
for glucose measurement. Normal glucose tolerance, IGT, 
and type 2 diabetes were defined using glucose levels 
during the OGTT, according to the criteria proposed 

Total of 78 patients by consecutive
sampling method were enrolled

for the period of one year

After screening 23 patients were
excluded after primary evaluation

as per exclusion criteria and
05 patients refused to participate

in the study

Total of 50 female patients newly
diagnosed to have PCOS by the

Rotterdam criteria
2003 were enrolled for the study 

Depending on Body Mass Index 8
BMI <23.5- Lean

BMI >23.5 - Overweight /Obese

Lean PCOS
Patients (n = 22)

Overweight PCOS
Patients (n = 28)

Figure I: Recruitment of Study Samples

Table 1: Clinical Characteristics of lean versus 
overweight polycystic ovary syndrome

Particulars Lean PCOS 
(n=22)

Overweight 
PCOS 

(n=28)

P

Age (years) 23.45±4.17 24.5±4.20 0.385
BMI (kg/m2) 21.1091±1.03 26.20±2.79 0.002*
Waist circumference (cm) 76.54±5.42 90.32±7.44 0.01*
Systolic BP (mm Hg) 116±14.6 121.2±10.2 0.28
Diastolic BP (mm Hg) 74±9.9 81.7±8.3 0.13
FG score 8.59±7.60 5.78±5.17 0.128
Acanthosis, n (%) 6 (27.2) 15 (53.57) 0.02*
F/H/O DM, n (%) 8 (36) 18 (64) 0.003*
*P < 0.05 was considered as significant. FG: Ferriman-Gallwey, BMI: 
Body mass index, BP: Blood pressure, F/H/O: Family history of, DM: 
Diabetes mellitus, PCOS: Polycystic ovary syndrome

Table 2: Biochemical and hormonal profile of lean versus 
overweight patients

Particulars Lean PCOS 
(n=22)

Overweight 
PCOS 

(n=28)

P

Fasting blood glucose (mg/dL) 86.68±10.23 89.25±17.75 0.549
2 h blood glucose (mg/dL) 114.72±22.07 136.14±38.07 0.023*
Testosterone (ng/dL) 57.28±15.44 56.61±17.53 0.887
Fasting insulin (µIU/mL) 16.37±7.24 24.92±11.44 0.004*
HOMA-IR 2.04±0.84 3.11±1.44 0.004*
IR, n (%) 11 (50) 23 (82.14) 0.009*
*P < 0.05 was considered as significant. PCOS: Polycystic ovary syndrome, 
IR: Insulin resistance, HOMA-IR: Homeostatic model assessment-IR

Table 3: Categorization of glucose abnormalities in lean 
and overweight polycystic ovary syndrome

Category Lean PCOS 
(n=22), 

n (%)

Overweight 
PCOS (n=28), 

n (%)

P

DM 0 2 (7.1) 0.15
Impaired fasting glucose 1 (4.5) 1 (3.5) 0.44
Impaired glucose tolerance 2 (9.0) 6 (21.4) 0.02*
Normal 19 (86.3) 19 (67.8) 0.01
*P < 0.05 was considered as significant. DM: Diabetes mellitus, PCOS: 
Polycystic ovary syndrome



Ghatnatti, et al.: Profile of lean versus overweight PCOS patients

APIK Journal of Internal Medicine ¦ Volume 10 ¦ Issue 1 ¦ January-March 2022 15

by the World Health Organization. IFG was defined as 
fasting glucose levels between 100 mg/dl and 126 mg/dl 
and IGT as 2 h post glucose between 140 mg/dl and 
200 mg/dl. Diabetes was diagnosed based on fasting 
plasma glucose more than 126 mg/dl and 2 h plasma 
glucose more than 200 mg/dl

6. Plasma testosterone was assessed using a solid-phase, 
enzyme-labeled chemiluminescent immunometric assay

7. Insulin resistance and β cell function were determined 
by “homeostasis model assessment”[9] (HOMA) based on 
the formulas as mentioned below.
• H O M A - i n s u l i n  r e s i s t a n c e  ( H O M A - I R ) 

(μU/ml × mmol/dl) = Io × Go/22.5
• HOMA-% B = (20 × Io)/(Go − 3.5).

(I0-fasting plasma insulin [μU/ml] , G0-fasting plasma 
glucose [mmol/L])

An ideal normal-weight individual aged <35 years has a 
HOMA-IR of 1.0 mol × U/L2 and a HOMA-% B function.

Statistical analysis
Data are presented as mean + SD. The clinical hormonal, 
biochemical, and phenotype characteristics were tabulated 
into two groups and compared using the two-sample t-test. 
P < 0.05 was considered statistically significant. All data were 
analyzed with commercial software the IBM SPSS Statistics 
for Windows, Version 19.0. Armonk, NY, USA: IBM Corp. 
IBM Corp. Released 2010.

Results

The mean age group was comparable. BMI and WC were 
significantly higher in overweight as compared to lean PCOS. 
Acanthosis was significantly more in overweight compared 
to lean PCOS. The overweight PCOS patient has significant 
family history of diabetes mellitus [Table 1].

Fasting blood glucose was similar between the two groups. 
Overweight PCOS patient’s 2 h blood glucose was significantly 
higher. Fasting serum insulin levels and HOMA-IR signifying 
insulin resistance were higher in overweight compared to the 
lean PCOS. Insulin resistance was present in 50% of lean PCOS 
and 82% of overweight PCOS [Table 2].

Glucose abnormalities were noted in 13.7% of lean PCOS 
and 32.2% of overweight PCOS. IGT was significantly more 
common in overweight compared to lean PCOS women (21.4% 
vs. 9.0%). Significantly more number of lean PCOS women 
had normal glucose levels compared to the overweight (86.3% 
vs. 67.8%) [Table 3].

dIscussIon

In the present study, clinical features, biochemical, and 
hormonal profiles were on higher range in obese patients 
newly diagnosed with PCOS (P < 0.05). Various studies have 
documented the high prevalence of obesity in PCOS.[10-14] A 
study by Gambineri et al.[15] have reported 78% of the PCOS 

women were overweight with BMI, ≥25 kg/m2, and 73% were 
obese with BMI, ≥27 kg/m2. A battery of studies on Indian 
women with PCOS has also reported a higher mean of BMI 
ranging from 25 to 28 kg/m2.[16-19]

In our study, 68% of the PCOS women were insulin resistant 
as defined by HOMA IR >2. Attempts to quantitate the 
prevalence of insulin resistance in PCOS are limited by the 
methods used to determine insulin sensitivity. The prevalence 
rates of insulin resistance have been reported from 44% to 
70% using surrogate markers. Wijeyaratne et al., in their 
study have compared Asian PCOS women with Caucasian 
PCOS women and did find higher plasma insulin levels in 
Asians despite having equal plasma glucose levels.[20] In our 
study, insulin resistance was found in 50% of lean PCOS 
and 82% of overweight PCOS. Saxena et al. reported insulin 
resistance in 83.3% and 93.1% of lean and overweight PCOS, 
respectively. These high rates of insulin resistance in this study 
compared to our study maybe because of the different criteria 
used to define insulin resistance. The study by Gupta et al. 
has reported a higher insulin resistance between both obese 
and nonobese PCOS (44% and 36%) as compared to normal 
controls.[21] Saxena et al. used serum fasting and postprandial 
insulin levels to define insulin resistance rather than a more 
accurate index like HOMA IR. However, several studies have 
failed to demonstrate insulin resistance in lean women with 
PCOS using the highly sensitive euglycemic glucose clamp 
technique.[6] Some of these conflicting results can be accounted 
for by differences in the diagnostic criteria for PCOS that 
resulted in the inclusion of women with ovulatory cycles and 
hyperandrogenism who have minimal to absent evidence for 
insulin resistance.

In our study, about 21.4% of the obese PCOS patients had 
IGT. The study by Majumdar and Singh have reported a higher 
prevalence of IGT and type 2 DM in obese PCOS women with 
respect to lean ones. Legro et al. have reported 31% IGT and 
7.5% type 2 DM in the obese PCOS patients and 10.3% IGT 
and 1.5% DM in nonobese PCOS which was 3 times that of 
the general population.[22,23] PCOS women are at higher risk 
for IGT and eventually develop type 2 DM.

conclusIon

Although insulin resistance is inherent to overweight PCOS, it 
is also present in a significant number of lean PCOS patients. 
Hence, even patients with lean PCOS should be considered to 
be at risk for cardiovascular disease and merit screening for 
cardiometabolic risk with regular blood pressure monitoring 
and periodic OGTT and lipid profile.
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Abstract 
Background: Altered glycemic levels (HbA1c) can influence the healing process of diabetic 
foot ulcers (DFU), prevalent among type-2 Diabetes Mellitus (DM) patients. The objective of 
this study was to assess the rate of wound healing in DFU corresponding to HbA1c levels in 
type 2 diabetes individuals. 
Methodology: The present observational study was conducted in 90 DFU patients with 
single Wagner grades 1 or 2 foot ulcer. Depending on the HbA1c levels; Group 1:  < 7%, 
Group 2: 7-8% and Group 3:  > 8%. Photographs were taken using the Tissue Analytics 
software interface installed on an android smartphone, on day 0 and day 14. The software 
then calculated and yielded the length, width, and area of the ulcer. Culture and antibiotic 
sensitivity of foot ulcer was done. Chi-square test was used for group comparisons and 
p<0.05 was considered significant 
Results: The mean HbA1c level was 8.76±2.75% and the duration of DM was 118.87±83.52 
months in all the subjects. The range of DM duration was 0.08 to 30 years (Confidence 
Interval: 8.45 to 11.36). Among the subjects, 44.44% had ulcers for 1-4 weeks. A significant 
negative correlation (rho= -0.55) between HbA1c and rate of wound healing (p<0.0001) was 
observed using Spearman rank correlation. Wagner grade was significantly associated with 
group (p=0.001). Neuropathy, Peripheral Vascular Disease (PVD) and bacterial infection at 
the site was seen in 44.40%, 31.10% and 53.1% patients. 
Conclusion: The duration required for wound healing increased with rise in HbA1c.  
Keywords: Diabetic foot, foot ulcer, Glycated haemoglobin A, wound healing. 
 

This is an Open Access article that uses a fund-ing model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

 

 
 

Introduction 

Diabetic Foot Ulcer (DFU) is one of the 
most common causes for hospitalization of 
a diabetic patient which could result in 
amputation if untreated.  In India, the onset 
of diabetes is observed at a young age and 
is associated with complications regardless 

of the duration of diabetic illness. [1] 
Complications of diabetes are divided into 
microvascular (diabetic neuropathy, 
nephropathy and retinopathy) and 
macrovascular (peripheral vascular 
diseases, coronary artery diseases and 
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stroke). [2] DFU patients have been 
observed to carry a risk of developing 
vasculopathy and neuropathy with a short 
duration of diabetes in India. [1] 
Worldwide DFU incidence is 9.1 to 26.1 
million per annum. [3] Foot ulcers can be 
averted by a frequent screening of high 
risk patients. An infection of the ulcer can 
be avoided by awareness, control of blood 
sugar level, removal of dead tissue from 
wound, progressive dressing, surgery and 
progressive treatment. [4,5] Risk factors 
associated with DFU are increasing age, 
female gender, peripheral neuropathy, 
peripheral arterial diseases, history of 
diabetes and elevated Glycated 
Hemoglobin (HbA1c). [6,7] Modality of 
DFU consists of debridement of infection, 
antibiotic treatment, subsequently accurate 
vascular reformation. A negative wound 
pressure therapy could be the appropriate 
treatment method for DFU.[8] Wagner 
grading system delineates the severity of 
ulcer, existence of gangrene or 
osteomyelitis. [9]  
Assessment of HbA1c in diabetic patients 
is advantageous over the routine blood 
glucose or Oral Glucose Tolerance Test 
(OGTT).[10,11] The benefits of HbA1c 
testing is that it does not require any prior 
preparation and it can be done at any time 
of a day. HbA1c provides an average 
glucose level for three months which is 
beneficial over repeated testing of blood 
glucose. Foot ulcer healing is delayed with 
elevated HbA1c, total cholesterol, 
triglycerides, and low-density lipoprotein 
(LDL) levels. Further HbA1c is a known 
reliable diagnostic tool for the prediction 
of DFU. [8,12] Body Mass Index (BMI) 
and HbA1c are two risk factors associated 
with diabetes and their raised levels can 
predict poor healing process of DFU. 
These two factors signify the restrain over 
the complications of diabetes. [1] Tissue 
analytic software assess the wound healing 
through an electronic health record (HER) 
plug-in, which is powered by Artificial 
Inelegancy (AI) software solution. The 
company recently adopted an interlinked 

platform with selected partners, that 
indicates the cutting-edge of wound care 
instruments, characterized with 
picturization and examine oxygenation of 
tissue under the skin, briefing of bioburden 
and prejudice the DFU.   
A paucity of studies regarding a 
compelling association between DFU and 
HbA1c level was observed.  It has been 
reported that inconsistent HbA1c levels of 
diabetic patients have a greater wound 
healing activity with a baseline control. 
[13,14] Moreover, after accommodating 
confounding factors, there has been no 
correlation between HbA1c level and 
healing of DFU. [14] Contradicting these 
outcomes there has been a strong 
association between elevated HbA1c and 
delay in the healing of DFU. [4,6,15]  
Hence, this  study proposed to assess the 
DFU healing rate and its association with 
corresponding HbA1c levels.  
Material and Methods 
This prospective observational study was 
conducted for one year from January 2017 
to December 2017 in the department of 
Surgery at a tertiary care hospital. Using 
Cohen’s convenience method with Effect 
size of 0.335, 80% power and 5% 
significance level, sample size was 
calculated and 90 DFU patients were 
enrolled in the study. Convenience method 
of sampling technique was applied for the 
sample selection. DFU patients who 
consented for the hospital stay for a 
minimum of 15 days, patients above 18 
years, 1 or 2 Wagner grades with single 
foot ulcer and only new cases of DFU, 
irrespective of their Diabetes mellitus 
duration were included in the study. 
Exclusion criteria of the study was Wagner 
grade strike 3 or more, foot ulcer with 
gangrene, osteomyelitis of foot, diabetic 
ketoacidosis, immunodeficiency states, 
hemoglobinopathies, autoimmune diseases 
like malignancy and patients receiving 
unconventional treatment for DFUs. The 
study was approved by Institutional ethical 
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committee and the informed consent was 
obtained from the study participants.  
Baseline characteristics of the cohort such 
as age, gender, duration of diabetes, 
history of hypertension and duration of 
foot ulcer was collected. During the 
clinical examination of patients Wagner 
grade, neuropathy, and Peripheral 
Vascular Disease (PVD) were recorded. 
[2.16,17] Ulcer characteristics such as 
shape, location, edge, margins, floor of 
ulcer were noted on – Day 0 (beginning of 
study) and Day 14 (end of study) were 
examined by a qualified General Surgeon. 
Diagnostic part of the study culture and 
antibiotic sensitivity of foot ulcer was 
conducted, for this wound discharge or 
deep tissue culture during debridement 
was carried out before inclusion into study. 
For the estimation of HbA1c level among 
DFU patients, 2 cc of blood sample was 
collected in an ethylenediamine tetra acetic 
acid (EDTA) anticoagulant tube and sent 
to the hospital laboratory. In the laboratory 
HbA1c level was measured by High 
Performance Liquid Chromatography 
(HPLC). [18] Depending on the HbA1c 
level of patients, they were categorised 
into three groups: the first group 
comprised of patients with less than 7%, 
the second group included patients with 7-
8% and in the third group, patients with 
HbA1c level greater than 8% were 
included.  
Photographs were taken using the Tissue 
Analytics software interface which was 
installed on an android smartphone. The 
photograph was taken after placing a green 
circle sticker of 1 cm2 area next to the 
wound (used as a scale) on Day 0 and Day 
14. The software, then calculated and 
produced the length, width, and area of the 
ulcer. 
The initial wound area on Day 0 (x) and 
the final wound area on Day 14 (y) were 
noted in all the three HbA1c groups 
(Figure-1). From this data the wound area 
reduction and rate of wound healing was 

calculated as follows: rate of wound 
healing or area reduction per day = x-y/15 
[18], where, x = wound area on D0, y = 
wound area on D14. All the data was 
collected from the patients and 
documented in Microsoft Excel sheets.  

 Wound dressing was done with normal 
saline daily for a period of 15 days and 
antibiotics were administered based on the 
wound culture and sensitivity report. All 
the patients were accompanied with insulin 
therapy during the hospital stay. 
Statistical analysis was done using R 3.6.1 
software. Descriptive analysis of the data 
was done using Excel sheet. Continuous 
variables were represented by mean ± 
standard deviation. Categorical variables 
were represented by frequency tables. 
Categorical variables were compared using 
Chi-square test and continuous variables 
between groups were compared using 
ANOVA. A p-value<0.05 was considered 
statistically significant. 
Results 
The mean age of the study subjects was 
56.4±11.41 years across the groups. By 
Chi-square test, gender was equally 
distributed across the groups (p=0.3928) 
and a male (74.44%) preponderance was 
noticed. The range of DM duration was 
0.08 to 30 years (95% Confidence Interval: 
8.45 to 11.36). HbA1c was significant 
among all the three HbA1c groups (p< 
0.0001). Using ANOVA, the mean 
duration of DM (in months) (p=0.5283), 
the duration of foot ulcer (p= 0.4265) and 
the site of ulcer (p=0.0506) were found to 
be insignificantly correlated between the 
three groups, whereas Wagner grade was 
significantly co-related with group 
(p=0.001). (Table-1) 
Using two-way ANOVA with interaction, 
the status of neuropathy did not 
significantly affect the rate of wound 
healing (p=0.3436). Effect of HbA1c 
levels on wound healing was not 
significantly different over the status of 
neuropathy (Group: Neuropathy 
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interaction; p=0.6610). The mean rate of 
wound healing significantly differed in at 
least 2 groups (p<0.0001). By ANOVA 
test, the presence of PVD did not 
significantly affect the rate of wound 
healing in the foot ulcer subjects 
(p=0.8934) and there was no significant 
interaction effect between PVD and Group 
(p=0.7147) (Table 2). Wound infection 
was reported in 53.1% of the study 
population. However, the presence of 

infection did not significantly affect the 
rate of wound healing (p=0.3930) and 
there was no significant interaction effect 
between Culture and the Groups 
(p=0.3261) (Table-2). 
A significant negative correlation (rho= -
0.55) between HbA1c and rate of wound 
healing among foot ulcer subjects 
(p<0.0001) was observed using Spearman 
rank correlation (Figure-2). 

Table 1: Association of the baseline characteristics between the groups. 

Factor Group I 
HbA1c < 
7% 

Group II 
HbA1c 7-8 
% 

Group III 
HbA1c >8 
% 

Total p- 
Value 

Age (in years) 55.93±12.77 56.5±10.55 56.77±11.19 56.4±11.41 0.96 

Age 
group 

≤30 1 (3.33%) 1 (3.33%) 0 (0%) 2 (2.22%) 0.4713 
31-40 1 (3.33%) 0 (0%) 4 (13.33%) 5 (5.56%) 
41-50 9 (30%) 8 (26.67%) 5 (16.67%) 22 (24.44%) 
51-60 9 (30%) 9 (30%) 8 (26.67%) 26 (28.89%) 
>60 10 (33.33%) 12 (40%) 13 (43.33%) 35 (38.89%) 

Gender 
Male 25 (83.33%) 21 (70%) 21 (70%) 67 (74.44%) 0.3928 
Female 5 (16.67%) 9 (30%) 9 (30%) 23 (25.56%) 

HbA1c (%) 6.49±0.39 7.6±0.29 12.2±2.01 8.76±2.75 
< 
0,0001* 

Duration of DM (in 
months) 105.4±83.16 121.77±88.32 129.43±79.88 118.87±83.52 

0.5283 

Duration 
of 
Diabetic 
mellitus 
category 
(in 
years) 

0-3 8 (26.67%) 7 (23.33%) 4 (13.33%) 19 (21.11%) 0.8371 
4-8 10 (33.33%) 8 (26.67%) 8 (26.67%) 26 (28.89%) 
9-13 3 (10%) 5 (16.67%) 9 (30%) 17 (18.89%) 
14-18 6 (20%) 5 (16.67%) 5 (16.67%) 16 (17.78%) 
19-23 2 (6.67%) 3 (10%) 3 (10%) 8 (8.89%) 
≥24 1 (3.33%) 2 (6.67%) 1 (3.33%) 4 (4.44%) 

Duration 
of Ulcer 

<1 week 11 (36.67%) 10 (33.33%) 7 (23.33%) 28 (31.11%) 0.4265 
1- 4 weeks 15 (50%) 11 (36.67%) 14 (46.67%) 40 (44.44%) 
>4 weeks 4 (13.33%) 9 (30%) 9 (30%) 22 (24.44%) 

HTN 
Yes 15 (50%) 14 (46.67%) 14 (46.67%) 43 (47.78%)  0.9564 
No 15 (50%) 16 (53.33%) 16 (53.33%) 47 (52.22%) 

Site of 
foot 
ulcer 

PLANTAR 14 (46.67%) 12 (40%) 21 (70%) 47 (52.22%) 0.0506 

DORSUM 16 (53.33%) 18 (60%) 9 (30%) 43 (47.78%) 
Wagner 
grade 

1 16 (53.33%) 13 (43.33%) 8 (26.67%) 37 (41.11%) 0.001* 
2 14 (46.67%) 17 (56.67%) 22 (73.33%) 53 (58.89%) 

HTN: Hypertension, *p< 0.05 is Significant 
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Table 2: Comparison of risk factors across the groups. 

Risk factors Group I Group II Group III Total p-value 

NEUROPATHY 
Yes 10 (33.33%) 14 (46.67%) 16 (53.33%) 40 (44.44%) 0.6610 

No 20 (66.67%) 16 (53.33%) 14 (46.67%) 50 (55.56%) 

PVD 
Yes 7 (23.33%) 13 (43.33%) 8 (26.67%) 28 (31.11%) 0.7147 
No 23 (76.67%) 17 (56.67%) 22 (73.33%) 62 (68.89%) 

CULTURE 
Yes 10 (33.33%) 16 (53.33%) 22 (73.33%) 48 (53.33%) 0.3261 
No 20 (66.67%) 14 (46.67%) 8 (26.67%) 42 (46.67%) 

PVD: Peripheral Vascular Disease 
 

 
Figure 1: Clinical photographs of ulcer on Day 0 (left hand side) and Day 14 (right hand 

side) 
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Figure 2: Correlation between HbA1c and rate of wound healing 

 
Discussion 
Glycemic control is impacted by the foot 
ulcer healing process and the severity of 
diabetes.  Duration of the wound healing 
corresponds to HbA1c level.[6] Old age, 
peripheral arterial disease, neuropathy, 
female gender, long duration of diabetes 
and increased HbA1c levels influence 
DFU. [7] HbA1c level indicates the 
severity of diabetes, and subsequently it 
represents the  risk of incidence of DFU. 
Additionally, increased HbA1c level is 
accompanied by partial and slow healing 
of DFU. [12] However, an Indian study 
reported that the DFU was observed 
among younger age group with a short 
duration of type-2 diabetes mellitus. This 
study reported that, the mean age of all 
participants was quite low when compared 
to studies conducted by Christman et al., 
and Xiang et al. [13,19] This study 
reported that there was a male 
predominance as compared to the female 
patients which was in line with studies 
conducted by Xiang et al., and Kumar et 
al. [1,13] A delay and incomplete healing 
of foot ulcer was associated with elevated 
HbA1c level in diabetic patients. HbA1c 

levels regulates the incidence of DFU and 
it can be used as a diagnostic tool to 
monitor severity of diabetes and its 
associated complications. [6,12] One more 
study reported that, DFU healing rate was 
efficient in the HbA1c level 7-8% group 
with well controlled compared to less than 
7% and above 8%.[13] The mean HbA1c 
levels for the first-two groups was slightly 
higher than Christman et al., study and the 
total mean of three groups in this study 
was quite lower than the Younis et al., 
study.[7,19] Further, the duration of DM 
was lower than the Xiang et al., and 
Fesseha et al., studies for the first-two 
groups and for the mean of all subjects, 
respectively. [13,14] The duration of foot 
ulcer in Xiang et al., study for all the 
groups of HbA1c levels was more than 4 
weeks, where as in our study only 13-30% 
of study population had a history of foot 
ulcer for more than 4 weeks in all the 
groups of HbA1c level including the total 
number of subjects. [13] In our study, 
when the baseline HbA1c was studied in 
relation to the duration of the ulcer (in 
weeks), an interesting correlation was 
found. The number of patients with DFU 
at 1-4 weeks was comparable in Group 
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1(n=15; 50%) and Group 3 (n=14; 
46.67%). When the wound healing was 
assessed at 4 weeks, Group 1(n=4; 
13.33%) and Group 2 and 3(n=9; 30%) 
were observed indicating a fewer patients 
in Group 1 than Group 2 and 3.  The 
effectiveness of  HbA1c as a prognostic 
tool in the wound healing of  DM is 
challenged with these proportionate 
results. The small size of the sample could 
be attributed to this commensurate result. 
Older studies have given conflicting views 
on this regard, which could possibly 
explain this observation. Fesseha et al., 
observed that the baseline HbA1c levels 
had no association with wound healing. 
[14] Guo and Dipietro explained the 
relationship between poor wound healing 
and hyperglycaemic subjects. [19] The 
state of hyperglycaemia could possibly 
lead to the accumulation of oxidative 
stress and release reactive oxygen species. 
Murine studies have concluded that the 
end products of glycation could deteriorate 
wound healing. [20] Hypertensive DFU 
patients were lower in this study as 
compared to Xiang et al.,  and Fesseha et 
al., studies for all the groups of HbA1c 
levels and the group of healing status, 
respectively. [13,14] 
Tissue analytics provides softer solution 
which consists of AI to develop good 
quality data from clinical images 
automatically and objectively. The 
software has advantages of data 
availability, security, compliance, 
management, enhances favourable 
outcomes and is cost effective.  [21] In 
Younis et al., study, patients with dorsal 
foot ulcer were less than the present study 
and patients with planter foot ulcers were 
more. [7] In our study, Wagner grade 2 
patients’ percentage was greater than 
Xiang et al., and Kumar et al., studies for 
all the classes of HbA1c and the total 
number of patients. [1,13] For Wagner 
grade 1, the number of patients were lower 
in our study as compared to Kumar et al., 
study. [1] The patients of neuropathy with 
ulcer were higher in Younis et al.,  and 

Dhatariya et al., studies compared to our 
study. [6,7] In Fesseha et al., study, the 
total number of patients with PVD was 
slightly higher than our study. [14] There 
is a need to educate the diabetic patient 
about DFU, importance of hygiene, self-
assessment of foot temperature, usage of 
proper footwear, and good diabetes 
control. [4] 

This study re-validated the findings that 
there was a negative correlation between 
HbA1c level and the severity of DFU 
among diabetic patients. HbA1c level was 
significant with the study groups (p< 
0.0001). Wound culture was positive in 
two groups of HbA1c and with the total 
number of patients. In all the three groups, 
more prominent strains of bacteria found 
were Streptococcus pyrogens, 
Staphylococcus, Escherichia Coli (E-coli), 
Methicillin Resistant Staphylococcus 
Aureus (MRSA) and Pseudomonas.  
Limitations of this study was the absence 
of a long-term follow-up of foot ulcer 
patients as it was restricted to hospital stay 
of 15 days. Additionally, the identification 
of bacterial growth from ulcer and their 
sensitivity to antibiotics was not pursued. 
Conclusion 
HbA1c is the routine diagnostic tool to 
monitor the known type 2 DM patients, 
and the same was used to assess the rate of 
wound healing among DFU patients in this 
study. The study concluded that the 
HbA1c was a good indicator for wound 
healing process of DFU.  
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A B S T R A C T

Introduction: Music used by students during studying should help them.
Objectives: To assess the effect of instrumental, background music on concentration and working memory
in 1st -year medical students.
Materials and Methods: 60-girls and 60-boys of 1st -year MBBS, were randomised into music and
control groups equally. Concentration was assessed using 3 different forms of SDMT as pre-test, during
music/control session and post-test using total, correct and error score. For assessing working memory,
Rey-Ostherrieth-complex-figure-test was used. (significant p value<0.05).
Results: Music group showed significant improvement in correct (p=0.02) and total (p=0.029) scores
during post-test while errors reduced (p=0.002). For ROCF, recall was better in music group compared
to controls but the values were not statistically significant (p=0.223).
Conclusion: Performance improves with repetition of a specified task; the improvement can be enhanced
by associating it with background instrumental music. Performance is best seen at the end of music session
showing that, music can increase the required arousal to an optimal level. Instrumental music does not seem
to have an influence on working memory, it does not hamper it. Students can be advised to use instrumental
music, preferably of raga Malkauns, in background while studying which will help them concentrate better
and will not hamper their retention.
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the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Researchers have found high anxiety levels in medical
students which are related either to academic or
psychosocial factors. In fact, levels of stress are much
higher among 1st year medical students compared to other
years. Some amount of stress is needed for learning, called
“favourable stress,” but too much or chronic stress can
affect mental and physical health causing poor academic
and clinical performances.1 A stroll around the college
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library, and we can see many students with earplugs in their
ear while studying, probably to cope with stress. Music can
act as an efficient coping strategy as it is easily available,
affordable and mobile. But how much it actually helps
them to relax and to concentrate varies at individual level.
Previous studies have shown mixed observations.2,3

The mixed observations are probably because the type
of Music used in different studies are variable either in
type, rhythm, tempo, being vocal or only instrumental, self-
chosen, etc. Also, its use in “visual-spatial constructional
ability” is sparse. Previous research shows slow paced
rhythms and tempos, like that of classical music can lead
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to diverting the thoughts in a more positive direction
similar to the actions of yoga or meditation.4 Also vocal
component of music was seen to be more disrupting than
pure instrumental.5 Hence we used classical instrumental
music of raga Malkauns. This raga is believed to have been
created by goddess Parvati (the wife of Shiva) to calm
Shiva’s Tandav. Malkauns is a serious, meditative raga, and
is developed mostly in the lower octave (mandra saptak) and
in a slow tempo (vilambit laya).

Thus, the objective of this study was to assess the
effect of classical instrumental, background music on
concentration and working memory in first year medical
students, both of which are required for generating good
long term memory.

2. Materials and Methods

Ethical clearance was obtained from all concerned
authorities and written informed consent was taken from
all students before conducting the study. Using opaque
sealed sampling, an RCT was conducted for 1 year in
research laboratory of the Department of Physiology, J.
N. Medical College, Belgaum, Karnataka, India, on 120
students studying in Phase-I MBBS. Study was conducted
during working days (except Saturdays and Sundays)
between 4pm to 6pm.

2.1. Exclusion criteria

Students with a history of headaches, migraine, hearing
impairments, history of drug abuse, smokers, alcoholics,
and suffering from cognitive disorders were excluded from
the study.

2.2. Sample size

Based on the pilot study conducted, the effect size was 20.
Minimum of 30 students were selected with ά error = 0.05
and β error = 0.2.

2.3. Test/music group

60 medical students in music group with equal number of
girls and boys.

2.4. Control group

60 medical students in control group with equal number of
girls and boys.

2.4.1. Music used for intervention
Classical instrumental music consisting of flute, raga
Malkauns, by Hariprasad Chaurasia from the album
“Ragas” was used. Music was played for 30 min. Player
used was Mitashi DVD player, with Zebronics over the
ears headphones. The volume was kept at a comfortably

constant level for all the subjects. The room was maintained
at minimum noise.

2.4.2. Test used to assess concentration: Symbol digit
modality testing (SDMT)6

This test is used to assess concentration ability by divided
attention, visual scanning, tracking, and motor speed. Each
sheet consists of 8 lines with 15 symbols in each line
and contains a box below each symbol to fill in the
corresponding number. A “coding key” is provided at the
top of the page which consists of “9 abstract symbols” each
paired with a number from 1-9. The student is asked to
scan the key and write down the number corresponding to
each symbol, as rapidly as possible. Once the test form
was placed before the student, 90 seconds were allowed to
complete the trial.

Three forms different from each other in symbols were
used

1. Form A – used during pre-test for both groups.
2. Form B – used during exposure to music/control.
3. Form C – used during post-test for both groups.

Interpretation of SDMT: Scores are considered for three
outcomes. i.e CORRECT score, ERROR score and TOTAL
score.

2.4.3. Test used to assess working memory: Rey-Osterrieth
complex figure test (ROCF)7,8

The purpose of this test is to assess working memory by
visual-spatial constructional ability and visual memory. The
materials consist of blank pieces of paper and the Rey-
Osterrieth figure. The measures of performance derived are

1. A copy score (which reflects the accuracy of the
original).

2. A recall score (accuracy of figure recalled to that of
original).

The task is essentially an incidental learning test. There
is no warning of the memory component until the subject
is asked to recall the figure from memory. There are no
significant differences between dominant and non-dominant
hand performance on the copy portion of the task.

1. Copy: Subjects were allowed to copy within maximum
of 5 min. After the drawing is completed, it is removed
from sight along with the stimulus card.

2. Recall: After a delay filled with other task (in our
study, a concentration test was given: SDMT form B),
a clean sheet of paper was provided and the students
were told to recall the figure.

3. Scoring: The figure is broken down into 18 elements
and scored in the range of 0.5 and 2.0 points
are awarded for each element, depending on the
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accuracy, distortion, and location of its reproduction.
Thus, maximum score can be 36 indicating the best
performance.

2.5. Study design

Table 1: Showing study protocol

Pre-test Symbol Digit Modality Test (SDMT) Form A
Tests done
with
music/in
controls

After 5min Rey Osterrieth Complex
Figure Test (ROCF) - Copy

After 15min Symbol Digit Modality Test
(SDMT) Form B

After 25min Rey Osterrieth Complex
Figure Test (ROCF) - Recall

Post-test Symbol Digit Modality Test (SDMT) Form C

Table 1 shows study protocol. Pre-test done in all 120
subjects, during music / non-music sessions, SDMT was
used for concentration and ROCF for working memory.
Post-test was done in all 120 subjects without music.

Pre-test and post-test was done without music in both
groups, while memory test (ROCF) and SDMT form B was
done with background music in music group and with no
music in control group. ROCF-copy was done 5 minutes
of playing music/rest, SDMT after 15minutes of music/rest
and ROCF-recall after 25 minutes/rest.

3. Results

Results of SDMT test used for divided attention.

Table 2: DMT scores in Music and Control group

Test
parameter

Music group Control
group

p-
value

Pre
test

Correct 56.5 ± 9.01 54.4 ± 7.68 0.156
Error 0.95 ± 1.32 0.86 ± 1.08 0.706
Total 57.5 ± 8.67 55.2 ± 7.55 0.129

With
music
/ rest

Correct 59.4 ± 9.49 58.8 ± 7.04 0.703
Error 0.75 ± 1.20 1.05 ± 1.89 0.302
Total 60.2 ± 9.35 59.9 ± 7.07 0.843

Post
test

Correct 66.1 ± 9.16 62.4 ± 7.91 0.020*
Error 0.45 ± 0.72 0.75 ± 1.27 0.115
Total 66.5 ± 8.96 63.1 ± 7.73 0.029*

* Statistically significant p-value. (< 0.05); Results of concentration

Illustrates mean + SD of SDMT concentration test in all
120 subjects during pre-test, music/non-music session and
post-test. Values are determined as correct, error and total
scores for each session. Unpaired students t test is used to
assess statistical significance.

Table 3 illustrates mean + SD of SDMT in music and
control group separately. Paired t test was used to assess
changes in values in pre and post SDMT test. Correct, error
and total scores were compared.

Table 3: SDMT- comparison of PRE and post test score in Music
and control group

Music group Control group
Pre and post test p-value p-value
Correct < 0.001* < 0.001*
Error 0.002* 0.264
Total < 0.001* < 0.001*

* Statistically significant p-value. (< 0.05)

Table 2 SDMT score was not statistically different
between music and control group in pre-test. Correct and
Total scores were better while errors reduced in music group
but were not statistically significant. In Post-test, Total
scores and Correct scores being higher in music group (66.1
± 9.16 and 66.5 ± 8.96 respectively) compared to control
group (62.4 ± 7.91 and 63.1 ± 7.73 respectively). Values
were statistically significant (p-value for Correct = 0.020*;
Total = 0.029).

Table 3 when paired t test was applied to pre and post
test scores of music and control groups, all the values were
significant except the error scores of control group p =
0.264. There was significant decline in error in music group
p = 0.002.

3.1. Results for ROCF test to assess working memory

Table 4: ROCF scores in Music and Control group (max score =
36)

Figure copy Figure recall
Music group 33.9 ± 2.69 24.5 ± 5.07
Control group 33.9 ± 2.36 23.3 ± 5.06
p-value 0.986 0.223

Table 4 determines copy score and recall score separately
in music and control group.

Table 4 there was no statistical difference between
the score for copying the figure in music and control
group (p=0.986). Figure recall was better in music group
compared to control group but the values were not
statistically significant (p=0.223).

4. Discussion

4.1. Concentration

SDMT was used to assess concentration by visual scanning
method. The baseline scores did not show any significant
difference between music and control groups while,
repetition of the test (done during and post exposure)
showed improvement in scores in both the groups, and
was significantly high in music group in post-test sessions.
These findings suggest that performance improves with
repetition of a task or training and can be further improved
when associated with soothing background music. These
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findings correspond to that of Savan A (1999).9 Also the
number of errors committed by the music group on repeated
tests were progressively lesser (and statistically significant)
compared to control group showing enhanced attention on
the concentration task performed.

Soothing music not only facilitates positive mood
enhancement, but also activates auditory cortex in the
temporal lobe and, can activate 18 different areas of
the brain when used while performing a specific task.10

The explanation they give is based on the working
memory model of Baddeley (1992)11 called “modality
effect” or”modality principle”. In his model, working
memory has two modality-specific slave systems: one for
processing visual and spatial information and one for
acoustic information. When information is presented in two
sensory modalities (visual and auditory) rather than one,
both slave systems are addressed and total working memory
capacity is increased. In other words “Individuals who
receive both auditory and visual information, both of which
are processed in different parts of brain, learn better than
those who use only resources involving visual system. Thus,
individual can perform two complex tasks with different
modalities at the same time”. Students in our study received
both auditory and visual information, which increased their
cognitive load and enhanced their performance. Our study
contradicts the findings of Johnson MB et al (2000)3 which
recorded better results in the no-music conditions probably
because of difference in the age group of the subjects used.

4.2. Working memory

ROCF was used to assess visual working memory. Test
scores showed no significant difference between music and
control group. Salame P and Baddeley (1989),12 in their
study showed that participants performed better in working
memory test when there was no music present rather than
with instrumental music. Banbury et.al (2001)13suggested
that any type of background music or auditory distractions
hamper memory, especially short term memory, called the
“irrelevant sound effect” (ISE).14

ISE is explained on the basis “phonological loop model”.
They explain that irrelevant sounds either interfere with the
passive store, holding verbal information in a phonological
code or weaken the associations between adjacent items
in the memory list.15 Previous studies have reported vocal
music to be more disruptive and instrumental music to
be beneficial (over silence) on recall of visually presented
verbal items such as digits, syllables, or words tasks.5,12,16

Steady state sounds have a minor effect or no effect at all.14

Our study supports the ISE and has shown that instrumental
music, which is continuous and rhythmic, has a minor effect
on memory component.15 Our study partly corresponds
to the reviews of Salame P and Baddeley12 but does not
support the finding that no-music group does better.

5. Conclusion

Thus, classical instrumental music is beneficial to students
as it can improve their concentration capacity (although no
beneficial effect is seen on recall capacity). Performance
improves with repetition or practicing a specified task, the
improvement can be further enhanced by associating it
with background instrumental music. Performance is best
seen at the end of music session showing that, music
can increase the required arousal to an optimal level.
Though instrumental soothing music does not seem to have
an influence on recall or working memory, it does not
hamper memory and, can be safely used in background
while solving memory tasks. Students, who use music
while studying, can be advised to use instrumental music
in background which can help them relieve their anxiety,
concentrate better and perform better. Also, it can be
constructively used between lectures to delay mental fatigue
in students.

6. Informed Consent

Written and well-informed consent was obtained from all
subjects at the beginning of the study.

6.1. Compliance with Ethical Standards

All experiments were conducted in accordance with the
guidelines for human ethics defined by Medical council
of India and were approved by the Ethical Committee for
human research by the institute of KLEs JNMC Belgaum.

7. Source of Funding

No funding obtained to declare.
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A B S T R A C T

Introduction: Menarche is the occurrence of first menstrual blood flow or menses in a female adolescent.
Nutritional status and socio-demographic status plays an important role in the attainment of menarche.
Girls with good nutritional status will get menarche in proper age compared to malnutrition girls and
overweight girls. Both excess nutritional intake and insufficient nutritional intake will greatly affect the age
at menarche.
Objectives: To determine the age at menarche and to find the nutritional profile of adolescent school girls
from selected government schools, Belagavi. It is to find an association between age at menarche and
nutritional profile, and socio-demographic factors.
Materials and Methods: Cross sectional study done in 116 adolescent girls of age group between 11-16
years in selected government schools in Belagavi. 15 schools were selected by simple random sampling
from each school 8 girls were selected using systematic random sampling. Data entry was done using the
Microsoft office tools and analysis was done using IBM SPSS 21.
Results: The average age at menarche was 12.4±1.0 years. The majority of the participants’ BMI was
normal, i.e., 56 (48.28%), and 53 (45.69%) participants were underweighted. 99 (85.3%) of the participants
are from an upper-middle-class family.
Conclusion: The present study concluded that the mean age at menarche was 12.4±1.0 years. There
was no significant association between menarcheal age and sociodemographic status or anthropometric
measurements, but there was an association between menarcheal age and body aches and nutritional status.
Good nutritional status declines the age at menarche.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Adolescence is a phase or a period of life where there
is a difference between being a child and becoming
an adult. This transition from childhood to adulthood
is adolescence.1,2 Adolescence is a phase of remarkable
growth. During this phase, 20% of height, 50% of weight
and 45% of body mass increase, and also red blood cell
increases in size. According to WHO and many other
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studies adolescents’ growth and development is closely
related to dietary intake and nutritional status.3 So, there
is a high demand for nutrients that is both macronutrients
like carbohydrates, proteins, fat and micro nutrients like
vitamins and minerals, during adolescence there will be
increasing need of nutrients compared to another life cycle
because it is a growing period.4 Adolescent growth and
development are mainly affected by nutritional status. An
adolescent who consumes more calories and protein will
tend to have early menarche which is further implicated in
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diseases.5

Menarche is a crucial time in a girl’s life that affects
the reproductive life health and well-being of women.6

Menstrual cycle is physiological changes, including the
secretion of oestrogens from the ovaries it is an important
indicator of women’s reproductive health.7,8 Menarche is
the occurrence of first menstrual blood flow or menses
in a female adolescent. When ovulation does not lead
to fertilisation, menstruation ensues. It happens every 28
days, by a cycle length ranging from 21 to 35 days,
most periods continue between 3 to 7 period, and also
in some girl’s menses last more than 10 days which is
considered abnormal.9 Early menarche is considered to be
more vulnerable to psychosocial, physical as well as mental
well-being problems like obesity, diabetes, risky sexual
behaviour and breast cancer. So, it is critical to be aware
of the variables which affect menarcheal age. These include
genetic, socioeconomic status, diet, exercise, education,
environment hereditary factor, psychological stress.10,11

Nutritional status and socio-demographic status become
an important role in the attainment of menarche. Girls
with good nutritional status will get menarche in proper
age compared to malnutrition girls and overweight girls.
In case of malnutrition in girls, the age of menarche
will be delayed because of improper or decrease calories,
protein and other micro and macro nutrients which then
impact on the gonadotrophin hormone. The energy need
of girls in the age of 10-19 years is 2050 to 2750kcal
as per RDA. Good nutrition will help in the formation of
gonadotrophin hormone and other hormones which affect
upcoming menarche. So, both excess nutritional intake
and insufficient nutritional intake will greatly affect the
condition of the body.12,13

According to the studies lower socio-demographic status
will delay the age of menarche, by this nutritional status
is also affected because of lack of nutrition and poor
knowledge about the food products. Because of low income
they are unable to buy the food products which are
essentially rich in vitamins and minerals which our body
needs during the reproductive life. Even the area of living
also matters because some areas will be far away from the
city or the town where grocery shops are not available where
they are living, because of difficulty in travelling they eat the
food which is available in that area.14–16

After nutrition and socioeconomic status next comes
BMI which is sensitive indicator which affects menarcheal
age. BMI has linked to early onset of puberty and
menarche. Early menarche was known to be a risk
factor for disease, such as obesity, metabolic syndrome,
cardiovascular disease, diabetes, breast cancer, as well
as increased risk of death from ischemic heart disease.
The health research community is paying attention to the
declining age of menarche. Early menarche causes the
epiphyseal plates to close prematurely, and as a result,

women who attain menarche at a young age have a shorter
final height than other women, as well as a higher risk
of cancers related to female hormones, such as breast
cancer and endometrial cancer, due to increased oestrogen
exposure.17

Hence, the current study is planned to find the menarche
age and how the nutritional status and socio-demographic
status will affect the menarche age in the adolescent girls of
selected government schools, Belagavi city, India.

2. Materials and Methods

2.1. Study design

A cross-sectional study.

2.2. Study area and period

This study was conducted at several schools of Belagavi
city, Karnataka. This study was conducted for a period of
12 months from April 2021 to April 2022.

2.3. Sample size

116.

2.4. Inclusion criteria

1. Adolescent girls of age between 12 to 16 years.
2. Girls who will give assent form and those girls whose

parents/guardian give consent was included in this
study.

2.5. Exclusion criteria

1. Girls with mental and physical disabilities were
excluded.

2. Girls who have not attained menarche.

2.6. Informed consent

Written Assent form was obtained from participants and
informed consent was obtained from Head Master.

2.7. Confidentiality

Superior care was taken to maintain the privacy and
confidentiality of the study participants.

2.8. Data collection tool

Self-administered questionnaire.

2.9. Data collection procedures

Ethical clearance was obtained from Institutional Ethical
Committee for Human Subject’s Research of J. N Medical
College. Fifteen Schools were chosen using a lottery system
and the Simple Random Sampling technique. Adolescent
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girls of age between 12- to 16-year-old were included
in research. Girls were selected from each school using
systematic random sampling by the formula. Participants
were allotted with numbers from that nth number of
participants was selected. Before data collection Principal of
respective schools was informed about the study, Informed
consent was obtained after informing all the subjects
about the study and assent form was collected from
the participants. Data collection was done by using pre-
designed semi-structured questionnaire.

2.10. Data analysis

The data collected was entered into M.S. Excel and checked
for its completeness, then coded and entered into the SPSS
software 21.0 version for analysis. The data analyzed was
expressed into percentage and mean. A chi-square test and
Fisher’s exact test was used to see the association between
age at menarche and nutritional status, socio-demographic
status, and BMI.

3. Results

Table 1 shows that mean age of menarche was 12.4±1.0
years.

Table 2 shows there was no association between age at
menarche and socio-demographic status (P value 0.05).

Table 3 shows that there was association between age
at menarche andmenarcheal characteristics i.e., body ache,
amount of blood flow, days of blood flow (P value 0.05).

Table 4 shows there was no association between age at
menarche and anthropometric measurements.

Table 5 shows that there was association between age
at menarche and nutritional status of participants. (P value
0.005 & 0.01) There was Pearson correlation between
energy, carbohydrate & fat.

Table 6 compares nutritional status of participants with
RDA, only carbohydrates was associated with RDA when
compared to other nutrients.

Table 1: Determination of age of menarche

Variable Mean Standard deviation
Menarcheal age 12.4 1.0

Among the study population, most of the participants
attained menarche in 12.4 years of age and standard
deviation was 1.0.

In the Table 2, socio-demographic factors were not
associated with age of menarche. Socio-demographic status
and age of menarche were statistically not significant (p
value 0.05).

In the Table 3, body ache, amount of blood flow, and days
of blood flow were associated with menarcheal age, while
other symptoms were not associated with menarcheal age.
(significant at the 0.05 level)

Table 2: Spearman correlation between age at menarche and
sociodemographic factors

Variable Correlation
Coefficient

(r)

p value

Occupation of the head of
the family

-0.130 0.163

Education of the head of the
family

0.031 0.745

Income of the head of the
family

-0.024 0.800

Kuppuswamy
socio-economic status scale
2021

-0.029 0.759

Birth order 0.125 0.180
Family type -0.132 0.158
Family size 0.050 0.597
No. of siblings 0.064 0.492
Religion 0.001 0.993

In the Table 4, it showed that there was no association
between menarcheal age and anthropometric measurements.

In the Table 5 correlation, nutritional status was
associated with the age of menarche. As it shows that energy
(0.05), carbohydrate (0.01), and iron (0.01) were significant
at the age of menarche and there was a Pearson correlation
between energy (Kcal), protein (g) and carbohydrate (g).
Nutritional status and menarche age both were statistically
significant factors (p values of 0.05, 0.01).

3.1. Association of nutritional status with RDA

In the Table 6, the majority of the participants’ nutritional
status was low. About 50% less nutritional status was seen
in participants when compared to RDA.

In the Table 7, when compared to RDA, only
carbohydrate was associated with menarcheal age (p value
0.05) and no other nutrients.

4. Discussion

Adolescence is a stage or era of life in which there is
a distinction between being a child and becoming an
adult. Adolescence is the transition from childhood to
adulthood. Adolescence is a period of rapid development.
Menstrual period is a major turning point in a girl’s life that
has an impact on her reproductive health and well-being.
Menarche occurs when a female adolescent experiences her
first menstrual blood flow, often known as menses. When
ovulation is not followed by fertilisation, menstruation
ensues. Menarche at a young age has been connected to an
increased risk of obesity, diabetes, risky sexual behaviour
and breast cancer, among other psychosocial, physical, and
mental health issues. As a result, it’s critical to understand
the elements that influence menarche age. The present study
was conducted among 116 school going girls aged 11 to



Belavaneki and Kour / Indian Journal of Clinical Anatomy and Physiology 2022;9(2):90–96 93

Table 3: Association between age at menarche and menarche symptoms

Variables Menarche age Total number of
students

Fisher’s
Exact p value

8-11 11-13 >=13
Dysmenorrhea Yes 0 (0.0%) 24 (44.4%) 30 (55.6%) 54 (46.6%) 4.768 0.067

No 3 (4.8%) 35 (56.5%) 24 (38.7%) 62 (53.4%)
Irregular
cycle

Yes 1 (3.8%) 12 (46.2%) 13 (50.0%) 26 (22.4%) 0.856 0.632
No 2 (2.2%) 47 (52.2%) 41 (45.6%) 90 (77.6%)

Amount of
blood flow

Scanty 1 (12.5%) 2 (25.0%) 5 (62.5%) 8 (6.9%) 9.705 0.034*
Moderate 2 (2.2%) 53 (57.0%) 38 (40.9%) 93 (80.2%)

Heavy 0 (0.0%) 4 (26.7%) 11 (73.3%) 15 (12.9%)
Inter
menstrual
period

< 21 days 0 (0.0%) 5 (62.5%) 3 (37.5%) 8(6.9%) 2.44 0.655
21-35 days 3 (3.2%) 49 (52.1%) 42 (44.7%) 94 (81.0%)
> 35 days 0 (0.0%) 5 (35.7%) 9 (64.3%) 14 (12.1%)

Days of
blood flow

< 3 days 1 (16.7%) 0 (0.0%) 5 (83.3%) 6 (5.2%) 9.330 0.041*
3-5 days 2 (2.2%) 48 (53.3%) 40 (44.4%) 90 (77.6%)
> 5days 0 (0.0%) 11 (55.0%) 9 (45.0%) 20 (17.2%)

Number of
pads used

< 3 0 (0.0%) 1 (20.0%) 4 (80.0%) 5 (4.3%) 6.129 0.175
> 5 0 (0.0%) 3 (27.3%) 8 (72.7%) 11 (86.2%)

3 - 5 days 3 (3.0%) 55 (55.0%) 42 (42.0%) 100 (9.5%)

Body ache Yes 0 (0.0%) 29 (46.0%) 34 (54.0%) 63 (54.3%) 5.401 0.044*
No 3 (5.7%) 30 (56.6%) 20 (37.7%) 53 (45.7%)

Abdominal
pain

Yes 2 (2.4%) 40 (48.2%) 41 (49.4%) 83 (71.6%) 1.216 0.569
No 1 (3.0%) 19 (57.6%) 13 (39.4%) 33 (28.4%)

Irritability Yes 0 (0.0%) 23 (48.9%) 24 (51.1%) 47 (40.5%) 2.029 0.333
No 3 (4.3%) 36 (52.2%) 30 (43.5%) 69 (59.5%)

Physical
activity

Yes 1 (1.4%) 40 (54.8%) 32 (43.8%) 73 (62.9%) 2.120 0.346
No 2 (4.7%) 19 (44.2%) 22 (51.2%) 43 (37.1%)

Do you play
sports

Yes 1 (1.6%) 32 (51.6%) 29 (46.8%) 62 (53.4%) 0.595 0.829
No 2 (3.7%) 27 (50.0%) 25 (46.3%) 54 (46.6%)

*significant 0.05 level
# Fishers extract test

Table 4: Association between menarcheal age and anthropometric measurements

Variables Menarche age Total number of
students

Fisher’s
Exact p value

8-11 11-13 >=13

BMI

Underweight 1(1.9%) 28(52.8%) 24(45.3%) 53 (45.7%) 6.413 0.435
Normal 2(3.6%) 26(46.4%) 28(50.0%) 56 (48.3%)

Overweight 0(0.0%) 4(100.0%) 0(0.0%) 4 (3.5%)
Obesity 0(0.0%) 1(33.3%) 2(66.7%) 3 (2.6%)

Waist-hip ratio
Low 0 (0.0%) 16 (64.0%) 9 (36.0%) 25 (21.6%) 3.874 0.403

Normal 2 (4.3%) 24 (52.2%) 20 (43.5%) 46 (39.7%)
High 1 (2.2%) 19 (42.2%) 25 (55.6%) 45 (38.8%)

Body density
Low 0 (0.0%) 4 (66.7%) 2 (33.3%) 6 (5.2%) 1.734 0.794

Normal 3 (2.9%) 50 (49.0%) 49 (48.0%) 102 (87.9%)
High 0 (0.0%) 5 (62.5%) 3 (37.5%) 8 (6.9%)

Skin fold
thickness

Lean 2 (2.1%) 51 (53.7%) 42 (44.2%) 95 (81.9%) 3.786 0.469
Normal 1 (5.6%) 7 (38.9%) 10 (55.6%) 18 (15.5%)
Good 0 (0.0%) 1 (33.3%) 2 (66.7%) 3 (2.6%)

Percentage of
body fat

<18 0 (0.0%) 2 (50.0%) 2 (50.0%) 4 (3.4%) 2.553 0.706
18-22 2 (5.3%) 18 (47.4%) 18 (47.4%) 38 (32.8%)
>23 1 (1.4%) 39 (52.7%) 34 (45.9%) 74 (63.8%)
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Table 5: Association between age at menarche and nutritional status

Variable Correlation Coefficient (r) p value
Pulses 0.103 0.273
Milk and its products 0.180 0.053
Green leafy vegetable 0.180 0.056
Other vegetables 0.074 0.436
Roots and tubers -0.031 0.751
Fruits -0.047 0.618
Meat and meat products 0.094 0.315
Egg 0.069 0.462
Chicken 0.066 0.484
Fish 0.028 0.766
Sugar and jiggery 0.139 0.136
Fats and oils 0.139 0.136
Nuts 0.066 0.482
Energy (Kcal)# -0.204 0.028*
Protein (g)# -0.061 0.517
Carbohydrate (g)# -0.301 0.001**
Fat (g) -0.108 0.247
Calcium (mg) -0.066 0.482
Iron (mg) -0.253 0.006**
* Significant at 0.05 level
** significant at 0.01 level
# Pearson Correlation

Table 6: Comparison of energy, protein, calcium and iron with RDA

V ariables Menarche age Total number of
students8-11 11-13 >=13

Energy Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Protein Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Calcium Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)
Iron Low nutrients 3 (2.6%) 59 (50.9%) 54 (46.6%) 116 (100.0%)

Table 7: Comparison of carbohydrate and fat with RDA

Variables Menarche age Total number of
students

Fisher’s
Exact p value8-11 11-13 >=13

Carbohydrate
Low

nutrients
1 (3.0%) 13 (39.4%) 19 (57.6%) 33 (28.4%) 9.034 0.032*

Normal
nutrients

2 (3.6%) 25 (45.5%) 28 (50.9%) 55 (47.4%)

Over
nutrients

0 (0.0%) 21 (75.0%) 7 (25.0%) 28 (24.1%)

Fat
Low

nutrients
3 (3.1%) 48 (49.0%) 47 (48.0%) 98 (84.5%) 3.353 0.817

Normal
nutrients

0 (0.0%) 10 (58.8%) 7 (41.2%) 17 (14.7%)

Over
nutrients

0 (0.0%) 1 (100.0%) 0 (0.0%) 1 (0.9%)
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16 years to determine the age at menarche and to find the
age at menarche is associated with nutrition and socio-
demographic status of individuals.

4.1. Correlation between menarcheal age,
socio-demographic and economic position

In the present study, the majority of the participants were
in the age group of 13-14 years. Most of the participants
were from Hindu families (86.2%), while participants were
from Muslim families (8.6%) and Christian families (5.2%).
Nuclear families account for 77.6% of all participants, while
joint families are less common. 80% of the participants
belong to small families with 3-5 members. Most of the
participants (85.3%) fall into the upper lower class socio-
economic class. This showed that there was no association
with age at menarche and sociodemographic status. These
findings are different from a study conducted in Madhya
Pradesh which showed the socio-demographic status of
the participants, 93.3% of adolescent girls belonged to the
Hindu community. Most girls (61%) come from nuclear
family. The family size of most girls (50%) was small, with
3-5 members.6

In the present study, most of the girls
attained menarche in lower socio-economic status.
The average age at menarche was 12.1±1.19.
The remaining participants’ mean age at menarche was also
similar, because this study was conducted in government
schools. It shows that there was no association between age
at menarche and socioeconomic status. A study conducted
among 350 adolescent girls in Kerala showed higher
socioeconomic status attained early menarche compared to
lower socioeconomic status.15

4.2. Age at menarche

Most of the participants attained menarche in 12.4±1.0
years. Menarche occurred in 17 (14.0%) of the girls between
10–11 years of age, 98 (84.45%) of the girls between 12–14
years of age, and 1 (0.86%) of the girls between 15–17 years
of age, with the minimum and maximum ages of menarche
being 10.0 and 15 years. These findings are more or less
similar to a study conducted in Kerala, where the majority
(60.9%) reached menarche between the ages of 11 and 13
years. The average age of menarche was 12.1±1.19 years.
The minimum and maximum age of menarche were 8 years,
10 months, and 16 years, 1 month.15 The average age of
menarche was 12.87±1.17 years.18 It shows that there is a
declining trend in the age at menarche.

4.3. Association between anthropometric measurements
and age at menarche

In the present study, 45.6%, 48.2%, 3.4%, and 2.9%
were underweight, normal weight, overweight, and obese,
respectively. This study showed that there was no

association with age at menarche and BMI (p value-
0.121). This is similar to a study conducted in Mangalore,
which also showed no association with age at menarche
and BMI. A study conducted among 400 schoolgirls in
the northwest of Iran showed that there was a positive
correlation between age at menarche and BMI.18 There
was one more study conducted in two schools in Lahore,
concluded that there was an association between age at
menarche and BMI, menarcheal age falls as one’s BMI
rises. There was no association between anthropometric
measurements and menstrual age. This inverse relationship
has been demonstrated.17

4.4. Association between menarcheal age and
nutritional status

In the present study, non-vegetarian participants were more
prone to being overweight compared to vegetarians, and
there was no correlation between menarcheal age and
dietary pattern. This was similar to study conducted within
Madhya Pradesh between the age groups of 19 and 25,
but it showed non-vegetarians were more prone to being
overweight compared to vegetarians.6

In the present study, energy, carbohydrates, and iron
were significant (p values 0.05 and 0.01). They showed
that nutritional status was strongly correlated with age at
menarche; the higher the nutritional status, the lower the
age at menarche. This was similar to a study conducted
among 250 female adolescents in South Delhi, where it was
also shown that nutritional status was associated with age
at menarche.13 But when nutritional status was compared
with RDA, the majority of the participants fall underweight
because of low calories, low protein, low fat, low calcium,
and low iron, and only carbohydrate daily needs were
normal in participants when compared to RDA. Most of
the participants were anaemic in this study because of low
nutritional requirements, especially iron.

4.5. Association between menarcheal age and
menarche characteristics

In this study, body ache was strongly associated with
menarcheal age when compared to other symptoms, and
the amount of blood flow and days of blood
flow were also associated with menarcheal age. A
similar study was conducted in Nigeria among
450 adolescent girls. This showed that dysmenorrhea
was associated with menarcheal age.

5. Limitation

The study’s key drawbacks were that it was conducted only
in government schools with a limited sample group, so it
was only true in these observations, but it could be different
in the urban population. This was a questionnaire-based
study, so the results were solely dependent on the subjects’
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responses. However, we should have double-checked with
their parents. I was unable to complete it.

6. Recomendations

1. There was a need for information about menstruation,
especially before the onset of menarche.

2. Mothers should be encouraged to discuss this with
their daughters before reaching menarche to dispel the
anxiety associated with menarche.

3. Facts about menstruation and its physiology.
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Introduction
Over the past four decades, the prevalence of 
hypertension, obesity, metabolic syndrome, diabetes, 
and kidney disease, has drastically increased. In parallel 
to the dramatic rise in the prevalence of these diseases, 
a similar increase in the consumption of fructose has 
occurred.[1] Overconsumption of fructose, particularly in 
the form of soft drinks, is increasingly recognized as a 
public health concern, while fructose is a simple sugar 
that exists naturally in fruits and vegetables. The majority 
of dietary fructose comes from two sweeteners, sucrose 
and high-fructose corn syrup, which are commonly used 
in manufactured foods and beverages. Animal studies 
have shown a clear relationship between sugar intake 
and the development of increased heart rate (HR) and 
hypertension, elevated plasma triglycerides, insulin 
resistance, hyperinsulinemia, development of cardiac 
hypertrophy, and reduced baroreceptor sensitivity.[2-4] 

Ingestion of glucose increases cardiac output (CO) 
without change in blood pressure (BP) and reduces 
total peripheral resistance (TPR), and fructose ingestion 
increases HR, BP, and CO but without compensatory 
reduction in TPR, which leads to cardiovascular diseases 

Cardiac autonomic reactivity to acute ingestion of 
glucose and fructose in healthy subjects
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ABSTRACT
Context: Excess intake of fructose in the form of soft drinks and corn syrup is increasing and considered as an interest of community 
health. The effects on the cardiovascular system due to acute intake of these sugars have not well‑studied in humans. Animal 
studies show a clear relation between ingestion of simple sugar and pathogenesis of hypertension and metabolic disorders. Ingestion 
of glucose increases cardiac output (CO) without change in blood pressure (BP) and reduces total peripheral resistance (TPR). 
Fructose increases heart rate (HR), BP, and CO without reduction in TPR. Aims: This study aimed to evaluate the cardiac autonomic 
reactivity by HR variability (HRV) of basal and after ingestion of water, glucose, and fructose. Settings and Design: Randomized 
crossover study. Subjects and Methods: The study included 30 healthy both‑gender subjects of age 18–24 years. In three separate 
sessions, HRV responses to one of the three test drinks were measured. (1) plain water, (2) 60 g glucose, and (3) 60 g fructose. 
Each drink is made up of 500 ml solution by addition of water. Statistical Analysis Used: Analysis was performed by two‑way 
ANOVA. Results: Fructose ingestion showed decreased RR interval (RRI) (696.8 ± 102.7), increased Low frequency power (LF)/
High frequency power (HF) (0.94 ± 0.2) compared to glucose (RRI: 747.0 ± 75.1, LF/HF: 0.89 ± 0.3) and water (RRI: 877.1 ± 107.0, 
LF/HF: 0.84 ± 0.1). Conclusions: Acute consumption of these simple sugars may result in different cardiac autonomic responses, 
fructose stimulating decreased vagal response.
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such as hypertension, cardiomyopathy, and cardiac 
failure.[5]

Based on this, few human studies have shown that 
fructose may cause a variety of metabolic effects, such 
as lactic acidosis, lipogenesis, hypertriglyceridemia, 
liver injury, high BP, insulin resistance, and increased 
weight gain.[6]

Water drinking activates the autonomic nervous 
system (ANS) and induces acute hemodynamic changes 
such as an increase in HR and TPR. Water drinking 
simultaneously increases sympathetic vasoconstrictor 
activity and cardiacvagal tone.[7]

The last two decades have witnessed the recognition 
of a signif icant relationship between the ANS 
and cardiovascular mortality, including sudden 
cardiac death. Furthermore, experimental evidence 
showed an association between propensity for lethal 
arrhythmias and signs of either increased sympathetic 
or reduced vagal activity had spurred efforts for the 
development of quantitative markers of autonomic 
activity.[8] These cardiac autonomic changes are not 
well studied in humans using HR variability (HRV) 
after acute ingestion of these two simple sugars. HRV 
represents one of the most promising markers being 
noninvasive, can detect early disturbances in cardiac 
ANS. By this study, its simple to detect risk factors 
and further prevent many cardiovascular diseases. 
Thus, the present study aims to determine the 

cardiovascular autonomic responses to oral ingestion 
of water, glucose, and fructose in a randomized 
crossover study.

Subjects and Methods
The study was conducted in the department of physiology, 
from July to September 2015.This randomized crossover 
study included a total of 30 healthy subjects of both 
genders, between the age group of 18 and 24 years, 
from the same institution.

Exclusion criteria
Subjects with any systemic illness, history of taking any 
medication affecting autonomic regulation, smoking, and 
alcohol intake.

Procedure
Institutional ethical clearance is obtained from the same 
institution, and written informed consent from each 
subject was obtained. The participants were requested 
to avoid alcohol or caffeine for 24 h and were studied 
in the morning after an overnight (12 h) fast. Subjects 
were also asked to empty their bladders immediately 
before the experiment. All measurements are performed 
in a temperature-controlled quiet laboratory. Every 
subject attends three separate experimental sessions 
randomly (each session was separated by at least 3 days) 
according to a randomized crossover design. Following 
anthropometric parameters were recorded on 1st day.

Figure 1: Mean RR interval (in ms) of subjects for all time and drink types
Figure 2: Low- to high-frequency ratio (in nu) of subjects for all time and 
drink types

Figure 3: Low- to high-frequency ratio (in nu) of subjects for water drink 
type and all time

Figure 4: Low- to high-frequency ratio (in nu) of subjects for glucose drink 
type and all time
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1. Height (in centimeters)
2. Weight (in kilograms)
3. Body mass index (BMI) (kilogram/meter square).

At each experimental session, the responses to one of 
three test drinks were measured.

The drinks tested were:
1. water (normal temperature)
2. Water containing 60 g glucose and
3. Water containing 60 g fructose.

Each drink contained 10 ml lemon juice (to provide a more 
uniform taste) and is made up to a total of 500 ml by the 
addition of distilled water. The subjects were not told the 
order of the drinks. Each subject was studied while sitting 
in a comfortable armchair. Instruments for cardiovascular 
monitoring INCO IV Channel Data Acquisition system 
were attached. After the rest period (supine rest for 5 min), 
5 min of basal HRV recording was taken. The subject 
was given a test drink to consume for 4 to 5 min. Then, 
postdrink recordings of HRV parameters for 5 min, were 
recorded immediately, after the first 30 min, and then the 
end of 2 h. Every subject ingested each drink without any 
problems such as nausea or any unpleasant sensations.[8]

Parameters of HRV: Included were
1) Time domain – mean RR interval: (mRRI)
2) Frequency domain – Low-frequency power (LF)/

High-frequency power (HF): LF/HF ratio.

A sampling rate of 500 Hz was used. The fiducial point 
of the R wave was identified by an algorithm of parabolic 
interpolation and a derivative plus threshold algorithm to 
locate a stable and noise-independent reference point. 
The last 512 stationary  RR  interval (RRI) were obtained 
for HRV analysis. If the percentage of deletion was more 
than 5%, then the subject was excluded from the study. 
The power spectrum of 512 RRIs was obtained by means 
of fast Fourier transformation.

Significance of each parameter:[9]

• Increased mRRI indicates low HR, used as the index 
of cardiac vagal modulation

• The low-/high-frequency power ratio (LHR = LF/HF) 
as the index of sympathovagal balance.

Results
Collected data were analyzed using SPSS software 
window version 20 (IBM SPSS window version 20 
statistics software, Bangalore, Karnataka, India). The 
basic anthropometric parameters (age, body height, body 
weight, and BMI), cardiac ANS responses, BP, and HRV 
parameters (mean RRI and LF/HF) were presented as 
Mean ± standard deviation (M ± SD).

Statistical analysis was performed by two-way ANOVA 
test for repeated measures with time (postdrink period) 
and treatment (drink type) as intrasubject factors. 
When significant differences were found, the effects 
of each drink over time were analyzed by comparing 
values at each time point over the post-drink period 
with the basal values recorded using Dunnett’s test for 
multiple comparisons. Responses to each type of drink 
within-subjects were calculated by one-way repeated 
measures ANOVA followed by paired t‑test. P < 0.05 was 
considered statistically significant.

Subjects mean age 20.32 ± 0.81 years and BMI was 
20.94 ± 1.23 kg/m2.

Participants cardiovascular autonomic nervous 
system responses to the water and simple sugar 
drinks
All the values are presented in mean ± SD. * P < 0.05.

One-way repeated measures ANOVA revealed no 
statistical significant difference between water and 
glucose with time of ingestion for mRRI parameter. F = df 
(1.070, 31.041) = 4.314, P = 0.06 and F = df (2.043, 
59.23) = 1.942, P = 0.152, respectively.

Figure 5: Mean RR interval mRRI (in ms) of subjects for fructose drink 
type and all time

Figure 6: Low- to high-frequency ratio (in nu) of subjects for fructose drink 
type and all time
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Two-way repeated measures ANOVA showed a 
statistically significant difference between the type of 
drink and time of ingestion for mRRI parameter. F = df 
(2.519, 73.04) = 5.34, P = 0.004. Post hoc Bonferroni test 
indicated that on fructose ingestion, mRRI was reduced 
immediately, after 30 min and 2 h post-drink period 
compared to glucose and water for respective times.

All the values are in mean ± SD. * P < 0.05.

Two-way repeated measure ANOVA revealed a 
statistically significant difference between the type of 
drink and time of ingestion for low- to high-frequency 
ratio (LHR) parameter. F = df (1.00, 29.001) = 2.086, 
P = 0.01. Post hoc Bonferroni test indicated that on 
fructose ingestion, LHR was increased immediately, after 
30 min and 2 h post-drink period compared to glucose 
and water for respective times.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between water 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.081, 31.20) =13.20, P = 0.001. Post hoc test 
indicated that on water ingestion, LHR was decreased 
immediately (P = 0.02) and after 30 min (P = 0.001) 
compared to basal reading. And was increased 
significantly (P = 0.003) after 2 h of postdrink.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between glucose 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.549, 44.918) =24.34, P = 0.000. Post hoc 
test indicated that on glucose ingestion, LHR was 
increased immediately, after 30 min and decreased 
significantly after 2 h (P = 0.00) compared to basal 
reading.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between fructose 
ingestion and time of ingestion for mRRI parameter. F = 
df (1.473, 42.42) = 66.63, P = 0.00.

mRRI was decreased consistently from basal level to 
immediate, after 30 min and 2 h of post drink. The mean 
difference was from basal to end of 2 h was 174 ms.

All the values are in mean ± SD.

One-way repeated measures ANOVA revealed a 
statistically significant difference between fructose 
ingestion and time of ingestion for the LHR parameter. 
F = df (1.574, 45.66) = 31.78, P = 0.000. Post hoc test 
indicated that on fructose ingestion, LHR was increased 
immediately, after 30 min and 2 h compared to basal 
reading.

Figures 1 and 2 represents Mean RR interval (in ms) 
and Low-to high-frequency ratio (in nu) of subjects for all 
time and drink types respectively. Figures 3 and 4 depicts 
Low-to high-frequency ratio (in nu) of subjects for water  
and glucose drink respectively.

Figures 5 and 6 shows Mean RR interval (in ms) and 
Low-to high-frequency ratio (in nu) of subjects for fructose 
drink type and all time.

Discussion
The primary endpoint was that on fructose ingestion, 
mRRI was decreased (increased HR), and LHR was 
increased persistently from baseline to the end of 2 h 
compared to glucose. This suggests the withdrawal 
of cardiovagal tone and elevation in sympathetic tone 
to the heart. On glucose and water ingestion mRRI 
remained the same, but LHR was increased for 30 min 
from baseline suggesting sympathetic dominance, which 
returned to basal value at the end of 2 h. Our results 
are consistent with previous studies. Animal studies 
have shown the cardiovascular effects after fructose 
ingestion such as hypertension, cardiomyopathy, 
and metabolic abnormalities such as insulinemia and 
hypertriglyceridemia.[2-4] A study showed compared to 
glucose, fructose induced sustained increase in BP 
and reduction in LHR even at the end of 2 h, probably 
mediated by an increase in CO without a compensatory 
increase in TPR indicating cardiovagal withdrawal.[5] 
Similarly, in impaired glucose tolerance in human and 
animal studies, sympathetic responses to fructose 
were demonstrated the fructose-induced sympathetic 
activation where fructose was given orally, was not 
administered parentally.[10] Increased LHR was noted in 
a study after glucose ingestion.[11] Water ingestion had no 
effect on HRV parameters; in contrast, few studies have 
shown the opposite results. Water ingestion increased 
HF and reduced HR without change in BP, indicating a 
good vagal tone.[7,12]

The mechanism of the cardiac sympathetic stimulation 
following ingestion of glucose and fructose remains 
to be established. An animal study showed that 
high-fructose diets upregulate sodium and chloride 
transporters, resulting in a state of salt overload that 
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increases BP. Excess fructose has also been found to 
activate vasoconstrictors, inactivate vasodilators, and 
overstimulate the sympathetic nervous system.[13]

Conclusions
Acute consumption of simple sugars may result in 
stimulated cardiac autonomic responses, fructose 
stimulating decreased vagal response, and increased 
sympathetic activity compared to glucose in healthy 
subjects.

Limitations of the study
• Smaller sample size
• No gender, BMI, genetic background differentiation.

Strengths of the study
• Simple and noninvasive test to predict risk factors of 

cardiovascular diseases such as hypertension
• The intrasubject study, no bias. (crossover design in 

which every subject was exposed to each of the test 
drinks.)

• Future scope for effects on chronic ingestion in 
humans.
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ABSTRACT

Background: Cardiorespiratory endurance is the most important component of health fitness concerned with the aerobic 
efficiency of the body. The VO2 max (maximum oxygen uptake) is the criterion measure of cardiorespiratory fitness that 
determines amount of oxygen consumed per kilogram of body weight per minute of exercise. Aim and Objectives: The aim 
and objective of the study is (1). To assess the heart rate and VO2 max among Indian wrestlers and age and sex-matched healthy 
controls and (2). To find the correlation between resting heart rate and VO2 max (if any). Materials and Methods: About 
35 wrestlers aged between 18 and 25 years practicing in district stadium Belgaum and 35 age and sex-matched students 
of KLE University, Belgaum were enrolled as controls. Resting heart rate was measured, and cardiorespiratory endurance 
test was done on treadmill to calculate the VO2 max using Bruce protocol. Results: The data were analyzed using Student 
unpaired “t-test” (P < 0.05 was considered as significant). Karl Pearson’s correlation coefficient was used to evaluate 
strength of association between heart rate and VO2 max. The mean resting heart rate of players was significantly less 
than that of the controls (P < 0.001). Mean VO2 max was significantly higher in wrestlers than in the controls (P < 
0.001). Negative correlation was found between the resting heart rate and VO2 max among the wrestler’s and controls. 
Conclusion: The higher VO2 max in the wrestlers can be attributed to the duration of training which causes greater increase 
in cardiac output and arteriovenous O2 difference. Resting heart rate of the wrestlers was found to be lower than that of the 
sedentary people. High VO2 max and low resting heart rate are both associated with cardiovascular fitness and common 
among endurance players. These could be beneficial tools for trained wrestlers looking to improve their performance.

KEY WORDS: Wrestlers; Cardiorespiratory Endurance; VO2max

INTRODUCTION

Wrestling consists of high intensity efforts combined with 
brief periods of mild- to moderate-intensity work or resting 
indicated by effort of the wrestler to sustain physical control 

Access this article online
Website: www.njppp.com Quick Response code

DOI: 10.5455/njppp.2022.12.11423202116122021

National Journal of Physiology, Pharmacy and Pharmacology Online 2021. © 2021 Savita S Hiremath, et al. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creative commons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to 
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

over opponent.[1,2] Wrestling is type of conflict sport that 
requires more effort and a high degree of compatibility 
between the efficiency of the internal organs in the body 
and the physical effort exerted in order so that the wrestler 
is able to achieve the physiological requirements of 
performance. It is an alternating physical exercise of flexible 
intensity.[3] Wrestling is characterized by speedy, fiery attacks 
and counterattacks which are executed repetitively.[4] Both 
anaerobic and aerobic energy systems, like many other sports 
are employed to a various degree in wrestling.[4-6] The short 
and quick bursts of maximal power during the match are 
provided by anaerobic system, whereas the aerobic system 
contributes to the wrestler’s ability to sustain effort for 
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the entire duration of the match.[6,7] A success in wrestling 
requires highly advanced capabilities of maximal strength, 
power, muscular endurance, anaerobic capabilities, speed, 
lactate tolerance, and maximal aerobic power.[8] Thus, the 
cardiorespiratory system is an energetic system in body of 
athletes who play combat sports commonly and wrestling 
especially because it involves many portents on the 
preparedness to bear the load of training.

Aim and Objectives

1. To assess the heart rate and VO2 max among wrestlers 
and healthy controls. and

2. To find the correlation between resting heart rate and 
VO2 max (if any).

MATERIALS AND METHODS

About 35 wrestlers aged between 18 and 25 years practicing 
regularly at district stadium, Belgaum were recruited. 35 
age and sex-matched students of other constituent units, 
Belgaum were enrolled as controls. It was a cross-sectional 
study conducted in Department of Physiology, J N Medical 
College, Belgaum. Ethical clearance was sanctioned by JNMC 
Institutional Ethics Committee on human subject’s research. 
The subjects were divided into two groups depending on 
number of years of training. Group A consisted of wrestlers 
with >4 years of training and Group B consisted of wrestlers 
with <4 years of training. They were briefed about the type 
of study and written informed consent was taken. Basal heart 
rate was measured and cardiorespiratory endurance test was 
done on treadmill to calculate the VO2 max using Bruce 
protocol selection criteria.

Inclusion Criteria

1. All the wrestlers in the age group of 18–25 years who 
were trained and and practicing regularly for a minimum 
period of 2 years

2. In the comparative group, age and sex (18–25 years) 
matched subjects coming from same region who were 
not trained or carrying out any regular exercise were 
selected randomly.

Exclusion Criteria

1. Subjects with neuromuscular, respiratory, endocrine, 
cardiac, disorders among players and comparative group

2. From comparative group subjects who were regularly 
doing physical exercise, meditation or undergoing any 
sports training.

Procedure

Basal heart rate was calculated by checking pulse for 1 min 
and blood pressure (BP) was measured by Omron digital 

BP apparatus. A motor driven treadmill (Model-Fitness 
world 3000, manufacturers-Square cut, Belgaum) was used 
to perform cardiorespiratory endurance test using Bruce 
protocol which is regularly used treadmill exercise stress 
test to estimate cardiovascular fitness and calculate the 
VO2 max (maximum oxygen uptake).[9-11] The test starts at 
2.74 km/h (1.7 mph) and at a gradient (or incline) of 10%. 
The inclination of the treadmill was increased by 2%, at 
3 min intervals and the speed increased as shown in the Table 
below. Subjects were asked to perform with maximum effort 
and notify on tiredness.

Stage Speed (km/h) Speed (mph) Gradient
1 2.74 1.7 10
2 4.02 2.5 12
3 5.47 3.4 14
4 6.76 4.2 16
5 8.05 5.0 18
6 8.85 5.5 20
7 9.65 6.0 22
8 10.46 6.5 24
9 11.26 7.0 26
10 12.07 7.5 28

The scoring was observed by the time taken for the test, in 
minutes. Which was then converted using following formula, 
VO2 max (ml/kg/min) = 14.76 −(1.379 × T) ± (0.451 × T²) − 
(0.012 × T³) where the value “T” is the total time completed 
(expressed in minutes and fractions of a minute, e.g. (9 min 
15 s = 9.15 min). to an estimated VO2 max score.

Data and Statistical Analysis

Data were statistically analyzed, which convoluted 
quantitative variables summarized through mean and 
standard deviation. Students unpaired “t” was used to test 
difference between the mean of the two groups, where the 
(P < 0.05) was statistically significant. The strength of 
association between heart rate and VO2 max was evaluated 
by Karl Pearson’s correlation coefficient.

RESULTS

Table 1 shows the mean of the parameters which was 
found using Student unpaired’ test. The resting heart rate 
of wrestlers was significantly less compared than that of 

Table 1: Resting heart rate and VO2 max of wrestlers and 
controls

Variables Wrestlers Controls P-values
HR (bpm) 65.4±9.04 85.8±5.67 <0.001*
VO2 max (ml/kg/min) 57.9±7.39 39.4±0.6.57 <0.001*
*P value significance ≤0.05
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the controls s (P < 0.05 was considered as significant). 
Mean VO2 max was significantly higher in players than 
in the controls. Table 2 shows the assessment of basal 
heart rate and VO2 max among the two wrestler groups. 
The in HR of the group A was lesser than group B, 
similarly group A had higher Mean Maximum Oxygen 
uptake (VO2 max) than group B both were statistically 
significant (P < 0.05). Figure 1 illustrates the assessment 
of cardiorespiratory fitness among the wrestlers and the 
controls. VO2 max-maximum oxygen uptake mean was 
higher for wrestlers and was statistically significant. 
Figure 2 illustrates the assessment of cardiorespiratory 
fitness (VO2 max) among the two wrestler groups it 
was statistically significant and higher for group A than 
group B.

DISCUSSION

Heart rate being easy to measure, even though the HR changes 
during and after cessation of exercise have been used as 
marker of cardiovascular health; it is only in recent past few 
years that resting HR has gained importance as a powerful 
marker of cardiovascular health.[9] In healthy adults resting 
heart rate ranges from 60 to 80 beats/min. It may be as high 
as 100 beats/min in sedentary and middle-aged individuals. 
In elite endurance athletes heart rates as low as 28–40 beats/
min have been recorded.[8]

In the present study, the resting heart rate was significantly 
lower wrestlers as compared controls, which can be 
attributed to their longer training duration. Results of 
cardiorespiratory fitness tested by Bruce protocol using 
Treadmill was considerably higher in wrestlers than in 
the sedentary controls. It is in constant with preceding 
studies were elite junior wrestlers had 51.2 ml/kg/min, elite 
Canadian wrestler showed 50.25 ml/kg/min, elite Japanese 
wrestlers had 55.6 ml/kg/min and Turkish wrestlers 
had 43.25 ml/kg/min. senior Korean wrestlers showed 
60.24 ml/kg/min.[6,8,12] The results are comparable to some 
of the reviewing studies relating peak VO2 max between 
elite and non-elite wrestlers which also did not discover 
significant differences in VO2 max.[13,14]

Limitations and Future Scope

With the above findings present study proposes that future 
studies be undertaken:
•	 To increase the sample size
•	 To compare physical fitness with the sports specific 

skills between the two types of wrestling
•	 Plus may include additional parameters like 

Electromyography, whole body reaction time
•	 Further, physical fitness and psychological factors 

which might affect the performance of wrestlers need 
to be correlated. Since yoga and meditation are known 
to improve flexibility, concentration and quickness it is 
advisable to incorporate yoga and meditation as a part of 
their training.

CONCLUSION

The data analyzed suggests that the higher VO2 max in the 
players can be credited to the duration of training which 
improves the cardiac output. Aerobic training increases 
muscle blood flow, capillarization of muscle tissue, levels 
of aerobic enzymes, mitochondrial number, size, surface 
area and myoglobin content. These contribute to improved 
oxygen extraction by muscle.[14,15] Resting heart rate of the 
athletes was found to be lower than that of the sedentary 
people. Negative correlation was found between the resting 
heart rate and VO2 max among the wrestlers and controls. 

Table 2: Assessment of basal heart rate and mean VO2 
max of the wrestler groups. Group A n=24 (≥4 years), 

Group B n=11(<4 years)
Variables Group A 

(≥4 years)
Group B 

(<4 years)
P-value

HR (bpm) 60.6±5.49 75.8±5.96 <0.001*
Total test time (sec) 20.6±6.53 14.1±1.76 <0.001*
VO2 max (ml/kg/min) 60.9±6.89 51.4±2.70 <0.001*
*P value significance ≤0.05
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Figure 2: Cardiorespiratory fitness of the two wrestlers’ groups
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Low resting heart rate and High VO2 max are both related 
with cardiovascular fitness and mutual among endurance 
players. These findings could be used as valuable tools for 
trained wrestlers considering to improve their performance.
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Background: Diabetic nephropathy is one of the major consequences of diabetes mellitus and is defined as the progressive development 

of renal insufficiency in the setting of hyperglycaemia. Poor glycaemic control, inflammation, and oxidative stress are the primary 

mechanisms behind the pathogenesis of diabetic nephropathy in diabetic patients. Ranolazine is an anti-anginal drug shown anti-

diabetic and anti-inflammatory effects in few preclinical and clinical trials in diabetes and coronary artery diseases. In the present study, 

we aimed to investigate the renoprotecive efficacy of ranolazine in ameliorating diabetic nephropathy in a rat model of streptozotocin 

induced diabetes 

 

Methods: Male Wistar albino rats weighing 200±20 grams were used for our study. They were divided randomly into four groups of 

eight. Diabetic nephropathy was induced in three groups by injecting a single dose of 45 mg/kg streptozotocin. Distilled water (normal 

control), metformin 180mg/kg (metformin-treated group), and ranolazine 45mg/kg (Ranolazine treated group) were administered orally 

for 8 weeks and diabetic rats in the diabetic control group remained untreated. After the administration of ranolazine, weekly random 

blood glucose (RBS), HbA1c%, serum creatinine level, and urine albumin were examined. At the end of the experiment, rats were 

euthanized, and the serum was analyzed for TNF-α, IL-6, and CRP levels, and kidney sections were analyzed using hematoxylin and 

eosin (H & E) and PAS stain. Induction of diabetic nephropathy was confirmed by histopathological examination of the kidney. 

 

Results: Ranolazine monotherapy significantly reduced random blood glucose(p<0.0001), HbA1c%, urine albumin,  serum creatinine, 

and inflammatory markers like CRP, IL-6, and TNF-α (p≤0.001) as compared to the diabetic control group. Histopathological 

examination of the rat kidneys showed ranolazine was successful in preventing the changes in diabetic nephropathy such as basement 

membrane thickening, mesangial matrix expansion, interstitial nephritis, and focal tubular necrosis as compared to the diabetic control 

rats.  

 

Conclusions: Ranolazine demonstrated renoprotection by significantly ameliorating diabetic nephropathy in a chronic model of 

streptozotocin-induced diabetes and needs further evaluation for its use in diabetic nephropathy. 

 

Keywords: Ranolazine, Diabetes, Diabetic Nephropathy, Histopathology, Kidney disease STZ-induced diabetes 

 

INTRODUCTION 
Diabetic nephropathy (DNP) is a microvascular complication of type 1 and type 2 diabetes and is one of the major causes 

of renal failure.1 More than 40% of diabetes patients develop chronic kidney disease, and most of them require renal 

replacement therapy because of renal failure.2 DNP is characterized by albuminuria (proteinuria), hyperfiltration, 

hyperpermeability to macromolecules, and end-stage renal failure.3 The kidney damage caused by DNP is histologically 

indicated by the thickening of the glomerular basement membrane, mesangial matrix expansion, macrophage infiltration, 

podocyte loss, and tubular epithelial degeneration.4 DNP progression and tissue damage are exacerbated by poor glucose 

control, advanced glycation end products (AGEs), genetic predisposition, renin-angiotensin system activation, reactive 

oxygen species (ROS), and oxidative stress.5 In the early stages of DNP, there seem to be no symptoms or indicators.6 As 

the disease progresses, changes in blood pressure, fluid balance, and increased excretion of urine albumin are observed, 

and chronically raised blood glucose levels and inflammatory indicators affect the kidney's ability to filter blood.6 In 

response to chronic hyperglycemia and AGE (Advanced Glycation End Products) accumulation, the renal parenchyma 

secretes monocyte chemoattractant protein (MCP-1) that attracts other immune cells to the kidneys. Monocytes activate 

and differentiate MCP-1 and start releasing inflammatory cytokines and reactive oxygen species (ROS).7 Pro-

inflammatory cytokines such as interleukin-1, interleukin-6, and interleukin-8, as well as CRP and ROS, cause renal 

parenchymal cell death and necrosis, as shown in Figure 1.8 Profibrotic growth factors such as transforming growth factor 

and vascular endothelial growth factor (VEGF) encourage the formation of myofibroblasts, leading to fibroblast 
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proliferation and extracellular matrix deposition.8 Currently, ACE inhibitors and ARB-1 are proven valuable in the 

management of DNP. These medications, on the other hand, are ineffective in preventing diabetic nephropathy.9 Many 

drugs have demonstrated therapeutic benefits in animal research but have failed in clinical trials because of a lack of 

efficacy or safety concerns. There is a significant unmet demand in this therapeutic area. As a result, it was of interest to 

investigate novel agents for diabetic nephropathy therapy.10 

 

 

                                                   Fig.1: Pathophysiology of Diabetic nephropathy 

 

Ranolazine is an anti-ischemic and antianginal drug prescribed for chronic angina treatment along with other antianginal 

medications.11 Clinical trials have proven ranolazine to have positive metabolic benefits in diabetic people, as evidenced 

by considerable reductions in HbA1c levels.12 The anti-diabetic action of ranolazine is due to the blockade of specific 

NaCh in alpha cells of the pancreas, which has glucagon- and glucose-lowering effects in animal models of diabetes.13 

Few in vivo studies have demonstrated the anti-inflammatory efficacy of ranolazine in various animal models.14,15 

Evidence suggests that the anti-diabetic and anti-inflammatory effects of ranolazine can help with the consequences of 

post-diabetic complications.16,17  

 

Pharmacological treatment for diabetic nephropathy now relies on medications that affect the renin-angiotensin system. 

Despite the availability of many medications, there is a need for the development of drugs that can slow down the 

progression of the disease. Considering the disease's burden and the significance of inflammation in the pathogenesis of 

the disease, anti-diabetic drugs with additional anti-inflammatory actions can be investigated since they would benefit 

patients with comorbid conditions. Pre-clinical investigations demonstrated that ranolazine, an antianginal medication, 

has antihyperglycemic and anti-inflammatory characteristics. However, there is no evidence of animal studies that have 

tested the anti-diabetic and anti-inflammatory efficacy of ranolazine in preventing diabetic nephropathy. The present 

study investigates the Renoprotective efficacy of ranolazine in ameliorating diabetic nephropathy in a rat model of 

streptozotocin-induced diabetes via estimation of blood and urine glucose, inflammatory markers, renal functions, and 

renal histopathological examinations. 

 

MATERIAL AND METHODS 
Experimental Animals 
The study was carried out on thirty-two male Wistar rats weighing about (200±20 grams) and aged around (12±2 week’s 

age). They were obtained from the central animal house of Jawaharlal Nehru Medical College, Belagavi, Karnataka, India. 

The rats were randomly divided into four groups (n=8) and housed in polypropylene cages at an ambient temperature of 

25±1ºC and 45-55% relative humidity. They were acclimated to a 12:12-h light/dark cycle for ten days before the day of 

the experiment, confirmed by the Institutional Animal Care and Use Committee (627/PO/Re/02/CPCSEA). 

 

Induction of Experimental Diabetes 
Diabetic Nephropathy was induced in three groups by injecting a single dose (45 mg/kg) of streptozotocin, excluding the 

normal control group.18 A freshly prepared solution of STZ (45 mg/kg body weight) in 0.1 ml citrate buffer with pH 4.5 

was injected intraperitoneally of volume 1 ml/kg body weight into overnight fasted rats. STZ-treated rats were given 5% 

glucose instead of water for 24 hours after diabetes induction to prevent hypoglycemic shock-related mortality.19 After 

72 hours of STZ administration, the rats with random blood glucose levels higher than 250 mg/dl were selected for the 

experiment. Wistar rats with random blood sugar below 250 mg/dl were excluded from the study. Following the 

confirmation of the diabetic state, the rats in each group were treated for eight weeks according to one of the treatment 

protocols.20 
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Experiment Design 
The rats were divided into four groups and given the following drugs for eight weeks.   

● Group 1 (normal control group): Normal rats received distilled water of 20 ml/kg body weight orally for eight weeks. 

● Group 2 (diabetic control group): Diabetic rats received a single dose of intraperitoneal injection of STZ (45 mg/kg).  

● Group 3 (diabetic rats treated with metformin): Diabetic rats received a single dose of intraperitoneal injection of STZ 

(45 mg/kg) and metformin (180 mg/kg/day) orally for eight weeks. 

● Group 4 (diabetic rats treated with ranolazine): Diabetic rats received a single dose of intraperitoneal injection of STZ 

(45 mg/kg) and ranolazine (90 mg/kg/day) orally for eight weeks. 

 

Sample Collection and Preparation  
At the end of the study, all groups were anesthetized using sodium pentobarbitone (30 mg/kg), and blood samples were 

collected for serum preparation through cardiac puncture. After the blood collection, the rats were euthanized using a high 

dose of sodium pentobarbitone (90 mg/kg). Their kidneys were preserved for histopathological studies using hematoxylin 

and eosin staining. 

 

Determination of Body Weight 
The rats' body weights were recorded on days 0, 3, 15, 30, 45, and 56. 

 

Determination of Blood and Urine Glucose 
The blood samples were collected from the rats' tail veins, and random blood glucose levels were recorded using a 

glucometer on days 0, 3, 15, 30, 45, and 56. HbA1c % was assessed using a chemical analyzer on days 0 and 56. The 

urine was collected at the end of the study to measure urine albumin levels using a dipstick kit.  

 

Determination of Inflammatory Markers 
The blood samples were collected through the cardiac puncture to estimate the serum levels of CRP, TNF-alpha, and IL-

6. 

 

Histopathological Examination 
All the rats were euthanized at the end of eight weeks through a high dose of sodium pentobarbitone. Their kidneys were 

excised carefully without any damage and stored in 10% neutral buffered formalin after washing with phosphate buffer 

saline (PBS). The kidneys were then processed and embedded in paraffin. The kidneys were sectioned and stained with 

hematoxylin, eosin, and periodic acid Schiff base for histopathological observations. The sections were then analyzed for 

the degree of tubular and glomerular damage. The glomerular damage index (GDI) was calculated on a scale of 0 to 4 

based on the degree of glomerulosclerosis, mesangiolysis, and mesangial expansion. Histopathological examination of 

the kidney was done according to Ozdemir O et al., as shown in table 1.21 

 

Table 1: Scoring System for Histopathological Examination of Kidneys 

 
 

Statistical Analysis 
The data is presented as Mean ± SEM for all the groups. It was analyzed by one-way ANOVA followed by Post hoc 

Dunnett’s test, and post hoc Bonferroni’s test was conducted to determine the statistical comparisons. The analysis was 

done using graph pad prism software, and p ≤ 0.05 was considered statistically significant. 

 

RESULTS 

Ranolazine attenuates diabetes-induced body weight loss and hyperglycemia in rats 
The change in the rats' body weights in all four groups is presented in Table 2 and Figure 2. Control rats showed a slight 

increase in body weight throughout the study period, but the weights of the diabetic control group rats significantly (p < 

0.001) decreased owing to the induction of diabetes. At the end of eight weeks, body weight increased significantly in the 

ranolazine-treated group (p≤0.01) and metformin-treated group (p≤ 0.001) as compared to the diabetic control group. In 

diabetic rats, the blood glucose level was significantly high (~ 400 mg/dl) throughout the study period (p < 0.001). The 

diabetic rats in the ranolazine-treated group showed a significant reduction (p≤ 0.001) in blood glucose levels at the end 

of eight weeks compared to the diabetic control group. In contrast, the reduction in random blood glucose levels in a 

metformin-treated group (p≤ 0.0001) was significantly higher than in the ranolazine-treated group. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3608288/table/T1/
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HbA1c % increased significantly in diabetic rats (p≤ 0.0001) compared to the normal control group. At the end of the 

eighth week, diabetic rats in the ranolazine-treated group (p≤ 0.0001) and metformin-treated group (p≤ 0.0001) showed 

a significant reduction in HbA1c % in contrast to the diabetic control group. Between the standard drug and test drug 

group, diabetic rats in the metformin-treated group showed a significant reduction in HbA1c % compared to the 

ranolazine-treated group. 

 

  
 

 
Figure 2: Effects of Ranolazine on metabolic parameters in rats with diabetic nephropathy. A, B, C Random Glucose 

(D) Bodyweight and (E) HbA1C were assessed. Data are presented as the mean ± standard error of the mean. *p < 

0.05,***p< 0.001, ****p< 0.0001 vs normal control group and #p < 0.05, ## p<0.01, ###p< 0.001, ####p< 0.0001 vs 

Diabetic control group 

 

Ranolazine suppresses inflammatory markers in diabetic rats  
Given inflammation caused by diabetes and the associated nephropathy, we explored the effect of ranolazine on 

inflammatory markers in the serum. CRP, TNF-alpha, and IL-6 levels increased significantly in the diabetic group (P < 

0.001) compared to the control group. At the end of the eighth week, diabetic rats in the ranolazine-treated group (p≤ 

0.001) and metformin-treated group (p≤ 0.0001) showed a significant reduction in CRP, TNF -alpha, IL-6 levels as 

compared to the diabetic control group. Diabetic rats in the metformin-treated group showed a significant decrease in 

CRP, TNF -alpha, and IL-6 levels compared to the ranolazine-treated group, as shown in table 3. 
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Ranolazine suppresses serum creatinine and urine albumin in diabetic rats 
Serum creatinine in the diabetic control group (p< 0.0001) showed a significantly higher value than in the normal control 

group. Diabetic rats in the ranolazine-treated group (p≤ 0.0001) and metformin-treated group (p≤ 0.0001) showed a 

significant decline in serum creatinine compared to the diabetic control group.  

Spot urine samples were collected using a dipstick kit to estimate urinary albumin concentration. Albumin excretion of 

30-150 mg/24 hours is considered microalbuminuria. The excretion level of urine protein >300 mg/dl is proteinuria in 

DNP. Normal control rats did not exhibit proteinuria (+++), whereas 50% of rats in the diabetic control group showed 

>300 mg/dl of urine albumin, and the remaining rats showed >100 mg/dl of urine albumin. Diabetic rats in the ranolazine-

treated & metformin-treated groups showed <100 mg/dl albumin in their urine.  

 

Ranolazine attenuates diabetic nephropathy 
The Reno protective potential of ranolazine in diabetic rats is supported by a histopathological study. Renal cross-sections 

were examined using hematoxylin and eosin staining (Images: H&E stain under PAS 40x magnification). The extent of 

renal injury was assessed by morphometric analysis of glomerular disease, tubular damage, and interstitial fibrosis. Based 

on the current knowledge regarding histopathological changes in STZ-induced diabetic nephropathy in rats, we devised 

a scoring system based indirectly on a study by Ozdemir O et. al. 21 

Histopathological examination of the renal sections showed intense vacuolar degeneration and cystic dilatation of the 

tubules with a median score of 2 (in a range of 1-2) in the diabetic control group. In contrast, diabetic rats in the ranolazine- 

and the metformin-treated group were scored with a median score of 1 (in a range of 0-1), as shown in Table 1, suggesting 

that their kidney histology was close to normal with few changes. Diabetic-treated groups with ranolazine and metformin 

maintained near-normal renal architecture despite interstitial nephritis. Figure 2 illustrates the changes in the kidney 

histology of rats in all four groups. 

 

 
Fig 2: Histopathology images of kidney sections from A) Normal control rats showing normal interstitium with normal-

appearing glomeruli and basement membrane, B) Diabetic control rats showing distorted glomeruli with thick basement 

membrane and nephritis, C) metformin-treated rats showing slightly distorted glomeruli and thick basement membrane, 

D) Ranolazine-treated rats showing mild interstitial nephritis with the slightly thick basement membrane. 

 

DISCUSSION 
Diabetic nephropathy (DNP) is mainly caused by the formation of advanced glycation end products and inflammation 

due to chronic hyperglycemia. As a result, any therapeutic intervention aimed at this pathogenesis would be the most 

effective treatment for DNP. Our study aimed to investigate the Renoprotective potential of ranolazine by ameliorating 

diabetic nephropathy in a rat model of streptozotocin-induced diabetes. 

Diabetic nephropathy was induced in male Wistar rats through intraperitoneal administration of a single dose of STZ (45 

mg/kg). Ranolazine-treated rats (n=8) were administered with ranolazine (90 mg/kg) orally every day for eight weeks. 

The results demonstrated that ranolazine prevents the progression of renal lesions (Fig. 2) in diabetic rats. 
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Histopathological examination of the kidney was analyzed by a scoring system derived from a study by Ozdemir O et al. 

Renal histopathology of rats in the diabetic control group reflected the median score of 2 (of range 1-2), indicating 

vacuolar degeneration, cystic dilatation of the tubule, moderate interstitial nephritis, distorted glomeruli, and basement 

membrane thickness. Histopathology of kidneys in ranolazine-treated rats showed mild interstitial nephritis with a slightly 

thickened basement membrane. It reflected the median score of 1 (of range 0-1), suggesting that kidney histology was 

close to normal with few changes and delayed the progression of renal damage. At the same time, ranolazine can decrease 

the RBG levels, reduce HbA1c %, and increase body weight along with a decrease in inflammatory markers CPR, IL-6, 

TNF-alpha, and a drop in serum creatinine and urine albumin levels. As Chronic hyperglycemia plays a major role in 

inducing severe renal lesions affecting renal functions and treatment with ranolazine indicated the importance of 

glycaemic control in controlling inflammation and oxidative stress in the management of diabetic nephropathy. This 

discovery is crucial as ranolazine might be a potent preventive drug for diabetic nephropathy and should be investigated 

thoroughly in future trials. 

Streptozotocin (STZ) is widely used in studies investigating Diabetes Mellitus (DM), as it targets β-cells and reduces 

blood insulin levels, leading to hyperglycemia and mimicking DM pathology.22 For the current study, diabetic 

nephropathy was induced in a rat model via STZ (45 mg/kg) for eight weeks to cause chronic hyperglycemia. Elevated 

glucose levels for eight weeks successfully induced renal lesions in rats that were similar in human patients with DNP.23 

In the present STZ-induced DNP model, the kidney damage was assessed via kidney function parameters; the presence 

of albumin in the urine is a primary indicator of kidney damage in the early onset of DNP. Kidney damage in diabetic 

rats was indicated by a considerable rise in proteinuria, serum creatinine, extracellular matrix deposition, and thickening 

of the glomerular basement membrane found eight weeks after the initiation of STZ-induced hyperglycemia. Treatment 

with ranolazine monotherapy ameliorated the majority of these renal dysfunctions and morphological changes, 

demonstrating that ranolazine treatment has preventive benefits in diabetic rats. 

 

The major pathophysiology of diabetic nephropathy is due to persistently elevated blood glucose levels and the generation 

of advanced glycation products resulting in increased production of inflammatory cytokines and free radicals, leading to 

renal damage. Diabetic nephropathy advances with mesangial expansion caused by matrix deposition, thickening of the 

basement membrane, and the creation of Kimmelstiel–Wilson nodules in the glomeruli. As a result of the above-stated 

facts, it is reasonable to conclude that inflammation and oxidative stress are the primary mechanisms behind diabetic 

nephropathy. 24,25  

 

As hyperglycemia occupies a dominant position at the beginning of the ROS-mediated pathway, strict glucose modulation 

remains the vital therapeutic strategy. It is because it aids the amelioration of oxidative stress. 26,27,28 In the present study, 

the ranolazine-treated group showed a significant reduction in RBG compared to the diabetic control group. This result 

indicated that glycemic control is crucial for the ranolazine-mediated renoprotective effect. Furthermore, several 

preclinical and clinical research support the evidence of the anti-inflammatory efficacy of ranolazine, suggesting that 

ranolazine may have a novel mechanism of action in this setting.29 Our results indicate that STZ-induced diabetic 

nephropathy in the diabetic control group is associated with increased levels of pro-inflammatory mediators (TNF-α, IL-

6, and CRP). The current findings are consistent with the previous evidence. In chronic models of diabetic nephropathy, 

chemokines released from immune cells in the kidney were correlated with renal changes. Hyperglycemia activates 

inflammatory pathways, and prolonged inflammation exacerbates renal damage through sustained overexpression of pro-

inflammatory factors that induce more inflammation and enhances other pathogenic mechanisms such as oxidative stress. 

High levels of CRP, TNF-α, and IL-6 partly mediated alterations in histopathological changes detected in diabetic 

nephropathy.30 The anti-inflammatory effects of ranolazine are well established in various animal studies. It concluded 

that ranolazine improves TNF-α and 1L-1 levels.12 We found that ranolazine significantly reduced CRP, TNF-α, IL- 6 

levels compared to diabetic-controlled rats. And the findings of the current paper are in line with the existing evidence. 

 

The results suggest that treatment with ranolazine exerts a renoprotective effect by controlling hyperglycemia-mediated 

inflammation and oxidative stress. The current study detected uncontrolled nephropathy in the diabetic control group, 

which was characterized by high glucose levels, proteinuria, and significantly elevated levels of CRP, IL-6, and TNF-α 

in the serum. The paper's results demonstrate that ranolazine reduces blood glucose levels and that reduced inflammation 

prevents the chronic pathogenesis of DNP. Therefore, the antidiabetic and anti-inflammatory effects caused by ranolazine 

are another important mechanism that protected the rats from progressing renal damage caused by chronic diabetes. 

 

CONCLUSION 
The study evidences the Renoprotective effects of ranolazine by ameliorating diabetic nephropathy in STZ-induced 

diabetic nephropathy in male Wistar rats. The successful induction of diabetic nephropathy in the rats was demonstrated 

by hyperglycemia, severe renal dysfunction, and increased expression levels of inflammatory cytokines. Ranolazine 

treatment significantly reduced blood glucose levels, protected renal functions, and retained near-normal renal 

morphology. The renoprotective role of ranolazine may be because of its glycaemic control, anti-inflammatory and anti-

oxidative effect. However, further investigation is required to elucidate the underlying mechanism. 
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The current review was undertaken by collecting data through a thorough literature search in PubMed and Google Scholar in order to 

identify the relevant English-language articles published on animal models for COVID-19 research. The data was obtained from articles 

published between 2019 and 2021. After a comprehensive review of various available articles, this review outlines the available animal 

models for COVID-19 and their key roles in elucidating the pathogenesis, disease transmission, and host response to the SARS-CoV-

2 virus. Reports from various preclinical trials have shown the use of several animal models such as mice, hamsters, ferrets, and non-

human primates (NHPs) for studying the SARS-CoV-2 infection. However, availability of an ideal animal model would help researchers 

in assessing the efficacy of investigational drugs before they enter clinical trials. No single animal model delineates the totality of 

pathogenesis or predicts interventional responses faithfully as in humans. Therefore, defining animal models and their use is deemed 

as a prerequisite for conducting comparative studies of vaccines and therapeutics’ efficacy so that the most promising ones advance to 

the next phase. 

 

Keywords: COVID-19, SARS- CoV-2, Animal models, Preclinical studies, vaccines and drug evaluation 

 

INTRODUCTION: 
Coronavirus disease  2019 (COVID-19) is caused by the Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) and is an emerging respiratory infection caused by the infection of a novel coronavirus in humans during late 2019 

(first detected in Hubei province, China).[1] The ongoing spread of this virus may potentially bring major challenges to 

worldwide health systems and detrimental consequences to the global economy and financial markets if not controlled 

effectively.[2] Multiple clinical trials are currently underway for prevention or intervention in the disease progression.[3] 

Simultaneously, it is equally essential to undertake basic research on SARS-CoV-2 in order to support efficient 

development of therapeutic agents.[4] Animal models are essential tools for studying infectious diseases and they help 

researchers not only to understand the pathogenesis and mechanisms of SARS-CoV-2 disease biology but also to elucidate 

the aspects of pharmacology, toxicology, and immunology of therapeutic agents and vaccine strategies.[5] No single animal 

model captures the totality of pathogenesis or predicts interventional responses as faithfully as human models. Defining 

animal models and their uses is deemed a prerequisite for conducting comparative studies of vaccines and therapeutics’ 

efficacy so that the most promising ones advance to the next phase.[6] 

With this objective, the current study aims to synthesize data from various databases and search engines for reviewing 

and analysing the information on various available animal models for COVID-19. The information included in this review 

article aims to provide a strong intellectual framework for evaluating the investigational drugs and promising vaccine 

candidates and also boost preclinical research on COVID-19. 

 

LITERATURE SEARCH METHODOLOGY 
A literature review of relevant articles published in English till December 2021 was conducted using the PubMed and 

Google Scholar databases. Search parameters included Coronavirus, SARS-CoV-2, COVID-19, Preclinical trials for 

Covid 19, Animal models for Covid 19, Evaluation of drugs, new drugs, and vaccine development for Covid 19. Review 

articles and preclinical studies on COVID-19 were also considered for the purpose of this review. Additional articles were 

obtained from the citations of the cross-referenced articles. 

 

Need for animal models for Covid 19 
There is an urgent and pressing need for the development of an animal model to study the infection and to test vaccines 

or new forms of therapies, as well as to understand the molecular mechanisms of COVID-19. Animal models mimic the 

disease pattern in animals as seen in human infection and it is through these animal models that SARS-CoV-2 was reported 
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to infect humans through the angiotensin-converting enzyme - 2 (ACE-2) receptors.[7] Therefore, animals having ACE-2 

receptors and that are closely similar to human beings can act as a model for various studies on SARS-CoV-2. ACE-2 

represents the main receptor for SARS-CoV-2 entry into cells whereas the lungs and bronchi are the main targets for viral 

infection (Figure 1).[8] However, the heart, kidneys, liver, brain, gastrointestinal tract, and upper respiratory tract have also 

been shown to be affected in COVID-19 infection.[8] Researchers have postulated that some amino acid sequences present 

in ACE-2, considered as critical residues, are more important than the total number of similar amino acids when comparing 

animal models to the human model and these critical residues have a direct influence on the susceptibility to infection. [9] 

Another factor that directly impacts the ACE-2 affinity and differs from one species to another is the tissue distribution of 

ACE2 together with Transmembrane serine protease 2 (TMPRSS2) and furin.[9] The TMPRSS2 cellular serine protease 

and the furin proprotein convertase act as cofactors for this binding, which can be considered as potential targets for the 

action of inhibitory drugs and.[9] 

 

Animals Used for Developing Animal Models for Covid 19 
Studies on COVID-19 have reported that ferrets, monkeys, mice, hamsters, civet cats, camelids, and rabbits can all be 

considered as animal models for coronavirus infection.[10-17] Larger animal models, specifically the non-human primates 

(NHPs) models such as Rhesus Macaques, Cynomolgus macaque, and African green monkeys, are traditionally considered 

the most translational models to humans.[6] NHPs bear close similarities to human genetic, neurological, cognitive, 

physiological, reproductive, anatomical, and immunological systems.[6] Their size and longevity make them excellent 

models for studying the disease pathogenesis and also allow for repeated sampling and imaging in vivo for longitudinal 

studies. However, their limited supply in the face of numerous drug and vaccine candidates make them an even more 

precious resource.[6] It is therefore imperative to prioritize the agents to be tested by demonstrating tolerability and efficacy 

in smaller mammalian models like mice, hamsters, and ferrets (currently the small animal species of choice).[6] 

 

Mouse Models 
Small animal models are widely used to study emerging viruses but often need to be genetically modified or adapting the 

virus for different species in order for the virus to be susceptible and this holds good for the SARS-CoV-2 infection as 

well.[7] Mice have several advantages over other experimental animal models with regards to their small size, low cost, 

rapid breeding for reaching large group numbers, and availability of research tools. However, laboratory mouse models 

have shown to be non-responsive to the SARS-CoV-2 infection due to a lack of the viral entry receptor hACE2.[18,19,20] 

Viral spike protein doesn’t bind to the murine ACE-2 effectively due to amino acid differences in the ACE-2 receptors 

between mice and humans.[20] 

 

Several approaches have been employed to increase the susceptibility to SARS-CoV-2 infection in laboratory mice. The 

first approach was to use an adapted virus method in which multiple passages/or selected mutations in the virus made the 

mice more susceptible to infection.[21] The second approach was to express the human ACE-2 gene (hACE2), either by 

viral transduction or by using genetic engineering tools.[21] 

 

Mouse-Adapted SARS-CoV-2 model 
Standard inbred mouse strains such as WT BALB/c mice, C57BL/6 mice can be made susceptible to the SARS-CoV-2 

infection by serially passage of the virus in the respiratory tracts of young BALB/c mice.[22] This has led to the generation 

of a mouse-adapted SARS- CoV strain (MA15) which was lethal to the mice 3 days post infection (dpi).[22] The infection 

resulted in high viral titers in the lungs from 1 dpi, followed by viremia and diffusion to extra-pulmonary sites with 

significant lymphopenia, neutrophilia, mild and focal pneumonitis, and necrotic cellular debris in the airways and alveoli 

being observed.[22] Nevertheless, these adapted mouse strains can be used for developing neutralizing antibodies against 

the spike protein, pseudo viral vaccine candidates, and other antiviral drugs.[23] 

 

Transgenic mouse model expressing hACE2:  
Genetic alteration of the lab mouse has shown to help in viral binding to mouse ACE-2, expression of human ACE-2 

under the influence of a variety of tissue-specific promoters, and the transfection of mice with human ACE-2 cDNA using 

viral vectors.[24] Given the similarity between SARS-CoV-2 to SARS-Co V in its use of ACE-2 as an entry receptor, 

several research teams have evaluated transgenic mice expressing hACE2 under the control of HFH1/FOXJ1, HFH4, K18, 

and mouse ACE2 promoters.[25-30] These ACE-2 transgenic mouse models could potentially be useful in studying the 

SARSCoV-2 replication in lungs and its subsequent pathogenesis. However, SARS-CoV-2 infection in some transgenic 

mouse models have led to neuro-invasion with high viral replication in the brain, which may consequently be related to 

its high lethality. [26-29] 

 

K18 Promoter-hACE2 Transgenic Mouse Model 
K18-hACE2 mice, when treated with doses of SARS-Co V (2.3 9 104 PFU) were observed to develop severe lung damage 

and neuronal damage to the CNS. The transgenic mice exhibited viral replication in the lungs, weight loss, pathological 

lung inflammation, and followed by mortality at 4 dpi. However, SARS-CoV-2 at 105 TCID50 caused weight loss, evoked 

antibody responses, and developed histological evidence of lung inflammation in K18-hACE2 transgenic mice in a 

dependent manner with interstitial congestion, inflammatory exudate, epithelial damage, etc. [25,31] These mouse models 

provide a stringent test for vaccine and therapeutic efficacy and may be useful for pathogenic studies. 
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HFH4/FOXJ1 Promoter-hACE2 Transgenic Mouse Model 
Earlier studies have shown that transgenic mice over expressing hACE2 under the control of HFH4/FOXJ1 promoters 

were susceptible to SARS-CoV-2 infection.[26] Other studies exhibited that HFH4-hACE2 infected mice had detectable 

viral titers in the lung, eyes, brain, and heart, suggesting that the virus may have had additional tissue tropisms following 

the initial lung infection.[25,26] Most infected HFH4-hACE2 mice had minimal weight loss over 7 dpi. However, mice that 

later became moribund showed significant weight loss from day 4 and significant lymphopenia and neutrophilia in 

peripheral blood on day 6, which was indicative of severe human disease. [32,33] Lung histology showed initial macrophage 

and lymphocyte infiltration and fibrin exudation from 1 dpi, which steadily progressed to severe pneumonia, blockage of 

terminal bronchioles, extensive fibroplasia, and alveolar necrosis by day 7.[26] 

 

Murine mAce2 Promoter-hACE2 Transgenic Mouse Model 
The first live SARS-CoV-2 infection model used was the transgenic mice expressing hACE2 under the control of the 

mACE2 promoter. [25,34] The mice exhibited significant weight loss over a 14-day infection period and high viral lung titers 

of 1–5 dpi. Histological lung examination revealed moderate interstitial pneumonia, infiltration of lymphocytes, mucus 

accumulation, and desquamation of bronchial epithelial cells from day 3.[25] There were no detectable viral titers or 

pathology in other tissues or organs, except for day 1 in the intestine, suggesting that infection was localized almost 

exclusively to the lungs. 

 

Viral Transduction of hACE2 Using Adenoviral systems 
Transduction of the BALB/c mice with adenovirus containing hACE2 (AdV-hACE2) was observed to lead to a stable 

hACE2 expression in the lungs from 10hrs post-transfection.[35] SARS-CoV-2 infected AdVhACE2 mice exhibited ~10% 

weight loss over 8 days of infection coupled with high viral lung titers, and modest viral titers in the heart, brain, liver, 

and spleen. Histological examination also revealed extensive neutrophil accumulation in perivascular and alveolar 

locations, and vascular congestion.[24] This model can be potentially suitable for researching on drug therapy and antibody 

testing.[24] 

 

Murine mAce2 Exon 2-hACE2 Knock in Mouse using g CRISPR-Cas9 technology 
In a past study, the hACE2 cDNA was inserted into Exon 2 of the mAce2 gene using the CRISPR Cas-9 gene editing 

technology to disrupt the mAce2 gene expression and drive the expression of hACE2 under the control of the mAce2 

promoter.[35] In the lungs, hACE2 was expressed in the CC10+ Clara cells in the airways as well as a subpopulation of 

surfactant protein C positive alveolar type II cells. High viral loads of SARS-CoV2 were evident in the lung, trachea, and 

brain (despite low hACE2 expression) on intranasal infection.[35] Young inoculated animals did not display obvious 

clinical symptoms but developed interstitial pneumonia and vascular system injury. More severe disease was seen in aged 

mice population expressing the hACE2. These mice exhibited marked weight loss, prolonged viral shedding (including 

from feces), and severe pneumonia accompanied by stronger cytokine responses. Intragastric inoculation of SARS-CoV-

2 induced productive infection and pulmonary disease.[35] 

Besides this, a few knock-out mouse models have been developed to understand the pathology of SARS-CoV-2. Amongst 

them, ACE-/- knockout mice can potentially be used to study the effects of Angiotensin conversion enzyme during acute 

lung injury study.[36] Using TMPRSS2-/-knockout mice, the role of TMPRSS2 during SARS-CoV entry into cells can be 

researched upon for developing new drugs against SARS-CoV-2 infections.[37] Humanized DPP4 mice and STAT-1-/-

knockout mice, having susceptibility to coronavirus infection and used in prior studies as a model for MERS, can possess 

the potential to help in SARS-CoV-2 research as well.[38,39] 

 

Syrian hamster model 
Syrian hamsters demonstrate clinical features, viral kinetics, histopathological changes, and immune responses that closely 

mimic the mild to the moderate disease that have been described in human COVID-19 patients.[40-42] Golden Syrian 

hamsters’ (Mesocricetus auratus) ACE 2 receptor binds to the SARS-CoV-2 spike protein, rendering this species highly 

susceptible to infection with doses as low as 5 TCID50.[43] In this form of the non-lethal disease, the clinical symptoms 

included rapid breathing, decreased activity, and weight loss that was most severe by 6-dpi. Airway involvement was 

evident, with histopathology evidencing progression from initial exudative phase of diffuse alveolar damage and extensive 

apoptosis to the later proliferative phase of tissue repair. Micro-CT analysis of the infected hamsters revealed severe lung 

injury with the degree of lung abnormalities related to the infection dose. High-dose SARS-CoV-2 infection was observed 

to lead to severe weight loss and partial mortality while older hamsters appeared to exhibit more pronounced and consistent 

weight loss. [44,45] Other findings included intestinal mucosal inflammation, degenerative changes, and lymphoid necrosis. 

There was a marked activation of the innate immune response, with high levels of chemokines/cytokines induced by the 

infection.[42] Evidence of transmission of COVID-19 from infected hamsters to uninfected cage mates was suggestive of 

the utility of the model for studying transmission mechanisms.[46] 

 

Ferret models 
Ferrets have been considered as good models for studying respiratory diseases, as the physiology of their lungs and airways 

are close to that of humans.[47] Unlike rodents, ferrets cough and possess a sneeze reflex, making them a particularly useful 

model in the study of disease transmission. Ferrets have been observed to exhibit lethargy and visually show appetite loss 

following infection with SARS-CoV-2 via the intranasal route, but the disease does not progress to acute respiratory 

disease and the animals recover from the infection.[48] Virus shedding from the upper respiratory tract (nasal washes, 
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saliva) can persist for up to 21 dpi with the length of shedding appearing to be dependent on the initial viral challenge 

dose and can be intermittent after 14 days. Mild multifocal bronchopneumonia was observed in early post-infection (day 

3 in animals receiving 4 to 6 logs of the virus). Fever has been reported in some studies, but neither coughing nor dyspnoea 

have been observed. [48,49] Ferrets re-challenged after 28 dpi appear to be completely protected against re-infection.[50] 

Studies performed in ferrets till date strongly indicate that experimental SARS-CoV-2 infection results in a predominantly 

upper-respiratory-tract infection in these animals.[50] 

 

Non-human primates 
Some of the Non-human primates which have been used for COVID-19 research are rhesus macaques, cynomolgus 

macaques, and African green monkeys.[51] NHPs physiologically and phylogenetically mimic humans, which have made 

them the gold standard for the study of emerging viruses.[52] 

 

Rhesus macaques (M. mulatta) infected with SARS CoV-2 developed a moderate, non-lethal shedding disease phenotype 

with few to no clinical manifestations such as reduced appetite, mild dehydration, tachypnoea, piloerection, and 

dyspnoea.[53] The virus was detected in the nasal, throat, rectal, and ocular swabs and in bronchoalveolar lavage (BALs) 

through median tissue culture infectious dose (TCID50) beginning at approximately 2dpi, peaking around 4/5dpi, and 

decreasing after 6 dpi.[53]  When reported, fever was mild and transient beginning shortly after 2 dpi and resolving within 

2 or 3 days.[53] Bodyweight loss was found in mild infection along with transient drops in weight followed by complete 

recovery.[53] Transient leucocytosis, neutrophilia, monocytosis, and lymphopenia were also reported.[53,55] Imaging 

(radiographs or PET/CT) confirmed that the rhesus macaques were infected, with infiltrates and ground-glass appearances 

in radiographs, which began early after exposure (2 or 3dpi) and resolved by 10–14 dpi.[53,55] Anecdotal evidence suggested 

that older rhesus macaques developed chronic infection in which infiltrates persisted throughout the study. [56] 

 

Cynomolgus macaques (M. fascicularis), when exposed to SARS-CoV2, became infected but exhibited no overt clinical 

signs of disease.[57] Virus shedding from the upper respiratory tract occurred, peaking early at 1dpi in young animals and 

4 dpi in aged (15–20 years) animals, then decreased rapidly but with intermittent detection up to 10dpi.[57] Overall, higher 

levels of virus shedding were measured in aged animals than in younger animals.[57] They developed mild to moderate 

lung abnormalities and macroscopic lesions in the lungs including alveolar and bronchiolar epithelial necrosis, alveolar 

edema, hyaline membrane formation, and accumulation of immune cells.[58,59] While the infection was self-limiting, the 

disease in cynomolgus macaques does mirror many aspects of human COVID-19 and could potentially be utilized to test 

preventative and therapeutic strategies.[57] 

 

African green monkeys (AGMs) exposed to SARS-CoV-2 as young adults displayed a mild, non-lethal shedding disease 

phenotype that included few to no clinical observations.[60] If any clinical observations, such as fever, were reported, they 

were typically transient and mild with no serious manifestations. [60,61] Bodyweight findings were also generally 

unremarkable. Clinical chemistry and haematology revealed mild and transient shifts in leukocyte populations, mild 

thrombocytopenia, and selected liver enzymes.[61] A measure of acute inflammation, CRP was elevated during early stages 

of the infection. Imaging (radiographs or PET/CT) confirmed that AGMs were infected with the presence of infiltrates 

and ground-glass appearances in radiographs beginning early after 2 or 3 dpi and resolving by 10dpi.[61] PET/CT images 

also corroborated the radiographical findings.[61] 

 

CONCLUSION 
There is a dire need for the development of animal models to promote preclinical research in COVID-19. Animal models 

are required to define the cause and effects, and to elucidate and validate the pathophysiology and transmission processes 

that can be translated into human studies. However, there is no clear preferred model for studying the SARS CoV-2 

infection as the clinical signs, recovery, and transmission vary between and within species. Each animal model seems to 

have its own merits and demerits, and careful consideration is required before the selection of animal models. Genetically 

engineered mice, mice infected with modified adenoviruses, mice changed with CRISPR, and WT mice infected with 

mouse-adapted viruses will probably be the most commonly employed models due to their ease of handling and cheaper 

prices. They'd also be employed again because they mimic human lung inflammation, histopathology, and pneumonia 

characteristics. However, researchers using these mouse strains should be careful in interpreting the data obtained. Studies 

performed on transgenic mice can provide a proof of concept for understanding the viral pathogenesis. The review of past 

studies show that hamsters are ideal for studying the replication of mild SARS-CoV-2 infections seen in humans, as well 

as analysing the virus's host defence response. They may also be utilized to better understand the SARS-CoV-2 

pathogenesis and to test vaccines and antiviral medicines. Ferrets on the other hand can be appropriate models for studying 

disease transmission and lung infections. SARS-CoV-2 infection in non-human primates, particularly the rhesus macaque, 

is most similar to that seen in humans, and therefore could be a useful model for testing vaccinations and medication 

efficacy. 

 

All the animal models available as of date are invaluable scientific resources for researchers to elucidate the preclinical 

data on investigational products to prevent and control COVID-19. However, these resources on animal models need to 

be clearer and validated by many more studies to understand the disease pattern as seen in humans. Standardization of 

animal models is critical for future research on COVID-19 for comparing different medications and vaccine candidates, 

as well as for developing appropriate animal models for drug testing and testing vaccine efficacy/potential. 
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INTRODUCTION

Oral submucous fibrosis (OSMF) constitutes an oral 
premalignant condition induced by areca nut ingestion 
and is considered an uncontrolled tissue healing response 

resulting in fibrosis.[1] Clinically, OSMF presents with a 
burning sensation in the mouth, stiffening of  the mucosa, 
and reduced mouth opening, among other changes that 
lead to difficulty in food consumption and generalized 

Background: Fibrosis is an uncontrolled healing process, led by persistent differentiation of fibroblast to alpha-
smooth muscle actin (αSMA) positive activated fibroblast or myofibroblast. Oral submucous fibrosis (OSMF) 
is one such condition that is associated with areca nut use. Recently, Programmed Cell Death 4 (PDCD4), a 
pro-apoptotic marker, has been shown to modulate fibroblast differentiation in various organ fibrosis. The 
present study aimed to evaluate the role of PDCD4 in the regulation of fibroblast differentiation in OSMF.
Materials and Methods: Paraffin-embedded tissue sections from 45 cases of the normal oral mucosa, 
early OSMF and advanced OSMF were examined for PDCD4 and αSMA expression by immunostaining. 
Co-expression of PDCD4 and αSMA in fibroblasts was examined using Spearman’s correlation test.
Results: The stromal fibroblasts showed minimal expression of αSMA in the normal mucosa and early 
OSMF, while advanced OSMF groups demonstrated a higher frequency of αSMA myofibroblasts. The PDCD4 
expression was noted in the normal stromal fibroblasts. However, this expression appeared to progressively 
reduce with an increasing grade of OSMF. Thus, a negative correlation was noted between stromal PDCD4 
and αSMA expression with progressive OSMF.
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other tissues. The lack of PDCD4 expression with increasing myofibroblast expression in OSMF suggests 
that targeting its dysregulation may be an attractive translational therapeutic target.

Keywords: Areca, betel nut, myofibroblast, oral submucous fibrosis, programmed cell death

Abstract

Address for correspondence: Dr. Karishma Madhusudan Desai, KLE VK Institute of Dental Sciences, KLE University, JNMC Campus, Nehru Nagar,  
Belagavi ‑ 590 010, Karnataka, India. 
E‑mail ‑ drdesaikarishma@gmail.com
Submitted: 16‑Mar‑2021, Revised: 30‑May‑2021, Accepted: 31‑May‑2021, Published: 11‑Jan‑2022

Access this article online
Quick Response Code:

Website:
www.jomfp.in

DOI:
10.4103/jomfp.jomfp_86_21

How to cite this article: Desai KM, Kale AD, Angadi PV, Datar UV, 
Belaldavar C, Arany PR. Role of programmed cell death 4 in myofibroblast 
differentiation in oral submucous fibrosis. J Oral Maxillofac Pathol 
2021;25:430‑6.

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to remix, 
tweak, and build upon the work non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com



Desai, et al.: PDCD4 regulates myofibroblast differentiation

Journal of Oral and Maxillofacial Pathology | Volume 25 | Issue 3 | September-December 2021 431

debilitation. Histologically, it is associated with progressive 
changes in the connective tissue such as fibrosis and 
hyalinization, along with atrophy of  the epithelium 
in advanced cases. The connective tissue response to 
arecoline, a major alkaloid of  areca nut, is known to 
up‑regulate pro‑inflammatory and pro‑fibrotic cytokines, 
such as Transforming Growth Factor‑beta (TGF‑β). 
TGF‑β leads to the differentiation of  stromal fibroblasts to 
alpha smooth muscle actin positive (αSMA) myofibroblasts 
that are well known to promote matrix synthesis and tissue 
contraction.[2,3] Recently, alkaloids of  arecanut, namely 
arecaidine and guvacine, along with the polyphenols such 
as catechin and tannins, have also been shown to induce 
TGF‑β signaling in epithelial cells contributing to the 
complex pathogenesis of  OSMF.[4,5]

Programmed cell death 4 (PDCD4) is a well‑known 
pro‑apoptotic protein recognized for its roles in 
transcription and translation pathways in tumor growth 
and metastasis. PDCD4 has been observed to promote 
fibroblasts differentiation in renal and liver fibrosis 
through TGF‑β and other regulatory pathways.[6‑8] In a 
recent study, we observed reduced PDCD‑4 expression in 
oral dysplastic and oral carcinomas compared to normal 
epithelial mucosa.[9] The decrease in PDCD4 expression 
in transforming epithelia appeared to correlate well with 
reduced cell death observed in these lesions. A key reason 
for the persistence of  myofibroblast phenotypes has been 
their ability to evade apoptosis.[10] Thus, the premise for this 
study was to examine if  the changes in PDCD4 expression 
would correlate with increased differentiation of  oral 
stromal fibroblasts into αSMA positive myofibroblasts. We 
investigated αSMA and PDCD4 expression in the normal 
and progressive stage of  OSMF oral mucosa to assess its 
putative role in tissue fibrosis.

MATERIALS AND METHODS

Human tissue samples
Following ethical clearance from the Institute, archival 
formalin‑fixed, paraffin‑embedded tissues of  normal 
mucosa (n = 10), and OSMF (n = 30) were retrieved. 
Clinical data were used to evaluate the history with areca 
nut consumption and for the absence of  other local and 
systemic factors or illnesses.

Histological analyses
Three continuous sections of  4 um were cut, and 
one section was stained using hematoxylin and eosin. 
Histological grading from I through IV was based on 
criteria elaborated by Pindborg and Sirsat.[1] Cases were 
then categorized into two groups as either early OSMF for 

histological Grades I and II cases (Group 2) or advanced 
OSMF for histological Grade III and IV cases (Group 3) 
and compared to normal mucosa (Group 1).

Immunostaining
Two sections were used for immunohistochemistry 
with PDCD4 (Clone EPR3432, BioGenex Lab) and 
αSMA (clone EP188, PathnSitu). The primary antibody 
was detected using a one‑step polymer HRP kit (PEH2, 
PathnSitu) by the Avidin-Biotin complex and counterstained 
with Harris’s hematoxylin.[11]

Immunostaining analyses
Sections were analyzed for the staining intensity, 
localization and pattern by two independent examiners. 
The two examiners had similar levels of  experience 
with training in immunohistochemical and pathological 
evaluation of  oral lesions. The inter‑observer agreement 
using a training set was 0.89 (Kappa statistic). For study 
groups, any discrepancy in scoring was resolved by the 
consensus on a multi‑head microscope.

A modified scoring criterion was adopted due to the 
compression and amassing of  the cells noted in histological 
sections in OSMF. To compare the expression of  PDCD4 
and aSMA in fibroblasts, consecutive sections were stained 
and analyzed. Subjective errors on identifying cell types 
such as endothelial cells, inflammatory cells and fibroblast 
were reduced by confirmed at high magnification prior to 
scoring. For αSMA expression, the intensity of  positive 
cells was scored as 0 for no staining, 1 for cells visible 
at high power and 2 for cells visible at medium power. 
For the αSMA expression pattern, scoring criteria by 
Etemad‑Moghadam et al. were modified as follows: 
0‑absent to 1, 2 or 3 for low expression and 4, 5 or 6 for high 
expression of  αSMA+ cells.[12] The intensity for PDCD4 
expression was scored as 0 for no staining, 1 for mild to 
moderate brown, 2 for dark brown as per modified Reis and 
Tomenson criteria.[13] To assess percentage of  expression 
for both αSMA and PDCD4, percentage of  positively 
stained fibroblast were scored as 0 = 0%–10% positive cells, 
1 = 11%–30% positive cells, 2 = 31%–60% positive cells 
and 3 = 60%–100% positive cells per field. A cumulative 
total score representing the intensity and percentage was 
expressed as 0, 1 and 2 indicated low/normal expression 
pattern while 3, 4 and 5 indicated overexpression pattern.

Statistical analyses
Expression data for PDCD4 and αSMA were tabulated 
in Excel and analyzed in SPSS (version 16.0, IBM, Seattle, 
Washington, USA) for statistical significance. To test the 
association between the two, the Chi‑square and Fisher 
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exact tests were performed, and their correlation was 
determined using the Spearman’s correlation test.

RESULTS

αSMA expression and localization within connective tissue 
cells
All the cases of  normal mucosa and 10 of  15 (66.7%) 
of  early OSMF cases demonstrated a low frequency of  
fibroblasts expressing αSMA [Figure 1a]. Amongst these, 
eight cases of  normal mucosa presented with an absence 
of  staining for αSMA fibroblasts. Total expression of  
αSMA showed similar results in normal mucosa and 
early OSMF (P = 0.061) [Table 1]. In the advanced 
OSMF group, 13 out of  15 cases (86.7%) presented 
with a high frequency of  αSMA myofibroblasts. The 
frequency of  αSMA myofibroblast between normal 
mucosa and early OSMF versus advanced OSMF groups 
was statistically significant (P = 0.001 and P = 0.0008, 
respectively) [Table 1]. On examining their localization, 
αSMA+ myofibroblasts were present within superficial 
connective tissue and epithelial‑connective tissue junction 
in early OSMF cases [Figure 1b]. In advanced OSMF cases, 
the localization varied and could be appreciated even in the 

deeper stroma [Figure 1c]. Taken together, normal mucosa 
and early OSMF cases presented with a low frequency 
of  αSMA+ fibroblasts, while advanced OSMF exhibited 
high frequency (P = 0.001) [Table 2]. These results clearly 
established the preponderance of  αSMA+ myofibroblasts 
with progressive OSMF stages.

Programmed cell death 4 expression and localization within 
connective tissue cells
Next, we examined PDCD4 intensity and pattern in these 
tissues. PDCD4 expression is predominantly limited to 
the nucleus, with low cytoplasmic expression in normal 
cells. We observed positive staining for fibroblasts in all 
three groups [Figure 1d‑f]. Nuclear PDCD4 staining in the 
epithelium in normal and early OSMF was evident, while 
it appears to be predominantly cytoplasmic in advanced 
OSMF. A significant reduction in total PDCD4 expression 
in early OSMF (P = 0.05) and advanced OSMF (P = 0.001) 
was observed compared to normal mucosa [Table 3]. 
PDCD4 expression among the OSMF groups appeared 
to be similar. Next, we examined the pattern of  PDCD4 
expression in these tissues and noted lower percentage of  
positive cells with increasing grade of  fibrosis. Overall, the 

Figure 1: Consecutive histological sections of normal oral mucosa, early and advanced Oral submucous fibrosis stained with αSMA, and 
programmed cell death 4. (a) Photomicrograph of normal oral mucosa stained with aSMA with positive cytoplasmic staining of αSMA (arrows), 
predominantly in a perivascular location; (b) Photomicrograph of early Oral submucous fibrosis showing aSMA positive fibroblasts in the connective 
tissue stroma with a high-power magnification (black circle and inset image); (c) Photomicrograph of advanced Oral submucous fibrosis showing 
aSMA positive fibroblasts in the juxtaepithelial (black circle) and deeper connective tissue stroma (red circle), inset shows high-power image with 
prominent αSMA expression; (d) Photomicrograph of normal oral mucosa stained with Programmed Cell Death 4 showing epithelium, stromal 
fibroblasts (marked by arrow) and a nuclear and peri-vascular localization; (e) Photomicrograph of early oral submucous fibrosis showing mild 
programmed cell death 4 expression in stromal fibroblasts (black circle and inset image); (f) Photomicrograph of advanced oral submucous 
fibrosis showing few programmed cell death 4 positive fibroblasts throughout superficial (black circle) and deep connective tissue (red circle), 
inset shows high‑power image noting lack of prominent staining
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differences in PDCD4 staining among the three groups 
were strikingly significant (P = 0.001) [Table 4]. These 
observations established a reduced expression of  PDCD4 
were consistent with prior observations noting PDCD4 in 
tissue fibrosis.

Correlating αSMA and programmed cell death 4 expression 
in fibroblasts
Finally, to examine the αSMA and PDCD4 expression 
in fibroblasts, we compared immunostaining in the 
consequent section in each case. Normal oral mucosa and 
advanced OSMF demonstrated an inverse relationship 
between αSMA and PDCD4 staining using Spearman’s 
rank correlation (correlation coefficient = −0.71) [Table 5].

DISCUSSION

Oral tissues are well known to be minimally fibrotic, leading 

to comparisons with fetal‑like nonscarring wounds.[14‑16] The 
significant immune‑active surveillance, including the role of  
saliva in the oral cavity, has been correlated with a mitigated 
inflammatory response that appears to shift the tissue 
healing response to a nonscarring resolution. Several studies 
have examined the role of  matrix molecules (small leucine 
proteoglycans), adhesion molecules (integrins αVβ6, Connexin 
43, and CD 44), and growth factor isoforms (TGF‑β3 versus 
β1) in mediating this phenotype.[17‑22] It appears to be a critical 
teleological adaption that enables normal oral functions due to 
injury and rapid healing necessary for normal oral physiological 
functions. In this context, an oral disease with prominent 
clinical manifestation of  fibrosis, as evident in OSMF is a 
striking dichotomy from the normal oral pathophysiological 
responses. Normal oral healing has transient expression of  
myofibroblasts, analogous to cutaneous wounds but has 
been demonstrated to involve minimal matrix synthesis and 
contraction.[14] Myofibroblasts play key, permissive roles in 

Table 1: Comparison of the alpha‑smooth muscle actin expression of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups ɑSMA expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 10 (100) 0 10 (100) 1 versus 2
0.061 (NS)

‑ 1 versus 3
0.008*Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100) 2 versus 3

0.001*Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100) ‑

Fisher’s exact test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, ɑSMA: Alpha‑smooth actin, PDCD4: Programmed 
cell death 4, OSMF: Oral submucous fibrosis

Table 2: Comparison of the alpha‑smooth muscle actin expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups ɑSMA pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 10 (100) 0 10 (100) 0.001*
Early OSMF (2) 10 (66.7) 5 (33.3) 15 (100)
Advanced OSMF (3) 2 (13.3) 13 (86.7) 15 (100)

Chi‑square test, *P≤0.05, PDCD4 expression scores: 0‑2 low, 3‑5 high. ɑSMA: Alpha‑smooth actin, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 3: Comparison of Programmed Cell Death 4 expression of fibroblasts in normal oral mucosa, early oral submucous fibrosis, 
and advanced oral submucous fibrosis cases using the Fischer’s exact test
Groups PDCD4 expression (intensity + percentage) P

Low High Total

Normal mucosa (1) 0 10 (100) 10 (100) 1 versus 2
0.050*

‑ 1 versus 3
0.001*Early OSMF (2) 6 (40) 9 (60) 15 (100) 2 versus 3

0.139 (NS)Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100) ‑

Fisher’s exact test, *P≤*stt, PDCD4 expression scores: 0‑2 low, 3‑5 high. NS: Not significant, PDCD4: Programmed cell death 4, OSMF: Oral 
submucous fibrosis

Table 4: Comparison of Programmed Cell Death 4 expression pattern of fibroblasts in normal oral mucosa, early oral submucous 
fibrosis, and advanced oral submucous fibrosis cases using Chi‑square test
Groups PDCD4 pattern (intensity + percentage) P

Low/normal expression Over expression Total

Normal mucosa (1) 0 (0) 10 (100) 10 (100) 0.001*
Early OSMF (2) 6 (40) 9 (60) 15 (100)
Advanced OSMF (3) 11 (73.3) 4 (26.7) 15 (100)

*P≤0.05, Chi‑square test, PDCD4 expression scores: 0‑2 low, 3‑5 high. PDCD4: Programmed cell death 4, OSMF: Oral submucous fibrosis
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the progression of  malignant tissues.[23,24] Given the reported 
premalignant potential for OSMF, the role of  myofibroblasts 
in determining its biological behavior has important clinical 
implications.

Recent advances in matrix biology have unraveled a broad 
heterogeneity in fibroblasts within connective tissue.[25] 
While the precise origin of  the myofibroblasts remains 
unclear, phenotypic similarities have suggested that they 
arise from peri‑vascular (pericyte) and stromal fibroblasts.[26] 
A key signaling pathway, TGF‑β1, has been well established 
as a primary inducer of  the αSMA differentiated 
myofibroblast phenotype.[5] Further, several downstream 
signaling intermediates such as HiC5, miR21, and PDCD4 
have been implicated in the TGF‑β driven process leading 
to organ fibrosis and tumor stroma modulation.[6‑8,27‑29] 
Among them, PDCD4 is known to regulate cell apoptosis 
and has roles in the activated fibroblast phenotype. The 
presence of  nuclear (active) versus cytoplasmic localization 
of  PDCD4 reflects its functional state in various cell 
types.[30] Loss of  PDCD4 expression is associated with 
increased cell survival and changes in cellular functions. 
However, differences in apoptosis sensitivity and rate cell 
turnover of  oral versus cutaneous cells have been well 
reported.[31]

This study was aimed at examining the role of  PDCD4 
and myofibroblasts in OSMF. As anticipated, there was a 
distinct increase in the number of  αSMA myofibroblasts 
in progressive OSMF stages, as reported previously.[32‑34] 
Moreover, we noted PDCD4 expression in normal mucosa 
and early OSMF was predominantly nuclear in the stromal 
fibroblasts. Interestingly, the advanced cases of  OSMF 
showed either low or absence of  nuclear PDCD4 expression 

in the stromal fibroblasts. Further, consecutive sections 
stained with PDCD4 and αSMA demonstrated a high 
negative correlation in advanced OSMF cases. These results 
are consistent with recent reports by Zang et al. and Sun 
et al., who reported αSMA myofibroblasts lacked PDCD4 
expression in hepatic and renal fibrosis, respectively.[7,8] 
They implicate the lack of  PDCD4 expression to a TGF‑β 
driven miR‑21 and activation protein‑1 feedback loop 
during myofibroblast transformation. Thus, our findings 
are in congruence and support the hypothesis that PDCD4 
plays a central role in myofibroblast differentiation leading 
to tissue fibrosis.

OSMF represents both features of  a fibrotic stroma and 
an atrophic epithelial component with discrete histological 
and clinical courses in stark contrast to oral squamous cell 
carcinomas.[35,36] Recent reports have emphasized that the 
OSCC arising in preexisting OSMF has a more verrucous 
and ulcero‑hyperproliferative nature with an indolent 
clinical course.[36‑38] These together suggest that while 
OSMF is a degenerative (epithelial atrophy) and aberrant 
healing (stromal fibrosis) response, a secondary crucial 
transformative event is necessary for malignancy. The 
chronic, sustained exposures of  epithelial components to 
the injurious agent (areca nut, tobacco, or combinations) 
along with permissive changes in the underlying stroma 
such as fibrosis and hypoxia may contribute to the low but 
consistent, premalignant potential of  OSMF. While the key 
molecular event mediating this transformation remains 
to be fully investigated, a potential candidate could be 
PDCD4 with its low, cytoplasmic expression evident in the 
OMSF epithelium as well as other dysplastic, premalignant 
oral lesions.[9,13] These observations are supported by the 
well‑documented tumor suppressor role of  PDCD‑4 in 
carcinomas from multiple anatomical sites such as cervical, 
colorectal, endometrial, breast, pancreatic, prostate, 
gastric, brain, esophagus, lung and ovarian cancers, among 
others.[39‑47] Thus, PDCD4 expression in oral premalignant 
lesions, including OSMF in their epithelial compartment, 
could potentially useful for prognostication of  clinical risk, 
protracted surveillance, and monitoring.

CONCLUSION

This study noted a negative correlation of  PDCD4 
expression with increased myofibroblast differentiation in 
OSMF. Future investigations can focus on therapeutically 
targeting the TGF‑β regulated miR21‑PDCD4‑mediated 
stromal signaling for OSMF management.

Financial support and sponsorship
Nil.

Table 5: Correlation between Programmed Cell Death 4 and alpha‑
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ABSTRACT

Background and Aim: Cancer-associated fibroblasts (CAFs) are among the key tumor 
microenvironment components that determine tumor invasion, progression, and resistance to cancer 
therapeutics. Histologically normal mucosa adjacent to oral squamous cell carcinoma (OSCC) has 
been shown to harbor CAFs which aid in the loco-regional recurrence of the lesion. Verrucous 
carcinoma (VC), a low-grade variant of squamous cell carcinoma, has a better clinical outcome. 
However, few VCs show an aggressive biological course and necessitate wide excision with strict 
follow-up. Scarce literature is available regarding the role of CAFs in VCs. Thus, our study aimed to 
evaluate the frequency of CAFs in OSCC, normal mucosa adjacent to OSCC, and VC.
Methods: Thirty cases of squamous cell carcinoma, normal mucosa adjacent to OSCC, and VC each 
were included in the study. The sections were stained with an antibody against alpha-smooth muscle 
actin protein and CAF frequency was evaluated.
Results: The CAF frequency was highest in squamous cell carcinoma, followed by VC, and least in 
normal mucosa adjacent to OSCC (P<0.001).
Conclusion: CAF frequency progressively increases with an increase in the grade or biological 
behavior of the lesion. Thus, screening CAF frequency in these benign and malignant oral lesions is 
necessary for better treatment outcomes.
Relevance for Patients: The immunohistochemical screening for CAFs in OSCC and VC can serve 
as an integrated approach for the development of a directed treatment plan that leads to a better 
patient prognosis. Routine assessment of CAF frequency in surgical margins can serve as an adjunct 
in determining clear margins and possible locoregional recurrence. Furthermore, target therapy for 
CAFs can be used to minimize possible recurrence and distant metastasis.

1. Introduction

Cancer and its microenvironment are a conglomerate of numerous factors that self-support 
the growth and progression of cancer cells. Cancer-associated fibroblasts (CAFs) form one such 
integral part of the microenvironment that drive tumorigenesis and metastasis [1,2]. CAFs can 
be derived from local fibroblasts, endothelial cells, hemopoietic stem cells, preadipocytes, and 
tumor epithelial cells by epithelial-mesenchymal transition [1-3]. These CAFs interact with 
epithelial cells and other connective tissue cells and regulate tumor invasion and angiogenesis 
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[4-12]. They modulate the stroma primarily by the production 
of factors such as metalloproteinase, growth factors, cytokines, 
and chemokines [10-14]. CAFs are a prominent feature of the 
tumor stroma of many, but not all oral squamous cell carcinomas 
(OSCCs) [4]. When present, CAFs are associated with resistance to 
immunotherapy and poor disease-free survival in OSCC [4,14-16]. 
In addition, the CAFs have also been found in potentially malignant 
conditions and histologically normal mucosa adjacent to oral 
squamous cell carcinoma (HNMOSCC) [17-21].

Benign tumors such as Verrucous Carcinomas (VCs) generally 
have a better clinical outcome; however, 1/5th of VCs co-exist 
with an OSCC. Such hybrid tumors may remain histologically 
unidentified and have a greater tendency to recur locally [21]. 
Hence, it is essential to differentiate these VCs from the 
conventional ones at the time of diagnosis for improved treatment 
outcomes. Understanding the molecular differences between VCs 
and OSCCs has been the focus of various studies [21-29]. However, 
most of these studies concentrate on the differences between the 
malignant epithelial components but the stromal component of 
VCs is relatively unexplored. Thus, the present study aimed to 
evaluate the role and difference in the CAF frequency in OSCCs, 
HNMOSCC, and VCs.

2. Methods

In the present retrospective study, histologically diagnosed tissue 
blocks of OSCCs, VCs, and HNMOSCC (30 each) were obtained 
from the department archives. The study was exempt from the 
institutional ethical committee review because of its retrospective 
nature. The patient-matched OSCC lesional tissue and HNMOSCC 
were obtained from the surgical excision and radical neck 
dissection specimens available in the archives. The HNMOSCC 
included were taken one centimeter beyond the surgical margin of 
OSCC; they were histologically tumor-free and the epithelium was 
devoid of dysplasia. The patient-matched OSCC and HNMOSCC 
tissues consisted of 26 male and four female patients. The age 
range was 35-90 years. The most common site involved was buccal 
mucosa (12 cases), followed by the tongue (seven cases), alveolar 
mucosa (three cases), retromolar area (three cases), gingivobuccal 
sulcus (three cases), and palate (two cases). VC had 16 male and 
14 female patients in the age range of 35-80 years. VCs were 
predominantly located on the buccal mucosa (18 cases) followed 
by labial mucosa (four cases), two cases of buccal vestibule and 
gingivobuccal sulcus; and one case each of retromolar area, tongue 
and alveolar mucosa and palate. Tissue sections of 4 µm thickness 
were taken on 3-aminopropyl triethoxy silane-coated slides. 
One section was stained using Harris hematoxylin-eosin and the 
other with αSMA (ready to use, Monoclonal Mouse Anti-Human 
αSMA, Clone 1A4; catalog no AM128-5M BioGenex Lab). 
The αSMA antibody is widely used as an immunohistochemical 
marker for the identification of differentiated fibroblasts/CAFs 
[12]. Immunohistochemically stained sections with αSMA 
were evaluated for the frequency of expression of CAFs. The 
blood vessels stained positively with αSMA acted as an internal 
positive control for each slide. The slides were evaluated by three 

independent oral pathologists with similar training and experience. 
The difference in scoring of CAFs was settled by consensus using 
a Penta-head microscope. Kellerman’s scoring criteria [14] was 
modified and utilized to evaluate the slides based on the percentage 
of stained cells. The cells were evaluated at ×10 and confirmed 
further at ×40. The score was considered as 0 for no expression of 
CAFs, 1 for 1-20% CAFs, 2 for 21-40% CAFs, 3 for 41-60% CAFs 
and 4 for >60% CAF expression. This criterion for scoring was 
used to reduce the manual errors caused by subjective evaluation 
of staining intensity.

2.1. Statistical analysis

The data were tabulated and analyzed in the SPSS software. The 
data were analyzed using Kruskal–Wallis tests and Mann–Whitney 
test (p≤0.05 was considered significant).

3. Results

The frequency scores of αSMA positive CAFs in OSCCs ranged 
from 1 to 4 (Figure 1A-D). About 40% OSCCs (12/30 cases) exhibited 
CAF score 3, that is, 41-60% CAFs in the stroma (Figure 1C). In case 
of HNMOSCC, 13.3% of cases showed no CAF expression (Figure 
2A) and remaining showed expression of score 1 (Figure 2B). About 
10% of VCs did not show αSMA positive CAF (Figure 3A). 50% 
VCs (15/30 cases) had the expression of Score 1 (Figure 3B), 20% 
VCs expressed Score 2 (Figure 3C), 16.7% VCs had Score 3 (Figure 
3D), and only 3.3% VCs expressed Score 4 CAF frequency (Figure 
3E). On comparing the CAF frequency between the study groups 
using Kruskal-Wallis and Mann-Whitney test, we found the results 
to be statistically significant (P<0.001) (Tables 1 and 2).

Histologically, OSCCs showed CAFs with the network-like 
(Figure 1C) and spindled (Figure 1D) arrangement pattern. These 
CAFs were primarily noted in the tumor-invasive front. Whereas 

Figure 1. Photomicrographs of OSCC stained with αSMA antibody 
depicting different scores of expression of CAFs (A) Score 1, that is, 
1–20% CAFs (×10), (B) Score 2, that is, 21–40% CAFs (×10), (C) Score 
3, that is, 41–60% CAFs (×10) and (D) Score 4 for >60% CAF expression 
(×10). (Red arrowheads show tumor islands and black arrows indicate 
CAFs). OSCC: Oral squamous cell carcinoma, CAFs: Cancer-associated 
fibroblasts.
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VCs showed the CAFs arrangement in spindled patterns adjacent 
to bulbous rete ridges (Figure 3F). The occurrence of CAFs in 
HNMOSCC was absent or scarce to patchy in distribution.

4. Discussion

Mortality rates of OSCC have remained high even with the 
advances in treatment modalities due to the high loco-regional 
recurrence and metastasis of tumors [13]. Tumor micro-environment 
is implicated in bringing about this progression and metastatic 
changes. The CAFs which are an integral part of the tumor micro-
environment play a central role in facilitating tumor invasion, 
progression, metastasis, and therapeutic resistance [3]. It has been 
observed that the epithelial component of OSCC shows intra-tumor 
and inter-tumor heterogeneity, but the stroma of the OSCC shows 
a consistent signature [1]. This is also reflected through our present 
study wherein αSMA positive CAFs were noted in all the cases of 
OSCC. These results are concurrent with those of Vered et al. [15] 
(100%), Angadi et al. (94%) [17], and Chaudhary et al. [18].

The frequency of CAFs in OSCCs ranged from Score 1 to Score 
4. In OSCCs, the CAFs were found surrounding the tumor islands 
and cords in the stroma, and often in the deep invasive front of 
OSCCs (Figure 1). The arrangement pattern in some cases was in the 
form of delicate rows surrounding and abutting the tumor islands, 
while others showed a marked syncytium-like arrangement of the 
CAF in the stroma. These arrangement patterns could reflect the 
biological dynamic interactions between the components of tumor 
tissues. Kellerman et al. [14] and Vered et al. [15] have put forth 
that increasing frequency of CAF expression is associated with 
poor prognosis. This could be attributed to the fact that the CAFs 
serve as “factories” producing a wide range of proteins, signaling 

Table 2. Comparison of αSMA expression scores/Cancer-associated 
fibroblast frequency among the study groups using Mann–Whitney test.
Groups (n) Z value P value

OSCC (30) 4.063 <0.001*
VC (30)
OSCC (30) 3.020 <0.001*
HNMOSCC (30)
VC (30) 6.497 <0.001*
HNMOSCC (30)

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous 
cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa 
adjacent to oral squamous cell carcinoma

Table 1. Comparison of αSMA expression scores/Cancer-associated fibroblast frequency in all the study groups using Kruskal–Wallis test.
Groups (n) Score 0 (Negative) Score 1 Score 2 Score 3 Score 4 Chi square (χ2) P value

OSCC (30) 0 3 (10%) 9 (30%)) 12 (40%) 6 (20%) χ2=51.840
P<0.001*VC (30) 3 (10%) 15 (50%) 6 (20%) 5 (16.7%) 1 (3.3%)

HNMOSCC (30) 4 (13.3%) 26 (86.7%) 0 0 0

*The difference in αSMA expression was statistically significant. OSCC: Oral squamous cell carcinoma, VC: Verrucous carcinoma, HNMOSCC: Histologically normal mucosa adjacent to oral 
squamous cell carcinoma

Figure 2. Photomicrograph of HNMOSCC stained with αSMA antibody. 
(A) Score 0, that is, no CAFs (×10). (B) Score 1 of CAFs in HNMOSCC 
located juxtaepithelially (×40), (blue arrowheads show normal epithelium 
and black arrows show CAFs). HNMOSCC: Histologically normal 
mucosa adjacent to oral squamous cell carcinoma, CAFs: Cancer-
associated fibroblasts. 

A B

Figure 3. Photomicrograph of VCs stained with αSMA demonstrating 
varying score of CAFs (×10) (A) Score 0 with no expression of CAFs, 
(B) Score 1, that is, 1–20% CAFs (×10), (C) Score 2, that is, 21-40% 
CAFs (×10), (D) Score 3, that is, 41–60% CAFs (×10), (E) Score 4 
for >60% CAF expression (×10) and (F) CAFs abutting the tumor rete 
pegs stained with αSMA (×40) (Arrows point to CAFs; red arrowheads 
point tumor rete ridges). VCs: Verrucous carcinomas, CAFs: Cancer-
associated fibroblasts.
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molecules, cytokines, and growth factors. They boost tumor 
angiogenesis, drive tumor invasion, and thereby help in tumor 
progression and metastasis [8,11]. Hence, the carcinomas with 
higher expression of CAF may result in loco-regional recurrence.

Furthermore, in HNMOSCC, we found the presence of αSMA 
positive CAFs in 86.7% of cases. These CAFs were scanty and 
showed juxtaepithelial localization (Figure 2B). The expression of 
CAFs in HNMOSCC was significantly lower than that in OSCC 
(P<0.001). Since CAFs were not present in normal mucosa, as 
demonstrated by Chaudhary et al. [18] and Angadi et al., [22] their 
presence in HNMOSCC suggests that HNMOSCC harbors tumor-
induced changes. Clinically, even if the epithelial malignancy 
is removed with safe margins, yet histologically, CAFs can be 
left behind in the tumor-associated stroma undiagnosed. These 
CAFs can undergo a mesenchymal-epithelial transformation, 
or they may be instrumental in modifying the epithelium to 
produce second primary tumors [22]. Increased frequency of 
CAFs is significantly associated with disease recurrence and 
poor patient survival [15]. Analyzing the “molecular status” of 
the surgical margins to predict the outcome and plan adjuvant 
therapy for OSCC is a more pragmatic approach [30]. CAFs 
mediate microenvironment changes and possible mesenchymal-
epithelial interactions. Their evaluation can aid in understanding 
the biological behavior of OSCCs and surgical margins. Hence, 
αSMA alone or with other markers should be employed to screen 
the surgical margins to predict treatment outcomes.

In the case of VCs, we found that the CAFs were expressed in 
96.7% of cases localizing predominantly around the rete pegs or 
juxtaepithelially (Figure 3B-F). This result was in concordance 
with the findings of Chaudhary et al. [18], who observed 
86.67% of cases showing expression of the CAF in VC. In our 
study, the frequency of CAF in VCs was significantly lower 
than the frequency in OSCCs (P<0.001) and higher than that in 
HNMOSCC (P<0.001). The expression of CAFs in HNMOSCC, 
VCs, and OSCCs can be in a continuum, with HNMOSCC having 
the minimum frequency of CAFs while the cases of OSCCs 
having the maximum frequency.

In HNMOSCC and VCs, CAFs were localized 
juxtaepithelially with no breach in the continuity of the 
basement membrane. This could be because secreted factors 
such as TGF-β1 or microRNAs produced by tumor cells may 
pass through the basal lamina to reach the connective tissue 
thereby bringing about the differentiation of CAFs [3,6]. 
A previous study has found an increased expression of 
TGF-β1 in VCs and OSCCs [27]. CAFs through matrix 
metalloproteinases breakdown the basement and mediate 
digestion to generate tracts for carcinoma cells. Alternatively, 
they can increase permeability and remodel the matrix by 
applying contractile force, thus creating a breach in basement 
membrane fibers to allow the passage of carcinoma cells. 
Hence, VCs with CAFs may be hypothesized to harbor 
areas of basement membrane destruction like that of OSCC. 
This premise could potentially explain the fact reported by 
Johnson et al. [21] that 1/5th of VCs are hybrid tumors that 
demonstrate traditional OSCC like areas and show a tendency 

to recurrence. Immunohistochemical evaluation of CAFs in the 
stroma of VC can help predict molecular micro-environmental 
changes in these indolent lesions. This can enable the surgeons 
to maintain stern follow-up of VCs with a high frequency of 
CAFs. Chaudhary et al. [18] have reported CAFs in VC but, in 
the present study, we have proposed the possible hypothesis for 
transformation of CAFs even in lesions with intact basement 
membrane. Moreover, we also hypothesize that lesions with 
more CAFs may have poor prognosis.

Theoretically, we could associate the CAF frequency to the 
differentiation of epithelial cells. However, being a preliminary 
research, the present study is limited by the lack of follow-up 
data. Further inclusion of histological parameters such as tumor 
thickness, depth of invasion, and neurovascular invasion is needed 
to elaborate on the role and interactions of CAFs with the tumor 
microenvironment. Molecular studies for testing the association of 
high frequency of CAFs with extracellular matrix gene signature, 
immune profiles of inflammatory cells such as macrophages or 
tumor-infiltrating lymphocytes, role of reactive oxygen species, 
and their cross-talks can aid to elicit the dynamics that regulate 
progression and loco-regional recurrence of oral malignancies.

5. Conclusion

The presence of CAFs in VCs highlights the possibility that 
VCs could have an aggressive biological course with increased 
predilection toward post-surgical recurrence. Expression of 
CAF in HNMOSCC supports the theory of the role of CAF in 
field cancerization and development of second primary tumors. 
Hence, instead of a treatment plan solely dependent on clinical 
or histopathological features, screening the tumor and surgical 
margins for CAFs will be of prognostic significance. The present 
report distinctly discusses the role of CAF screening in OSCCs 
and VCs for predicting patient prognosis and highlights the need 
for the development of a CAF-based targeted therapy. Targeted 
therapy for CAFs can aid in minimizing immune response failure, 
recurrence, and distant metastasis.
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Natural, organic, and herbal mouth rinses do not contain alcohol, 
artificial preservatives, or colors and flavors, and have unique 
therapeutic properties. Hence, they are attaining popularity among 
today’s relatively more aware consumers. Research data supports their 
bactericidal action, antiplaque, and anti-gingivitis efficacy.8 Moreover, 
studies pertaining to herbal mouth rinses and their efficacy in the 
reduction of dental caries are lacking; hence, it is essential to produce 
required evidence. The present study was therefore conducted to 
evaluate and compare the effectiveness of Chlorhexidine and Herbal 
mouth rinse on salivary S. mutans in children with mixed dentition.

In t r o d u c t I o n
Dental caries is characterized by demineralization of calcified 
tissues of the teeth due to several factors.1 Approximately, 60–65% 
of children in India are affected by dental caries. Several organisms 
are involved in the development of carious lesions.2,3 However, the 
literature strongly reports Streptococcus mutans (S. mutans) as the 
potential organism involved in the initiation of dental caries. This 
is because S. mutans can attach to the enamel surface, produce 
acid metabolites, provide glycogen reserves, and has the ability 
to synthesize extracellular polysaccharides.1

Several antimicrobial agents with varying efficacy have 
been reported for the reduction of dental caries.4 Preventive 
programs such as the use of fluoride toothpaste, community 
water fluoridation, and mouth rinses, focusing primarily on the 
reduction of caries have also been carried out to reduce the 
prevalence of the disease.5 These substances inhibit the adhesion 
of bacteria, their colonization, and metabolic activity ultimately 
affecting their growth.4 Presently, bisbiguanide being the most 
efficacious chemotherapeutic agent against S. mutans has high 
bactericidal activity against both gram-positive and gram-negative 
bacteria. But it has a few side effects such as tooth discoloration, 
the altered sensation of taste, and erosion of oral mucosa.6,7 Also, 
due to the developing antimicrobial resistance to the currently 
available antibiotics and chemotherapeutics, the implementation 
of alternative treatment options for oral diseases that are safer, 
effective, and economical are needed.8
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of 1 mL unstimulated whole saliva was done an hour after rinsing the 
mouth with the respective mouth rinse, and assessed for S. mutans 
growth as mentioned in baseline saliva evaluation.

A washout period of 21 days was given when neither of the two 
mouth rinses was used. The selected subjects were then assigned 
to Phase II in which the baseline saliva was collected with a similar 
protocol as followed in Phase I. The mouth rinse formulations were 
interchanged as per Latin square design and the subjects were told 
to use the assigned mouthrinse for the next 7 days. The post-test 
saliva was collected on Day 8 and subjected to microbiological 
assessment. During the entire duration of the study, the subjects 
were told to follow their routine oral hygiene habits.

Microbial Assessment
Dilution (1: 10,000) of the saliva samples in 0.05 M phosphate buffer 
(pH 7.0) was done using serial dilution method; 0.1 mL of which 
was inoculated on Mitis Salivarius Agar with potassium tellurite 
medium and bacitracin (MSBA). Incubation of the plates was done 
for 48 hours at 37°C in a 5–10% CO2 jar, under a light microscope.. 
The number of Colony Forming Units (CFU) of S. mutans were 
determined using a stereomicroscope. Further, the determination 
of CFU per mL was done using the following formula:

No. of colonies × Dilution factor/Volume inoculated in  
mL = CFU/mL

Where, Volume inoculated = 0.1 mL and Dilution factor = 104

Statistical Analysis
SPSS v20 was used to analyze the data. The collected data were 
tabulated using Microsoft Excel 2007 and subjected to analysis 
statistically. Determination of distribution of the data was done 
using the Kolmogorov Smirnov test. Intergroup comparison was 
done using Mann–Whitney U test and intragroup comparison 
using Wilcoxon signed-ranks test to compare the effectiveness of 
chlorhexidine and herbal mouth rinse. A p value < 0.05 has proven 
to be statistically significant.

re s u lts
Out of 60 children with a mean age of 8.97 + 1.91 years, 31 children 
(51.67 %) were male and 29 children (48.33 %) were female. The 
mean difference of S. mutans count, at baseline and 7 days was not 
significant (A group p value is 0.0880 and B group p value is 0.2590) 
and followed a normal distribution (Table 1).

The intragroup comparison showed that S. mutans count had 
significantly reduced in both the groups at baseline and after 7 days 
(p = 0.0001; Table 2 and Fig. 2).

A statistically significant difference in S. mutans count 
(p < 0.0036) was seen on the intergroup comparison at baseline; 
whereas a statistically insignificant difference (p < 0.1347) between 
both the groups was seen on the 7th day. However, a statistically 
significant overall mean difference of S. mutans count between 
both the groups was observed (p = 0.0209; Table 3).

dI s c u s s I o n
This study was performed with a crossover design known as Latin 
square design. This design has the advantage of subjects acting 
as their own controls and hence there is less variability within a 
subject. Also, the order in which the interventions are carried out in 
a crossover trial may cause errors which are named “order effects.” 
These errors are eliminated by Latin square design.6 However, the 
carryover effect is one of the biggest problems associated with Latin 

MAt e r I A l s A n d Me t h o d s

Study Design and Setting
The current randomized crossover study was conducted at an 
underprivileged Government-residential school in the Northern 
part of Karnataka. The study was briefed to the Principal along 
with the guardian of the school and consent was obtained. Written 
informed consent was also obtained from the children before 
participating in the study. Procurement of ethical clearance was 
done by the Institutional Ethics Committee. The following formula 
determined the sample size: n = 2S2 /d2 (Z1-α/2 + Z1-β),2 α = 5%  
(Zα = 1.96) and β = 80%, (Z1-β = 0.824) where α = Probability of type 
I error, 1-β = Power of the study, S = 794.57, d = 575.24, Z = Standard 
normal deviate. As per the calculation, the required sample size 
was 60. Children with mixed dentition, who were free of any 
systemic diseases, and residing in the same geographic area were 
included as part of the study. Children suffering from any disease 
affecting the flow of saliva, children having special healthcare 
needs, and those showing any adverse reactions to the products 
used in the study or under any antibiotic therapy (1 month before 
the study) were excluded from the study.

Data Collection
Demographic data and oral findings of all the patients were 
recorded in a predesigned proforma. Caries status was recorded 
using Nyvad’s criteria.9 Baseline unstimulated whole saliva10 of 
volume 1 mL was collected between 10 and 11 am11 by a suction 
method using a sterile disposable syringe (Unolok Hindustan 
Syringes & Medical Devices Ltd., Faridabad, India) and transported 
immediately in thioglycolate medium for microbial assessment on 
the same day of sample collection.

Intervention
The intervention was carried out according to Latin square design6 
(Fig. 1) in two phases– Phase I and Phase II. In Phase I, the subjects 
were randomly assigned into two groups: Chlorhexidine group 
(Hexidine mouthwash 0.2 %, ICPA Health Products Ltd., Ankleshwar, 
India) and herbal mouth rinse group (Hiora mouthwash, The 
Himalaya Drug Company, Bengaluru, India) by lottery method. 
The assigned mouth rinse (5 mL) was used to rinse the mouth for 
1 minute and then expectorated, twice daily, for 7 days under the 
supervision of the primary investigator. The subjects were told not 
to consume anything 30 minutes after rinsing. On day 8, collection 

Fig. 1: Latin square design used in the study
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ions thus reducing the bias due to the buffering action of saliva. The 
four most common approaches for the collection of unstimulated 
saliva are the draining method, suction method, spitting method, 
and absorbent (swab) method.10 Due to its ease of use, a suction 
method was used in this study. A significant circadian rhythm in 
the rate of flow and in concentration of sodium and chloride was 
seen in unstimulated whole saliva all throughout the day.11 With 
the increase in the flow rate, the pH of the saliva also increased, and 
thus, to standardize the procedure, saliva was collected between 
10 and 11 am of the day.11 Although there are several specific media 
available for isolation of S. mutans, MSBA is the most specific test  

square design. To eliminate this effect, a run-in period of 21 days 
had been used in this study, though it was more time-consuming.12

Children with mixed dentition with a mean age of 8.97 + 1.91 were 
included in the present study because of second window of 
infectivity. The infectivity window is mostly observed in children 
between 6 and 12 years, during which multiple permanent teeth 
erupt and tooth surfaces are exposed to caries risk until the second 
molars are fully developed.13

Stimulated and unstimulated saliva are the two different 
methods of saliva collection. Unstimulated saliva was used in the 
present study because of its lower concentration of bicarbonate 

Table 1: Distribution of S. mutans count among the test groups at baseline and 7 days

Time

No. of CFU (x108)

Group A
chlorhexidine

Group B
herbal

Mean ± SD p-value Mean ± SD p-value
Baseline 1.52 ± 1.11 0.0380* 2.23 ± 1.38 0.0360*
7 days 0.56 ± 0.40 0.0340* 0.72 ± 0.52 0.0680

Difference 0.96 ± 1.00 0.0880 1.50 ± 1.29 0.2590

Kolmogorov Smirnov test, *p < 0.05 indicates non-normal distribution

Table 2: Intragroup comparison of S. mutans count (number of CFUx108) At baseline and 7 days

Mouth rinse
Mean ± SD, CFU/mL

p-valueBaseline 7 days
Chlorhexidine
Group A

1.52 ± 1.11 0.56 ± 0.40 0.0001

Herbal
Group B

2.23 ± 1.38 0.72 ± 0.52 0.0001

Figs 2A to C: Photograph showing the growth and colonization of S. mutans at: (A) Baseline; (B) After administration of chlorhexidine mouthrinse;  
(C) After administration of herbal mouthrinse

Table 3: Intergroup comparison of S. mutans count (number of CFUx108) at baseline and 7 days

Time points

Chlorhexidine
Group A

(Mean ± SD)

Herbal
Group B

(Mean ± SD) p-value

Baseline 1.52 ± 1.11 2.23 ± 1.38 0.0036*
7 days 0.56 ± 0.40 0.72 ± 0.52 0.1347

Difference 0.96 ± 1.00 1.50 ± 1.29 0.0209*

Mann–Whitney U test, *p < 0.05
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that this ayurvedic mouth rinse can be promoted by dentists as 
they have equal efficacy against S. mutans as compared to 0.2 % 
Chlorhexidine mouth rinse with no side effects.

co n c lu s I o n
The present study demonstrated that both Chlorhexidine and 
herbal mouth rinses have greater antimicrobial efficacy against 
S. mutans. However, herbal mouth rinse proved to have better 
antimicrobial efficacy than Chlorhexidine mouth rinse. Further, 
long-term studies need to be done with a larger sample size to 
reinforce these findings.
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for this organism.14 Moreover, S. mutans is the only organism 
intended to be isolated in the present study.

An amount of 0.2% Chlorhexidine when used as a mouth rinse 
was effective in reducing the salivary S. mutans count. Similar 
results have been obtained in previous studies.4,7 Chlorhexidine 
is found to be effective against a wide spectrum of gram-positive 
and gram-negative organisms. Being bacteriostatic at lower 
concentrations causes cell wall leakage in the microorganisms and 
at higher concentrations, it is bactericidal causing precipitation of 
cytoplasm by protein-cross-linking.15 Although effective, it causes 
a few adverse effects such as tooth discoloration, the altered 
sensation of taste, and erosion of oral mucosa.7 The discoloration 
is mainly due to the adsorption of Chlorhexidine on the surface 
of hydroxyapatite crystals that alters the binding ability of the 
crystals.16 There is a sodium receptor molecule in the taste buds 
that is unique in property and different from receptors for sweet, 
sour and bitter stimuli. Chlorhexidine binds to this specific 
receptor causing alteration of taste sensation.6 Chlorhexidine also 
precipitates mucins, which can lead to a reduction in the amount 
of IgA available in the mouth, as IgA is found in high concentrations 
in the mucin layer.15 However, it was reported that side effects were 
observed only when the mouth rinse is used for a long-term, that is, 
period of more than 1 month.17,18 In this study, no such side effects 
were observed as the intervention lasted only for a week.
A significant reduction of salivary S. mutans count was seen after 
7 days after using Chlorhexidine mouth rinse as compared to that at a 
baseline level in our study. Similar studies were done by Shah et al.19  
and Sharma et  al.20 also found significant reduction in CFU of 
salivary S. mutans, with the use of Chlorhexidine mouth rinse. Herbal 
mouth rinse in our study also showed a significant reduction of 
 S. mutans count in saliva after 7 days compared to that at a baseline 
level, which is similar to study conducted by Shah et al.19 However, 
the herbal mouth rinse used in the present study was found 
to be better than the Chlorhexidine mouth rinse in reducing 
salivary S. mutans count. Similar studies done by Shah et al.19 and 
Nayak et  al.21 with different herbal products also proved better 
antimicrobial effect on salivary S. mutans,  than Chlorhexidine. On 
the contrary, a similar study conducted by Sharma et al.20 reported 
that Chlorhexidine was better as compared to herbal rinse (Hiora) 
in reducing S. mutans count.

Hiora contains Salvadora persica (mustard tree), Terminalia 
belerica (Baheda), Piper betel (Betel leaf), Gaultheria fragrantissima 
(Oil of Wintergreen), Elettaria cardamomum (Cardamom), Mentha 
piperita (Menthol), and Trachyspermum ammi (Bishop’s weed). 
Salvadora persica is a medicinal plant which contains alkaloids, 
fluorides, glucosinolates, sulphur compounds, volatile oils such as 
benzyl isothiocyanate which have antimicrobial and prophylactic 
properties.22 Terminalia bellerica contains ellagic and gallic acid. 
The presence of these active ingredients, of phenolic nature, 
is responsible for scavenging the free radicals.23 Piper betel 
has shown to inhibit growth, acid production, cell-associated 
glucosyltransferase and adherence of S. mutans. The fatty acids 
present in the extract interfere with glycolytic enzymes of bacteria 
and thus, interfere with their acid production.24 Other herbal mouth 
rinses that are also found to be effective against S. mutans were 
Ocimum sanctum ,(tulsi)25 Azadirachta indica (neem),26 and Triphala.27

Interpretation of the study results should be done observing 
certain limitations that include a small sample size. The result 
could be better relied upon if a larger sample size could have been 
introduced. Nonetheless, it has substantial future implications 
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Along with its anticaries, antiplaque, and anti-gingival action, it has 
markedly shown remineralizing effects on initial carious lesions.4

Fluoridated toothpaste are commonly available in the market 
but its use is still debatable even after ample research on the subject. 
Dentists as well as the parents are in a dilemma for its use in children 

In t r o d u c t I o n

Dental caries is a major oral health threat in the Third World 
countries. The caries prevalence is reported to be 41% for children 
within the age of 2–11 years. The process of demineralization and 
remineralization is balanced and occurs concurrently in the oral 
cavity, but even a mild disturbance in the balance can lead to 
dental caries.1

The amalgamation of specific bacterial population that 
establishes in the oral cavity and the caries susceptible oral 
environment leads to demineralization of the enamel. This 
demineralization lesion is clinically demonstrated clearly when air 
dried as a white, opaque spot.2

A more biologically focused approach is used on demineralized 
lesion, diligent application of remineralization agents to early 
carious lesions has shown a good success rate in the literature. 
This creates a supersaturated environment around the early 
demineralized lesion, which further prevents the mineral loss and 
forces calcium and phosphate ions in the lesion leading to net 
mineral gain. Traditionally, these demineralizing agents consists 
of calcium phosphate along with or without fluoride 3

A newer generation of toothpaste containing Zinc 
hydroxyapatite nanoparticles has been developed. This paste has 
shown effective result in reducing caries, plaque, and gingivitis. 
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Ab s t r Ac t
Aim: The aim of this in vitro study is to evaluate the remineralizing potential of commonly used fluoridated toothpaste, toothpaste with calcium 
sucrose phosphate, toothpaste with zinc hydroxyapatite, herbal toothpaste, and to compare them.
Background: The process of demineralization and remineralization is balanced and occurs concurrently in the oral cavity, but even a mild 
disruption in this mechanism could lead to dental caries. Dental caries is a threat in the Third World countries and more common entity in 
childhood. The caries prevalence is reported to be 41% for children within the age of 2–11 years.
Materials and method: According  to previous  studies  and standard sample size calculating formula the  sample size of 48 was calculated, the 
teeth were subjected to demineralization – remineralization process and were observed under scanning electron microscope.
Results: The outcomes of this study suggest that the remineralizing potential of toothpaste with zinc hydroxyapatite (p = 0.0001*) was highest as 
compared to toothpaste with fluoride ( p = 0.0087*), herbal toothpaste ( p = 0.9034), and toothpaste with calcium sucrose phosphate (p = 0.0002*).
Conclusion: All the four toothpastes showed an adequate amount of remineralization but the highest amount of remineralization potential 
was seen with toothpaste containing zinc hydroxyapatite.
Clinical significance: The clinical significance of our study is to give clear and evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. Treating demineralization at an initial stage would help to remineralize the tooth 
structure and thereby limit further destruction of the tooth structure which will preserve the beautiful smile of the child.
 Keywords: Children, Demineralization, Dental caries, Remineralization.
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Group 2: Herbal toothpaste
Group 3: Toothpaste containing zinc hydroxyapatite
Group 4: Toothpaste containing calcium sucrose phosphate

Recording Demineralization Rates
These 48 demineralized sections were then studied under the 
stereomicroscope to evaluate the lesion depth (Fig.  1). The 
evaluated values were noted and tabulated. The values noted by 
two examiners were taken and the average value of all two was 
noted. The cut inner part of the section was then painted with 
nail varnish except the artificial carious lesion surface for further 
exposure to remineralization toothpaste.

Recording the Remineralization Rates
After the application of remineralizing toothpaste, the sections were 
studied under stereomicroscope to evaluate the remineralizing 
potential at 2nd, 4th , and 6th day (Fig. 2). The evaluated values will 
be noted and tabulated. The values recorded by two examiners 
were taken and the average value of all two was noted. The 
evaluated values for the demineralized (control group) sections and 
remineralized sections were recorded in units by using “micrometer 
eyepiece.” The units value was then converted into micrometer 
using the following formulas:

Micrometer = 
No. of units 1,000

Eyepiece magni�cation zoom

�
�   

Scanning Electronic Microscope Examination
For the SEM examination, a sample specimen from baseline, 
demineralized tooth structure as well as from each group was 
randomly selected to observe surface change. To compare 
the morphological variations between the different treated 
samples scanning electron microscope was used. For better 
observation of the results, both sound and demineralized enamel 
surfaces were examined. The resultant images obtained were of 
×500 magnification.

re s u lts
The obtained results were recorded and the data was entered into 
MS excel sheet (Microsoft Corp.) and the data was analyzed using 

because of its deleterious effects. There has been an ever increasing 
quest to search for a newer and better alternative.5 There are herbal 
toothpaste and toothpaste with calcium sucrose phosphate, which 
have gained popularity in the recent times and their usage has 
increased tremendously.

Hence, an in vitro Scanning electron microscope study 
was conducted with a purpose to evaluate and compare the 
remineralizing potential of f luoridated toothpaste, herbal 
toothpaste, toothpaste with zinc hydroxyapatite, and toothpaste 
with calcium sucrose phosphate.

MAt e r I A l s A n d Me t h o d
The sample size of 48 was calculated using standard sample size 
calculating formula and previous research articles,5,12 the required 
data for the study was derived from noncarious extracted or 
exfoliated maxillary or mandibular premolar obtained from the 
Department of Pediatric and Preventive Dentistry. The inclusion 
criteria considered in our study were extracted caries-free premolar 
of maxillary or mandibular arch. The exclusion criteria were the teeth 
with white spot lesions, carious teeth, teeth with cracked areas, and 
hypoplastic discolored teeth.

Storage
Extracted caries-free premolar of maxillary or mandibular arch were 
stored in 10% formalin until further use.

Demineralization
The selected teeth were dried and coated with nail varnish (acid 
resistant), leaving a window of 4 cm × 3 mm for demineralization 
process, on the buccal or lingual surface. The rectangular window 
was then coated with 37% phosphoric acid for 3 mins to produce 
artificial carious lesions.5

Sectioning and Division into Groups
The teeth samples were vertically sectioned using a diamond 
disk in buccolingual direction, such that each section consists of 
a demineralized area and normal enamel. Total number of sound 
sections obtained were 48, which were then allocated into four 
groups, with 12 sections in each group.

The four groups were as follows:

Group 1: Toothpaste containing fluoride

Fig. 1: Demineralized sections: Viewed under the stereomicroscope Fig. 2: Remineralized sections: Viewed under the stereomicroscope
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Herbal toothpaste (Group 2) and toothpaste containing calcium 
sucrose phosphate (Group 4) showed appreciable amount of 
remineralization at day 6, which was 1241.67 and 1033.33, respectively 
but no complete remineralization of the tooth structure was seen.

Figure 4 compared different time points with remineralization 
scores in four groups and it was pleasant to see that toothpaste 
containing zinc hydroxyapatite (Group 3) showed a linear graph 
from the point of demineralization at baseline to day 2 which stayed 
steady till day 6. It also showed a highest amount of remineralization 
than compared to all the other three groups.

dI s c u s s I o n
To survive, all higher forms of life are reliant on consumption of 
food that fuels one’s life. Teeth are the tool used to ensure survival 
of life. Nature has fashioned the hard enamel covering to serve this 
function. It is a paradox that though enamel is the hardest biological 
substance, its acellular and avascular nature make it incompetent 
of any natural defense.6

Dental caries is a multifactorial disease affected not only by oral 
cavity environment but also influenced by community, family, and 
individual but most essential of all is by time.7 Demineralization of 
teeth is mostly caused by exposure of tooth surface to the acids.

The tooth remineralization is a natural repair process in the 
oral cavity, supersaturation of ions such as calcium, phosphate, and 
fluoride around the tooth is important to restoring the strength 
and function of the tooth. These ions are deposited in the crystal 
voids of enamel making it more resistant to the carious process.8–10

Our study incorporated the use of human permanent premolar 
teeth. The primary reason for the same was that they are the most 

IBM SPSS software (version 20.0 Chicago IL, USA).The remineralized 
values were compared with the evaluated demineralized (control 
group) values of the same specimen. This was done for all the four 
groups. The results of comparison of the four test groups were 
done using one-way ANOVA test, Dependent “t“ test, and Tukey’s 
post hoc test.

The current study was designed to test the effects of four 
toothpaste on demineralized enamel lesion depth in vitro condition. 
Tooth sections obtained from extracted human premolar teeth 
were subjected to experimental application. The depths of the 
artificial carious produced in enamel were measured in millimeter 
using stereomicroscope and an intergroup comparison was done 
at the end of 2nd, 4th , and 6th day.

The difference in mean lesion depths was not statistically 
significant when comparison was done between four groups 
at baseline after demineralization (Table  1). When a pair-wise 
comparison was done between all the four groups at different 
time intervals, the results of the comparison showed a statistically 
significant difference in the remineralizing potential with all of the 
groups apart from when Herbal toothpaste (Group 2) was compared 
to Toothpaste containing calcium sucrose phosphate (Group 4), the 
results were not statistically significant (Table 1).

Figure 3 showed the remineralizing potential of all the four 
toothpastes at different time points, i.e., 2nd, 4th, and 6th day. 
Toothpastes containing zinc hydroxyapatite (Group 3) showed 
the maximum amount of remineralization at day 2 (1491.57) itself, 
which gradually continued up till day 6 (1508.33) where complete 
remineralization of the tooth structure was seen. Toothpaste 
containing fluoride (Group 1) also showed a complete remineralization 
of the tooth structure, which was gradual from day 1 to 6 (1491.67). 

Fig. 3: Comparison of different time points with remineralization score 
in four groups

Fig. 4: Graph showing comparison of different time points with 
remineralization scores in four groups

Table 1: Pair-wise comparison of four groups with remineralization at different time points by Tukey's multiple post hoc procedures

Time points

Group 1
vs
Group 2

Group 1
vs
Group 3

Group 1
vs
Group 4

Group 2
vs
Group 3

Group 2
vs
Group 4

Group 3
vs
Group 4

Baseline p = 0.9873 p = 0.9984 p = 0.7984 p = 0.9592 p = 0.6026 p = 0.8777

Day 2 p = 0.0013* p = 0.0018* p = 0.0087* p = 0.0002* p = 0.9034 p = 0.0002*
Day 4 p = 0.0002* p = 0.9954 p = 0.0002* p = 0.0002* p = 0.5729 p = 0.0002*

Day 6 p = 0.2773 p = 0.9994 p = 0.0091* p = 0.2256 p = 0.4359 p = 0.0065*

*statistically significant
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crystals to form fluorapatite crystals which are more resistant to 
future demineralization.13

In our study, toothpaste containing calcium sucrose phosphate 
and herbal toothpaste did show a fair amount of remineralization 
but could not remineralize the tooth completely even at day 6 after 
repeated applications.

Stereomicroscopic analysis was carried out in our study, 
samples were randomly selected at baseline, after demineralization 
and from all the four groups. The sample at baseline showed the 
normal tooth structure without any depressions in enamel rods 
(Fig. 5). Once the demineralization process took place, the enamel 
rods showed concavities on the surface (Fig. 6).

Toothpaste was then applied on the demineralized tooth 
surface to check their remineralizing potential. In the first group, 
they were treated with fluoridated toothpaste which showed calcific 
deposits surrounding the enamel rods (Fig. 7). In the second group, 
the demineralized surface was treated with herbal toothpaste which 
showed very less amount of remineralization; moreover the enamel 
rods still had the depressions present (Fig. 8). In Group 3, the samples 
were treated with toothpaste containing zinc hydroxyapatite, 
the SEM analysis showed some astonishing results, complete 
remineralization of tooth surface was observed, and the enamel rods 

common teeth to be extracted for orthodontic purpose. The 
physical and chemical composition of the teeth will vary between 
deciduous and permanent dentition and also between the types 
of teeth (incisors, canine, premolar, and molar). Hence, in order to 
avoid the microscopic variation, which may occur, in the present 
study, only permanent premolars have been selected.11

Cessation of dental caries has always been a forte of a dentist. 
In this study, 37% phosphoric acid was used for demineralization 
to mimic a white spot lesion. This study showed that toothpaste 
containing zinc hydroxyapatite had the highest amount of 
remineralization potential; this can be attributed to the fact that 
it contained zinc hydroxyapatite crystals in it. These crystals are 
thought to be deposited in the demineralized voids which on 
repeated deposition detailed in a sound tooth structure.12

An in vivo study was conducted where two pediatric 
dentifrices were compared to one regular dentifrice. This study 
hypothesized that the pediatric toothpaste containing sodium 
monofluorophosphate showed an appreciable amount to 
remineralization. Our study showed a similar results where 
toothpaste containing fluoride showed a meritorious result in terms 
of remineralization, which can be attributed to its content of sodium 
monofluorophosphate, which reacts with the hydroxyapatite 

Fig. 5: Normal tooth anatomy as seen under SEM with 500 magnification

Fig. 6: Tooth anatomy after demineralization as seen under SEM with 
500 magnification

Fig. 7: Toothpaste containing fluoride showing remineralization of 
demineralized area under SEM with 500 magnification

Fig. 8: Herbal toothpaste showing remineralization of demineralized 
area under SEM with 500 magnification



Comparative Evaluation of the Remineralizing Potential of Commonly Used Toothpastes in Children

International Journal of Clinical Pediatric Dentistry, Volume 15 Special Issue 2 (Cariology)S162

cl I n I c A l sI g n I f I c A n c e
The clinical signif icance of our study is to give clear and 
evidence-based idea to the dentist and the parents about the 
remineralizing toothpaste available in the market for children. White 
spot lesion, which is an early sign of demineralization and an initial 
carious lesion, is very common among children. Treating them at 
the initial stage would help to remineralize the tooth structure and 
thereby limit further destruction of the tooth structure, which will 
preserve the beautiful smile of the child. It will also help the child 
and the parent to overcome physical, social, and economic barrier. 
A good oral health is a reflection of a overall good general health.
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showed their normal anatomy (Fig. 9). The last group of samples was 
treated with toothpaste containing calcium sucrose phosphate, this 
group showed minimal amount of remineralization further more 
enamel rods appeared to be demineralized with significant number 
of concavity present in them (Fig. 10).

The remineralization is a steady process in the oral cavity. In the 
entire process of dental caries, the tooth is subjected to repeated 
cycles of demineralization and remineralization. These cycles are 
of uncertain duration and intensities. Clinically, remineralization 
is substantial when the enamel destruction can be stopped or 
reversed without the use of restorative techniques or material.13

The finding of our study has dental health implications. 
The patient and the parent should be educated toward 
effective preventive approaches such as maintenance of good 
oral hygiene via brushing twice a day and diet modifications. 
The lesions produced in the study are initial and in its first 
progression phase, which often is not detected in clinical 
examination. Some of the agents tested in this study did show 
ability to resist early lesion development. Prevention of such 
early lesions is considered as primary level of prevention because 
these lesions are not visible clinically or radiographically, hence 
are undiagnosed and can be effectively dealt with by just use of 
right remineralizing agent.14,15

This study can be a road map for the dentist to choose the 
toothpaste wisely for the betterment of the children and also 
to progress toward the goal of caries-free society. Our study 
showed that toothpaste containing zinc hydroxyapatite had better 
remineralization potential compared to the other toothpaste used 
in our study. The limitation of our study that it is an in vitro study 
so an in vivo study for longer duration shall be carried out. Various 
measures have been taken to conduct a clinical trial among children 
in this regard.

co n c lu s I o n
The conclusions drawn from the present study are as follows:

• All the four toothpaste showed a remineralizing potential
• The toothpaste containing zinc hydroxyapatite showed a 

superior remineralizing prospect compared to the toothpaste 
containing fluoride, toothpaste containing calcium sucrose 
phosphate, and herbal toothpaste; it could be attributed to the 
zinc hydroxyapatite content in it.

Fig. 10: Toothpaste containing calcium sucrose phosphate showing 
remineralization of demineralized area under SEM with 500

Fig. 9:  Toothpaste containing zinc hydroxyapatite showing 
remineralization of demineralized area under SEM with 500 magnification
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Knowledge, attitude, and practices 
about online education during 
COVID‑19 outbreak among 
dental professionals in India – A 
cross‑sectional study
Nivedita Saxena, Shivayogi M. Hugar, Sanjana P. Soneta, Pooja K. Dialani, 
Neha Kohli, Vidyavathi H. Patil

Abstract:
AIM: The aim of this study was to assess knowledge, attitude, and practices about online education 
during COVID‑19 outbreak among dental professionals in India.
MATERIALS AND METHODS: A sample of 200 participants was taken comprising interns, 
postgraduate, faculty, and private practitioners of dental specialty. A prevalidated 15‑item 
questionnaire incorporating four domains was distributed among the participants. It was followed by 
statistical analysis of the data.
RESULTS: The results were tabulated using descriptive analysis. Association was determined 
using the Chi‑square test, whereas one‑way analysis of variance is used for comparison between 
the groups. The correlation between knowledge, attitude, and practices among dental professionals 
was assessed using Karl Pearson’s correlation coefficient. The results of the study showed that the 
attitude and practices among dental professionals were statistically significant (P > 0.05). Moreover, 
statistically significant results were obtained when correlation was done between knowledge, attitude, 
and practices (P < 0.0001).
CONCLUSION: The study concludes the need to enhance the level of knowledge, attitude, and 
practices about online education during COVID‑19 outbreak among dental professionals in India.
Keywords:
COVID‑19, dental professionals, online education, perception

Introduction

Webinars can be defined as synchronous 
e‑education method which allows 

people to gather at a specific time to listen 
to, view, and participate in the presentation 
of a desired topic. Eric R. Kolb in 1998, 
proposed the term “Webinar” which is 
unified by two words “web” and “seminar.” 
Web‑based learning is driven through the 
potentialities of web technology. It allows 
for real time and synchronous dialog in 

between the listener and the speaker, 
covering widespread distances to facilitate 
the probable audience, and making worthy 
to achieve web‑driven information.[1]

E‑education has certain advantages as it 
potentiates the problem‑based education 
by incorporating visual and interactive 
features; pictorial‑and video‑based practical 
knowledge accounts to some of them. 
Furthermore, it implies Green Technology, 
as it reduces the global environmental brunt 
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and limits traveling, thus aids in reducing on the whole 
carbon output.[2]

Newton (2003) had put forth that the online learning 
system constitutes majorly three domains, namely 
enhancing access to learning and training, improving the 
worth of teaching and education, and the desire of higher 
education institutions for maintaining the competitive 
benefit in dynamically changing perspectives of 
education for students.[3]

Medical education is persistently budding at a rapid 
speed and to keep the upcoming doctors and established 
practitioners in par with the competitive e‑learning 
world. The learning management system thus simplifies 
the assessment, evaluation, and supervision of the 
content delivered through e‑learning. Introduction of 
web education into academics had made learning more 
interactive and faculty as facilitators and mentors.[4]

Moreover, in this COVID‑19 pandemic situation, learning 
is now achievable online and transmission of knowledge 
can be eased using e‑portals and applications. Online 
learning embarks as the best solution through this crisis. 
It plays pivotal role in changing our lives to digitalization 
by providing accessible places, predesignated class hours 
and quality contents. It provides a path for growth and 
development of humanity during these times of physical 
isolation due to pandemic.[5]

After the literature search was carried out, there were 
not enough studies found regarding knowledge, attitude, 
and practices about online education during COVID‑19 
outbreak among dental professionals in India. Hence, 
the aim of this study is to assess and understand the 
gap between knowledge, attitude, and practices and 
application of the knowledge regarding the concept of 
online education.

Materials and Methods

A cross‑sectional questionnaire study was conducted in 
the Department of Pediatric and Preventive Dentistry. 
Ethical approval was granted from the Institutional 
Review Board. Reliability of the questionnaire was 
assessed by conducting a pilot study through which an 
Alpha Cronbach’s coefficient of 0.82 was obtained. The 
responses of the questions were calculated using 5‑point 
Likert scale.

The sample size of 194 was calculated in accordance 
to the standard sample size calculating formula which 
was rounded to 200. Samples included participation 
of interns, postgraduate students, faculty members, 
and private practitioners of dental fraternity. The 
questionnaires were distributed among the participants 

through the medium of Google Forms which when 
reverted were further compiled and evaluated. The 
collected data were then statistically analyzed.

Ethical clearance
Ethical clearance for the study was obtained from the 
Institutional Review Board of KLE Academy of Higher 
Education and Research with registration number of 
KLEVKIDS/2021/1422.

Results

In the present study, no dropouts were found. The 
study incorporated 24% male and 76% female. Among 
the participants, 53% had no experience in the field 
of dentistry, whereas 47% had n experience ranging 
from 1 to 7 years in the dental profession. The mean 
age of professionals participated in the survey was 
24.40 years [Graph 1]. The data were statistically 
analyzed using SPSS software (version 22.0 Chicago IL, 
USA) considering P < 0.05 as statistically significant.

Association between the level of knowledge, attitude, 
and practices for the different dental professionals was 
determined with Chi‑square test and no statistically 
significant difference was observed in the knowledge 
and practices among the study groups (P = 0.0910). 
However, the attitude regarding the concept of online 
education during COVID‑19 pandemic was found 
to be statistically significant (P = 0.0500). When the 
association of level of practices was compared, the 
participants having higher experience in the profession 
showed higher percentage summing up to (58.54%). This 
ensured a statistical significant practice being followed 
owing to the P as (P = 0.0350). Furthermore, when the 
comparison of age groups, gender, experiences, and 

Table 1: Association between age groups, gender, 
experiences,  and qualifications with  levels of practice

Levels of practice Total χ2 P
Low (%) High (%)

Age groups (years)
≤20 35 (61.40) 22 (38.60) 57 2.1510 0.3410
21‑30 68 (55.74) 54 (44.26) 122
≥31 9 (42.86) 12 (57.14) 21

Gender
Male 24 (50.00) 24 (50.00) 48 0.9230 0.3370
Female 88 (57.89) 64 (42.11) 152

Experience (years)
No experience 67 (63.21) 39 (36.79) 106 4.8020 0.0910
1‑5 35 (47.30) 39 (52.70) 74
≥6 10 (50.00) 10 (50.00) 20

Qualifications
BDS 95 (59.75) 64 (40.25) 159 4.4230 0.0350*
MDS 17 (41.46) 24 (58.54) 41
Total 112 (56.00) 88 (44.00) 200

*Statistical significance at 'P' value (P<0.05)
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qualifications with mean practice scores was done 
using one‑way ANOVA it yielded a highly significant 
score ([P = 0.0150], [Table 1 and Graph 2]).

The comparison of response among dental professionals 
with regards to varying experience for each question 
was determined by Kruskal–Wallis ANOVA. The results 
showed that, when the respondents were asked about 
the replacement of traditional classroom learning by 
online teaching most of them disagreed and results were 
cordially statistically significant (P = 0.0230). Knowledge 
and attitude toward the web‑based education during 
COVID‑19 pandemic era were found to be statistically 
insignificant. However, most of the participants 
agreed that online education has benefited the dental 
professionals across India en masse. When pondered 
upon whether web‑based education can provide an 
opportunity for establishment of scientific links with 
faculty members and experts at home and abroad 
most of the participants, maximally postgraduates and 
experienced professionals found it essential aiding in 
continuing online dental education. The results are in the 
accordance and are proved highly significant (P = 0.0120).

The correlation among the knowledge, attitude, 
and practices regarding online education was 
determined using Karl Pearson’s correlation coefficient 
and a highly statistically significant results were 
obtained ([P = 0.0001], [Table 2 and Graph 3‑5]).

Discussion

Educational institutions, especially the medical and 
dental allied sciences in India are currently following the 
traditional method of classroom teaching and learning. 
It involves face‑to‑face interaction with the mentors and 
also aids in imparting quality practical‑based education 
when comes to the medical sciences. Although the 
blending of web‑based education has initiated but still 
it has not been widely accepted throughout the nation. 
In the recent past, the sudden outbreak of the deadly 
disease COVID‑19 has been encountered which is caused 

by severe acute respiratory syndrome coronavirus‑2. 
The World Health Organization had declared it as 
a pandemic. This situation has imposed a challenge 
to our education system and lead to the change in 
mode of education to online teaching and learning 
overnight. In spite of reluctance of many institutions and 
organizations, the change has been accepted in terms of 
imparting web‑based education.[6]

In our study, we found higher levels of attitude among 
dental professionals accounting to 88% regarding the 

Table 2: Correlations among knowledge, attitude, and 
practice by Karl Pearson’s correlation coefficient

Knowledge Attitude Practice
Knowledge

r ‑
P ‑

Attitude
r 0.3300 ‑
P 0.0001* ‑

Practice
r 0.3760 0.4060 ‑
P 0.0001* 0.0001* ‑

*P<0.05

Graph 1: Demographic profile of the respondents

Graph 2: Comparison of qualifications with mean knowledge, attitude, and practice

Graph 3: Scatter diagram showing correlations between knowledge and attitude 
scores
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continuation of web‑based dental education as a source 
of teaching and learning during this pandemic. Our 
study is in accordance with the study carried out by 
Hung et al. who have reported higher acceptance of 
online education by the students owing to a positive 
attitude toward e‑learning.[7]

In the wave of the current aspect of which we are 
talking about, is the acceptance of web‑based education 
effortlessly is still questionable. The key reason for 
this is lacking of practical application of the education 
which holds a great importance when the medical field 
is concerned. Furthermore, one‑to‑one interaction with 
the patients and gaining expertise when encountering 
the needs of the patients is essential for the overall 
development of the professional in the medical field 
which can be seen as the major lacunae of web‑based 
education.

However, coining two sides of every aspect online 
method of teaching and learning can undoubtedly lead 
to improvement in the education system. On comparison 
with customary didactic methods, study material can 
be simply uploaded and assessed by the students 
rendering them ease of access to scientific literature. 
Furthermore, self‑learning skills can be readily fostered 
by the students. The core advantage that can be stated 
in relevance to our study is that it also helps in creating 
the scientific links with the faculty members across the 
globe. On complementing this, higher level of practices 
is seen among the dental professionals who agreed to 
this way of imparting web‑based education en masse.[8]

In accordance to the successful implementation of 
online teaching and learning, a few studies have 
quoted that self‑initiated learning significantly affects 
the academic achievement and education. Therefore, 
for the efficient online learning staff progress, change 
in the assessment and analyzing strategies along with 
technological fundamentals should be planned well 
and standardization needs to be ensured. Similarly, our 

study quotes the need for enhancement of web‑based 
education by adding the newer features to which of the 
respondents have agreed upon.[9]

Seemingly, another aspect which needs to be pondered 
upon is the obstacles faced during conducting of such 
online programs. It includes, difficulties encountered 
in obtaining the learners’ feedback, one‑way education, 
difficulty in imparting practical education, especially 
among medical, dental, and allied sciences fraternity, lack 
of adequate control over learners along with pressure 
of time and bulk on content. In our study, the most 
common factor to which the participants agreed upon 
is lack of adequate control over the learners which is at 
ease during face to face or classroom‑based teaching and 
learning. Our results fall in accordance to the study by 
Schlenz et al. who concluded that only 38.6% of dental 
faculty members would recommend online teaching and 
learning as a part of curriculum.[10]

Although web‑based education is continually taking 
its pace with the learning pertaining to the medical and 
dental field, it is recommended to formulate a structured 
pattern so that the intricacy of practice can be analyzed 
and practical solutions can be put forth, refinements can 
be made.[11]

Despite of being wounded by this pandemic, we still 
stand together undefeated. Not only the clinical aspects 
but the teaching and learning growth has also been 
seen growing progressively. The key to applause is the 
web‑based education or online education which has 
given equitable opportunities to the students as well 
as dental professionals to interact using online portals 
during this pandemic. Embarking on the success it is 
recommended to use the online education for quality 
learning purposes. At the same time, the obstacles 
encountered while conducting such programs such 
be pondered upon. Thus, the meager acceptance of 
web‑based education by dental professionals during 
this pandemic along with the continual clinical practices 

Graph 5: Scatter diagram showing correlations between attitude and practice 
scoresGraph 4: Scatter diagram showing correlations between knowledge and practice 

scores
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can provide a sound base for the fraternity to establish 
scientific contacts and flourish during these testing times.

Clinical significance

The clinical significance of our study is the implementation 
of the online education concept in India during this 
COVID‑19 which can prove to be a source of coordinated 
and comprehensive learning that aids in rendering the 
quality education to all the students en masse. Through 
this initiative, web‑based education can be incorporated 
as a primary source of imparting education. This can 
also provide a prospective for the dental professionals 
to lead in applying victorious strategies to improvise 
the provision of dental care to serve the country during 
these testing times.

Conclusion

Based on the current study, it may be concluded that in 
spite of immense development of technology there is a 
lack of acceptance of web‑based education among the 
health professionals. By visualizing the current Indian 
scenario and the results we got from our study, there 
is a need felt to include and introduce the concept of 
online education to inculcate in them, the importance 
of continual learning and assessment during this 
COVID‑19 era. Thus, online education can serve as 
an analog to classroom learning where a child can be 
imparted knowledge about preventive oral health care 
along with the various treatment modalities that can 
aid in rendering efficient services regarding guarding 
the oral cavity.
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Publication of the paper in peer‑reviewed scientific 
journals has been tremendously increased over few 
years. A huge transformation has been observed in whole 
process of publication of the manuscript. The technical 
advancements have eased down the whole process to 
electronic submission, digital proofing, and publications. 
This in turn has exponentially increased the publishing 
of scientific manuscripts and thus a demand of expert 
peer reviewers also.[1,2]

What is Peer Review?

Peer review is the process of allowing an author’s 
scientific work, research, or ideas to the examined and 
evaluated by other experts in the similar field. Peer 
review is defined as process of scientific critique of 
the manuscript by two or more subject experts. Peer 
review is a significant aspect of scientific developments. 
It is usually unbiased, independent, critical assessment 
of the IMRAD structure of the scientific research. 
Peer‑review process is internationally accepted 
benchmark for ensuring quality, the integrity 
of the scholarly data, and excellence in scientific 
research.[3,4]

Who are Peer Reviewers?

Peer reviewers play a very imperative role in the 
process of reviewing a paper. The reviewers are selected 
on various criteria including their area of expertise, 
availability, prior timely submissions of reports, and 
quality feedback. The reviewers are usually given the 
time of 1 month to review a manuscript. Depending 
upon the feedback obtained from the peer reviewers, 
the editor will take decision on rejection or acceptance 
of the manuscript.

They ensure the scientific contents of the manuscript 
and their comments help strengthening the paper 
for publication. The reviewers put huge amount of 
efforts in terms of time and energy, but this job is 
voluntary, unpaid, and not recognized in any forum. 
The peer‑review process is actually a daunting task, but 
unfortunately, no formal training has been included 
in graduate or postgraduate curricula. Most of the 
time, this process is self‑learned by the researchers 
while publishing and correcting their own submitted 
papers.[2‑5]

Changing Trend in Peer‑Review Process

Traditionally, the peer‑review process has been closed 
in scientific publishing where the editor compiles the 
comments of all the reviewers and sends the manuscript 
to the author for revision without revealing the identity 
of the reviewers. The reviewers remain an unsung hero 
of the reviewed manuscript.

Recently, this practice has shown a changing trend as 
“Transparency in Review.” Transparent peer review 
shows the complete peer‑review process from initial 
review to final decision. This means that alongside the 
published article, readers can see a full peer‑review 
history, including reviewer reports, editor decision 
letters, and the authors’ responses. The authors are given 
an option to choose this model at the time of manuscript 
submission.[3‑5]

What is Transparency in Peer Review?

The transparency in peer review will give clarity 
regarding editorial decisions as to how, why, and what 
was done with regard to the manuscript submitted. How 
was the peer review done, how many reviewers looked 
at the work? What were the comments made and what 
was accepted by the reviewers for the betterment of the 
manuscript? Why was the decision to publish or not 
publish made?

Why is Transparency Needed in Peer Review?

• Trust has always been at the epicenter of scholarly 
publication, but with the numerous predatory 
publishers on the prowl who publish papers with no 
or cursory peer review and also cases of retraction of 
articles because of fake or inadequate peer review, 
the confidence in peer review as well as in scientific 
findings itself has somewhat dwindled. This reader’s 
confidence can be greatly restored if the process of 
peer review is opened up by allowing them to see the 
content and quality of peer reviews

• The peer‑review process may not be always efficient 
in all the journals. The reviewers are not recognized 
and are busy researchers themselves, so they may 
not give priority to the review. But, in a transparent 
review, since the names of the reviewers are 
mentioned, they may do a thorough job.[2,3]

Transparency in peer review – is this an emerging 
trend?

Editorial
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What are the Advantages of Transparent 
Peer Review?

• The transparency in peer review may contribute 
to increase the quality of the reviews in a timely 
manner as it will be read by many, and could also 
aid teaching of best practice in peer review. By 
making the files open for everyone to see and cite, 
reviewers are encouraged to provide critical but fair 
and constructive comment

• Potential to advance research integrity and 
reproducibility: It would be a great and simple way 
to address the problem of “predatory” journals. If 
the peer‑review reports are published along with 
the articles, it would help researchers to discriminate 
between reputable journals and those that are 
predatory. Transparent peer review allows the reader 
to see how the science unraveled. This in turn can 
spark discussions and alliances that might not have 
otherwise occurred questionable or carrying out 
insufficient peer review

• An opportunity for training: An opportunity for 
training: By allowing the readers to gain insight 
into the peer review process may be of educational 
value, especially for new and early career researchers. 
This can be learnt through tangible illustrations 
of reviewer reports and author responses to those 
reports. Early‑career researchers who are new to 
reviewing papers can train themselves to review 
optimally by analyzing the editorial process on 
published papers in their area of research

• Transparent peer review provides professional 
context for scientific literature for the nonexpert 
reader, journalists, and policymakers. Those entities 
that assess research such as funders and institutions 
can use reviewer reports to assess the strength and 
significance of a study, rather than relying on the 
journal brand as a proxy for quality

• Greater visibility and recognition for peer reviewers: 
It would also permit credit for reviewers, which 
currently is a service that is performed without 
incentives or rewards – individual DOI given to the 
reviewer report that can be read and cited too

• Transparency in peer review can aid the editors in 
their endeavor to maintain impartiality and remove 
any possible bias in decision‑making. This process 
can increase the accountability of authors, reviewers, 
and editors in scientific publishing.[3‑5]

What could be the Concerns and will this 
Practice Catch on?

• There may be an inherent risk of reviewers feeling 
reserved from making critical comments for fear of 
retaliation. Whether the advantages overshadow the 

risks is a continuing concern?
• Further, this model by itself may not be a lasting 

solution for problems associated with peer‑review 
system

• Scientific and academic communities may not be open 
to adapt to this new method of peer review.

Who are Practicing this Model?

Transparent peer‑review model is extensively practiced 
by Nature Research Journals, Elsevier, Springer EMBO, 
etc.

Conclusion

By supporting transparent model of peer‑review process, 
we will be taking a step forward toward increased 
openness, accountability, and trust in whole of the 
publication process. The peer reviewers who invest 
good amount of time and their expertise to review an 
article, draft constructive comments for betterment of 
the manuscript without any personal interest will get 
recognized and credited for their shrouded contribution 
to the publication process. This model will also ease the 
decision‑making process. Considering these factors, this 
emerging trend seems here to stay.[4‑7]
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Prevalence of chronic periodontitis 
among the residents of PHC in Belagavi 
and its association with systemic 
disease – A cross‑sectional study
Dronesh Chettri, Anjana Bagewadi1, Mubashir Angolkar

Abstract:
BACKGROUND: Chronic periodontitis is much more common than the general public realizes. In 
the US, about 80% of adults have at least one attachment loss site and about 35% of the population 
suffers from severe chronic periodontitis. Surprisingly, only a small portion of this population seeks 
periodontal care. In terms of oral health treatment, India has a lot of inequalities, and periodontitis 
affects 95% of the population. In rural areas, the dentist‑to‑population ratio of about 1:200000 
necessitates the development of dental infrastructure at the primary health‑care level. Periodontitis 
affects about 20%–50% of the global population.
METHODS: This cross‑sectional analysis was done to determine the spread of chronic periodontitis 
and its association with systemic disease. A total number of 146 individuals comprising of both 
sexes ≥40 years of age were selected from two areas in Vantmuri, Belagavi. Age, sex, family history, 
smoking and alcohol habits, systemic disease, etc., were recorded by giving a questionnaire. The 
investigation was done to assess body mass index, BOP, CAL, DMFT, OHI, etc., Chronic periodontitis 
was assessed along with its association with systemic disease. The information collected was entered 
into Microsoft Excel and evaluated with the help of SPSS 26.
RESULTS: It was evident from the sample population that periodontal disease (41.78%) was 
highly prevalent. Periodontitis was found to be significantly correlated with age, cigarette/beedi 
smoking (regular), and OHI scores among study participants (P < 0.05).
CONCLUSION: More research into the underlying mechanisms and risk factors of chronic 
periodontitis, as well as its link to systemic diseases, is required.
Keywords:
Age, chronic periodontitis, smoking, systemic diseases, type 2 diabetes

Introduction

Periodontal disease is a curable disease of 
inflammation of the periodontium, and 

its advanced condition is characterized by 
loss of periodontal bone and destruction of 
the surrounding alveolar ligament.[1,2] About 
800 strains of bacteria have been identified 
in the oral cavity and it is thought that 
complex interactions of bacterial infection 
and the retaining response, altered by 

behavioral factors such as smoking, can 
lead to periodontal disease. In addition 
to the effects on the oral cavity, research 
shows that periodontitis is responsible 
for chronic diseases such as heart disease 
and diabetes. Acute periodontitis typically 
affects 5%–15% of any person globally and 
is also responsible for loss of teeth and 
surrounding tissues.[3] Bacterial plaque 
products cause direct damage and the 
introduction of antibodies into inflammatory 
and immune responses cause indirect 
damage.[4] Measurement of loss of attachment 
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of the periodontal ligament is in periodontitis according 
to the Canadian Health Measures Survey 2007–2009. The 
National Health and Nutrition Examination Survey was 
performed to measure periodontal disease in the U.S. 
which determined attachment loss and pocket depth in 
six areas of all teeth (excluding third particles). Chronic 
periodontitis, also called adult periodontitis, is a contagious 
disease which is caused by bacteria of plaque dentistry, 
which leads to further damage to the supporting tissue of 
teeth, namely gingival, periodontal ligament, cementum, 
and therefore alveolar bone. Porphyromonas gingivalis is 
a bacterium often associated with chronic periodontitis 
and is responsible for promoting inflammatory responses 
associated with tissue destruction in some areas.[5]

In general population, chronic periodontitis is more 
common and prevalent. In US, approximately 80% adults 
have minimum one site with loss of attachment. 35% of 
the US population is affected by it badly.

Only a small percent of these population needs 
regular care from time to time. India suffers from price 
differences in health care and 95% of Indians suffer from 
periodontitis. In the last 10 years, an alarming increase 
in the prevalence of periodontitis in India has attracted 
interest from various parts of the country. Dental ratio 
and population of approximately 1:200000 in rural 
areas require the construction of dental infrastructure 
at the primary level of a health‑care facility. Only 19% 
increase in the risk of the disorder is probably caused by 
periodontitis, with this estimated risk increase reaching 
44% in people aged 65 and over. Type two people with 
diabetes who have severe forms of periodontitis have a 
risk of 3.2 times more risk than people who do not have 
or have mild periodontitis.[6] In total, periodontitis affects 
about 20%–50% of people worldwide.

Objectives
1. Find how common chronic periodontitis is
2. To determine the parameters that enhance the risk of 

chronic periodontitis and their relationship
3. To find a connection between periodontitis and 

systemic diseases.

Methods

The study was performed to assess the prevalence of 
chronic periodontitis among the PHCs residents in 
Vantmuri, Belagavi and its association with systemic 
diseases. A total of 146 participants comprising of both 
sexes ≥40 years of age were selected from 2 areas in 
Vantmuri, Belagavi.

Inclusion criteria
1. Individual ≥40 years of age
2. Individual giving informed consent.

Exclusion criteria
1. Physically or mentally compromised patients
2. Pregnant women
3. Edentulous individual.

Chronic periodontitis
1. Localized form – ≤30% of sites affected
2. Generalized form – 30% of sites affected.

Sample size
Sample size was calculated based on the previous 
study conducted by Balaji et al. in Chennai, Tamil 
Nadu. The study found that the prevalence of chronic 
periodontitis among adult population ≥40 years of 
age was 42.3% with 95% confidence interval (CI) and 
8% of relative precision. Calculated sample size was 
146.

Sampling methods: Simple random sampling
Data collection methods
In the study area, total number of 146 individuals 
comprising of both sexes ≥40 years of age were selected 
from two areas in Vantmuri, Belagavi. After obtaining 
informed consent information on sociodemographic 
details, various risk factors for periodontitis such as 
smoking behavior, alcohol consumption, and brushing 
habits were collected using predesigned questionnaire. 
Height was measured in centimeter and weight was 
measured using weighing machine in kilogram. The 
suggested classification for Asian populations was used 
to classify body mass index. Investigation for chronic 
periodontitis was also done which includes the presence 
of plague, calculus, BOP, gingival recession, CAL, 
DMFT score, OHI, and patient periodontal index using 
armamentarium as discussed below.

Data analysis
Data were entered in IBM Corp. Released 2011. IBM 
SPSS Statistics for Windows, Version 20.0. (Armonk, NY: 
IBM Corp.). Descriptive statistics such as average and 
proportions were calculated and 95% CI was calculated 
appropriately. Binary logistic regression was used to 
find the association between one dependent and two or 
more independent variables. P < 0.05 was considered as 
statistically significant.

Ethical considerations
An informed consent was taken from each participant 
before the data collection. Those who were illiterate, 
thumb impression were taken in front of a witness. All 
information collected was kept confidential. All the study 
subjects who had severe chronic periodontitis and/or 
systemic disease as well as poor OHI were referred to a 
secondary level/tertiary level hospital for getting their 
further check‑up and treatment. Ethical Clearance was 
obtained from JNMC Institutional Ethics Committee on 
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cigarette/beedi smokers were found in 61.64% of 
the participants in this sample. This means that a 
large number of them have minimized or stopped 
smoking. The present cigarette smoking was found 
to have the highest incidence of moderate to extreme 
periodontitis (25.7%), whereas previous cigarette 
smokers and nonsmokers have 20.2% and 10.1%, 
respectively, in related studies (13.1%).[7] The current 
study found no connection between respiratory disease 
and chronic periodontitis, but a systematic analysis found 
very little evidence which depicted a weak link (OR: 2.0) 
between COPD and oral health.[8] The prevalence of 
periodontitis in a Brazilian rural population ranged from 
24.4% to 83%.[9] A total of 15.8% of the 146 participants 
in the current study had systemic diseases. Cigarette/
beedi smoking (regular), ages 30–50 and 50–70, general 
age, and OHI score were found to be significantly 
correlated with periodontitis among the participants. 
19 out of 423 chronic periodontitis participants (4.5%) 
were suffering from hypertension, and out of 423 chronic 
periodontitis participants, 25 (5.9%) suffered from type 2 
diabetes in previous studies. Periodontitis was found 
to be significantly correlated with pan chewing, DMFT 
scores, cigarette smoking, OHI scores, age, and PISA 
scores among urban participants.[10] A similar study was 
conducted in a representative sample from both urban 
and rural districts of Tamil Nadu, and it was found that 
the rural population had 59.8% prevalence rates and the 
42.35% group had the highest number of cases of chronic 
in the urban population. Female participants were found 
to be more prevalent than male participants in this study 
and the 50–70 age periodontitis. Females, too, had higher 
chronic periodontitis than males.

Limitations
The study’s main drawback was that since it did not use 
the PISA classification system, it was unable to find an 
association between periodontitis and systemic disease. 
This index provides an indirect clinical marker of the 
inflammation due to chronic periodontitis by quantifying 
the inflamed surface present in periodontal tissues. The 

Table 2: In the sample population, binary logistic regression analysis was performed with the presence/absence 
of periodontitis as the dependent variable and the participant’s personal habits as the independent variables
Variable OR 95% CI P
Smoking 0.500 0.096‑2.602 0.410
Gutka 1.037 0.257‑4.192 0.959
Tobacco chewing 0.556 0.098‑3.148 0.507
Tobacco chewing, gutka 1.167 0.200‑6.805 0.864
Tobacco chewing, smoking 1.333 0.088‑20.108 0.835
Smoking, gutka 0.001 0.001‑0.10 0.999
Tobacco chewing, gutka, and smoking 1.216 0.301‑4.913 0.784
No 0.276 0.728‑3.031 1.486
Cigarette/beedi smoking (former and occasional) 1.594 0.359‑7.072 0.540
Cigarette/beedi smoking (regular) 0.430 0.204‑0.909 0.027
Never smoked 0.686 0.144‑3.269 0.636
OR: Odds ratio, CI: Confidence interval

Human Subjects Research with Ref no. MDC DOME/404 
dated 17.7.2020.

Results

In the present study, a total number of 146 participants 
comprising of both sexes ≥40 years of age were selected 
from 2 areas in Vantmuri, Belagavi. Table 1 shows binary 
logistic regression analysis done on the sample population 
(with the presence/absence of periodontitis as the 
dependent variable) and various risk factors as independent 
variables. Age (P = 0.001) and OHI score (P = 0.001) 
possess a statistically significant association (P < 0.05) with 
periodontitis spread in the study population, irrespective 
of the other risk factors assessed. In Table 2, it was found 
that cigarette/beedi smoking – regular (P = 0.027) – had an 
association which is statistically significant with periodontitis 
prevalence in the study population, irrespective of the other 
risk factors assessed. In Table 3, it showed that participant 
aged 30–50 (P = 0.041) and 50–70 (P = 0.013) had statistically 
significant associations in the sample population.

Discussion

Chronic periodontitis was found to be very common 
in the current research (41.78%). Former/occasional 

Table 1: In the sample population, binary logistic 
regression analysis was performed (with periodontitis 
as the dependent variable)
Variable OR 95% CI P
Age 0.438 0.279‑0.688 0.001
Male participants 0.575 0.290‑1.140 0.113
Female participants 1.738 0.877‑3.444 0.113
Systemic disease (hypertension, diabetes, 
IHD, CHD, chronic bronchitis, etc.)

0.747 0.306‑1.826 0.523

Alcohol consumption 1.130 0.663‑1.925 0.654
DMFT score 2.118 0.641‑7.000 0.218
OHI 0.108 0.050‑0.232 0.001
OR: Odds ratio, CI: Confidence interval, DMFT: Decayed missing and filled 
teeth, OHI: Oral hygiene index, IHD: Ischemic heart disease, CHD: Coronary 
heart disease
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procedure is complicated, and it necessitates a significant 
amount of time, experience, and ability. Only a few 
studies have been done on this topic.

Conclusion

Even though we found out from the study that 
periodontal disease was highly prevalent (41.78%); more 
research into the underlying mechanisms and risk factors 
of chronic periodontitis, as well as its link to systemic 
diseases, is required.
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ABSTRACT 

Purpose: Cross infection is a critical issue in the field of dentistry as communicable 

diseases may spread among health professionals and patients. The use of effective 

sterilization methods may prevent or minimize the transmission of infectious diseases. 

Material and Methods: Standardized tooth preparation procedures were performed 

using round end tapered rotary diamond burs in 60 study subjects to receive porcelain 

fused to metal restorations. The resultant rotary diamond burs used were subdivided into 

3 subgroups based on three different sterilization methods used (n = 20), which include 

autoclave (Group 1), 2.4% Glutaraldehyde (Group 2) and Hot Air Oven (Group 3). Pre 

sterilization and post sterilization microbial analysis were assessed for each specimen. 

The resultant colony-forming units for all three test groups were compared using Kruskal 

– Wallis test and pair wise comparison between groups was done with Mann Whitney 

and Wilcoxson Sign test. 

Results: The results suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 
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Conclusions: The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization 

methods for decontamination significantly reduced the oral microbial contamination of 

the rotary diamond burs. Autoclave sterilization had resulted in effective decontamination 

of the rotary diamond burs when compared to 2.4% Glutaraldehyde and Hot Air Oven 

sterilization methods. 

Clinical Significance: Given the complexity of the microstructure of the dental burs, 

and the bur morphology does not allow the thorough cleaning of the dental bur and 

subsequently serves as a potential carrier of the infectious microorganism from the oral 

cavity of the infected dental patient to a healthy patient, and considering the cost factor, 

dental burs are often reused but seldom efficiently sterilized prior to its reuse. This study 

explains the different methods that showed the maximum sterilization and those that 

showed relatively lesser amount of decontamination and the pros and cons of the methods 

that have been used, which gives the general dental practitioners a clearer perspective as 

to which method to adopt in their daily clinical practice with the ethical concern of the 

health of the dental staff, patients as well as the dentist him/her self by preventing 

potential mode of transmission of infectious diseases. 

 

Keywords: Brain Heart Infusion (BHI), Colony-forming units (CFU), Decontamination, 

Streptococcus mutans (S Mutans), Staphylococcus aureus (S Aures) 

INTRODUCTION 

Rotary diamond abrasives also known as dental burs have a broad scope in the field of 

prosthodontics. Diamond burs are predominantly recommended in tooth preparation for a 

fixed dental prosthesis in the form of extra coronal restorations [1]. 

The rotary diamond burs are categorized according to the medical device directive 

(93/42/ECC). It is well-documented that dental burs can become highly contaminated with 

blood saliva and tooth debris during treatment, the pathogen may adhere to the different parts 

of the bur [2]. 

Cross infection is a critical issue in the field of dentistry as it concerns the transmission of 

communicable diseases which are a prevalent factor for both the dentist as well as to the 

patient. The risk of cross-contamination during treatment is that communicable diseases may 

spread between the patients and dentists or among the patients themselves. So, the use of 

effective infection control methods may prevent the transmission of cross-contamination [2, 

3]. 

The dental burs cannot be sterilized adequately or the procedures used for 

decontaminations may itself be deleterious to the burs, in turn, hampering the structure and 

the function of the dental bur. The current sterilization procedures of rotary diamond 

instruments present itself with its own set of shortcomings such as its deleterious effect on the 

rotary diamond abrasives, surface corrosion and steel oxidation which in turn affects the 

cutting efficiency of the burs [3, 4]. 

Decontamination is the process which removes or destroys contamination so that 

infectious agents or other contaminants cannot reach a susceptible site in sufficient quantities 

to initiate infection or any other harmful response’ [3]. 

The current guidelines classify the procedure of decontamination for rotary instruments 

into different stages like pre-sterilization, cleaning along with disinfection then inspection, 

followed by sterilization, finally the storage. Cleaning the reusable instruments is crucial in 
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the removal of contaminants which may hinder effective and complete decontamination 

procedures.  

The sterilization procedures of rotary diamond instruments present itself with its own set 

of shortcomings such as its deleterious effect on the rotary diamond abrasives which include 

geometric alteration of the bur such as blade fracture, blade dulling, surface corrosion and 

steel oxidation which in turn affects the cutting efficiency of the burs [3, 4]. 

While the decontamination of reusable dental instruments is carried out using poorly 

regulated processes and procedures, there is an increased dependence on the use of effective 

sterilization method to eliminate microbial cross-infection entirely. 

The latest research of decontamination of rotary instruments presented by private dental 

professionals and a dental hospital found that 76% of dental rotary instruments from the 

private practice and 14% of dental hospitals indicated to have a significant degree of 

decontaminants in the form of debris, on the surface of the rotary burs that were claimed to 

have been sterilized. The residue was discovered on all tools examined irrespective of the 

purification method [5]. 

Autoclave, hot air oven, and glass bead sterilizer are the predominant techniques of 

sterilization of dental burs, and the most commonly used technique in clinical set up is to 

disinfect burs using a chemical disinfectant. While most dental instruments are efficiently 

cleaned using different sterilization procedures, the diamond burs are only scrubbed and 

soaked in a disinfectant before and after usage [6]. 

Therefore, the effect of different sterilization of rotary burs needs to be investigated. 

Research studies have included the in vitro conditions to study the effectiveness of different 

sterilization methods. Hence, the objective of dental instrument sterilization is to safeguard 

patients as well as the health care provider from cross-contamination by means of dental 

instruments. So, the propose of this in vivo research with a research hypothesis that the 

decontamination of rotary burs is not affected by different techniques of sterilization methods.  

MATERIAL AND METHODS 

This is in-vivo study included 60 patients who were reported to the department  

of prosthodontics for replacement of missing teeth. Patients with an age group of 18-45 yrs 

with the permanent dentition were included in the study and patients with history systemic 

medical conditions, history of endodontic treatment, periodontal and pulpal or periapical 

pathologies were excluded. The Fixed Partial Denture treatment was planned for all the 

selected patients. The purpose and study objectives of the research were explained to all the 

study subjects and informed consent was obtained from all the study subjects. The research 

was certified by the institutional ethical committee and the certificate for ethical approval was 

obtained. 

Sixty rotary diamond burs-round end tapered-course cut ISO 198/018 TR-13C (MI 36 

Mani.Inc, Utsunomiya,Tochigi, Japan) (Figure 1) were divided randomly into three  

groups based on different sterilization method used, i.e., Group 1 (n = 20) these were the 

specimens subjected to autoclaving (Uniqueclave C-79 47/46/93, Confident, India). Group 2 

(n = 20) were the specimens subjected to 2.4% Glutaraldehyde (Cidex, St Louis, USA) and 

Group 3 (n = 20) these specimens were subjected to hot air oven (Tecnomedica, Italy) 

sterilization. 
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Figure 1. Sixty round end tapered coarse cut rotary diamond burs used in the study. 

 

Figure 2. Dispensing the used bur into microcentrifuge tube containing BHI broth. 
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The new burs were removed from the sterile package using sterile tweezers and mounted 

on airotor handpiece. Before the tooth preparation, the patients were asked to rinse their 

mouth with a chlorhexidine mouth rinse (Hexidine, ICPA Health Products, Andheri (East), 

Mumbai). The standardized tooth preparations were carried out for all the study subjects to 

receive Porcelain Fused to Metal restorations. All the margins of the prepared tooth were 0.5-

1 mm subgingivally placed without violating the biological width. The tooth preparation and 

collection of all specimens was carried out by a single operator to avoid inter operatory bias. 

After the tooth preparation was completed each time the bur was separated by sterile tweezer 

from the airotor and dispensed into the sterile microcentrifuge tube (Hi-Media, Mumbai) 

containing 1ml BHI broth (Hi-Media, Mumbai) (Figure 2) and the tube was transported to the 

microbiological laboratory within 2 hours, after the clinical procedure. The microcentrifuge 

tube containing contaminated bur and BHI broth was vortexed in vortex mixer at speed of 

2500rpm for 40-60seconds (Figure 3). BHI broth was inoculated on different culture media 

namely Mitis Salivaris Agar (Hi-Media, Mumbai) for Streptococcus mutans,Mannitol salt 

Agar (Hi-Media, Mumbai) for Staphylococcus aureus and Sabouraud dextrose agar( Hi-

Media, Mumbai) for Candida. 

The plates were incubated anaerobically at 37°C for 48 hours in bacteriological 

laboratory incubator (Remi Elektrotechnik Ltd, India) to evaluate the different microbial 

growth and resultant colonies were subsequently identified based on their morphology. 

Identification of Streptococcus mutans was done using Mitis Salivaris agar which was 

made on 5% (ranging from dark blue to light blue) colonies. Further confirmation of  

S. mutans was performed using gram staining and observed under light microscopy (Olympus 

Pvt Ltd, Haryana, India). The identification of S. aureus was done using Mannitol salt agar, 

produces yellow-coloured colonies. Candida was isolated using Sabouraud Dextrose agar. 

Candida differentiated as creamy to white colonies. 

 

 

Figure 3. Vortexing of the microcentrifuge tube containing  

BHI broth and contaminated bur. 
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Figure 4. Armamentarium used for decontamination of rotary diamond burs, (4A) 

Autoclaving, (4B) 2.4% Glutaraldehyde and (4C) Hot air oven. 

 

Figure 5. The microbial analysis of colony forming units pre and post, autoclave 

sterilization for (5A) Streptococcus Mutans, (5B) staphylococcus Aureus  

and (5C) Candida. 
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Figure 6. The microbial analysis of colony forming units pre and post, Glutaraldehyde 

(2.4%) Sterilization for (6A) Streptococcus Mutans, (6B) staphylococcus Aureus  

and (6C) Candida. 

The colony-forming units (CFU) for all specimens were counted using a semi-

quantitative colony counting method, using a compound microscope to determine the  

number of colonies for each specimen before sterilization of rotary diamond burs in all the 

groups. The resultant data was tabulated. The contaminated burs in Group 1, were procured 

from the Microbiology laboratory, washed under flowing tap water and were kept in a 

sterilized bur holder and autoclaved at 121°C below 16 psi for 16 minutes. For Group 2, the 

contaminated burs were washed as mentioned earlier and were placed in a sterile glass 

container containing 10ml of 2.4% Glutaraldehyde solution and kept for 10 hours, as 

recommended by the manufacturer. The specimens in Group 3 were also pre-washed and 

were placed inside a glass container with a plug and were kept in a hot air oven at 170 °C for 

1 hour (Figure 4).  

All decontaminated specimens in Group 1, Group 2 and Group 3 were placed in a sterile 

microcentrifuge tube containing 1ml of BHI broth and were transported back to the 

microbiological laboratory for microbial analysis. The microbial analysis for the specimens in 

Group 1, Group 2 and Group 3 were repeated with a similar methodology as performed 

before decontamination of the rotary diamond burs. 
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Figure 7. The microbial analysis of colony forming units pre and post, Hot air oven 

sterilization for (7A) Streptococcus Mutans, (7B) staphylococcus Aureus  

and (7C) Candida. 

The Colony-forming units (CFU) for streptococcus mutans, Staphylococcus aureus  

and Candida for the specimens in Group 1, Group 2 and Group 3, before and after 

decontamination values were counted using the semiquantitative colony count method and 

tabulated among the three test groups which formed the basic data for the study (Figure 5, 6, 

7). The resultant data was subjected to statistical analysis to draw the conclusion from the 

experimental data to determine the most efficient method for the decontamination of the 

rotary diamond burs. 

RESULTS 

The resultant Pre and Post sterilization values of Group 1, Group 2 and Group 3 were 

subjected to statistical analysis. Descriptive measures such as the mean and the standard 

deviations were compared for all the study groups selectively using the Kruskal-Wallis test, 

with p < 0.05. 
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Pair-wise comparison of the test groups was done using the Mann Whitney test and a 

comparison between Pre and Post sterilization values in the three groups was done using the 

Wilcoxson Sign test for Streptococcus mutans, Candida, and Staphylococcus aureus 

individually with p < 0.05. 

The Mean, Standard deviation and coefficient of variance were calculated for Group 1, 

Group 2 and Group 3 based on the number of Pre sterilization and Post sterilization colonies 

in Streptococcus mutans, Candida and Staphylococcus aureus for each of the three groups 

respectively (Table 1, 2 and 3). Kruskal Wallis test (one-way ANOVA on the ranks) was 

done for the non-parametric statistical difference comparison of the Pre and Post sterilization 

values for significance (p < 0.05) among three groups, it was observed that there was a 

statistically significant difference among the three groups for post sterilization values for all 

the three common microorganisms studied. 

 

Table 1. Comparison of the three groups using Kruskal-Wallis test  

for (Streptococcus Mutans-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 278200   429363 7.47 0.024* 

  Group 2 20 1000 1000000 396550   455681     

  Group 3 20 1000 1000000 89650   218868     

Post Group 1 20 3 180 58.2   52.94 42.74 0.00* 

  Group 2 20 100 750 515.05   204.79     

  Group 3 20 100 400 255   85.68     

* Statistically significant (p < 0.05). 

 

Table 2. Comparison of the three groups using Kruskal-Wallis test  

for (Candida-CFU*103) 

 
    N Minimum Maximum   Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 0 1000000 441000   469635 10.43 0.005* 

  Group 2 20 10000 1000000 406000   448006     

  Group 3 20 0 1000000 177650   356836     

Post Group 1 20 0 34 12.85   8.543 29.27 0.00* 

  Group 2 20 50 1000 327.5   351.117     

  Group 3 20 0 1000 212.5   291.491     

* Statistically significant (p < 0.05). 

 

Table 3. Comparison of the three groups using Kruskal-Wallis test  

for (Staphylococcus Aureus-CFU*103) 

 
    N Minimum Maximum Mean Std. Deviation Kruskal-wallis P value 

Pre Group 1 20 1000 1000000 116650 303416 0.3 0.85 

Group 2 20 0 1000000 173650 358184 

Group 3 20 0 1000000 82850 220433 

Post Group 1 20 2 200 49.4 55.635 7.52 0.023* 

Group 2 20 0 1000 215.7 247.773 

Group 3 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Table 4. Comparison of three groups using Post-Hoc (Mann-Whitney test-CFU*103) 

 

    
Group 1 v/s Group 2 Group 1 v/s Group 3 Group 2 v/s Group 3 

Mean diff P value Mean diff P value Mean diff P value 

S. Mutants 
Pre -118350 0.1 188550 0.46 306900 0.004* 

Post -456.85 0.00* -196.8 0.00* 260.05 0.00* 

Candida 
Pre 35000 0.85 26350 0..015* 228350 0.002* 

Post -314.6 0.00* -199.65 0.001* 115 0.093 

S. Aureus 
Pre -57000 0.9 33800 0.54 90800 0.75 

Post -166.3 0.012* -98.1 0.035* 68.2 0.54 

* Statistically significant (p < 0.05). 

 

 

Graph 1. Comparison of the post sterilization mean values of Streptococcus Mutans 

among the three groups-CFU*103. 

 

Graph 2. Comparison of the post sterilization mean values of Candida  

among the three groups-CFU*103. 
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For Streptococcus mutans, (Table 1 and Graphs 1) the post sterilization CFU in  

Group 1 were less (58.20 ± 52.94) compared to Group 3 (255.00 ± 85.68) and Group 2 

(515.05 ± 204.79), however, for Candia, (Table 2 and Graphs 2) the post sterilizations CFU in 

Group 1 were less (12.85 ± 8.54) when compared to Group 3 (212.50 ± 291.49) and Group 2 

(327.50 ± 351.11). The Staphylococcus aureus (Table 2 and Graphs 3) the post sterilization 

CFU in Group 1 were the least (49.40±55.63) followed by Group 3 (147.50 ± 147.56) and 

maximum for Group 2 (215.70 ± 247.77). 

 

 

Graph 3. Comparison of the post sterilization mean values of Staphylococcus Aureus 

among the three groups-CFU*103. 

 

Graph 4. Comparision of post sterilization mean values of the three groups-CFU*103. 

Statistical comparison between the three sterilization techniques for each microorganism 

was done using a series of Mann Whitney Post hoc tests (Table 4) to evaluate which 

sterilization method resulted in a greater reduction in the viable microorganism count of the 

three microorganisms tested. 

The significance of the mean difference was assessed and it was observed that the post 

sterilization values for Streptococcus mutans were statistically significant for Group 1 v/s 

Group 2, Group 2 v/s Group 3 and Group 3 v/s Group 1, and for Staphylococcus aureus and 
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Candida the post sterilization values showed a statically significant difference for the  

Group 1 v/s Group 2 and Group 1 v/s Group 3,which indicates that there was a clinically 

significant amount of difference observed in the efficacy of sterilization between the Group 1 

and Group 2, and Group 1 and Group 3, for all the three microorganisms, the difference in the 

efficacy of sterilization between Group 2 and Group 3 was only significant for Streptococcus 

mutans. The overview of the Post Hoc intergroup comparison indicates that post sterilization 

values for specimens in Group 1 were the most statistically relevant. 

It was also observed that the difference in mean and standard deviation when tested using 

the Wilcoxon Sign test between the Pre and Post sterilization values in all the Groups, for all 

the three micro-organisms were statistically significant. (Table 5 Table 6, Table 7, Graph 4, 

Graph 5) which indicated that all the three methods i.e., Autoclave, Glutaraldehyde and Hot 

Air Oven showed an overall statistically significant reduction in the post sterilization colony 

count when compared to the pre sterilization colony count. 

 

Table 5. Comparison of the mean values (pre and post) of Streptococcus Mutans  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 278200 429363 0.00* 

Post 20 3 180 58.2 52.94 

Group 2 Pre 20 1000 1000000 396550 455681 0.00* 

Post 20 100 750 515.05 204.79 

Group 3 Pre 20 1000 1000000 89650 218868 0.00* 

Post 20 100 400 255 85.68 

* Statistically significant (p < 0.05). 

 

Table 6. Comparison of the mean values (pre and post) of Candida  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 0 1000000 441000 469635 0.00* 

Post 20 0 34 12.85 8.543 

Group 2 Pre 20 10000 1000000 406000 448006 0.00* 

Post 20 50 1000 327.5 351.117 

Group 3 Pre 20 0 1000000 177650 356836 0.00* 

Post 20 0 1000 212.5 291.491 

* Statistically significant (p < 0.05). 

 

Table 7. Comparison of the mean values (pre and post) of Staphylococcus Aureus  

using Wilcoxon Sign test-CFU*103 

 
    N Minimum Maximum Mean Std. Deviation P value 

Group 1 Pre 20 1000 1000000 116650 303416 0.00* 

Post 20 2 200 49.4 55.635 

Group 2 Pre 20 0 1000000 173650 358184 0.00* 

Post 20 0 1000 215.7 247.773 

Group 3 Pre 20 0 1000000 82850 220433 0.00* 

Post 20 0 500 147.5 147.561 

* Statistically significant (p < 0.05). 
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Graph 5. Comparison of the pre and post sterilization mean values of 3 micro-organisms 

among the 3 groups-CFU*103. 

The findings of the study suggested that the rotary diamond burs in Group 1 showed a 

statistically significant reduction of the microbial colonization after sterilization when 

compared to Group 2 and Group 3. 

DISCUSSION 

The present study has selected the three most commonly used methods for the 

sterilization of rotary diamond burs under the rules for disinfection and sterilization in health 

care facilities of the Center for Disease Control and Disinfection Prevention Guidelines 

(CDC) i.e., Moist Heat, Dry heat and Chemical method [7, 8]. 

All the burs used in the study were subjected to teeth preparation procedures and were 

clinically contaminated with possibly pathogenic bacteria and fungi species in this research. 

All dental burs used are a prospective cause of cross-infection and should be decontaminated 

properly before reuse [9, 10]. 

The prevalent existence of Streptococcus mutans, the gram-positive facultative anaerobe, 

candida and staphylococcus aureus on the used dental burs influenced the choice of all these 

species as the test organism for the assay technique. Streptococcus mutans has been 

recognized as the causative organism of bacteremia and infective endocarditis. Oral infections 

caused by Staphylococcus aureus are angular cheilitis, parotitis, and staphylococcal 

mucositis. Some skin conditions include folliculitis, impetigo, abscesses, cellulitis, and toxic 
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epidermal necrolysis, and systemic conditions caused by Staphylococcus aureus include 

endocarditis, osteomyelitis, and pneumonia [5, 10]. One particular strain of staphylococcus 

MRSA (methicillin-resistant Staphylococcus aureus) is a highly infectious strain of 

staphylococcus that is resistant to all the beta-lactam antibiotics including methicillin which is 

also a type of penicillin which is often present in the oral cavity and can cause damaging 

levels of cross-contamination. Subgingival regions were potential reservoirs of pathogenic 

species of Candida that could be the etiology of chronic periodontitis and oral thrush [11]. In 

a study done by S M Petrovic et al. [12]. (2019) the results established that there are Candida 

carriers among subjects with clinically healthy oral mucosa. This study also showed that 

subgingival areas as potential areas that harbour these pathogenic candida species. All the 

selected organisms have particular proteins for linking to salivary, plasma and platelet 

proteins. They adhere to composite restorative materials and metals, including dental 

amalgam, gold, and non-precious alloys. They are the organisms predominantly found in the 

gingival sulcus [2, 8]. 

Numerous scientific publications currently deal with the spread of pathogens including 

prion proteins which may be transferred from one individual to another through blood or 

tissue [13]. 

C H Miller et al. [14] (1991) concluded in their study that autoclaving being an effective 

and safe method, yet results in corrosion of steel items which is in accordance with the 

current study that Autoclave is the better method of sterilization of burs in comparison to the 

dry heat or chemical sterilization. The study done by Abirami Mathivanan et al. [15] (2017) is 

similar to the previously mentioned study where the findings are in accordance with of the 

current study that hot air oven and the autoclave are a relatively better method for clinically 

effective decontamination of rotary diamond burs when compared to the other commonly 

used chemical disinfectant. 

Observations of Vinay Kumar et al. [1] (2015), suggested complete sterilization of 

endodontic files and diamond burs sterilized by autoclaving and glutaraldehyde. Burs and 

files submerged in Glutaraldehyde (2.4%) for 12 hours yielded full sterilization are in 

contradiction with the present research, which suggested that none of the three techniques 

yielded full sterilization however autoclave showed the relatively better decontamination 

compared to hot air oven and 2.4% Glutaraldehyde. 

Tate WH et al. [16] (1995) in their study showed that composite polishing instruments 

were decontaminated using chemical and physical means of sterilization, Glutaraldehyde was 

an efficient disinfectant, but other disinfectants (iodophor, phenol,) were not safe generally. 

Autoclaving, chemiclaving, and microwaving resulted in effective sterilization. The results of 

this study are contrary to the results of the current study, where all three methods i.e., 

autoclave, Glutaraldehyde, and hot air oven showed clinically significant levels of 

decontamination. 

The findings of the current study, where none of the sterilization methods used on 

contaminated rotary diamond burs showed 100% effectiveness, and that the sterilization using 

Autoclave was more effective compared to the Hot Air Oven and Gluteroldehyde. The 

findings are in accordance to the study conducted by Morrison et al. [17] (2009) were the 

contamination rates of the post sterilization cultures varied for each method incorporated to 

sterilize the rotary diamond burs and endodontic files.  

While sterilization and decontamination procedures are essential to ensure safe and 

effective dental treatment, these processes may result in changes in burs morphological 
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characteristics and efficiency. Therefore, to achieve a safe decontamination procedure with 

the least possible physical form changes in burs, the effects and limitations of each 

sterilization method must be known [18-20]. 

Given the complexity of the microstructure of the dental burs, and the bur morphology 

does not allow the thorough cleaning of the dental bur and subsequently serves as a potential 

carrier of the infectious microorganism from the oral cavity of the infected dental patient to a 

healthy patient. The constraints with the cost factor, dental burs are often reused but seldom 

efficiently sterilized prior to its reuse. The current study explains the different methods that 

showed the maximum sterilization which gives the general dental practitioners a clearer 

perspective as to which method to adopt in their daily clinical practice with the ethical 

concern of the health of the dental staff and the patients by preventing potential mode of 

transmission of infectious diseases. 

The most commonly used methods of decontamination have been included in the study 

while there is scope for future research with various other methods with a potential prospect 

for an effective method of decontamination for the complex microstructure of the rotary 

diamond burs with minimizing the alterations in the surface morphology of the rotary 

diamond bur and its relation to their cutting efficiency. 

Although effective decontamination was seen with all the three methods there were some 

limitations like mild surface corrosion which was observed on some of the burs which were 

subjected to glutaraldehyde immersion and autoclave sterilization and there was only one 

prototype of rotary diamond bur included in the study, however, burs with different forms and 

different manufacturing methods were not included.  

CONCLUSION 

The Autoclave, 2.4% Glutaraldehyde and Hot Air Oven sterilization methods for 

decontamination significantly reduced the oral microbial contamination of the rotary  

diamond burs. Maximum reduction in Streptococcus mutans, Candida and Staphylococcus 

aureus was seen with the autoclave sterilization followed by Hot Air Oven and 2.4% 

Glutaraldehyde. 
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Systematic Review and Meta-Analysis

IntRoductIon

In today’s world, dental implants form the most accepted and 
promising treatment modality for missing teeth. Owing to their 
popularity and versatility, many manufacturers have entered 
the industry and produce a variety of implants that vary in 
make and shape. This makes implant identification difficult 
when necessity arises.

Implant maintenance and repair require information about 
the implant system[1] as the implant components are unique 
to the manufacturer and need specific tools or components.[2] 
When patients do not have implant records or have traveled 
from other region or country, clinicians face difficulty in 
identifying the system.[3] Clinicians either rely on radiographic 
interpretation or contact the company or colleagues to seek 
assistance in identifying the system, making it an assumptive 
process and not a definite approach.

Several attempts have been made to document basic 
design and features of implant systems on radiographs.[4-7] 
However, none of them are easy or quick, and they require 

significant amount of human effort, knowledge, experience, 
and time.

Considering these challenges, recently, artificial intelligence (AI) 
has been experimented in implant identification and found to 
be a promising technique.[1,3,8-12] Machine learning, a subset 
of AI, offers an array of algorithms that classify the implant 
systems based on similarity in the pattern they exhibit; thus, the 
trained model predicts the type of implant system, making the 
process quick and effortless.[13,14] This review was undertaken 
to assess the accuracy of machine learning in dental implant 
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identification from radiographs and to gauge if it can be 
advocated as a technique of implant identification.

MateRIals and Methods

Population, intervention, comparison, and outcome (PICO) 
framework was formulated. The population included dental 
implants, the intervention included machine learning as a 
method to identify dental implants, the comparison was for 
human participants (dental professionals), and the outcome 
was accuracy of machine learning in identification of dental 
implant systems.

Searches were conducted in four electronic databases: PubMed, 
SCOPUS, Cochrane library, and Google Scholar. Additional 
searches were made in gray literature, trial registries, and 
thesis repository, and manual searches were performed in the 
references of the included studies. For PubMed, a literature 
search was made with MeSH terms and for other databases 
same search terms were used. The search terms used were 
machine learning, artificial intelligence, dental implants, 
radiography, and classification (MeSH terms). These search 
terms were used in combination to search the database. Filters 
included the articles published during the period June 2015–
June 2021, accounting for 6 years, and in English language. 
Filters also included the exclusion of patents and books.

The systematic review was conducted adhering to 
Preferred Reporting Items for Systematic reviews and 
Meta-Analysis (PRISMA) guidelines.[15] Figure 1 depicts 
the flowchart showing the process of study selection in 
accordance with PRISMA guidelines. The titles and abstracts 
were screened for the inclusion criteria, that is, machine 
learning models for implant system identification. The full 
text of articles was screened adhering to the inclusion criteria. 
Studies that used methods other than machine learning to 
identify dental implant systems, review articles, studies that 
used means other than intraoral periapical radiographs (IOPA) 
and orthopantomogram (OPG) images, and studies that 
used machine learning for purposes other than identification 
of dental implant systems were excluded. Two reviewers 
screened each record (title/abstract) and retrieved the 

report independently, and disagreements were resolved by 
discussion with the third examiner. This study was registered 
in PROSPERO (CRD42021252085).

Results

The search strategy yielded eight articles that applied machine 
learning for implant identification. After screening the full text 
and eliminating duplicates, articles were exported in Zotero 
software. The data from selected articles were extracted in 
Microsoft Excel sheet, which included author, title, journal, 
year, country, and language of publication, population, 
keywords, type of manuscript, study design, location of study, 
statistical analysis, intervention, sample size, publication and 
other biases, and type and accuracy of the machine learning 
model used. The included studies had been published between 
June 2015 and June 2021 in the USA, Switzerland, and 
Germany.

Study characteristics
Imaging
Of the eight included studies, three studies used OPG, two 
studies used IOPAs, and three studies used both OPG and 
IOPAs to train AI models. Lee et al.[9,10] compared the accuracy 
of AI model based on OPG and periapical radiographs; 
both studies concluded that accuracy was marginally high 
for periapical radiographs (0.956, 0.979 and 0.929, 0.961, 
respectively). The reason for this could be that IOPAs generally 
have better image quality in comparison to OPGs.[16]

Dental implant systems used and their characteristics
Studies included in the review used different dental implant 
systems for training AI model: Zimmer Biomet, Dentsply, 
Nobel Biocare, Implantium, Straumann, Brånemark System, 
Swiss plus, Osstem, Dentium, and Kyocera. Straumann and 
Nobel Biocare were the most commonly used dental implant 
systems. Lee et al.[10] used Osstem TSIII SA, Superline 
Dentium, and Straumann BLT and found the highest accuracy 
for Straumann BLT systems. The authors proposed that this 
could be due to the largest taper of the Straumann BLT implant 
system. Lee et al.[9] used Dentsply Astra Osseospeed, Dentium 
Implantium, Dentium Superline, Osstem TSIII, Straumann 
SLA active BL, and Straumann SLA active BLT and found the 
highest accuracy for Straumann SLA active BLT. However, 
Osstem TSIII and Dentium Superline implant systems that 
do not have prominent characteristic elements showed lesser 
accuracy. In a study conducted by Sukegawa et al.,[8] the 
accuracy was similar for all implant systems used in the 
study, but it was marginally higher for the Straumann tissue 
4.1 implant system. In a study by Said et al.,[11] the AI model 
achieved high accuracy for Zimmer Biomet Dental Tapered 
Screw-Vent, which had an apex hole, and for Nobel Biocare 
and Branemark system with external hexagon platform. Kim 
et al.[3] found that neural networks searched for distinctive parts 
of each implant for recognition of the system, and this proves 
that deep learning can identify the discriminative features of 
the implant type well. Outcomes of these studies suggest that 

87189 records identified
Pub med -121

Scopus- 46
Cochrane library -2

Google scholar- 87020

87181 records excluded
after screening title

and abstract

8 records included

Exclusion Criteria
1. Studies that used methods other

than machine learning for dental
implant identification

2. Studies that used machine learning
for purpose other than dental implant
identification

3. Studies that used means other than
IOPA and OPG for dental implant
identification

4. Review articles
5. Removal of duplicates

Figure 1: Flowchart showing the process of study selection by PRISMA 
guidelines.[15] PRISMA = Preferred Reporting Items for Systematic reviews 
and Meta-Analysis
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the AI model could easily identify implants that have sharp and 
discriminative features. However, parts, features, and ranges 
of implants that are focused on for implant identification differ 
from one AI model to another.

Machine learning models
In a study conducted by Sukegawa et al.,[8] finely tuned VGG16 
achieved the best performance, followed by finely tuned VGG19, 
VGG16 with transfer learning, VGG19 with transfer learning, 
and basic convolutional neural networks (CNNs). The authors 
found that basic CNN with lesser convolutional layers has limited 
capacity for image classification. With appropriate transfer 
learning and fine-tuning, pretrained CNN networks were capable 
of performing better in image classification, even with smaller 
dataset.[8] In a study conducted by Kim et al.,[3] SqueezeNet, 
ResNet 18, and ResNet 50 showed the highest accuracy among 
the models tested. Sukegawa et al.[12] found that the larger the 
number of parameters and deeper the network, the better was 
the accuracy. Algorithm performances cannot be compared as 
studies exhibit heterogenicity in terms of sample size, method 
and type of data acquisition, training, and the algorithm itself.

Performance comparison between machine learning and 
dental professionals
Two studies compared the accuracy of AI models with that of 
dental professionals. A study by Lee et al.[10] demonstrated the 
superiority of deep CNN architecture with an area under curve 
(AUC) of 0.971 over board-certified periodontists with an AUC 
of 0.925. In a study by Lee et al.,[9] the performance accuracy 
of 25 dental professionals was compared to trained automated 
deep CNN (DCNN), and automated DCNN surpassed most of 
the dental professionals.

Risk of bias
Systematic reviews of AI in diagnosis are sparse in dentistry. 
We could not find a suitable tool to perform a risk of bias 
assessment, although the possible risk of bias has been 
discussed in the discussion section.

Table 1 describes the study characteristics of the included 
studies. Excluding one study that used supervised machine 
learning (k nearest neighbor [KNN]), the rest of the studies 
used different CNN architectures that varied from basic CNN 
to visual geometry group (VGG), ResNet, and GoogLeNet 
Inception. Six studies applied transfer learning to CNNs; 
transfer learning improves efficiency, saves training time, and 
reduces data needs. Data augmentation was considered in three 
studies. Data augmentation either creates slightly modified 
copies of existing data or artificially creates new training data 
from the existing data to overcome overfitting. The limitation of 
data augmentation is data bias; augmented data is quite different 
from the original that can lead to suboptimal performance.

Meta-analysis
Meta-analysis was conducted on three eligible studies. Other 
studies were not eligible as the outcomes of interest were not 
measured or were not reported. The random-effects model was 
used. Figure 2 shows the forest plot for accuracy of machine 

learning in identification of dental implant systems based on 
three studies. The forest plot denotes a highest accuracy of 
97.10% (95% confidence interval [CI]: 96.32, 97.88) and a 
lowest accuracy of 93.80% (95% CI: 87.20, 99.40). The overall 
pooled estimate of accuracy when all individual studies were 
combined was 95.43% (93.37, 97.48), with heterogenicity 
among three studies being very high (92.44% and P < 0.001). 
We observed a clear heterogenicity among studies in terms of 
sample size, method of data acquisition, training AI model, 
presentation of data, data analysis, and validation of the model. 
Figure 3 shows the evidence of publication bias as it is apparent 
that the funnel plot does not exhibit expected normality in the 
estimates of accuracy.

dIscussIon

Science and technology have made life easier by providing 
solutions to many challenges. Implant identification, being 
an unsolved problem in implant dentistry, needs an immediate 
solution and AI can be the answer. A total of eight studies were 
found that used machine learning in implant identification 
and found machine learning algorithms to be proficient in 
performing the task.

In comparison to the existing literature, this review addresses 
the key elements of the research, that is, elaboration on 
different AI algorithms used, their outcomes based on different 
implant systems used, performance comparison with dental 
professionals, and meta-analysis of the eligible studies.

Morais et al.[17] tested the supervised machine learning model 
KNN in implant identification in 2015. Thereafter, there was a 
substantial increase in studies using deep learning for implant 
identification during 2020. A KNN classifier compares the 
unknown input data with all the labeled data present in the 
reference database and puts it into a category that is most 
similar to input data. The aim of this study was to introduce 
the concept of identifying an unknown dental implant using a 
framework based on image processing concepts. The remaining 
studies tested deep learning techniques that use multiple layers 
known as CNNs to extract higher-level features from the 
input data. The information of the image passes from the first 
layer (input) to the last layer (output) by being filtered through 
each layer according to its features. The first layer identifies 
the general shape of the image, the next layer its edges, and 
then angles, points, and so on, until a prediction is made at 

Figure 2: Forest plot for accuracy of machine learning in dental implant 
identification
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the exit of the last layer on the identity of the image.[11] Six 
out of eight studies reported an accuracy of over 90%, which 
supports the use of machine learning in implant recognition; 
the other two studies were pilot in nature.

A clear heterogenicity was noticed among studies in terms of 
data acquisition, sample size, data presentation, and analysis. 
A formal sample size calculation was not mentioned in the 
studies included. Many times, the historical data is collected 
from clinical care repositories or open-source databases to 

meet the data demands. These repositories are not always 
quality controlled and may lead to mistakes and unrecognized 
biases.[18] Thus, insufficient sample size and poor data quality 
subject the studies to high risk of bias.

Considering the reporting of relevant model performance 
measures, different range of metrics were used to report the 
performance of the machine learning algorithms, such as 
accuracy, precision, recall, F1 score, sensitivity, specificity, 
positive predictive value, and negative predictive value. As 
these were the only measures of performance reported, it 
leads to difficulty in comparison and summarizing the data 
during meta-analysis. Studies conducted using AI in implant 
identification are few and the research is in the initial stage. 
In the future, there is a need for comprehensive and structured 
reporting and standardization of the methodologies. Problems 
like overfitting and model validation need to be addressed and 
a standardized guideline for reporting these has to be followed. 
External validation of the models will help to set standards to 
ensure the applicability of machine learning-based prediction 
model studies.[18]

The final estimate of the accuracy performance of machine 
learning is based on relatively few studies. Studies were 
excluded from meta-analysis due to lack of standardized 
reporting and inadequate data. Consequently, there could 
be considerable uncertainty around the estimates of 
meta-analysis.

Table 1: Study characteristics of the included studies

Author Radiograph 
used

Number of 
images for 

training

Algorithm 
architecture

Algorithm architecture 
name

Transfer 
learning 
applied

Accuracy Data 
augmentation

Comparison 
with dental 

professionals
Sukegawa 
et al.[8]

Panoramic 
radiographs

8859 CNN Basic CNN Yes 0.860 No Not reported
VGG16 transfer 0.899
VGG16 fine-tuning 0.935
VGG19 transfer 0.880
VGG19 fine-tuning 0.927

Said et al.[11] Periapical and 
panoramic 
radiographs

1206 CNN Pretrained GoogLeNet 
Inception 

Yes 93.8% Yes Not reported

Lee et al.[9] Periapical and 
panoramic 
radiographs

11,980 CNN Automated deep CNN Yes AUC of 
0.954

No AUC less than 
0.954

Lee et al.[10] Periapical and 
panoramic 
radiographs

10,770 CNN Fine-tuned and pretrained 
deep CNN architecture 
(GoogLeNet Inception-v3)

Yes AUC of 
0.971

Yes AUC of 0.925

Kim et al.[3] Periapical 
radiographs

801 CNN SqueezeNet Yes 0.96 Yes Not reported
GoogLeNet 0.93
ResNet 18 0.98
MobileNet-v2 0.97
ResNet 50 0.98

Sukegaw 
et al.[12]

Panoramic 
radiographs

9767 CNN ResNet 18 Yes 0.9787 No Not reported
ResNet 34 0.9800
ResNet 50 0.9800
ResNet 101 0.9841
ResNet 152 0.9851

CNN=convolutional neural network

Figure 3: Funnel plot for accuracy of machine learning in dental implant 
identification
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The outcome of this systematic review and meta-analysis 
suggests that machine learning is practically efficient in 
implant recognition. Additional studies are required to develop 
algorithms for other implant systems across the world.

Clinical implications
AI has revolutionized the health-care industry. The 
development of machine learning has created an unprecedented 
transformation in medical diagnosis.[19] The use of AI to 
identify the implant system in a patient will increase efficiency 
and reduce the effort and time spent in identification using 
conventional methods or by human intelligence.

Recommendations for future research
1. Training of algorithms needs to be done with more implant 

systems across the world and more sample sizes to achieve 
maximum accuracy to be useful for the dental community.

2. A wide array of algorithms is available to solve 
classification problems. More algorithms can be tested 
to achieve the highest accuracy for implant recognition.

3. Standardized guidelines need to be formulated for 
conducting and reporting of studies that investigate AI in 
implant identification. Standardization of radiographic 
images plays an important role in the accuracy of the 
algorithm. AI has demonstrated better performance 
with 3D imaging. Studies using cone-beam computed 
tomography images would yield higher accuracy and 
better performance of the models.[20]
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Abstract
Purpose The controlled responsive characteristics of iron nanoparticles (FeNp) in magnetic fields make them an attractive 
prospect in this field. In the presence of a magnetic field, FeNp can significantly impact cell behaviour, leading to break-
throughs in nanotechnology.
Aim/hypothesis The aim is to determine the possible applications of iron nano particles (FeNp), and induced magnetic 
exposure role in osteoconduction and antibacterial activity.
Materials and methods The custom-grade IV titanium (Ti)hollow chamber is fabricated, surface treated with FeNp. Each 
titanium chamber contained neodymium, iron, and boron magnet disc, and the effect of FeNp on osteoblast-like cells 
(MG63) was evaluated in terms of cell attachment and survivability, morphological characteristics, particle absorption, 
and antibacterial properties. The effects of cellular uptake of FeNp and their responses to subcellular thrust were studied 
using fluorescent microscopy. MTT was used to determine cell viability, and von Kossa histochemical staining was used to 
determine matrix mineralization.
Results In the magnetized Ti chambers group, osteogenic activity and mineralization were considerably greater than in the 
control groups (p 0.05). With a p value of 0.027, the S. aureus and E. coli were resistant to the antibacterial properties of the 
FeNp modified titanium custom Ti chamber (MIC: 0.03135 mg/mL and 0.02915 mg/mL, respectively).
Conclusion The one-of-a-kind, in vitro, conveniently modelled, limited sample study sheds light on the effect of surface-
functionalized titanium custom Ti chamber with FeNp on MG63. The use of magnetized FeNp-surfaced implants for long-
term strategic bone tissue engineering and bacteriostatic implants.

Keywords Iron nanoparticles · Implant surface treatment · Osseointegration · Antimicrobial nanoparticles · Dental 
Implantation

Abbreviations
FeNp  Iron nanoparticles
M.F.  Magnetic fields

Ti  Titanium chambers
S. aureus  Staphylococcus aureus
E. coli  Bacterium Escherichia
MIC  Minimum inhibitory concentration
ALP assay  Alkaline phosphatase activity
G + v  Gram-positive bacteria
G − v  Gram-negative bacteria

Introduction

Implants are a popular option for replacing missing teeth. 
Topographical features of the implant surface, such as 
sandblasting, etching, anodizing, plasma spraying, elec-
trophoretic deposition, sol–gel coating, and biomimetic 
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precipitation, promote faster bone-to-implant contact and 
reduce peri-implantitis [1–3].

Peri-implantitis, characterized by progressive destruction 
of the implants' soft tissue and bone, is significant in implant 
failure 30.7% percent of implants experience peri-implant 
mucositis, whereas 9.6% percent of implants experience 
peri-implantitis [4]. To reduce these failures, bioactive anti-
microbial molecules that directly control cellular behaviour 
are implanted [6]. In this case, the nanoparticle coating of 
the implant surface provides functional antimicrobial and 
osteoconductive elements to prevent implant failure. The 
biofunctionalization of implant surfaces with nanoparticles 
aids in the reduction of implant osseointegration time [5].

Iron nanoparticle (FeNp) cell interactions have attracted 
much interest in recent years because magnetic nanoparticles 
can promote cell proliferation [6]. FeNp can also interact 
with a magnetic field(M.F.), allowing them to be used in 
drug targeting and cell biology applications [7].

FeNp in the presence of an M.F. can considerably impact 
the biological behaviour [8]. An M.F. associated with FeNp 
can influence the microenvironment around the components 
and contribute to altered cellular behaviour [9–20].

As a result, surface treating titanium implants with FeNp 
would be intriguing. To the best of the authors' knowledge, 
this is the first study to investigate the effects of an external 
M.F. on surface-functionalized the implant with FeNp and 
their effects on osteogenic differentiation and antimicrobial 
properties of magnetic nanoparticle modified titanium sur-
faces using the (MG63) cell lineage.

Methods and materials

Preparation of experimental specimens

The Custom NovelTi hollow chamber is fabricated (Type 
IV Titanium) with measurements of 6 mm in diameter and 
8 mm in height. We divided the specimens into two sub-
groups of (n = 30) Group A (control): Titanium chambers 
without M.F., flux density values were no more significant 
than 0.05 mT, which is the earth's natural M.F. level.

Group B (Test)-Titanium chambers with  M.F. and 
FeNp-treated surface. An exterior magnet disc made of 
neodymium, iron, and boron is placed in the centre of each 
titanium chamber configuration based on a previous study 
[21]. An HT20 Teslameter (Hengtong Magnetic Technology 
Co) measured the M.F. intensity at a mean flux of 35 ± 5 
mT . Magnetic field was active for the entire length of the 
experiment.

Sampling

S1 = SD in first group, 6% S2 = SD in second group, 3%

d = diffrence in mean = x1 (X1–x2) = 4.5%

n = 29 30 in each group with 5% α error and 95% power

n =
2S2( Z1−�+Z1−�)

2

d2
= 30

Z1 − � = 1.96 at 5% � error

Z1 − � = 1.682 at 95% power

d = x1 − x2 = 4.5%

An independent statistician reviewed the entire 
methodology.

Procedure for surface roughness evaluation

We used a steam cleaner at 0.3 MPa pressure to sanitize 
each group's specimens before placing them in an ultrasonic 
cleaner (de-ionized water) for 180 s to remove any toxins 
from the substrate surface. After that, they were all dried 
with absorbent paper, and the roughness of their surfaces 
was ascertained quantitatively and qualitatively on all speci-
mens in each group.

The specimens were quantitatively analyzed using a 
contact stylus profilometer (Surtronic S-128–Taylor Hob-
son). An average roughness profile (R a) was calculated to 
characterize the material's cumulative roughness for each 
specimen.

We used a layer-by-layer coating method to surface treat 
(Group B) test group chambers with FeNp [22] and SEM to 
characterize test and control Ti  chambers.

Tissue culture

The MG63 cell line (CRL-1427-ATCC) (provided by NCCS 
Pune, India) was cultivated in Dulbecco's Modified Eagle 
Medium (DMEM) (Sigma-Aldrich Co.) containing 10% 
fetal bovine serum (FBS, Gibco), two mN glutamine, at a 
temperature of  370C in the presence of 5%  CO2 and 95% air 
atmosphere at 100% relative humidity.

MG63 cells were seeded on uncoated titanium chambers 
and surface-functionalized titanium chambers with FeNp at 
a 1 ×  105 cells/well concentration in 24-well culture plates 
(Falcon, Franklin Lakes, USA) and placed into Permanox 
Lab-Tek Chamber Slides (Nunc). We subjected the cells 
to 37ºC in 5%  CO2 and 95% air in the incubator, allowing 
them to adhere and proliferate for at least 72 h in DMEM; 
in each plate, we treated unfilled wells as control of culture 
conditions.
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MTT assay

We employed an MTT assay to measure the growth of MG63 
cells. In triplicate, MG63 were implanted onto Ti chambers 
at a concentration of 1 ×  105 cell/cm2 and incubated for 72 h. 
The optical density (O.D.) of dye was evaluated spectropho-
tometrically at a wavelength of 492 nm.

Assessment of MG63 cell growth

We assessed MG63 cell behaviour on titanium chambers 
using acridine orange (A.O.) staining. We subjected cells 
at an incubation time (24 and 48 h); the specimen was fixed 
and dyed with 2 × 104 mg/ml acridine orange (A.O.) for 
60 s and inspected with a FluoView Confocal Microscope 
(FV1000; Olympus, Tokyo, Japan).

Von kossa staining

The MG63 cells were cultured for 14  days, fixed with 
phosphate-buffered formalin for 10 min, and dehydrated 
serially at a concentration of 70%, 95%, and 100% etha-
nol. The culture plates were then rehydrated serially from a 
concentration of 100% to 95% to 80% ethanol in water. 2% 
silver nitrate compound and displayed in direct sunlight for 
20 min, to which 5% sodium thiosulfate was added. After 
5 min of acid fuchsine counterstaining, the culture plates 
were dried for image analysis.

ALP assay

At a level of 1 × 105 cells/cm2, MG63 cells were grown in 
triplicate. After 21 days of cultivation, the ALP activity was 
assayed by adding p-nitrophenyl phosphate. The density of 
p-nitrophenol was determined spectrophotometrically at a 
wavelength of 405 nm (Bio-Tek instruments N.C.).

Antimicrobial activity

The antimicrobial activity of magnetized iron nanoparti-
cles was checked by the minimum inhibitory concentra-
tion (MIC). To constrain the growth of each Gram-positive 
(G + v) and negative bacteria (G − v), S. aureus (MIC: 
0.3135 mg/ml) and E. coli (MIC: 0.2915 mg/ml), which was 
controlled at 105–106 CFU/ml and incubated at 35 °C. The 
spectrophotometer determined the MIC of the nanoparticle 
solution on S. aureus and E. coli at different concentrations 
of FeNp in the culture solution.

Biostatistical analysis

We asserted the obtained data, reviewed by an independent 
statistician, as the mean (M) ± standard deviation (S.D.). We 
executed the analyses using SPSS 22.0 software. We per-
formed an ANOVA to determine discrepancies within all 
perceptible indices. P < 0.001 is considered a statistically 
significant difference.

Results and discussions

The M.F. and FeNp outperformed control and synergisti-
cally enhanced the osteogenic development of the seeded 
MG63 cell line. In order to build a novel therapeutic strat-
egy, it seems totally reasonable to look for efficient dental 
implant techniques that encourage osteoblast activity while 
also being antibacterial. Magnetic fields may activate cal-
cium nanoparticle signalling pathway via changing calcium 
ion levels. This would also have an impact on nuclear fac-
tors such as cyclin, which is involved in osteoblast regula-
tion [23, 24]. Magnetic stimulation may activate the cyclic 
adenosine monophosphate system, which in turn activates 
various enzyme system that enables bone cell differentia-
tion specific metabolic changes, thereby encouraging bone 
growth [25]. The forces created by FeNp in the vicinity of a 
magnetic field may have a significant impact on cell activ-
ity [26]. Magnetic fields created by FeNP may change the 
surrounding microenvironment and so influence cellular 
activity.

On the basis of these characteristics, the osteoinduction 
was assessed in this research.

Figure 1 depicts SEM images of the uncoated titanium 
chambers' surface, which shows multiple circular ridges with 
smooth edges. Figure 2 depicts the perception of homogene-
ous powdered masses along the surfaces of the FeNp coated 

Fig. 1  SEM image of the uncoated commercially pure titanium cham-
ber
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titanium chambers. As can be seen in Fig. 2, an elemental 
analysis of titanium-coated chambers revealed the presence 
of implanted FeNp, and the masses were relatively smooth, 
with only a few tiny cracks (Tables 1, 2).

When compared to the control group as seen in Fig. 3, 
the magnetised FeNp sample stained with acridine 
orange using fluorescence microscopy, which revealed 
an increased level of cell attachment and proliferation. 
Increased cell density, improved spreading ability, and a 
relatively high cell-to-substrate interaction ratio are shown 
in Fig. 4. These results are confirmed by scanning elec-
tron microscopy (SEM) in Fig. 5. In addition, osteoblasts 
that had been cultured with FeNP and then treated with 
M.F. Figure 6 shows the discovery of the most signifi-
cant "osteogenic nodules." When compared to the control, 
which can be seen in Fig. 7, Von Kossa staining provided 
confirmation of quantification of a high content that was 
analogous to bone in osteoblast-like cells. The formation 
of extracellular mineralized matrix in FeNP was aided by 
the application of a magnetic field (ECM).    

In the current study, Magnetized FeNp inhibited 
the maturation of both gram-positive S. aureus and 

Fig. 2  SEM image of Fe Np coated titanium surfaces

Table 1  Percentages of proliferation rates in different time periods

24 h 48 h 72 h

Control 46% 54% 57%
FeNp 104.4% 109.7% 107.4%

Table 2  Comparison of groups 
at different time points ANOVA

* statistilcally signifecant

Time points Groups Mean SD Mean rank H value p value

24 h Control 41.00 7.00 2.00 7.2000 0.0270*
Test 100.33 3.72 8.00

48 h Control 53.03 6.50 2.00 7.2000 0.0270*
Test 102.27 6.48 8.00

72 h Control 49.03 12.11 2.00 7.2610 0.0270*
Test 101.63 5.20 8.00

Fig. 3  Acridine orange image of MG63cells (control group) 
(40 × magnification)

Fig. 4  Acridine orange image of MG63cells treated with Fe Np under 
the magnetic force (40 × magnification)
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gram-negative bacteria E. coli.The MIC of FeNp S. aureus 
was 0.3135 mg/cc, and E. coli was 0.2915 mg/cc.

The control group had 41% viability after 24 h, while 
the FeNp group had 104.44%, indicating that the addition 
of FeNp causes an increase in cell proliferation. As shown 
in Graph (Fig. 8), the viability of cells after 72 h of FeNp 
treatment was 107.4 percent, demonstrating the invaluable 
osteoblastic nature of FeNp and their ability to support 
the Cell's ability to remain viable for an extended period. 
As shown in Table 3, the MG63 cell line with magnetised 

FeNp had the highest level of ALP activity (0.23 ± 0.005), 
a statistically significant difference in FeNp (p 0.001) com-
pared to controls (0.22 ± 0.007).

These in  vitro assay outcomes were comparable to 
those of earlier in vitro studies, with notable increases in 
ALP activity and osteogenic cell proliferation [26–28] as 
compared to those without FeNp. According to research 
done by Kim et al. made osteoblasts more osteogenic. The 
expression of osteoblast-specific genes rises with culture 
time [29–31]. Indeed, cell adhesion and proliferation are 
affected by various cell lines, cell seed densities, and 
magnetic configurations [31–41]. The current study con-
firmed this osteoinductive effect. Furthermore, the authors 
demonstrated that incorporating M.F. with FeNp into the 
media was significantly more effective than in previous 
studies.

Magnetically cultured FeNp outperforms standard cul-
ture in terms of antimicrobial capabilities. Meng et al. 
[10]. Observed that M.F. exposure improved differentia-
tion of osteogenic cells and cell characteristics of MG63 
cell lines seeded on FeNPs-treated titanium chambers and 
cell viability.

These particles' primary antibacterial activity may 
have been caused by oxidative stress brought on by ROS 
[42–44]. In bacteria, proteins and DNA can be harmed by 
ROS such as superoxide radicals  (O2–), hydroxyl radicals 
(–OH), hydrogen peroxide  (H2O2), and singlet oxygen (1 
 O2). In the current study, FeNp may have been the catalyst 
for the production of ROS, which prevented the growth of 
most harmful bacteria, including Staphylococcus aureus. 
According to some researchers, nanoparticles' small size 
can also contribute to their bactericidal properties. For 
instance, Lee et al. [45] showed that the penetration of 
the tiny particles (sizes ranging from 10 to 80 nm) into 

Fig. 5  SEM image of MG63cells treated with Fe Np under the mag-
netic force

Fig. 6  Von Kossa staining confirms quantification of bone-like min-
eralization in MG63cells treated with Fe Np under magnetic force

Fig. 7  Von Kossa staining of MG63cells (control group)
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E. coli membranes may be the reason of the inactivation of 
Escherichia coli by zero-valent iron nanoparticles.

The research into the antibacterial properties of magnet-
ized FeNp is still in its early stages. In the current study, 
Magnetized FeNp inhibited the maturation of both gram-
positive S. aureus and gram-negative bacteria E. coli. Our 
findings were consistent. Chang et al. and Chopra et al. 
[46, 47]. The incorporation of a static magnetic field and 
magnetic nanoparticle surface treatment of titanium cham-
bers improved the antibacterial efficacy and osteoinduction 
of the M.G. 63 cell line; magnetic FeNp had a cell function 
is better, and bone matrix mineral synthesis is higher than 
in the control group.

Iron nanoparticle toxicity

It is widely acknowledged that magnetite  (Fe3O4) and magh-
emite are the trace elements of choice when it comes to the 
fabrication of FeNP  (Fe2O3). The various states of iron oxi-
dation that they exhibit have an effect on the physiochemical 
properties that they possess. Maghemite is the most desir-
able element for FeNP cores because it poses the fewest 

health risks and because iron (III) ions are naturally found in 
the human body; any metal diffusion will have no noticeable 
adverse implications [48].

During this phase of our experiment, we implemented 
the maghemite form of the FeNP. In the future, research on 
toxicity should concentrate on acute and chronic toxicity, 
the disintegration of particles, the induction of reactionary 
and proinflammatory responses, metabolism and long-term 
toxicity, and disposal in both cellular and animal models.

Research limitations

This study, however, had some limitations. The antimicro-
bial experiment was carried out with static magnetic FeNPs 
in suspension, and the antimicrobial behaviour changes as 
the static magnetic field changes. As a result, the authors 
could perhaps perform comprehensive antimicrobial tests 
at different magnetic fields, but we need more research to 
investigate the in vivo osteogenic differentiation process.

The clinical implications of this research

Microbiological growth, contamination, and virulence-
associated with implant use often cause implant failure. 
Surface-treated with FeNp would be a suitable replacement 
for systemic administration of antibiotics. As a result of the 
present study, we will be able to assist in early bone healing 
and shorten the time needed for osseointigration in compari-
son with conventional implant surface treatments.

Fig. 8  Graph showing M.G. 63 
cell proliferation comparison at 
the different time intervals

Table 3  Comparison of groups 
at different time points ANOVA

Group (alkaline 
phosphatase)

Mean and 
standard divi-
sion

1. Test 0.23 ± 0.005
2. Control 0.22 ± 0.005



Odontology 

1 3

Conclusion

We devised a Custom NovelTi hollow chamber for tissue 
engineering applications and investigated the effects of 
FeNp surface treatment combined with magnetization on 
osteoinduction.

We conclude that FeNp combined with an M.F. had a 
synergistic impact on optimizing the proliferation and dif-
ferentiation of the seeded MG63 cell line, outperforming 
the control. In vitro bone regeneration is accomplished by 
substantially accelerating the biomedical behavioural pat-
terns of the cells. The enhanced cellular output and bone 
rehabilitation were attributed to the physical stress exerted 
by the magnetization and cell integration of the released 
magnetic FeNp nanoparticles.

As a result, the novel magnetic concept is highly encour-
aging for promoting bone growth and enhancing prolifera-
tion and differentiation.
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Multidisciplinary approach in the 
management of large infected 
periapical cystic lesion in the 
mandibular anterior region with 
platelet‑rich fibrin
Kiranmayi Thote, P. V. Ravindranath Reddy, P. Aproova Venkata Teji1, 
Shivayogi M. Hugar2

Abstract:
Periapical cysts are considered as the most prevalent odontogenic cystic lesions of the jaws. These 
cystic lesions are usually asymptomatic; however, once infected, they result in tumefaction of the 
affected region. Current noninvasive diagnostic methods such as computed tomography, magnetic 
resonance imaging, and cone‑beam computed tomography help in accurate assessment of size and 
nature of these lesions, which determine proper treatment planning and prognosis of the affected 
tooth. Management of these cystic lesions depends upon their extent. Periapical localized cysts can 
be managed by nonsurgical root canal therapy, whereas large periapical cysts require multidisciplinary 
approach involving an endodontist and an oral surgeon. Accelerated healing of soft and hard tissues 
near these lesions can be done using tissue engineering scaffolds such as platelet‑rich fibrin and 
platelet‑rich plasma. This case report presents successful multidisciplinary management of a large 
infected periapical cyst which was associated with mandibular incisors.
Keywords:
Cone‑beam computed tomography, endodontic therapy, enucleation, infected radicular cyst, 
plasma‑rich fibrin, tissue regeneration

Introduction

Th e  m o s t  c o m m o n l y  o c c u r r i n g 
odontogenic cystic lesions of the jaws 

are radicular cysts.[1] Based on the size, 
location of the lesion, and its proximity to 
vital structures, the management of these 
lesions varies, i.e., it might be conservative 
nonsurgical or surgical procedure.[2] Proper 
diagnosis of the extent of these lesions plays 
a major role in their treatment planning. 
Recent advancements in radiographic 
diagnostic aids such as cone‑beam 
computed tomography (CBCT) helps in 
diagnosing the lesion in all three dimensions 

providing undistorted information of the 
hard tissues.[3] Along with proper diagnosis 
and treatment planning, regenerative 
biomater ia ls  such as  plate le t ‑r ich 
fibrin (PRF), platelet‑rich plasma, and bone 
grafts help in accelerated bone regeneration 
and healing process.[4] The following case 
report presents multidisciplinary approach 
in the treatment of radicular cyst both 
endodontically and surgically along with 
using PRF.

Case Report

A 12‑year‑old female patient reported to 
the outpatient department of pediatric and 
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Figure 5: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41. Significance of red arrow 

indicates resorption area of periapical cyst Figure 6: Intraoral periapical radiograph of endodontically treated 31, 32, and 41

preventive dentistry with the chief complaint of swelling 
and pain near the chin region. The patient gave a history 
of trauma to lower front tooth 1 year back. On extraoral 

examination, a diffuse swelling was present near the 
mandibular anterior region extending anterioposteriorly 
which on palpation was firm in consistency and tender 
with slight rise in temperature [Figure 1]. On intraoral 

Figure 1: Preoperative images: Extraoral swelling noticed near chin region

Figure 3: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41 – sagittal plane. Significance 

of red arrow indicates resorption area of periapical cyst

Figure 2: Preoperative images: No swelling or sinus tract opening noticed 
intraorally. Significance of red arrow indicates resorption area of periapical cyst

Figure 4: Preoperative images: Cone-beam computed tomography showing 
radiolucency near periapical region of 31, 32, and 41- coronal plane. Significance of 

red arrow indicates resorption area of periapical cyst
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examination, grade I mobility of the mandibular 
incisors (tooth no. 31, 32, and 41) was present, and no 
swelling or sinus tract opening was noticed near the 
buccal vestibule [Figure 2]. Lymph nodes were not 
palpable.

The patient was advised a CBCT of the mandibular 
anterior region. On radiographic evaluation, large 
unilocular radiolucency with well‑defined borders 
was seen. CBCT evaluation helped in assessing the 
lesion in all three dimensions including the extent of 
the lesion which was about 1.5 cm mesiodistally, about 
2 cm superior‑inferiorly, and about 2 cm labiolingually 
[Figures 3‑5]. On carrying out the electric pulp testing, 
negative response was noticed in relation to the 

Figure 7: After enucleation procedure

Figure 9: Platelet-rich fibrin placement done

Figure 8: Cystic lesion

Figure 10: Suturing done

Figure 11: Reduced swelling noticed near chin region Figure 12: Complete healing of surgical site postoperatively after 1 month
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Figure 15: IOPA of 31, 32,41 after 12 months of follow-up

Figure 14: Mandibular occlusal view radiograph after 9 months of follow-up

Figure 13: Orthopantamogram after 6 months of follow-up

mandibular right and left incisors (tooth no. 31, 32, and 
41), indicating that pulp is nonvital for these teeth.

Endodontic treatment of 31, 32, and 41 was planned 
under local anesthesia followed by enucleation 
procedure [Figure 6]. Under proper sterile conditions 
and adequate anesthesia, crevicular incisions were 
placed from the right mandibular canine to the left 
mandibular canine. After the incision, full‑thickness 
mucoperiosteal flap was elevated, leading to the 
identification of cystic lesion. The cystic fluid was 
drained out and the cystic lining was completely 
removed [Figures 7 and 8]. Removal of the diseased bone 
was carried out using bone rongeur. As the cystic lesion 
was larger in size, PRF with freeze‑dried bone graft was 
planned to be placed. As the patient’s socioeconomic 
status was poor, they did not gave consent for bone 
graft placement. Hence, PRF was placed in the residual 
socket and suturing was done using vicryl 3‑0 suturing 
material [Figures 9 and 10].

Protocol followed for preparation of platelet‑rich 
fibrin
First step for preparation of PRF was to collect whole 
venous blood into vacutainer tubes (6 ml), with no 
anticoagulant placed in these tubes. These tubes were 
then placed in a centrifuge machine at 3000 revolutions 
per minute for 10 min. After this, the blood in the 
tubes settled as three layers, upper layer consisting of 
straw‑colored acellular plasma, middle layer consisting 
of fibrin clot, and lower layer consisting of red blood 
cells. The middle layer consisted of numerous platelets 
embedded in the fibrin mesh work which was used as 
PRF.

The patient was kept under antibiotics and analgesics 
and recalled for follow‑up after 1 week, 1 month, and 
3, 6, and 12 months. During follow‑up, the patient was 
symptomless and showed healing on radiographic 
evaluation [Figures 11‑15].

Discussion

Radicular cysts are considered as one of the most 
commonly occurring cystic lesions of the jaw.[1] The main 
etiological factors for these lesions are trauma or dental 
caries. In the present case, the patient gave a history of 
trauma 1 year back. The management of these lesions 
includes conventional nonsurgical root canal therapy 
when lesions are localized, or if the lesions are larger in 
size, procedures such as enucleation, marsupilization, 
or decompression techniques can be performed.[5] In 
the present case report, multidisciplinary approach was 
followed starting with root canal treatment of offending 
tooth 31, 32, and 41 followed by surgical enucleation 
procedure and placement of PRF in the bony defect.

In the present case, diagnosis of the lesion was done 
using CBCT which helped in assessing cystic lesion 
three‑dimensionally with undistorted hard tissue 
findings. Thus, accurate assessment of the size, shape, 
width, and depth of the lesion was done which helped 
in proper treatment planning.[6] However, there are some 
limitations of using it in soft tissue imaging and high 
radiation dose.
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PRF consists of natural framework of fibrin, with a 
specific property of slow release of growth factors.[7] 
Growth factors such as platelet‑derived growth factor 
and transforming growth factors are released from 
PRF.[8] PRF can guide healing process as it can upregulate 
phosphorylated extracellular signal‑regulated 
protein kinase expression, and it also suppresses 
osteoclastogenesis by promoting the secretion of 
osteoprotegerin.[9] By considering these properties of 
PRF, it was used as a biomaterial for periapical tissue 
regeneration in the present study.
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Original Article

IntroductIon

Patients undergo orthodontic treatment for various purposes, 
of which dental esthetics is an important reason. Physical 
attractiveness as well as self-esteem is crucial factors which 
depend on dental esthetics.[1,2] Orthodontic treatment has 
innumerable such benefits both functional and visual which 
usually outweigh their disadvantages, but these appliances also 
cause unwanted complications.

In 1996, Behrents defined iatrogenics as harm which is 
unintentionally induced by treatment.[3] This can even occur 
during any orthodontic treatment due to negligence of the 
orthodontist. The knowledge and foresight to predict and 
explain patients about any possible iatrogenics during an 
orthodontic treatment will not only help in dealing with them 
but also will form a baseline for an efficient and ethical practice.

subjects and Methods

A questionnaire survey was conducted on orthodontists 
and final-year orthodontic postgraduate students residing/
practicing/studying in India for a period of 3 months from 
December 2020 to February 2021.

A minimum sample size of 80 was derived using the “Sample 
size for Frequency in a Population” formula.

Knowledge Regarding Orthodontic Iatrogenics, Challenges, and 
Management Strategies among Orthodontists and Orthodontic 

Postgraduate Students: A Questionnaire Survey
Amit B. Nilgar, Tanvi Shukla, Pooja S. Dhagavkar1, Devyani V. Desai

Department of Orthodontics and Dentofacial Orthopaedics, KLE’s Vishwanath Katti Institute of Dental Sciences, 1Department of Public Health, Jawaharlal Nehru 
Medical College, KAHER, Belagavi, Karnataka, India

Context: Negligence or improper care during orthodontic treatment results in various unwanted complications due to the orthodontic 
appliances. Iatrogenics is a situation that leads to reversible or irreversible damage to patients’ health which is unintentionally induced by 
treatment. The knowledge and foresight to predict any iatrogenic incident will help an orthodontist to avoid any greater complications in 
the predicted outcome of orthodontic treatment. Aim: The aim of the study was to assess the knowledge of orthodontists and orthodontic 
postgraduate students regarding iatrogenics, its challenges, and management strategies. Settings and Design: An online questionnaire survey. 
Subjects and Methods: A predesigned pretested questionnaire on awareness, challenges, and management domains regarding iatrogenics, 
involved during orthodontic treatment, was circulated using Google Forms among orthodontists and orthodontic postgraduate students. 
Statistical Analysis Used: Responses of the participants were entered in excel and were assessed using descriptive and frequency statistics in 
SPSS (version 20). Results: It was observed that only 10% of participants had sufficient knowledge regarding iatrogenics which can possibly 
occur during any orthodontic treatment, its challenges as well as the management. Only half of the participants were trained to handle these 
kinds of situations. Conclusions: Orthodontists and orthodontic postgraduate students had an average to poor knowledge regarding iatrogenics 
involved in orthodontic treatment, its challenges, and management strategies.

Keywords: Challenges, iatrogenic causes, knowledge, management, orthodontists, questionnaire survey
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Sample size (n) = 

[ ]( )
[ ] [ ]( )2

DEFF × Np 1 p

d × N 1 + p × 1 pZ21- /2

−

− −α
Where, N = population size (for finite population correction 
factor) (Barreto and Feitosa[4]) =100

p = Hypothesized % frequency of outcome factor in the 
population = 50%

d = Confidence limits as % of 100 (absolute ± -%) =5%

DEFF = Design effect (for cluster surveys) =1

Z1−α/2 = Critical value at confidence level of 95%, α is 0.05, 
and the critical value is 1.96.

All orthodontists working as teaching faculty as well as in 
a clinical setup, and all orthodontic postgraduate students 
studying in either government or private dental institutes who 
gave consent were included in the study, while dentists with 
diploma in orthodontics, professionals, and/or students residing 
overseas and the 1st- and 2nd-year postgraduate students were 
excluded.

Data were collected using a predesigned questionnaire. The 
questionnaire was made in English language. A pilot study was 
conducted on 10% of the total sample size who were not included 
in the main study to assess the reliability of the questionnaire. 
The questionnaire was then validated by experts in the field of 
orthodontics and necessary modifications were made.

The questionnaire consisted of three parts
a. Consent form

 It was the first page of the Google Forms, and the 
subsequent pages could be accessed only after the 
consent form was filled by the participants.

b. Sociodemographic details
 It included details such as age, gender, the type 

of setup participants worked at or were presently 
studying, and the state they belonged to.

c. Main questionnaire which was divided into three domains
•	 Awareness domain – to test knowledge on the topic 

“Iatrogenics in Orthodontics”
•	 Challenge’s domain – to understand the problems 

encountered due to iatrogenics during orthodontic 
treatment

•	 Management domain – to assess the skill of 
participants when dealing with iatrogenic problems.

E-mail ids of included participants were obtained, and the 
questionnaire was circulated among them online through 
Google Forms. The study participants were also contacted 
individually for responses. Strict confidentiality of the 
participants’ information was maintained during the study by 
coding the names of all the participants.

Data entry was done in Microsoft Excel and it was analyzed in 
SPSS version 20 software by IBM, United States. Frequency 
and percentage were used to analyze the level of knowledge 
and attitude. Chi = square test was used to find associations.

results

A large number of study participants belonged to the age 
group of 21–30 years. Majority of them were females and 
most of them were students from a private institutional 
setup [Table 1].

More than half (67.1%) of the participants were aware 
about the meaning of iatrogenics in orthodontics. Majority 
of them (71.8%) knew about the contributing factors and 
thought that it was necessary to create awareness about 
iatrogenics (88.2%), but only half of them (51.8%) were trained 
for dealing with iatrogenic incidents [Table 2].

In the challenges domain, 51.7% of the participants answered 
that iatrogenic incident during orthodontic treatments can occur 
due to multiple causes. It was noticed that only 51.8% and 
62.4% of the participants knew about slow-release intraoral 
fluoride release devices and debonding forces, respectively, 
and hence there was less than average knowledge among the 
participants regarding advances in dentistry which might help 
in decreasing iatrogenic incidences [Table 3].

In the management domain, it was observed that 100% of the 
participants believed that it was essential to take a pretreatment 
consent from the patient, out of which 58.8% of them believed 
that the consent should ideally be signed by the patient if 
he/she is above 18 years of age and if below 18 years of 
age, then the parent or guardian should sign the consent. In 

Table 1: Sociodemographic distribution of study 
participants

Parameters Distribution of participants (%)
Age

21-30 65 (76.5)
31-40 12 (14.1)
41-50 8 (9.4)

Gender
Male 35 (41.2)
Female 50 (58.8)

Type of setup
Student (government) 7 (8.2)
Teaching faculty (government) 2 (2.4)
Clinic (government) 1 (1.2)
Student (private) 54 (63.5)
Teaching faculty (private) 10 (11.8)
Clinic (private) 11 (12.9)

State
Karnataka 26 (30.6)
Maharashtra 30 (35.3)
Bihar 3 (3.5)
Gujarat 6 (7.1)
Kerala 2 (2.4)
Madhya Pradesh 4 (4.7)
Tamil Nadu 3 (3.5)
West Bengal 5 (5.9)
Rajasthan 2 (2.4)
Uttar Pradesh 4 (4.7)
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situations where one has a mentally compromised patient, 
it was observed that 37.6% of the participants were of the 
opinion that the consent has to be signed by the nominated 
representative or relative or friend of the patient. About the 
precautions to be taken to avoid iatrogenic incidents, 57.6% of 
the participants answered that adequate time for diagnosis and 
treatment planning, formulating reminder methods for patients 
with orthodontic auxiliaries, and keeping a regular follow-up 
will help minimize iatrogenic incidents. Methods which were 
individually practiced to prevent damage to intraoral soft 
tissues included almost half (54.2%) of the participants cutting 
short the distal ends of orthodontic wires, use of bumper sleeves 
on wires that are long spanning, and giving the patients wax 
so that mucosal irritation can be avoided [Table 4].

Majority of the study participants (68.2%) had an average 
knowledge regarding iatrogenics in orthodontic treatment, 
its challenges, and management strategies while very few of 
them (10.7%) showed good knowledge [Figure 1].

dIscussIon

In the present study, it was observed that majority of the 
participants only had average knowledge regarding iatrogenics 
in orthodontics and only half of the participants had received 
any training regarding this subject. Hence, it is extremely 
essential to implement various strategies to increase the 
cognitive as well as skill-based knowledge and awareness of 
orthodontic fraternity in this field.

A research was conducted by Barreto and Feitosa on 100 
subjects for a 6-month long time period by evaluating pre- 
and post-treatment records and dividing the patients into 
various groups. It was found that more than 50% of the cases 
were affected by iatrogenics or relapse which illustrates the 
increased frequency of such incidents.[4] Thus, decreasing them 

should be a priority. The study also reported patients with some 
degrees of iatrogenics who were originally treated by dentists 
trained according to all required standards. Majority of the 
participants in this study agreed that iatrogenic incidents occur 
even when the orthodontist is well trained.[4]

According to Greco, the large number of orthodontics training 
courses resulted in dentists whose attitudes were not consistent 
with health promotion and this seriously affected the patient’s 
treatment and outcomes.[5]

As expressed by Barreto and Feitosa, orthodontic records of 
patients with iatrogenic problems should be impeccable.[4] 
Nearly all participants (95.3%) in the current study agreed 
that it was important to keep previous and current records 
of patients who had iatrogenic problems. The study also 
concluded that personalized informed consent should be the 
principal instrument to be adopted while treating orthodontic 
patients with iatrogenic problems to ensure that treatments are 
clear and transparent.[4] In the present study, multiple responses 
were obtained when the participants were asked about consent 
forms and who should sign it indicating confusion regarding 
the legal aspects and precautions to be followed while treating 
iatrogenic cases was not clear.

Table 2: Distribution of participants in awareness domain

Questions Distribution of participants (%)
What does “Iatrogenics in orthodontics” mean?

Something unintentionally induced by orthodontic treatment 57 (67.1)
Something intentionally induced by orthodontic treatment 28 (32.9)

What contributes to orthodontic iatrogenics?
Inadequate choice of orthodontic procedures/lack of instruments and equipment’s 5 (5.9)
Incorrect diagnosis 2 (2.4)
Inadequate treatment modality 4 (4.7)
Inappropriate follow up 13 (15.3)
All of the above 61 (71.8)

Can iatrogenic incidents occur even when the orthodontist is well trained?
Yes 74 (87.1)
No 11 (12.9)

It is important to create awareness about this topic?
Yes 75 (88.2)
No 10 (11.8)

Are you trained for dealing with iatrogenic incidents in orthodontics?
Yes 44 (51.8)
No 41 (48.2)

21.10%

68.20%

10.70%

0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
60.00%
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Figure 1: Distribution of participants according to overall knowledge score
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Table 3: Distribution of participants in challenges domain

Questions Distribution of 
participants (%)

What are the problems caused due to orthodontic iatrogenic incidents?
Posttreatment root resorption 23 (27.1)
Occlusal plane changes/wear of tooth surfaces 4 (4.7)
Periodontal problems/caries susceptibility 5 (5.9)
TMJ problems 9 (10.6)
Multiple causes 44 (51.7)

Patients have a higher incidence of white spot lesions 5 years after completing orthodontic treatment, than untreated patients
Yes 54 (63.5)
No 31 (36.5)

Are you aware of the recently developed slow- release intraoral fluoride release devices?
Yes 44 (51.8)
No 41 (48.2)

What duration are they capable of releasing small amounts of fluoride?
Not applicable 38 (44.7)
6 months 25 (29.4)
10 months 2 (2.4)
12 months 10 (11.8)
2 years 10 (11.8)

Do you know about debonding forces?
Yes 53 (62.4)
No 32 (37.6)

What is the ideal instrument for debonding?
Not applicable 27 (31.8)
LODI 22 (25.9)
SC 6 (7.1)
HR 1 (1.2)
BRP 29 (34.1)

Debonding forces should be lower than ______
Not applicable 8 (9.4)
13 MPa 32 (37.6)
25 MPa 8 (9.4)
9.7 MPa 22 (25.9)
2 MPa 15 (17.6)

True for bracket slot placement
Perpendicular to the long axis of the tooth 24 (28.2)
Parallel to the long axis of the tooth 31 (36.5)
Perpendicular to the incisal edge/occlusal surface of the tooth 11 (12.9)
Parallel to the incisal edge/occlusal surface of the tooth 5 (5.9)
Multiple responses 14 (7.1)

Which among these iatrogenic/s have you encountered the most in your clinical practice?
Root resorption 4 (4.7)
Periodontitis 15 (17.6)
Midline discrepancy 2 (2.4)
Occlusal plane changes 10 (11.8)
Mucosal irritation from brackets and distal end of wire 11 (12.9)
Swallowing of orthodontic auxiliaries 1 (1.2)
Multiple causes 42 (49.4)

TMJ: Temporomandibular joint, LODI: Lift off debonding instrument, SC: Straight cutter plier, HR: How plier, BRP: Bracket removal plier

Sanders in his study had found that patients did not pose 
any significant periodontal risk when orthodontic treatment 
was done using optimum forces, if the patients had excellent 
oral hygiene and no preexisting periodontal disorders.[6] In 
agreement to this, only 5.9% of the participants in this study 

had answered that periodontal problems were caused due to 
orthodontic iatrogenic incidents, while very few (17.6%) had 
encountered periodontitis as iatrogenics during orthodontic 
treatment in their clinical practice. Orthodontic iatrogenics 
cannot be attributed to one single cause.
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Table 4: Distribution of participants in management domain
Questions Distribution of 

participants (%)
Is it important to keep previous and current records of patients who had iatrogenic problems?

Yes 81 (95.3)
No 4 (4.7)

Who in your opinion can discontinue/debond the existing orthodontic auxiliary?
Patient himself/herself 7 (8.2)
Next attending orthodontist with a prior consent from the patient 17 (20.0)
Orthodontist who was treating the patient previously 28 (32.9)
None of the above 3 (3.5)
Multiple answers 30 (35.3)

Who should ideally sign consent?
Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s parent if the patient is under 18 years of age 10 (11.8)
Patient’s guardian always 4 (4.7)
Patient’s family physician 2 (2.4)
All of the above are correct 10 (11.8)
Multiple answers 61 (58.8)

In a clinical setup you have a mentally compromised/challenged patient, whom would you preferably give authority to 
sign consent?

Patient, if he/she is above the age of 18 years 7 (8.2)
Patient’s relatives/friends/nominated representative 32 (37.6)
Patient’s parent if the patient is under 18 years of age 15 (17.6)
All of the above are correct 30 (35.3)
Multiple responses 1 (1.2)

What can be done to avoid iatrogenic instances?
Adequate time for diagnosis and treatment planning 6 (7.1)
Formulate reminder methods for patients with orthodontic auxiliaries 12 (14.1)
Keep a regular follow up 18 (21.2)
All of the above 49 (57.6)

In patient with fixed appliance patients’ lozenges containing xylitol significantly reduce dental plaque acidity?
Yes 52 (61.2)
No 33 (38.8)

The severity of a black triangle formed due to the coronal and gingival relation is decreased by paralleling divergent roots
Yes 62 (72.9)
No 23 (27.1)

If any root resorption is found what is the remedy advocated?
An inactive phase of 4-6 months before resumption of orthodontic treatment 57 (67.1) 
An inactive phase of 12-15 months before resumption of orthodontic treatment 16 (18.8)
An active phase of 4-6 months after resumption of orthodontic treatment 12 (14.1)

Do you think that after orthodontic treatment root resorption rarely results in significant morbidity and that when active 
forces are ceased the resorptive process also ceases?

Yes 65 (76.5)
No 20 (23.5)

Have you performed enamel stripping/inter proximal reduction in your practice?
Yes 63 (74.1)
No 22 (25.9)

If yes, what according to you should be the recommended method of enamel stripping
Not answered 21 (24.7)
Using abrasive strips 27 (31.8)
Using diamond bur 3 (3.5)
Using diamond bur followed by polishing 11 (12.9)
Using abrasive strips followed by polishing 23 (27.1)

What among these are the methods practiced by you to prevent damage to intra oral tissues?
Cutting short the distal ends of the wire 7 (8.2)
Use of bumper sleeves on wires which are long spanning 3 (3.5)
Giving patients wax to avoid mucosal irritation caused due to brackets/wires 29 (34.1)
Multiple answers 46 (54.2)
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Gencay et al. presented a case report of the inadvertent use 
of coiled spring which caused resorption of labial alveolar 
bone plate and stripping of gingival tissue,[7] but majority of 
the participants in this study agreed that root resorption after 
orthodontic therapy rarely results in significant morbidity and 
that cessation of active forces also ceases root resorption.

Meeran in their article recognized that orthodontic patients 
were at a higher risk of decalcification or caries. They stated 
that the incidence of accidental tooth fracture can be avoided 
by applying debonding forces lower than 13 MPa and that 
there is a minimal risk of harmful side effects on the marginal 
tissue as long as movement of teeth is within the envelope of 
the alveolar process.[8] More than half of the participants in this 
study agreed that the incidence of white spot lesions (WSLs) 
indicating decalcification was higher in patients 5 years after 
completing the orthodontic treatment, while less than half of 
the participants (37.6%) were aware about the optimum force 
which could be applied during debonding.

Majority of the participants also agreed that, in patients with 
fixed orthodontic appliances, lozenges containing xylitol can 
significantly reduce the acidity of dental plaque as stated in 
the study by Meeran.[8]

Sangamesh and Kallury also stated that orthodontic patients 
have significantly more WSLs than nonorthodontic patients. 
The authors also found sufficient evidence to suggest that 
glass ionomer cement is more effective than composite resin 
in preventing WSL.[9]

Ozcelik et al. had presented cases on iatrogenics in orthodontics 
which concluded that they were mainly caused due to improper 
placement of the orthodontic appliances.[10]

Most of the participants in this study agreed that, when the 
roots of teeth are paralleling divergent, the severity of a 
black triangle formed due to the coronal and gingival relation 
decreases. Syed et al. in their review on iarogenic damage to 
the periodontium caused by orthodontic treatment procedure 
stated that black triangle or open gingival embrasure can occur 
as a complication in about 1/3 of all adult patients undergoing 
orthodontic treatment.[11]

Various studies have shown that the use of fluoride in toothpastes 
or rinses helps reduce decalcification and WSLs during 
orthodontic treatment.[12,13] Nearly half of the participants (48.2%) 
in this study were unaware of the recently developed slow-release 
intraoral fluoride release devices which are very effective in 
remineralizing the incipient lesions and preventing WSLs after 
orthodontic treatment which shows that the knowledge regarding 
recent developments in this field was insufficient.

conclusIons

It can be thus concluded that orthodontists and orthodontic 
postgraduate students had average-to-poor knowledge about 

iatrogenics in orthodontics. Only half of them had received 
any training to handle iatrogenic situations and practiced 
any preventive measures to avoid iatrogenic incidents 
while treating orthodontic patients. Knowledge regarding 
advances in dentistry which might help in decreasing the 
incidences of iatrogenics was also average. However, results 
of the study cannot be extrapolated due to it being carried 
on a small scale. Interventional studies can be planned to 
assess any change in knowledge regarding the subject. 
Including iatrogenics as a subject in undergraduate and 
postgraduate curriculum, conducting workshops lectures 
as well as case-based presentations and educating dentists 
about developing an efficient record keeping systems can 
be done to increase the awareness and knowledge regarding 
iatrogenics.
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